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ABSTRACT:

The main objective of this project is to supervise the installation, update, and improvement of a home
automation portal in a single-family house based on OpenHAB. This work continues previous efforts in
initializing the system and configuring electronic devices.

The project involves updating the software to the latest versions, ensuring compatibility and security
enhancements, and supervising the proper installation and configuration of these updates. Optimizing the
system architecture to enhance efficiency, performance, and scalability is another key focus. This includes
network reconfiguration, data storage optimization, and improved communication between devices.

Additionally, new smart devices will be selected, installed, and configured to expand the system’s
capabilities. Troubleshooting and bug fixing are essential tasks to resolve existing issues in the current
system configuration and operation.

New functionalities, such as advanced task automation and user interface customization, will be developed
to enhance the system further. A regular maintenance plan will be established to ensure the long-term proper
functioning of the system. This plan includes constant monitoring, periodic software updates, and automated
backups.

This project adapts to current needs in home automation and contributes to education in Computer
Engineering, providing a more robust and versatile home automation system.
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RESUMEN:

El objetivo principal de este proyecto es supervisar la instalación, actualización y mejora de un portal
domótico en una casa unifamiliar basado en OpenHAB. Este trabajo continúa los esfuerzos previos en la
inicialización del sistema y la configuración de dispositivos electrónicos.

El proyecto implica actualizar el software a las versiones más recientes, asegurando compatibilidad y
mejoras de seguridad, y supervisar la correcta instalación y configuración de estas actualizaciones. Otro
enfoque clave es la optimización de la arquitectura del sistema para mejorar la eficiencia, el rendimiento y
la escalabilidad. Esto incluye la reconfiguración de la red, la optimización del almacenamiento de datos y la
mejora de la comunicación entre dispositivos.

Además, se seleccionarán, instalarán y configurarán nuevos dispositivos inteligentes para ampliar las
capacidades del sistema. La resolución de problemas y la corrección de errores son tareas esenciales para
resolver los problemas existentes en la configuración y funcionamiento del sistema actual.

Se desarrollarán nuevas funcionalidades, como la automatización avanzada de tareas y la personalización
de la interfaz de usuario, para mejorar aún más el sistema. Se establecerá un plan de mantenimiento regular
para asegurar el correcto funcionamiento del sistema a largo plazo. Este plan incluye la monitorización
constante, las actualizaciones periódicas del software y las copias de seguridad automáticas.

Este proyecto se adapta a las necesidades actuales en domótica y contribuye a la formación en Ingeniería
Informática, proporcionando un sistema domótico más robusto y versátil.
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Glossary

Add-on is a modular software component that extends the functionality of openHAB. Add-ons can provide
support for new devices, technologies, user interfaces, automation tools, or integrations with external
services. They are essential for customizing openHAB to meet specific smart home needs.

Application Programming Interface is a set of subroutines, functions and procedures (or methods,
in object-oriented programming) that provides a certain library to be used by other software as an
abstraction layer [50].

Binding can be considered as software adapters, which makes the Things available to your home automation
system, in other words it is the communication link between the Thing and your system [1].

Bucket is a named location where time series data is stored. All buckets have a retention period. A bucket
belongs to an organization [20].

container is a lightweight, standalone, executable package of software that includes everything needed to
run an application: code, runtime, system tools, system libraries and settings.

DNS Domain Name System; a hierarchical and decentralized naming system that translates human-readable
domain names (like example.com) into IP addresses used for locating and identifying devices on a
network.

Docker is an open source software platform to create, deploy and manage virtualized application containers
on a common operating system (OS), with an ecosystem of allied tools [46].

Docker Compose is a tool for defining and running multi-container Docker applications. A YAML file is
used to configure the Docker application services. Then, with a single command, all the services in the
configuration are created and started [6].

Docker Image is a snapshot or blueprint of the libraries and dependencies required inside a container.

Dockerfile is a simple text file or document that includes a series of instructions that need to be executed
consecutively to accomplish the processes necessary for the creation of a new image [4].

Domotic a set of techniques aimed at automating a home, integrating technology in the security, energy
management, welfare or communications systems.

Duplicati is a free, open-source backup tool that securely creates encrypted, incremental backups to cloud
or local storage.

Field is the key-value pair in an InfluxDB data structure that records metadata and the actual data value
[18].

Flux is a powerful scripting language designed specifically to query, analyze, and act on time series data
[18].
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Hypertext Transfer Protocol is an application layer protocol in the Internet protocol suite model for

distributed, collaborative, hypermedia information systems [51].

InfluxDB is an open-source time series database (TSDB) optimized for high-ingest and query speeds of
timestamped data, commonly used for application metrics, IoT sensor data, and real-time analytics.

InfluxQL is an SQL-like query language designed to work with time series data in InfluxDB.

Internet of Things describes the network of physical objects “things” that are embedded with sensors,
software, and other technologies for the purpose of connecting and exchanging data with other devices
and systems over the internet [38].

Java is a general-purpose, class-based, object-oriented programming language designed for having lesser
implementation dependencies. It is a computing platform for application development. Java is fast,
secure, and reliable, therefore. It is widely used for developing Java applications in laptops, data
centers, game consoles, scientific supercomputers, cell phones, etc [15].

Measurement is the part of the InfluxDB data structure that describes the data stored in the associated
fields [18].

Metastore contains internal information about the status of the system. The metastore contains the user
information, databases, retention policies, shard metadata, continuous queries, and subscriptions [18].

Migration in software engineering, migration refers to the process of moving data, applications, or systems
from one environment to another.

NAT a method used in routers to remap one IP address space into another by modifying network address
information in the IP header of packets while they are in transit.

OpenHAB is an open source home automation platform or system that is the controller or center of your
Smart Home [43].

OpenHAB Cloud is a companion cloud service and backend for the OpenHAB open-source home
automation software. The OpenHAB Cloud backend provides secure remote access and enables
OpenHAB users to remotely monitor, control and steer their homes through the internet, collect
device statistics of their OpenHABs, receive notifications on their mobile devices or collect and
visualize data etc [37].

Organization is a workspace for a group of users. All dashboards, tasks, buckets, members, and so on,
belong to an organization [20].

Pages is the new user interface released in OpenHAB version 3, to interact with the items. It is not very
explored yet but you can create custom widgets or use the default ones to represent the items [34].

Point represents a single data record, similar to a row in a SQL database table. Each point has a
measurement, a tag set, a field key, a field value, and a timestamp; is uniquely identified by its series
and timestamp [18].

Proof of Concept an implementation of a certain method or idea to demonstrate its feasibility and
practical potential before full-scale development.

Python is an interpreted, object-oriented, high-level programming language with dynamic semantics
developed by Guido van Rossum. It was originally released in 1991. Designed to be easy as well as
fun, the name "Python" is a nod to the British comedy group Monty Python [47].
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Raspberry Pi is a series of small-board, low-cost single-board computers developed in the UK by the
Raspberry Pi Foundation, with the aim of putting the power of computing and digital creation into
the hands of people around the world [55].

REST API (also known as RESTful API) is an application programming interface (API or web API) that
conforms to the constraints of REST architectural style and allows for interaction with RESTful web
services. REST stands for representational state transfer and was created by computer scientist Roy
Fielding [42].

Retention Period is the duration of time that a bucket retains data. InfluxDB drops points with
timestamps older than their bucket’s retention period. The minimum retention period is one hour
[20]..

Retention Policy describes how long InfluxDB keeps data (duration), how many copies of the data to store
in the cluster (replication factor), and the time range covered by shard groups (shard group duration)
[18].

Rules are rules that are used for process automation. A rule can be activated in many ways, for example
when an item changes state (plug goes from ON to OFF) or at a specific time expressed by a cron
expression [1].

Series is a logical grouping of data defined by shared measurement, tag set, and field key [18].

Sitemap are a way to select and compose items in a user-oriented representation through user interfaces
(UI), including the OpenHAB application for Android. That is, it is a UI for the user to interact with
the items, being able to modify the status of the items or view data that has been set, such as weather,
humidity, etc [34].

SMA Energy Meter also known as the Home Manager energy meter enables precise electrical metering for
each phase conductor and in the form of heat balances, i.e. as a feed-in meter or current consumption
meter [44].

SQL Structured query language (SQL) is a standard language for database creation and manipulation.

SSH or Secure Shell, is a remote administration protocol that allows users to control and modify their
remote servers over the Internet through an authentication mechanism [17].

Tag is the key-value pair in the InfluxDB data structure that records metadata [18].

Telegram bot is an automated program that interacts with users on the Telegram messaging platform.
Telegram bots can receive messages, send replies, perform tasks, and integrate with APIs or systems
to automate workflows or provide services.

Thing are the entities that can be added to the system, they can be as many physical devices or sensors, as
they can also represent a web service or any other manageable source of information and functionality
[1].

Time series database is a software system that is optimized for storing and serving time series through
associated pairs of time(s) and value(s).

Time Series Index uses the operating system’s page cache to pull frequently accessed data into memory
and keep infrequently accessed data on disk. [18] .

Time Structured Merge tree is the purpose-built data storage format for InfluxDB. TSM allows for
greater compaction and higher write and read throughput [18] .
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Tmate is a terminal multiplexer with instant terminal sharing: it enables a number of terminals to be

created, accessed, and controlled from a single screen and be shared with another mates. tmate may
be detached from a screen and continue running in the background, then later reattached, like as a
daemon [18].

Virtual Private Network an arrangement whereby a secure, apparently private network is achieved using
encryption over a public network, typically the internet.

volume A persistent storage mechanism in Docker that allows data to be stored and shared between
containers or between a container and the host system, independent of the container lifecycle.

WiFi is a family of wireless network protocols, based on the IEEE 802.11 family of standards, which are
commonly used for local area networking of devices and Internet access, allowing nearby digital devices
to exchange data by radio waves [56].

Write Ahead Log is the temporary cache for recently written points. To reduce the frequency with which
the permanent storage files are accessed, InfluxDB caches new points in the WAL until their total size
or age triggers a flush to more permanent storage [18].

YAML is a human-readable data serialization standard that uses indentation and simple syntax to represent
structured data like lists and dictionaries in a clean text format. It’s language-agnostic and commonly
used for configuration files and data exchange due to its readability.

Zigbee is an IEEE 802.15.4-based specification for a suite of high-level communication protocols used to
create personal area networks with small, low-power digital radios, such as for home automation,
medical device data collection, and other low-power low-bandwidth needs, designed for small scale
projects which need wireless connection [57] .
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API Application Programming Interface.

DC Direct Current.

DIY Do It Yourself.

HTTP Hypertext Transfer Protocol.
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NAT NAT.

PaaS Plataform as a service.

PoC Proof of Concept.
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Chapter 1

Introduction

This Bachelor Thesis presents the Final Degree Project for the Computer Engineering program, with a
specialization in Software Engineering, carried out by the student Hicham Bouchemma Bouhou at the School
of Engineering and Telecommunications in Granada. The main objective of this work is to demonstrate
the knowledge and skills acquired throughout the degree, while also exploring and gaining experience in a
completely new area. To achieve this, the project focuses on supervising the installation of a home automation
system using OpenHAB.

This Final Degree Project has been developed in collaboration with the academic initiative GranaSAT, an
aerospace research group at the University of Granada (UGR). GranaSAT is composed exclusively of students
from various engineering disciplines, such as Aerospace, Electronics, Computer, and Telecommunications
Engineering, who work together under the guidance of Dr. Andrés María Roldán Aranda.

Figure 1.1 – Granasat logo

The GranaSAT laboratory provided us with a dedicated workspace and all the necessary equipment
and materials to carry out this project. The laboratory is located in I+D Josefa Castro Visozo building,
located next to the lecture halls of the International Graduate School of Granada and the Clinical Hospital
of Granada (Spain).

1.1 Motivation

The growing popularity and accessibility of Internet of Things devices have led an increasing number of
people to adopt these technologies in their daily lives, as they help automate repetitive tasks and save time.
When combined with software solutions, this technology becomes even more powerful, making this sector a
valuable and promising area for commercial applications.
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2 Chapter 1. Introduction

This type of project offers valuable learning opportunities across multiple disciplines. It involves
concepts and practical skills from electronics, computer science, and telecommunications. Within computer
science, it also touches on areas such as software development, databases, and system integration. This
multidisciplinary approach promotes a deeper understanding of how different technological fields interact in
real-world applications.

This work consisted of supervising the installation of a house automation system using a central Domotic
system called OpenHAB, whose main mission is to unify all the information and functionalities of different
ecosystems from different domotic companies and Internet of Things devices under a single system [28].

It is worth noting that this Final Degree Project can be considered a continuation of the project titled
“Home Automation Portal for Single-Family Homes Based on OpenHAB”, previously developed by Francisco
Javier Jiménez Lagaza. This work builds on its development, reusing and extending parts of the original
project. This approach reflects a more realistic software development process, as most modern projects are
rarely developed entirely from scratch.

1.2 Project objectives

The main objective of the project from the developer’s perspective is to gain insight into the development
process of this type of system and to acquire hands-on experience. A summary of the specific goals includes:

1. Understanding the structure and operation of home automation systems.

2. Learning how to configure and integrate various Internet of Things devices using OpenHAB.

3. Reuse and extend an existing OpenHAB-based automation platform to understand the software life
cycle.

4. Gain experience in system supervision, troubleshooting, and real-world deployment.

5. Developing skills in software configuration, network communication, and user interface design.

6. Learning to integrate different components of the system, such as databases, API, and interfaces, into
a cohesive and efficient application architecture.

1.3 Project structure

The structure of the project is as follows:

• Chapter 1: Introduction
This is the current chapter, in which a short introduction, the objectives to be achieved, and the
structure of the project have been shown.

• Chapter 2: Initial System Evaluation
Section outlining the initial analysis of the existing system, including the devices in use, the house
design, and the identified issues.

• Chapter 3: Project Planning & Requirements Analysis
This section outlines the general planning and key requirements necessary to meet the objectives of
the project. It also includes a brief software analysis in light of the newly defined goals.

• Chapter 4: Home Automation Design: Key Technologies and Devices
Section that presents the new home automation design, along with the definition and explanation of
the technologies, software, and devices used.
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• Chapter 5: Implementation and configuration
Section detailing installation, execution of sprint tasks, system configuration, performance analysis,
and troubleshooting.

• Chapter 6: System Verification and Testing
Section to show the validation tests done during the implementation to ensure the correct functioning
of the OpenHAB system, as well as those of all devices and software installed.

• Chapter 7: Conclusions, Future Work and Lessons Learned
Section expressing the opinion on the achievements of the project and discussing possible future
improvements of the project.

Home automation installation supervision using OpenHAB
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Chapter 2

Initial System Evaluation

The purpose of this section is to review and analyze the current state of the existing home automation
system, with a focus on its configuration, components, design, and functionalities.

The client expressed a desire to enhance the system and shared several ideas for improvements. During
the initial interviews, the client provided an overview of the current home automation setup, including its
network architecture, and highlighted the issues and dissatisfaction with the existing system. This feedback
provided valuable information for the project.

The first step was to analyze the system based on the client’s explanations to understand its current
state, identify areas for improvement, and determine what can be fixed or improved.

First, the chapter will describe the devices currently in use, followed by an overview of the layout of the
home. Finally, it will address the issues identified during system analysis. Much of this information is based
on documentation from previous development work, which provides a detailed discussion of the devices and
design. That documentation will be referenced where appropriate.

2.1 Actual Devices

This chapter presents a detailed overview of all devices currently integrated into the home automation
system.

2.1.1 Domotic system

A domotic system is a home automation software designed to centralize and integrate devices from
different ecosystems into a single platform. Using various communication protocols, allows for seamless
onboarding of devices, eliminating the need for multiple applications to manage each one individually and
providing unified control over all connected devices within the home. The system allows users to automate
tasks, schedule routines, and customize the interface to fit individual preferences. In addition, it supports
the integration of DIY devices, which can be connected via standard communication protocols, allowing
them to be managed alongside commercial devices [28].

OpenHAB, a widely recognized open-source home automation system developed in Java, supports a wide
array of technologies and brands due to its modular architecture based on "bindings" (plugins), which
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enable communication with a wide range of devices. It can be installed on multiple platforms, including
local servers, Docker or Raspberry Pi, offering flexibility in data control. This domotic system was
selected for its large community, extensive device compatibility, thorough documentation, and high level of
customization [1].

Figure 2.1 – OpenHAB interface

2.1.2 Virtual Assist

Virtual assistants are artificial intelligence systems that respond to voice commands. These systems
continuously learn from user interaction and improve their functionality over time. Primarily used in smart
home devices like speakers, they remain in standby mode, listening for specific activation keywords
(e.g., "Alexa" for Amazon, "Ok Google" for Google, "Hey Siri" for Apple). Upon detecting the keyword, the
system activates, records the user’s command, and sends it to a cloud-based voice recognition system
for processing. The system then returns a comprehensible response or executes a command, such
as playing music or controlling connected devices. These assistants utilize intelligent algorithms to improve
their understanding of natural language, providing more accurate and natural responses. [16] [30]

In this project, Alexa was selected as the virtual assistant to control most of the elements connected
to OpenHAB. The choice was driven by Alexa’s faster response times compared to competitors, its extensive
customization options through exclusive Amazon Alexa "skills", and the wide range of routines it supports.
Alexa routines can even be triggered by sounds like barking dogs or breaking glass [28].

Figure 2.2 – Amazon Alexa
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2.1.3 Plugs

Smart plugs are versatile devices designed to control the power supply to appliances, offering a
convenient alternative to manually plugging and unplugging devices. These plugs fit standard power
sockets and allow users to remotely operate any connected appliance via a mobile device. Primarily
connected through WiFi, some smart plugs also support Zigbee, although a compatible Zigbee hub is
required for this protocol.

For this project, the client required smart plugs to control various kitchen appliances, including
the washing machine and dishwasher. The selection of smart plugs was driven by the need not only to
automate device control but also to reduce electricity bills and improve time efficiency. The chosen
models were Tapo P100 and Amazon Smart Plug, both of which are compatible with Amazon Alexa,
allowing voice-controlled operation through the virtual assistant. Tapo 110 model, which offers improved
performance and additional features, was considered for future upgrades. Although it was not selected for
this project, it presents a promising option for future improvements to better meet the customer’s needs.

(a)
Amazon Smart Plug

(b) Tapo P100

Figure 2.3 – Smart plugs

2.1.4 Relays

Relays, or intelligent switches, are devices that control the flow of electrical current, allowing
traditional switches or plugs to be upgraded with smart capabilities. These intelligent relays integrate
seamlessly into home automation systems, providing enhanced control and functionality over standard
electrical components. By using relays, users can automate and manage their existing electrical setups
more efficiently.

Sonoff Zigbee relays were selected due to their reputation as a leading brand in the market. These
relays control the lighting within the rooms, aligning with the client’s requirements. To support
these Zigbee relays, a Zigbee gateway/hub is used, specifically the Tuya hub, along with its Smart Life
application interface. This setup helps manage the relays without overloading the home’s WiFi network,
ensuring a stable and efficient operation.[28]

(a) Sonoff mini Zigbee (b) Tuya Hub Zigbee

Figure 2.4 – Relay and hub Zigbee
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2.1.5 Weather station

A weather station comprises a collection of instruments designed to measure various meteorological
parameters, enabling the prediction of current and short-term weather conditions. Its primary function is
to gather sufficient data to accurately forecast weather patterns, providing valuable information on
atmospheric conditions [13].

For this project, the Froggit WH3000 SE weather station was selected. This model was chosen for its
excellent quality-to-price ratio, making it a cost-effective choice while offering reliable and accurate
weather measurements [28].

Figure 2.5 – Froggit WH3000 SE

2.1.6 Weather API

A weather API is a tool used to obtain weather information for a specific location. APIs facilitate
interaction between systems by allowing data retrieval or the execution of functions. Weather APIs,
specifically REST APIs, use HTTP requests to transfer a representation of the requested resource to the
requester. These requests include headers and parameters that specify the desired information, such as
geolocation or coordinates, to obtain accurate weather measurements [5, 50].

The Openweathermap API was selected. OpenHAB includes a binding that simplifies the integration
of this API into the system. Openweathermap was chosen due to its high number of daily calls
allowed, which ensures more frequent updates of weather data compared to its competitors [28].

Figure 2.6 – OpenWeatherMap
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2.1.7 Solar Inverter

A solar inverter is a critical component in solar energy systems, responsible for converting the direct
current (DC) generated by photovoltaic panels into alternating current (AC), which is suitable for use
in homes and businesses. It plays a central role in the overall efficiency and performance of the solar
installation [52].

In this project, the SMA Sunny Boy hybrid solar inverter is utilized. Known for its high efficiency in
energy conversion, it ensures optimal transformation of DC into AC while also providing robust monitoring
capabilities. This selection included a complete solar power kit from SMA, solar panels, the SMA
Sunny Boy solar inverter, SMA Energy Meter, and SMA Sunny Island batteries [28].

(a) Sunny Boy (b) Sunny Island Battery

Figure 2.7 – SMA kit: Sunny Boy and Battery
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2.2 Actual House Design

To understand the house design and how the home automation system was intended to integrate,
existing development documentation was reviewed, including the house schema. In addition, a site visit
to the house was conducted to gain a practical understanding of the layout and validate the documented
plans. This provided valuable information on the spatial distribution and the planned locations of the
devices [28].

Figure 2.8 – House with devices

Figure 2.9 – Network architecture
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As illustrated in the diagrams, the house design is clearly depicted. It is worth noting, and this will be
explained in more detail in the deployment section, that OpenHAB is deployed inside a Docker container,
while InfluxDB, the time series database, resides on the host system. A possible improvement would
involve migrating the database to a Docker container, thus streamlining the orchestration of OpenHAB and
InfluxDB.

Figure 2.10 – Home automation network architecture

Subsequently, the client’s residence was visited to verify the actual device placements and network
connections. To confirm proper connectivity, network traffic was analyzed to ensure that each device’s
IP address responded to our requests. After performing several tests, it was concluded that all devices
appeared to be connected correctly [28].

Figure 2.11 – Network traffic
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After verifying device connectivity, the next step was to test connectivity within the home
automation system’s web interface. To grant us access, the client, who is the actual administrator,
registered our email address on MyOpenHAB org. MyOpenHAB is a free cloud service from OpenHAB
Foundation that allows remote access to your home automation system from anywhere with an internet
connection. By registering through MyOpenHAB, we gained access to the system not only through the
web interface but also through the app available in Apple Store and Play Store. As this configuration is
comprehensively detailed in section 4.2.4.1, it is not reiterated here to prevent redundancy [32] [28].

Figure 2.12 – MyOpenHabOrg interface

To see the devices connected to the system, we navigated to the "Things" tab. "Things" represent
entities that can be integrated into the system. These can range from physical devices such as sensors to
virtual entities such as web services, each providing a unique source of information or functionality [1, 34].

As standard users, we did not have access to the "Things" tab. To gain access to this tab and perform
administrative functions, we needed to interact with the Docker container hosting the OpenHAB instance
to create an administrator user account that would be used for future system management tasks.

Figure 2.13 – Access to OpenHab container
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(a) Standard User (b) Admin User

Figure 2.14 – Things tab

At this stage, we observed that some connections were not functioning as expected. However, for
those devices listed as connected within the application, we conducted tests to verify their status.
These tests confirmed connectivity. The OpenHAB interface proved to be valuable in providing real-time
information on the connection status of individual devices.

Figure 2.15 – Things tab
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As mentioned previously, the client desired to maintain the existing home automation system
and network architecture while incorporating initial modifications, such as resolving device
connectivity issues and migrating the database to a Docker container. Recognizing the client’s
preference for preserving the existing infrastructure, our initial focus was on addressing critical issues,
identifying potential improvements, and conducting interviews to gather requirements. These
findings and proposed improvements will be detailed in subsequent sections.
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Chapter 3

Project Planning & Requirements
Analysis

This section will detail the strategy for improving the home automation system. The development team
will work closely with the client, presenting the evaluation findings and working together to define specific
requirements. To ensure minimal disruption to the client’s daily routine, a phased implementation plan will
be established allowing the system to remain operational while the necessary enhancements are made. The
approach will prioritize tasks and focus on delivering value efficiently and effectively.

3.1 Requirement list

The list of requirements is paramount as it provides the basis for the improvement plan. A thorough
understanding of these requirements, gathered through collaboration with the client and careful analysis, is
essential to develop a comprehensive and effective strategy.

The following is a detailed list of requirements that will guide the improvement strategy.
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Ref. Main Objetives

MObj.1 Host and operate the system on a platform running Raspberry Pi OS
MObj.2 Install a headless version of Raspberry Pi OS to optimize system resources
MObj.3 Update OpenHAB to the latest version, including all security patches
MObj.4 Upgrade Docker to the latest stable version

MObj.5 Deploy the home automation system along with the required applications using Docker
containers

MObj.6 Analyze and migrate the existing database to a Docker container alongside the home
automation system

MObj.7 Integrate new smart plugs (4.1.2) for the garage door, water heater, underfloor heating, and
television

MObj.8 Enhance the OpenHAB user interface in both the app and web platform

MObj.9 Create a page in the web interface and app to monitor and display the status of the Raspberry
Pi

MObj.10 Create a page in the web interface and app to monitor and display data from the Sunny Boy
inverter and Home Manager

MObj.11 Create a page in the web interface and app to display current temperature readings, weather
forecasts, and sun and moon information

MObj.12 Troubleshoot and fix connectivity issues with Thing
MObj.13 Implement automatic weekly backups of the entire system

MObj.14 Implement a backup and cloning system for the Raspberry Pi SD card project folder to ensure
full recovery in case of failure or data loss

MObj.15 Implement notification delivery through Telegram and WhatsApp of solar inverter status

MObj.16 Implement notification delivery via Telegram to report the water heater status, and enable
interaction through a Telegram bot

MObj.17 Implement light automation to turn lights off at sunrise and on at sunset

MObj.18 Enable notification delivery via Telegram to report the status of the lights and allow interaction
through a Telegram bot.

MObj.19 Implement irrigation automation to activate it daily between 10:30 and 11:30

MObj.20 Enable notification delivery via Telegram to report irrigation status and allow user interaction
through a Telegram bot

MObj.21 Develop a system for analyzing OpenHAB logs
MObj.22 Document any issues that arise during the development of project objectives

MObj.23 Create comprehensive step-by-step documentation for installation and configuration of each
device

MObj.24 Create a new home design aligned with the updated objectives, incorporating the latest
technologies and newly integrated devices

MObj.25 Utilize GitHub for version control of project code and configurations

MObj.26 Use Tmate to enable secure remote access for development, due to the lack of a public IP
address

MObj.27 Free up database space by purging outdated or unnecessary records and implement an
automated process to delete obsolete data

MObj.29 Move light control via relays from the room to the porch/entrance

Table 3.1 – List of main objectives of the project
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As this project is a continuation of previous work, only a limited number of additional functional
requirements have been identified. However, before integrating the new requirements, it is necessary to
update the system to ensure full compliance with those established in the earlier phase of the project [28].
Some of these previous requirements have been revised—certain ones have been updated to reflect current
needs, while others have been deprecated due to changes in system scope or relevance.

Ref. Description

FR.1 The system shall allow only authenticated and verified administrator users to modify system
configurations

FR.2 The system shall store data collected from various devices in a database to ensure data persistence

FR.3 The system shall visualize collected data using graphical representations for improved readability
and analysis

FR.4 The system shall support voice control via a virtual assistant, ensuring full compatibility with
all integrated devices

FR.5 The system shall retrieve and display real-time data from solar energy devices, including the
Sunny Boy solar inverter and the Home Manager energy meter

FR.6 The system shall collect and display weather data from a connected weather station
FR.7 The system shall retrieve and display meteorological data from an external weather API
FR.8 The system shall provide user-friendly interfaces for controlling connected devices

FR.9 The user shall have the ability to adjust the time intervals displayed in the graphical
representations of collected data

FR.10 The user shall be able to operate the system remotely via a device (computer/mobile) outside
the local network

FR.11 The user shall have the ability to activate and deactivate installed devices as needed
FR.12 The user shall be able to control and play music through the system

Table 3.2 – List of previous functional requirements
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Ref. Description

FR.1 The system shall display information from the Sunny Boy solar inverter and the Home Manager
energy meter in a dedicated tab.

FR.2 The system shall display temperature readings, weather forecasts, and sun & moon information
in a dedicated tab.

FR.3 The system shall present Raspberry Pi information in a dedicated tab.
FR.4 The user shall receive notifications about the solar inverter status via Telegram and WhatsApp.
FR.5 The user shall receive notifications about the outdoor irrigation status via Telegram.
FR.6 Lights shall automatically turn on at sunset and off at sunrise.
FR.7 The user shall receive notifications about the lights’ status via Telegram.

FR.8 Upon receiving a notification from the lighting system, users shall be able to interact with a
Telegram bot to query the current status or change the state.

FR.9 The user shall receive notifications about the water heater status via Telegram.

FR.10 Upon receiving a notification that the water heater is on, users shall be able to interact with a
Telegram bot to query the current status or change the state.

FR.11 Irrigation shall automatically turn on at 10:30 and off at 11:30, and send a notification via the
Telegram bot.

FR.12
Upon receiving a notification about irrigation being active, users shall be able to interact with
a Telegram bot to query the current status, postpone the automation, or change the irrigation
state.

FR.13 The system shall identify the last person who replied to the Telegram notification, in order to
interact only with them.

FR.14 The system shall allow authenticated and verified administrator users to modify or disable
automations related to lights, irrigation, and notifications.

FR.15 Users shall be able to access the system through the mobile app, with the same functionalities
available as on the web interface.

Table 3.3 – List of new functional requirements
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For the non-functional requirements, the previous set was reviewed and revised, with modifications and
additions made to better align them with the objectives of the current project.

Ref. Description

NFR.1 Software updates, including OpenHAB and Docker components, should be easily deployable
without disrupting system functionality.

NFR.1 The web interface should load and display data within 5 seconds, even under high usage
conditions.

NFR.2 The system should be designed to scale easily, supporting additional devices and integrations
without requiring significant changes to the underlying infrastructure.

NFR.4 The Docker-based architecture must allow for easy addition of new applications or services in
separate containers, ensuring the system can grow seamlessly.

NFR.6 The system must maintain 95% uptime, with minimal downtime for updates or maintenance.
NFR.7 Backups must be automatically verified to ensure data integrity and retrievability.

NFR.7 Backups should be stored in a secure, offsite location to prevent data loss in case of hardware
failure.

NFR.8 The system shall display a message for any device or service error.

NFR.9 The user interface (both app and web) should be intuitive, with an easy-to-navigate design
that requires minimal training for users.

NFR.10 Notifications and alerts should be clearly understandable, with sufficient information for the
user to take appropriate actions.

Table 3.4 – List of non-functional requirements

3.2 Software analysis

Once the primary requirements of the customer are established, the software is analyzed and proof-of-
concept (PoC) tests are performed to determine the most effective solutions that meet the updated customer
needs.

3.2.1 Software for Automatic Backups

A backup system is defined as a process or software that creates copies of data to enable recovery
in the event of data loss, corruption, or system failure. When designing an automatic backup solution,
two approaches must be considered: one executed directly by the operating system and another
integrated within Docker containers. Integrating backups within Docker allows the backup system and
the containers to be backed up simultaneously, facilitating easier migration and avoiding the need to develop
a backup system from scratch. Therefore, the strategy involves implementing one backup method at the OS
level and another within Docker environments.

For OS-level backup, the selected approach involves using cron for scheduling a Bash script for
automation, and Rclone - a command line program for manage and synchronize files to various cloud
storage providers due to its reliability and flexibility [39].
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Regarding Docker compatible backup technologies, a study was conducted to compare the most popular
solutions:

• Duplicati: An open-source backup software featuring strong encryption and incremental backups. It
supports a wide range of cloud storage providers and runs effectively as a Docker container, making it
suitable for deployment alongside home automation systems.

• BorgBackup: A secure, deduplicating backup tool with encryption capabilities. BorgBackup can be
deployed using Docker images, enabling seamless integration with home automation services to provide
consistent and reliable backups.

• Restic: A modern backup solution supporting encryption and multiple cloud backends. Official Docker
images are available, allowing containerized deployment for straightforward management in Dockerized
environments.

• Timeshift: A Linux system snapshot tool primarily designed to operate on the host OS. It is not
intended for deployment within Docker containers and is therefore unsuitable for backup strategies
involving containerized applications, but can be installed in a Linux container.

A comparative table will be made between all of them, to see which one is better:
Features Duplicati BorgBackup Restic Timeshift

Encryption Yes Yes Yes No

Incremental
backups Yes Yes Yes Snapshot-based

Cloud storage
support Yes Partial Yes No

Automation
(scheduling) Yes Yes Yes Yes

User-friendly UI Yes (web UI) No (CLI) No (CLI) Yes (GUI)

Docker deployment Yes Yes Yes No (with OS only)

Community usage Medium Large Growing Medium

Use case

Encrypted
scheduled backups,
easy deployment
alongside home

automation

Secure,
deduplicated,

encrypted backups,
CLI-focused

Modern,
multi-backend

encrypted backups,
CLI-focused

System snapshots
and rollback for
Linux desktops

Election

(1º) (2º) (3º) (4º)

Table 3.5 – Comparison of Backup Solutions with Docker Deployment
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After evaluating the different options, Duplicati was selected due to its support for Docker
deployment, built-in encryption, and compatibility with multiple cloud storage providers.
Furthermore, it offers a user-friendly web interface, which improves ease of use and management [12].

Figure 3.1 – Duplicati logo

3.2.2 Persistence Databases for OpenHAB

In the context of OpenHAB, persistence refers to the ability to store the historical state of items
(such as sensor readings, switch states, and other values) over time. This allows users to visualize data
trends, restore item states after restarts, and enable advanced automation based on historical
values [33].

Several persistence services are available for OpenHAB, each with different features, performance
characteristics, and deployment flexibility — particularly in Docker-based environments.

The current persistence database in use is InfluxDB. However, due to an upcoming migration, it is
necessary to evaluate whether continuing with InfluxDB remains the optimal choice or if switching to an
alternative database would be more advantageous [19].

The following table compares some of the most commonly used persistence solutions for OpenHAB:

• InfluxDB: A time-series database optimized for storing timestamped data. It integrates seamlessly
with OpenHAB via the InfluxDB persistence Add-on and offers strong Docker support, scalability, and
compatibility.

• MongoDB: A NoSQL document-oriented database that can be used with OpenHAB persistence through
the community Add-on or custom bindings. It offers flexible schema design and scalability, but is less
common for time-series data.

• PostgreSQL: A powerful relational database system compatible with JDBC persistence in OpenHAB.
It is open-source, highly reliable and suitable for complex queries and data integrity.

• RRD4J: A lightweight round-robin database designed for low-resource environments. It is included by
default in OpenHAB and does not require external services or Docker containers.

Figure 3.2 – Databases logo
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Features InfluxDB MongoDB PostgreSQL RRD4J

Time-series
optimized Yes No No Yes

Docker support Yes Yes Yes Not needed

Resource usage Medium Medium Medium-High Low

Setup complexity Moderate Moderate Moderate Very low

Integration in
OpenHAB

Excellent (addon
available)

Community addons
/ custom bindings Via JDBC binding Native

Best use case IoT time-series
with visualizations

Flexible document
data storage

Complex queries
and reporting

Lightweight local
logging

Election

(1º) (3º) (4º) (2º)

Table 3.6 – Comparison of Persistence Databases for OpenHAB

After evaluating the available persistence options, InfluxDB was selected due to its native support
for time-series data — the primary format used in OpenHAB — its reliable Docker deployment,
and its seamless integration with the OpenHAB platform.

Figure 3.3 – InfluxDB logo
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3.3 Project Planning

Following the requirement gathering phase, the scope of the project has been clearly defined, enabling
effective planning. An agile development methodology will be used, structured around three-week sprints.
At the end of each sprint, progress will be presented to the client for feedback and evaluation.

The overall development process is capped at a maximum of five sprints, promoting iterative refinement
and adaptability. Specific tasks within each sprint will not be predetermined, as the complexity and duration
of each task can vary significantly. Instead, the team will adhere to a high-level execution plan. The
completed items from this plan will be reviewed at the end of each sprint to facilitate retrospectives and
guide the next iteration.

Execution Plan:

1. Database Migration: Existing data will be analyzed and migrated to a containerized database
environment. The structure and content of the database will be thoroughly documented to facilitate
understanding and ensure smooth maintenance for future developers.

2. System Preparation: The setup will begin with the installation of a headless version of the Raspberry
Pi OS. This step also involves updating essential software components such as Docker, Docker Compose,
and OpenHAB to establish a stable and optimized foundation for future development activities.

3. Containerization and Deployment: The home automation system, including the database and
auxiliary services, will be deployed using Docker containers. This strategy ensures modularity, isolation,
and scalability, aligning with the project’s non-functional requirements.

4. Device Integration: Smart devices—such as plugs, will be integrated. Existing devices requiring
maintenance will be inspected and repaired as needed. Each new integration will be followed by tests
to confirm compatibility within the OpenHAB ecosystem.

5. Remote Access and Notifications: Remote access capabilities will be configured using Tmate.
Furthermore, real-time notification systems will be implemented through platforms such as Telegram
and WhatsApp to improve accessibility and user engagement.

6. User Interface Enhancements: Enhancements will be applied to both the web and mobile user
interfaces to provide clear visualizations of system status, device information, and energy metrics.
Additional interface components will be developed to monitor the Raspberry Pi and solar energy
system. All changes will prioritize usability and simplified design.

7. Automation and Control: Automation features will include periodic system backups and recovery
procedures. Weekly backups will be scheduled to protect the integrity of the system and reduce
downtime risks.

8. Documentation and Version Control: Detailed documentation covering system configurations,
procedures, and encountered issues will be maintained throughout the project. Version control will be
handled using GitHub to ensure traceability and collaborative development.

It is important to note that this execution plan serves primarily as a conceptual framework.
Although it outlines the key goals of the project, the actual order of execution may vary in practice
due to technical constraints or evolving project needs. However, the plan provides a structured
foundation to guide development efforts.

Based on this execution plan, the following diagram illustrates the project’s implementation flow:
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Figure 3.4 – Project execution plan

3.4 Project budget

This section presents an analysis of the costs involved in the project, covering both labor and materials.
This analysis enables an accurate estimation of the total financial investment required for the project.

To provide a clear and organized overview, the cost analysis is divided into three main categories:

• Hardware costs: Physical components and materials used throughout the project.

• Software costs: Services, licenses, or applications necessary for implementation.

• Labour costs: Human resources and time allocated to the development and execution phases.

3.4.1 Hardware Resources

This section outlines the hardware resources used specifically for the current project. Equipment or
materials from previous projects are not included in this analysis.
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Item Quantity Total Cost [€]
Personal Laptop 1 900.00
Amazon Smart Plug 2 14.99
TP-Link Tapo P100 2 36.04
Raspberry Pi 5 1 80.00
Total Hardware Cost 1,082.06

Table 3.7 – Hardware resources used in the project

3.4.2 Software Resources

This section presents the software tools and platforms used throughout the development of the project.
All of the software listed below was used under free licenses or free-tier plans, which resulted in no additional
cost to the overall project budget.

Software Total Cost [€]
Visual Studio Code 0.00
GitLab 0.00
Docker 0.00
Duplicati 0.00
Draw.io 0.00
ClickUp 0.00
Telegram 0.00
OpenHAB 0.00
OpenHAB Mobile App 0.00
Tmate 0.00
Amazon Alexa App 0.00
Tapo App 0.00
OpenWeatherMap API 0.00
OpenHAB Cloud 0.00
InfluxDB v2 0.00
Total Software Cost 0.00

Table 3.8 – Software resources used in the project

3.4.3 Human Resources

Labor costs were estimated based on salary data obtained from websites such as Glassdoor and Indeed,
which aggregate information submitted by current and former employees, as well as employers. The average
hourly rate for a junior software engineer is approximately €15.00. For this project, an estimate of 500 hours
of labor will be invested.
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Labor Costs Total cost [€]
Junior Software Engineer 7,500.00
Total Labor Costs 7,500.00

Table 3.9 – Project human resource costs

3.4.4 Overall Project Budget

After calculating the costs for each individual category, we add these amounts to determine the total
estimated cost of the project.

Project Costs Total Budget [€]
Physical resources 1,082.06
Software resources 0,00
Human resources 7,500.00
TOTAL BUDGET 8,582.06

Table 3.10 – Project total budget

Home automation installation supervision using OpenHAB



Chapter 4

Home Automation Design: Key
Technologies and Devices

This section introduces the new home automation design and details how the main technologies, software,
and devices will be integrated to meet the project objectives. The key technologies will also be briefly
explained to demonstrate their purpose, functionality, and how to maximize their benefits.

4.1 House Design

The new design of the home will remain largely unchanged; however, the web and the app
interfaces will be enhanced to align with the updated design. These improvements will include the
integration of controls for new devices and new software.

Each component of the house design will be explained in this section, while the server-side elements
will be addressed separately in the next section. These server technologies are considered essential from
a development point of view because of their relevance and impact on the overall system.

4.1.1 Virtual Assistant

The primary function of the selected virtual assistant, Amazon Alexa, is to assist the customer in
simplifying the use of devices connected to OpenHAB [28].

The Echo Dot with Alexa is connected to Router 1 as shown in Figure 4.1, located on the ground
floor, while OpenHAB is connected to Router 2, located in the basement. Any information transmitted by
Alexa must pass through both routers before reaching the Internet, where it is processed by Amazon’s
servers, and the corresponding command is executed. OpenHAB then receives this information through
Amazon’s binding, ensuring that the relevant items in the OpenHAB system are updated, particularly when
the device app is used instead of the OpenHAB app.
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4.1.2 Smart Plugs

Two types of smart plugs are utilized, as detailed in 2.1.3, to enable the activation and deactivation of
devices as required.

Router 1 -
Ground floor Router 2 -

Basement

Granasat Router

ENERGY FLOW

APPLIANCES

External servers

Smart Plugs

Alexa

Amazon
Smart Plug

Relays

Weather Station

Hub Zigbee

switch

Figure 4.1 – Home automation network architecture
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4.1.2.1 Amazon Smart Plug

This plug is integrated into the Amazon ecosystem and is managed through the Alexa app. Its
primary function is to control the outdoor irrigation system of the home.

The plug is connected to Router 2 (Figure 4.1) and communicates with Alexa via WiFi. When a voice
command is issued to activate the plug, Alexa transmits the request to Amazon’s servers through the
network routers. Amazon then processes the request and responds with the appropriate action. Since
this plug operates through Alexa, OpenHAB receives the corresponding information through the Amazon
binding of the system.

4.1.2.2 Tp-Link Tapo P100

These TP-Link Tapo smart plugs operate within their own ecosystem, utilizing dedicated servers
and a proprietary app. However, they can be seamlessly integrated with Alexa via Amazon Skills, enabling
voice-controlled operation.

These plugs are designated for the management of household appliances that appear in the house
design. As shown in the system diagram, the Tapo plugs are connected to Router 2 (Figure 4.1), which
facilitates communication with Tapo’s servers. These servers, in turn, interact with Amazon’s
infrastructure, allowing Alexa to retrieve the plug status and execute commands to modify their state.

4.1.3 Relays

The Smart Relays were previously responsible for controlling the lighting within a room. They are
now used to control the lighting in the porch and are installed behind traditional switches. Unlike standard
WiFi-based devices, these relays communicate using the Zigbee protocol. As they rely on Zigbee, they must
be connected to a Zigbee hub, which acts as the central controller for their operation.

These relays are fully compatible with Alexa and operate via the Zigbee protocol, connecting to a
dedicated hub. This hub, in turn, is linked to Router 2 (Figure 4.1), enabling communication with Smart
Life servers. Furthermore, when the Sonoff Mini relay is manually switched using the traditional switch,
since it is installed behind it, the hub detects the status change and relays this information to the servers in
real time.

4.1.4 Weather API

The Weather API retrieves data from the OpenWeatherMap API, a weather forecasting service. It
uses specified coordinates to return the most relevant weather data for that location, which is accessed
using an OpenWeatherMap API key and an OpenWeatherMap account.

OpenHAB obtains weather information by making requests (Figure 4.1) through the designated
binding, utilizing both the coordinates and the API key associated with OpenWeatherMap.
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4.1.5 Weather Station

The weather station is located on the roof of the GranaSAT laboratory building.

Figure 4.2 – Weather station design

The weather station is installed on the roof of the GranaSAT laboratory building. As shown in the
image, it connects to the GranaSAT router via WiFi. To integrate its data into the OpenHAB system, the
station must first publish the information on a web platform. The data is then accessed through its
API via WeatherUnderground, allowing OpenHAB to retrieve and process the weather information.

4.1.6 Solar Inverter

The solar inverter is responsible for converting the energy generated by the solar panels into
alternating current (AC), making it useful for household devices. It is installed in the basement,
where it is directly connected to the solar panels. SMA provides a detailed diagram that illustrates its
functionality and various connections.
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Figure 4.3 – How the solar system works [45]

The system is divided into two sections: the basic part and the optional part. In the basic part,
the essential electrical connections are established. The electricity in the home is mainly derived from
the energy generated by the solar panels. However, it can also draw power from the public grid
when necessary. This is why the system includes an electrical meter to monitor and measure the energy
consumption of both sources.
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In addition to the basic installation, the customer has an SMA Energy Meter to monitor and regulate
energy injection. Both the inverter and the energy meter are connected to Router 2 (Figure 4.1). SMA
offers access to several online portals where data from installed devices, including the inverter and
the energy meter, can be accessed. These portals provide critical metrics such as solar panel generation,
estimated solar radiation, and household energy consumption. To integrate these data into the
OpenHAB system, Python scripts are used to automate the retrieval and processing of this information.

4.2 Key technologies & home integration

As mentioned above, this section details the main technologies and software components of the home
automation system, explaining their functionality, integration, and suitability for this project.

4.2.1 Raspberry Pi

Previously, a standard computer running Ubuntu was used as the host server, but now a Raspberry
Pi will be used in the project. The objective is to migrate the system to the Raspberry Pi after installing
a headless operating system, specifically chosen to optimize storage usage and eliminate the need
for a graphical interface. This selection is well-founded, as the Raspberry Pi is widely recognized for its
suitability in home automation systems due to the following key advantages [40]:

1. Cost-effectiveness: Raspberry Pi boards are relatively inexpensive, providing an affordable entry
point for building home automation systems.

2. Connectivity: Raspberry Pi boards are equipped with multiple connectivity options, including Wi-Fi,
Ethernet, and USB ports.

3. Low power consumption: Designed for energy efficiency, Raspberry Pi boards are well suited for
applications that require continuous operation. Their low energy consumption contributes to reduced
electricity costs and a smaller environmental footprint.

4. Community support: The Raspberry Pi benefits from an extensive and active community of users
and developers. This ensures the availability of abundant online resources.

Figure 4.4 – Raspberry Pi 5
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4.2.2 Docker

Docker is an open source set of platforms as a service Platform as a service (PaaS) products that
use OS-level virtualization to deliver software in packages called containers (virtualization). The
service has free and premium levels. The software that hosts the containers is called Docker Engine. In
essence, Docker can be described as a platform that provides and manages containers for application
deployment [3].

Before explaining what a container is, the key architecture used to run the home automation system, it
is important to first understand what a Docker image is and how to design it for optimal performance
[2].

A Docker image serves as a base template for creating containers that can be used to run applications
or generate new images. A Docker image is a snapshot or blueprint of the libraries and dependencies
required inside a container for an application to run. These images can range from executable to operating
system images, applications, and more.

Docker Images can be downloaded from registries or repositories, such as Docker Hub or Docker Store,
or created manually using a Dockerfile. In our home automation system, we use both approaches. When
creating a custom image, it is advisable to keep it as simple as possible to optimize performance [2].

Figure 4.5 – Docker file, image and container

The Dockerfile is essentially a set of instructions that is used to build a Docker image. A Dockerfile
can be either an official version or one created by the user. In our case, we created our own Dockerfile. This
file is used by the docker build command to generate the image [4].

In a Dockerfile, each command creates a separate layer, even if the same command is used multiple
times. To optimize performance, it is essential to minimize the number of layers [8].

Docker utilizes a caching mechanism to accelerate the image-building process. However, this caching
can sometimes lead to issues where updates are not installed as expected. This occurs because Docker may
reuse cached layers instead of fetching the latest versions of packages or dependencies [7].
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Once the concept of Docker image is understood, it becomes possible to define a container. A container
can be described as a Docker image in execution. It represents a lightweight and portable software
package that includes all the necessary dependencies to run a specific application efficiently and consistently
across different environments.

A container enables to package an application along with its required libraries and dependencies,
ensuring that it runs consistently across different environments. Once a container is running, the
application cannot access resources that were not explicitly provided. In addition, each container has
allocated resources, such as CPU, memory, and storage, which are restricted and managed to ensure
efficient performance [2].

4.2.3 Docker Compose

Docker Compose is a powerful tool for defining and running multi-container Docker applications. It
simplifies the management of complex environments that involve multiple interconnected services, such as
databases, web servers, and Internet of Things applications [6].

Using a single YAML configuration file, Docker Compose allows developers to define and launch
multiple containers with a single command. This file specifies the dependencies of services, networking, and
resource allocation, ensuring seamless orchestration of the system. Any modifications to the setup can
be made directly within the configuration file, making it easy to update and maintain the application [10].

In this context, orchestration refers to the process of managing multiple containers as a single
cohesive system, ensuring they function together efficiently and reliably.

Figure 4.6 – Docker Compose
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4.2.4 OpenHAB

OpenHAB is the central element of this project, serving as the platform where all information and
control functions from various devices and systems are unified. It enables centralized management and
integration of the entire home automation environment.

Figure 4.7 – Openhab logo

As a starting point, this section introduces the fundamental principles of how OpenHAB operates [1, 34,
28].

• Things: Entities that can be added to the system; they can be physical devices or sensors, as they
can also represent a Web service or any other manageable source of information and functionality.

• Bindings: Software adapters, which enable communication between Things and your home
automation system.

• Channels: Interfaces exposed by Things. A single Thing can have multiple Channels, each
representing a particular function or data point. The functionalities are defined by the binding.

• Items: Logical representations of individual data points or control elements in the system. Items
are linked to Channels to visualize or manipulate the state of the device.

• Links: Associations between Items and Channels. They allow data flow between the logical (Items)
and physical (Things) layers.

• Rules: Automation that defines system behavior based on specific conditions or triggers, for example,
when an item changes state or at a specific time expressed by a cron expression.

• Persistence: Mechanism to store historical data from Items, enabling charting, analysis, or
restoring previous states.

• Sitemaps: Define how Items are displayed in the user interface. They offer a customizable structure
for users to interact with their smart home setup. Not used in this project.

• Pages: New user interface released in OpenHAB version 3, to interact with Items.

Things have an associated status that indicates their current state and helps detect potential issues:
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Status Description

UNINITIALIZED
This is the initial status of a Thing when it is added or the framework is being
started. This status is also assigned if the initializing process failed or the binding is
not available. Commands sent to Channels will not be processed.

INITIALIZING
This status is assigned while the binding initializes the Thing. It depends on the
binding how long the initializing process takes. Commands sent to Channels will not
be processed.

UNKNOWN

The handler is fully initialized but due to the nature of the represented
device/service it cannot really tell yet whether the Thing is ONLINE or OFFLINE.
Therefore the Thing potentially might be working correctly already and may or
may not process commands.

ONLINE The device/service represented by a Thing is assumed to be working correctly and
can process commands.

OFFLINE

The device/service represented by a Thing is assumed to be not working correctly
and may not process commands. But the framework is allowed to send commands,
because some radio-based devices may go back to ONLINE if a command is sent to
them.

REMOVING
The device/service represented by a Thing should be removed, but the binding
has not confirmed the deletion yet. Some bindings need to communicate with the
device to unpair it from the system.

REMOVED This status indicates that the device/service represented by a Thing was removed
from the external system after the REMOVING was initiated by the framework.

Table 4.1 – States of things [31]
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Figure 4.8 – State diagram of the things [35]

As mentioned in section 2.2, we use the OpenHAB REST API through MyOpenHAB.org, a service
provided by OpenHAB Cloud. This solution enables secure remote access to local OpenHAB instances
without exposing ports to the Internet or configure a complex VPN, ensuring a safe and reliable connection.

4.2.4.1 OpenHAB Cloud Configuration and Mobile App Integration

OpenHAB Cloud enables users to link their local OpenHAB installation to a remote cloud
service, such as myopenHAB.org, which is a publicly hosted instance maintained by the OpenHAB
Foundation. This setup allows for remote access to the OpenHAB server without requiring a
connection to the local network. As a result, users can interact with their smart home system through the
OpenHAB mobile app or the MainUI interface from any external device [32, 14].

The configuration of OpenHAB Cloud is managed through a specific binding, which is thoroughly
documented in Section 5.2 of the previous project [28]. Since no modifications were required from the
development team and only a basic understanding of the setup was needed, this section will focus solely on
the user registration process and the steps necessary to enable remote access via MyOpenHAB.org [14].

The first step involves creating an account on MyOpenHAB.org. Before doing so, it is necessary to
retrieve two identification values from the local server: the UUID, located in openhab_userdata/uuid, and
the Secret, found in openhab_userdata/openhabcloud/secret. These values allow OpenHAB Cloud to
recognize the server during account creation [32].

Figure 4.9 – UUID location
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Figure 4.10 – Secret location

Once both values are obtained, the user can proceed to MyOpenHAB.org to complete the registration
process:

Figure 4.11 – Account creation on OpenHAB Cloud

Upon successful registration, the system redirects to a dashboard indicating whether the server is
currently online. If so, a link to the server’s MainUI interface is also provided:

Figure 4.12 – Remote server access via OpenHAB Cloud
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Figure 4.13 – MainUI dashboard of the remote server

Mobile Application Setup

OpenHAB also provides a mobile application for both Android and iOS platforms. This application
connects to the OpenHAB server through MyOpenHAB.org.

The configuration steps are as follows:

1. Ensure that an account has been created and properly configured in OpenHAB Cloud.

2. Download the official OpenHAB app from the Google Play Store or Apple App Store.

3. After installing the application, configure it by linking it to the previously created OpenHAB Cloud
account.
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(a) App launch screen (b) Accessing configuration
Figure 4.14 – Initial setup of the OpenHAB mobile app

4. Navigate through the app using the following path: Menu → Settings → Connection → Add Server.
Enter a custom name and select Remote connection. Fill in the following fields:

• URL address: https://myopenhab.org/
• User: Email address associated with the OpenHAB Cloud account
• Password: Password for the OpenHAB Cloud account

(a) Connection settings (b) Server details (c) Verification
Figure 4.15 – Server configuration in the mobile app
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4.2.5 InfluxDB

InfluxDB is a Time series database TSDB developed by the company InfluxData. It is used for the
storage and retrieval of time series data in fields such as operations monitoring, application metrics,
Internet of Things sensor data and real-time analytics [19].

Figure 4.16 – InfluxDB logo

The use of a Time series database is particularly well suited for this project, as the home automation
system generates time-dependent data from various devices. Examples include weather conditions, smart
plug status, solar energy production, and household energy consumption. This information is valuable
not only for real-time monitoring, but also for long-term storage and analysis to observe trends and improve
energy management [53].

InfluxDB has been selected for this purpose because its specialization in time-series data was mentioned
in the software study in 3.2. In addition, the client expressed a preference for retaining InfluxDB. Once the
data are collected and stored, it will be visualized using the built-in graphing features of OpenHAB. The
seamless integration between OpenHAB and InfluxDB allows for a straightforward configuration process and
efficient data visualization.

Some of the key features that make InfluxDB an excellent choice for time series data include:

• A custom high-performance data store optimized specifically for time series utilizing the
TSM engine for fast ingestion and efficient data compression.

• High-performance HTTP APIs for writing and querying data.

• Support for tags, which enable index series and efficient query execution.

• Retention policies that automatically expire outdated data.

• Continuous queries to precalculate aggregated values, improving the performance of frequent
queries.

4.2.6 Server Architecture

The Server Architecture is based on a Raspberry Pi, which utilizes Docker to host both OpenHAB
and InfluxDB, each running in its own isolated container, along with additional containers that enhance
functionality, such as logging and backup services. InfluxDB will be accessible over the local network for

Hicham Bouchemma Bouhou

https://www.influxdata.com/


4.2. Key technologies & home integration 41

4

configuration purposes, while OpenHAB will be available both locally and remotely through the
MyOpenHAB.org cloud service, as described in Section 4.2.4.1. Communication will be established
between OpenHAB and InfluxDB for data storage and retrieval, as well as between OpenHAB, the
Raspberry Pi, and the additional containers to monitor system status and extend capabilities.

request

response

8080 8080 8086 8086

Figure 4.17 – Server Architecture

The remote access is achieved through a persistent outbound WebSocket connection established by
the openhabcloud binding installed on the local server [54].

Upon configuration 4.2.4.1, the local instance authenticates using two files: the uuid located at
userdata/uuid, and the secret at userdata/openhabcloud/secret. These identifiers link the local
instance to the user’s OpenHAB Cloud account.

Once connected, the cloud service acts as a reverse proxy. Any requests made via the cloud platform
(either through a browser or the OpenHAB mobile app) are securely relayed to the local server through
the WebSocket tunnel. This method avoids exposing the local network directly and ensures encrypted
communication over HTTPS [36].

request

response

8080 8080 8086 8086

https/http request

https/http response
CLOUD

WebSocket tunnel

Figure 4.18 – Remote access
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It is important to highlight the reasons why the selected server architecture and
technologies—OpenHAB, InfluxDB, and Docker on a Raspberry Pi—are ideal for this project
[11, 6, 9, 10]:

• Simplified Setup and Maintenance: Docker containers encapsulate applications along with
their dependencies, streamlining installation and minimizing potential configuration conflicts. This
ensures a consistent runtime environment, making it easier to manage and update services over time.

• Isolation and Resource Management: Each service runs in its own isolated container,
allowing multiple applications to operate concurrently on the same device without interfering with one
another. This enhances system stability and prevents cross-service issues.

• Portability and Scalability: Docker enables seamless migration of services across different
hardware or platforms. This portability simplifies scaling or re-deploying the system, which is
particularly valuable during tasks such as freeing up storage or reinstalling the operating system. It
also plays a critical role in database migration processes.

• Efficient Resource Utilization: Containers are lightweight and introduce minimal
overhead, making them well-suited for resource-constrained devices like the Raspberry Pi. This
allows for the concurrent operation of services such as OpenHAB and InfluxDB without significant
performance degradation.

• Simplified Backup and Recovery: Docker facilitates easy backup and restoration through
the use of volumes. This ensures that configurations and data can be preserved and quickly restored
in the event of a failure, enhancing system reliability.

• Optimized Time-Series Data Handling with InfluxDB: InfluxDB is specifically designed
for time-series data, making it an excellent choice for storing event and telemetry data
generated by the home automation system. Running InfluxDB in a Docker container alongside
OpenHAB enables fast querying and efficient long-term storage.

• Lightweight and Efficient: InfluxDB has a low CPU and memory footprint, which makes
it highly suitable for the Raspberry Pi. It can handle high-frequency data ingestion with minimal
performance impact.

• Seamless Integration with OpenHAB: OpenHAB natively supports InfluxDB, allowing for
straightforward data logging and visualization. Furthermore, compatibility with tools like Grafana
enables the creation of real-time dashboards for monitoring and analytics.

Hicham Bouchemma Bouhou



Chapter 5

Implementation and configuration

This chapter outlines the steps taken after the project planning and requirements analysis phases. Focuses
on the practical aspects of implementing the system in order to achieve the defined objectives. Unlike the
previous chapter, which provided the theoretical foundation of the technologies used, this section emphasizes
the application of that theory. It also discusses the challenges encountered during the execution phase and
details the strategies and solutions used to overcome them.

5.1 Database migration

Before proceeding with database migration, it is essential to clarify some key concepts related to InfluxDB.
Understanding the fundamentals of Time series database is crucial to effectively performing the migration
process and ensuring proper integration with the rest of the system.

5.1.1 InfluxDB Query Languages

The first step to understand the query languages supported by InfluxDB. This process is relatively
straightforward, as InfluxDB provides support for two main languages: InfluxQL and Flux [22].

Flux is a powerful scripting language designed specifically to query, analyze, and act on time series
data. On the other hand, InfluxQL is an SQL-like query language designed to work with time series data
in InfluxDB. Although it is intuitive for users familiar with traditional SQL, it lacks some of the advanced
capabilities found in Flux. Despite these limitations, InfluxQL remains a convenient option for simpler
queries and data manipulations.

InfluxQL was chosen for this project due to the simplicity of the database schema. InfluxQL provides
a clear and efficient way to perform basic queries to view data and interact with tables. Its SQL-like syntax
also makes it accessible and well suited for the project’s requirements.
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Figure 5.1 – Flux vs InfluxQL

5.1.2 InfluxDB Instance configuration

The next step involves understanding how the InfluxDB instance is configured and identifying the
location of its configuration file. On Linux-based systems, the default configuration file for InfluxDB can
typically be found in the following path [25]: /etc/influxdb/influxdb.conf

Figure 5.2 – InfluxDB config file

InfluxDB instances are configured using the configuration file (/etc/influxdb/influxdb.conf) or
environment variables. The environment variable overrides the equivalent option in the
configuration file. If a configuration option is not explicitly defined, the system uses its default
setting. Unless otherwise specified, the configuration settings discussed in this section reflect the default
values used by the system.

The default configuration settings were used, with the exception of the HTTP connection
parameters. That section was overridden to enable HTTP access [24].

Figure 5.3 – Http config of data base
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5.1.3 Data Storage in InfluxDB

The third step was to know where and how InfluxDB stores its data. The storage structure and
terminology presented here apply to InfluxDB v1 and v2.

Figure 5.4 – Data, Metadata, and WAL structure in InfluxDB

5.1.3.1 Persistent Data

InfluxDB stores persistent data in the directory /var/lib/influxdb/data using a specialized file format
known as TSM (Time-Structured Merge tree). A database called openhab_db, which is used by
OpenHAB, has been observed.

TSM is a purpose-built data storage format designed specifically for handling time series data. It
enables high write and read throughput, making it highly efficient for large volumes of time-ordered
data. This format also allows for advanced data compaction techniques, which significantly reduce
storage overhead while maintaining access speed [27].

Figure 5.5 – Persistent Data

5.1.3.2 Write Ahead Log Data

The Write-Ahead Log (WAL) in InfluxDB acts as a temporary cache for recently written Point.
To reduce the frequency with which permanent storage files are accessed, InfluxDB caches new Point in the
WAL until their total size or age triggers a flush to more permanent storage. This allows for efficient
batching of the writes into the TSM [27]. Additionally, the WAL contains entries from the openhab_db
databse, as mentioned the database used by OpenHAB .

Point in the WAL can be queried and persist through a system reboot. On process start, all points in
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the WAL must be flushed before the system accepts new writes.

Figure 5.6 – Write Ahead Log Data

The data settings (in the configuration file or through environment variables) control where the actual
shard data for InfluxDB are stored and how they are flushed from the WAL. The defaults should work for
the project.

WAL Operation Workflow [21]:

1. Data Ingestion (Write Process)

• Data are sent to InfluxDB via HTTP, UDP, or the Line Protocol.
• New Point are stored in an in-memory cache for fast access.
• Simultaneously, data are added to the WAL directory (/var/lib/influxdb/wal/) to ensure

durability in case of crashes.

2. Data Persistence (Flushing & Compaction)

• When the cache reaches a size or time threshold, it flushes to permanent TSM storage
(/var/lib/influxdb/data/).

• Corresponding WAL entries are then deleted to free space.
• Periodic compaction merges small TSM files into larger ones, optimizing disk usage and

performance.
• Deletes and updates are managed using tombstones.

3. Query Execution (Read Process)

• When a query is run, InfluxDB retrieves results by merging:
– Recent data from the memory cache
– Unflushed data from the WAL
– Historical data from the TSM files

4. Maintenance & Cleanup

• Retention policies define when old data is automatically deleted.
• Continuous compaction ensures storage remains optimized over time.
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5.1.3.3 Metastore

The Metastore contains essential internal information required to manage and maintain the
InfluxDB instance. It stores metadata such as user accounts, databases, retention policies, shard
metadata, continuous queries, and subscriptions. This metadata is crucial for the system to operate correctly
and consistently.

All metadata is stored in the file meta.db, located in the meta directory.

Figure 5.7 – InfluxDB Metastore File Structure

In the current configuration, two key options are enabled. The first is retention-autocreate =
true, which allows the system to automatically create a default retention policy named autogen whenever
a new database is created. This policy has infinite duration and is used as the default for write and query
operations. Disabling this setting would prevent the automatic creation of this default retention policy.

The second setting is logging-enabled = true, which activates log for the meta service. This
feature is useful for debugging and monitoring metadata-related operations.

5.1.3.4 Accessing and Exploring the Existing InfluxDB Data

Now that the configuration of the database has been reviewed and the data storage structure
is understood, the next step is to start the InfluxDB instance and investigate its current
contents. This exploration serves to understand the existing data and later verify that the migration
process has preserved all relevant information correctly.

• The first step involves starting the InfluxDB v1 service on the host machine, as shown in
Figure 5.8.

Figure 5.8 – Starting InfluxDB v1 on the host system
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• Once the service is running, the next step is to enter the InfluxDB shell to begin querying
and inspecting the data stored in the system, to do that it is nesessary to run use openhab_db
to access the database.

Figure 5.9 – Accessing the InfluxDB shell

Figure 5.10 – Example of a basic query in InfluxDB

It is important to note that although the queried results may appear tabular, InfluxDB does not store
data in traditional tables. Instead, it uses a structure based on measurements, Series, tags, and
fields.

• Measurements:

Figure 5.11 – Measurements available in the database
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• Fields:

Figure 5.12 – Field keys in InfluxDB

• Tags:

Figure 5.13 – Tag keys in InfluxDB

• Series:

Figure 5.14 – Series in InfluxDB
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5.1.3.5 Upgrade to InfluxDB v2

The upgrade process from InfluxDB v1 to v2 was relatively straightforward due to the availability of
an automatic upgrade tool. The upgrade was performed by executing the influxd upgrade command,
which automates the conversion of configuration and data [23].

This process performs several key steps:

• It reads the existing InfluxDB 1.x configuration file and generates an equivalent InfluxDB
2.7 configuration file at ~/.influxdbv2/config.toml, or at a custom location specified using the
–v2-config-path flag.

• It updates metadata and storage engine paths to ~/.influxdbv2/meta and
~/.influxdbv2/engine, respectively, unless other paths are explicitly defined.

• Migration of existing data and Write-Ahead Log (WAL) files to InfluxDB 2.7 Bucket.

• Creates database and retention policy (DBRP) mappings that are required to query data using
InfluxQL. The autogen Retention Policy is converted to an infinite Retention Period. This is done
to enable the use of the InfluxDB v1 shell.

• It reads existing metadata and migrates nonadmin users, passwords, and permissions into a 1.x
authorization compatible store located at ~/.influxdbv2/influxdb.bolt.

After executing the upgrade, when InfluxDB 2.7 is started for the first time, it must build a new Time
Series Index (TSI). Depending on the volume of existing data, this indexing process may take a significant
amount of time to complete.

InfluxDB v2 introduces new terminology and structural changes compared to the v1.x version.
Among these, three concepts are particularly important to understand:

• Organization: A workspace for a group of users. All elements such as dashboards, tasks, buckets,
and user roles belong to a specific organization.

• Bucket: A bucket is a named storage location for time series data. Buckets have associated
retention period. Each bucket is tied to a single organization.

• Retention Period: The duration of time that a bucket retains data. InfluxDB automatically
removes data points with timestamps older than the defined retention period. The minimum duration
allowed for retention is one hour. This concept replaces the retention policy (RP) used in InfluxDB v1.

Once the InfluxDB is upgraded, the next process is to migrate the required bucket, which is the
openhab_db bucket, to a Docker container. Due to the upgrade the database was converted to a
Bucket.
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5.1.3.6 Migration to Docker-based InfluxDB v2

Once the upgrade to InfluxDB v2 was completed, the migration process became significantly easier, as
both backup and restore operations were performed within the same version of the database engine.
The main goal of this migration was to move the InfluxDB openhab_db bucket from a host-based
setup to a Docker container, which allows better portability, isolation, and ease of deployment.

The first step was to inspect the current running containers:

Figure 5.15 – Existing containers on the system

Next, a provisional Docker container was created for the InfluxDB v2 instance:

Figure 5.16 – Provisional InfluxDB v2 Docker container
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The setup and access of the containers are explained in more detail in Section 5.3. It is
recommended to review that section for a clearer understanding of the following steps.

After deploying the container, the InfluxDB v2 setup process was completed within the container.
This involved configuring essential parameters such as the Organization name, initial user credentials,
and the first bucket. Completing this setup is crucial as it ensures that the restore process can
be performed successfully [26]. These concepts are explained in Section 5.1.3.5.

Figure 5.17 – InfluxDB v2 initial setup in the Docker container

Backup and Restore Process

InfluxDB v2 provides a streamlined mechanism for backing up and restoring data. Thanks to Docker,
managing these operations becomes straightforward and reproducible [29].

1. Creating a Backup on the host

The process started by performing a backup of the relevant Bucket using the InfluxDB CLI:

Figure 5.18 – Creating a backup on the host system

The output of this operation provided confirmation of the backup files and metadata.

Figure 5.19 – Backup output

Hicham Bouchemma Bouhou



5.1. Database migration 53

5

2. Transfer of the backup to the Docker Container

The name or ID of the target Docker container was recovered using docker ps:

Figure 5.20 – Identifying the InfluxDB Docker container

The backup directory was then copied into the Docker container:

Figure 5.21 – Copying the backup to the InfluxDB container

3. Restoring the Bucket Inside the Container

With the backup available inside the container, the restore command was executed to import the
data into the appropriate bucket.

Figure 5.22 – Restoring the backup in the Docker container

4. Verification of the data

After the restoration process, access to the InfluxDB UI confirmed that the data had been
successfully migrated and were available in the new Docker-based environment:

Figure 5.23 – Accessing InfluxDB v2 in Docker
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Figure 5.24 – Data successfully migrated to the Docker container

This migration demonstrated how seamless it is to use Docker for InfluxDB management. With the
use of volumes and containerized environments, it becomes easy to maintain the entire home
automation system in a single folder and move it effortlessly between different machines or environments.
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5.2 Raspberry Pi Setup and System Migration

The tasks related to the Raspberry Pi involved installing a headless operating system. Furthermore,
usfing a new server provided a clean environment to migrate the home automation system [40, 41].

First, a headless version of the Raspberry Pi 5 OS was installed. The installation process involved flashing
the OS image onto an SD card and configuring essential settings. After preparing the SD card, the system
was set up to allow SSH access without needing a graphical interface [58].

Figure 5.25 – Installing Raspberry Pi OS (headless version)
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Once the OS was installed, the basic configuration was completed.

Figure 5.26 – Configuring Raspberry Pi OS

To establish a connection, the local network was scanned to find the IP address assigned to the
Raspberry Pi.

Figure 5.27 – Identifying the Raspberry Pi’s IP address
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After finding the device on the network, SSH keys were generated, and a secure connection was
established to the Raspberry Pi.

Figure 5.28 – Generating SSH keys

Figure 5.29 – Connecting to the Raspberry Pi via SSH

After establishing access, a backup was prepared by copying the home directory of previous server
host to a USB device. The USB also contained the OpenHAB project folder, intended to be migrated
to the Raspberry Pi via its USB port.

Thanks to Docker, the entire home automation system, including data, configurations, and hardware
integrations, was unified and portable. The portability and scalability of Docker significantly simplified
the migration process, as described in Section 4.2.2.

The first step in the backup process was to list the available USB devices connected to the Raspberry Pi.

Figure 5.30 – Listing USB devices

The USB storage connected was then verified.

Figure 5.31 – Viewing USB disk
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The USB disk was mounted in the /media directory to allow file access and transfer. Finally, the
project archive was decompressed to restore its contents.

Figure 5.32 – Decompressing the project archive

With the Raspberry Pi environment now ready and the project migrated, the next logical step was to
set up GitHub to manage the configuration and version control of the home automation system. Since this
process is widely known, it will not be documented.
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5.3 Containerized System Setup with Docker

This section outlines the process of installing and configuring Docker on the target operating system,
building and managing Docker Images for the home automation system, and leveraging Docker Compose
for easier orchestration. The goal is to unify all relevant services, including OpenHAB and InfluxDB,
within a consistent and manageable containerized environment.

5.3.1 Installing Docker and Docker Compose

To begin with, Docker is installed on the operating system. Figures 5.33 through 5.35 illustrate the
process of installing Docker and configuring user permissions.

Figure 5.33 – Installing Docker

Figure 5.34 – Adding Docker to Sudoers

Figure 5.35 – Docker Permissions Confirmed

Next, Docker Compose is installed. This tool simplifies the definition and management of
multicontainer applications using a YAML configuration file.

Figure 5.36 – Installing Docker Compose
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Once Docker and Docker Compose are set up, the environment is ready to host the home
automation system with the latest containerized versions of OpenHAB and InfluxDB. Understanding
the Docker ecosystem, including how containers interconnect and communicate, is essential before
deployment. For a theoretical background, refer to Sections 4.2.2 and 4.2.3.

5.3.2 Building Docker Images

5.3.2.1 OpenHAB Docker Image

The OpenHAB service requires a custom Docker Image, built using a Dockerfile. This file contains a
sequence of instructions for the assembly of the image, as illustrated in Figure 5.37.

Figure 5.37 – OpenHAB Dockerfile

As explained in Section 4.2.2, Docker Images are built in layers. The OpenHAB image begins with an
official base image pulled from Docker Hub, which ensures stability and community support (Figure 5.38).

Figure 5.38 – OpenHAB Image Layers

Each additional command in the Dockerfile adds a new layer, customizing the base image for the
automation system’s requirements (Figure 5.39).

Figure 5.39 – New Layers Added to OpenHAB Image
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The command perform the following tasks:

• FROM
Specifies the base image for the Docker build.

• RUN
Executes a shell command during the image build process. Each RUN command creates a new
layer.

• ENV
Sets environment variables in the image. These variables persist and are available to the container
at runtime.

The layers perform the following tasks:

• FROM openhab/openhab:latest
Uses the latest official OpenHAB Docker Image as the base.

• RUN apt-get update && apt-get install -y python3 \
&& apt-get install -y python3-pip \
&& apt-get -y install python3.11-venv
Installs Python 3, pip, and the venv module for creating virtual environments.

• ENV VIRTUAL_ENV=/opt/venv
Defines the path for the Python virtual environment.

• RUN python3 -m venv $VIRTUAL_ENV
Creates the virtual environment at /opt/venv.

• ENV PATH="$VIRTUAL_ENV/bin:$PATH"
Ensures the virtual environment’s bin directory is in the shell’s path.

• RUN python3 -m pip install setuptools wheel && python3 -m pip install
pymodbus==2.4.0
Installs Python packaging tools and the specific version 2.4.0 of the pymodbus library, used for
Modbus communication.

The reason for this Docker Image configuration will be explained in Section 5.8.

Each of these commands is a Docker layer, and their order and structure directly affect image efficiency.
Redundant layers can increase the image size and rebuild time, so combining related commands into a
single layer where possible is considered best practice.

To analyze the structure and history of the built image, the docker history <image-name>
command can be used. This provides a detailed overview of how the image was built and helps identify
optimization opportunities.

Understanding how Docker layers work, analyzing build history, and writing efficient Dockerfile
instructions are essential for building maintainable and performant containerized applications.
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5.3.2.2 InfluxDB Image

For InfluxDB, no customization is necessary. The official image from Docker Hub is sufficient. Figure
5.40 shows the command used to pull the image.

Figure 5.40 – Pulling the InfluxDB Image

Once both images are available locally, they can be listed using the docker images command (Figure
5.41).

Figure 5.41 – Listing Docker Images

5.3.2.3 Running the Containers

With the images built and pulled, continers can be launched using standard Docker commands.

Figure 5.42 – Running OpenHAB and InfluxDB Containers

To verify running containers, the docker ps command is used (Figure 5.46).

Figure 5.43 – Listing Running Containers
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5.3.3 Simplifying Setup with Docker Compose

As discussed in Section 4.2.3, all the steps previously carried out manually using individual Docker
commands can be greatly simplified using Docker Compose. This is especially useful for managing multi-
container applications such as our home automation system with OpenHAB and InfluxDB.

Docker Compose allows us to define and run multi-container Docker applications using a single
YAML configuration file. Instead of executing multiple commands, we define our system in a file
called docker-compose.yml, which handles everything: building images, setting up networks, volumes,
ports, environment variables, and service dependencies.

Figure 5.44 – Structure of the docker-compose.yml file
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Compose File Overview

The docker-compose.yml file includes:

• Services: Containers to run (e.g., OpenHAB, InfluxDB)

• Images or Build Contexts: Image sources or Dockerfile paths

• Volumes and Ports: Mappings between host and containers

• Networks: Container interconnections

• Environment Variables: Configuration for services

Services

• OpenHAB

– build: . — Specifies the directory with the Dockerfile.
– container_name: openhab

– restart: always — Ensures the container restarts automatically on failure.
– privileged: true — Grants extended privileges, such as access to host devices.
– depends_on: — Waits for influxdb2 to be ready before starting.
– volumes: — Mounts directories for configuration, userdata, and Add-on.
– environment: — Sets HTTP/HTTPS ports and Java timezone.
– network_mode: "host" — Shares the host network stack.

• InfluxDB

– image: influxdb:latest

– container_name: influxdb2

– restart: always

– volumes: — Maps persistent storage for InfluxDB data and configuration.
– ports: — Exposes port 8086 for the web UI and API.
– networks: backend-nw — Uses a custom bridge network with a fixed IP.

Networks

• backend-nw

– driver: bridge

– ipam: — Manually assigns IP range:
∗ Subnet: 10.5.0.0/16
∗ Gateway: 10.5.0.1

Networks will be detailed with more attention in Section 5.7, which was the reason for their
creation.
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Running the System

To start the continers defined in the compose file, simply run:

docker compose up

Docker Compose will:

1. Parse the YAML file

2. Build or pull any required images

3. Create networks and volumes

4. Start all continers in the correct order

Figure 5.45 – Up with docker compose

Figure 5.46 – Listing Running Containers after docker compose up

It is important to note that if the Docker Images are updated or the Dockerfile is modified, it is necessary
to run the command docker compose build –no-cache before executing docker compose up -d. This
ensures that the updates are properly incorporated into the images. Otherwise, Docker Compose may
use cached layers and skip the new changes.
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Figure 5.47 – Building without cache

In this specific case, an update to OpenHAB was performed. After executing docker compose build
–no-cache followed by docker compose up -d, the container was successfully rebuilt with the latest
version of OpenHAB, as specified by the latest tag in the Dockerfile.

Figure 5.48 – Previous OpenHAB version

Figure 5.49 – Updated OpenHAB version

It is also recommended to stop and remove any running continers before rebuilding the images.
This can be done using docker compose down, followed by removing the outdated images to ensure a
clean and error-free build process.
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Figure 5.50 – Stopping and removing containers

Figure 5.51 – Deleting Docker images

Basic Docker Compose Commands

Compose provides several useful commands for managing the system will be used:

• docker compose up -d — Starts all services in background

• docker compose down — Stops and removes containers, networks, and volumes

• docker compose logs — Displays logs from all services

• docker exec -it <image name> <service> — Executes a command inside a running container in
interactive mode

• docker compose build — Builds or rebuilds images

Why Use Docker Compose?

• Simplified Configuration: All service definitions in a single readable YAML file

• Reproducibility: Ensures consistent setups across development, testing, and production

• Portability: Easily shared in version control (e.g., Git)

• Efficiency: Reduces manual effort and chances of error

In summary, Docker Compose transforms a multi-command, manual setup into a highly manageable,
repeatable, and scalable workflow with just a few lines of configuration.
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5.4 Establishing a tmate Connection

After verifying that the system is up and running via docker compose, and confirming that both
OpenHAB and InfluxDB are accessible, the next step is to establish a remote connection using tmate
to enable online collaboration and debugging [48].

Figure 5.52 – tmate running

Tmate is a terminal sharing tool that enables secure remote access to a terminal session. It is
particularly useful because it:

• Works seamlessly through NAT.

• Tolerates dynamic IP changes.

• Requires no manual SSH key configuration.

Clients connect transparently via tmate.io servers, which act as a proxy. This makes it extremely simple
to access a remote machine securely.

Standard Remote Access with tmate

The usual way to initiate a remote session is by running the tmate command. Once started, tmate will
output an SSH connection string such as:

ssh PMhmes4XeKQyBR2JtvnQt6BJw@nyc1.tmate.io

Anyone with this link can join the shared terminal session, and all users will see the same terminal
content in real-time.

Creating Named Sessions with API Key

By default, tmate generates random session strings, which change upon each restart. To avoid this
and maintain a consistent connection string, named sessions are used. This requires an API key and
allows deterministic URLs like:

ssh username/session-name@nyc1.tmate.io
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Figure 5.53 – Obtaining a tmate API key

The username is defined during Application Programming Interface () key registration, and the
session name is provided when starting tmate.

Figure 5.54 – Creating a named tmate session

Security Note: Named sessions must use hard-to-guess names to prevent unauthorized access, as
these session names act like passwords.

Connecting to a Session

Once a session is active, it can be accessed via:

• SSH using the named or generated URL.

• Web interface provided in the terminal output.

An example of the output provided by tmate when a session is launched is shown below, with
abcdef1234567890 as the name of the session:

Figure 5.55 – Session connection output from tmate
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5.5 Fixing Thing Connections

With remote access established and the system up and running, OpenHAB was initialized and the
troubleshooting process began. Before adding new devices, it was necessary to first resolve connectivity
issues with the existing ones. Most Things were correctly recognized after updating OpenHAB. The first
step was to ensure that all bindings were up to date:

Figure 5.56 – Bindings available for update

Once the bindings were updated, the process continued in the Things tab, where devices were
grouped by binding. This allowed for easier detection and resolution of issues:

Figure 5.57 – Things requiring attention

The most common issues identified were:

1. Device offline: The sensor or Thing was disconnected or unavailable.

2. Disabled Thing: The device was manually disabled in the interface.

3. Bridge errors: Some bindings require a special type of Thing called a bridge to facilitate
communication.

Hicham Bouchemma Bouhou



5.5. Fixing Thing Connections 71

5

Figure 5.58 – Bridge error in a Thing

A bridge acts as a gateway between OpenHAB and external devices. If the bridge is not configured
correctly, its dependent Things will not function. The necessary bridges were added and properly
configured for each required Binding, the most relevant ones will be mentioned.

5.5.1 OpenWeather Binding Setup

This case involved multiple steps:

1. Log in to the OpenWeather platform with a new account.

2. Choose a subscription plan (the free plan was selected).

Figure 5.59 – API subscription options

Figure 5.60 – Free API subscription
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3. Generate a new API key.

Figure 5.61 – Generating the OpenWeather API key

4. In OpenHAB, go to the Things tab, click the + button, select the OpenWeather binding, and
create a bridge Thing.

Figure 5.62 – Selecting OpenWeather binding
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Figure 5.63 – Adding bridge Thing

5. Enter the necessary fields and the API key in Thing cofiguration to finalize bridge creation.

Figure 5.64 – Filling in bridge configuration
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6. Assign the newly created bridge to all other OpenWeather Things.

Figure 5.65 – Selecting the bridge for other Things

With that configuration, all Things related to the OpenWeather binding were fixed.

5.5.2 TP-Link Tapo Control Setup

Setting up the Tapo bridge was more straightforward:

1. Add Thing from Tapo binding and select the bridge Thing.

Figure 5.66 – Adding Tapo bridge Thing

2. Fill in the necessary fields in the Thing configuration (e.g., cloud account credentials to connect
to Tapo cloud).
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Figure 5.67 – Configuring Tapo cloud connection

3. Assign this bridge to the rest of the Tapo Things.

Figure 5.68 – Assigning Tapo bridge

Note: The Tapo integration was also mentioned in a previous project in section 5.5 [28].

5.5.3 Testing Other Things

After configuring the bridges of these two bindings, other bindings were tested and found to work correctly.
Additionally, Items previously not functioning started to generate data as expected.

After configuring the bridges for these two bindings, the remaining bindings were tested
and found to be working correctly. Additionally, Items that were previously not functioning began to
generate data as expected.
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Figure 5.69 – Items receiving data

Figure 5.70 – More items successfully reporting data
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5.6 New Devices

To use the new smart plugs, we first had to add them to the corresponding mobile applications
— Amazon Alexa and TP-Link Tapo — as these plugs are managed through those apps, as shown in
house design 4.1.

Most of the new devices added were smart plugs from either Amazon or Tapo. Since both applications
had already been installed and configured in previous work (section 5.5 [28]), it was only necessary
to add the new plugs to the respective apps. No further configuration was required on the application
side. All remaining setup was carried out in OpenHAB.

5.6.1 Adding Amazon Smart Plugs

Before adding the respective Things, it is necessary to add the new Amazon smart plug in the Amazon
Alexa app.

1. Open the Amazon Alexa app.

2. Go to the Devices tab.

3. Tap the + icon in the top right corner and select Add Device.

4. Choose the Plug device type.

5. Select the brand (Amazon) and follow the on-screen instructions.

(a) (b)
Figure 5.71 – Adding a new device in the Alexa app

Once the plug is added to Alexa, it will be automatically discovered by OpenHAB using the Amazon
Echo Control binding.
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1. In the Things tab, click on the + icon.

2. Select the Amazon Echo Control binding.

3. Click the Scan button to discover new devices.

4. Once the device appears, click on it and select Add as Thing.

Figure 5.72 – Adding the Amazon smart plug as a Thing

Figure 5.73 – New Thing added from Alexa binding
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5.6.2 Creating the Corresponding Item

Only Items—not Things—can be controlled. Once the Thing is discovered and added, we create an Item
linked to its Switch channel to control the plug (on/off).

1. Click on the Thing in Things tab.

2. Go to the Channels section.

3. Click Add Link to item.., and then select Create new Item.

4. Use semantic type Point and item type Switch.

Figure 5.74 – Creating a new Item from the Thing
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Figure 5.75 – New Item created

Figure 5.76 – Item successfully linked

This process is the same for all Amazon smart plugs.

5.6.3 Adding Tapo Smart Plugs

Similar to the Amazon process, we began by adding the Tapo plugs to the TP-Link Tapo app, following
the instructions already detailed in Section 5.5.2 of the previous work [28].

Once the Tapo binding and bridge were correctly configured (as explained in Section 5.5.2), the new
devices were:

• Automatically discovered via a scan, following the same process as adding Amazon plugs.

• Manually added if not discovered.
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Manual addition steps:

1. In OpenHAB, add a new Thing selecting the Tapo binding.

2. Select the device to add manually.

Figure 5.77 – Select device to manual addition

3. Select the appropriate Cloud-Login bridge.

4. Enter the IP address of the plug.

Figure 5.78 – Manual addition of a Tapo plug
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To find the IP address:

1. Open the Tapo app.

2. Select the device and tap the gear icon in the top-right corner.

3. Go to Device Information.

4. The IP and MAC addresses are listed there.

To avoid issues after a power or internet outage, it is recommended to assign a static IP address to
each plug based on its MAC address as mentioned in section 5.5.2 in the previous project [28].

1. Open a browser and go to 192.168.1.1.

2. Log in using the default password found on the back of the router.

3. Navigate to: Menu → Advanced Settings → LAN → Static IP Lease List.

4. Add the plug’s MAC address and the desired IP address.

Figure 5.79 – Assigning a static IP to the plug

As with the Amazon devices, once the Tapo plug is added as a Thing, an Item linked to the Switch
channel to control the plug’s state was created. The process is identical:

• Click on the Thing.

• Go to the Channels tab.

• Link to a new Item of type Switch.
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5.7 InfluxDB Persistence Configuration

Due to a system update and a change in the deployment approach, it became necessary to re-establish
the InfluxDB persistence. Previously, InfluxDB was hosted outside of Docker on the physical host machine.
In the current configuration, however, it is deployed inside a Docker container. This change significantly
alters how persistence functions and requires additional considerations for container communication —
particularly between OpenHAB and InfluxDB.

Figure 5.80 – Persistence not working due to connection issues

5.7.1 InfluxDB Container

5.7.1.1 Overview of Docker Networks

Docker networks are virtual layers that enable communication between continers and external
systems. They are crucial for orchestrating complex applications that consist of multiple interconnected
services. Various network drivers are available to cater to different use cases [49]:

• Bridge: The default network driver for containers on a single Docker host.

• Host: Shares the host’s networking stack with the container, removing isolation.

• Overlay: Allows networking between continers on different Docker hosts.

• Macvlan: Assigns a MAC address to each container, making it behave like a physical device.

• None: Disables networking for the container.

By default, Docker Compose creates a single bridge network for all services in a ‘docker-compose.yml‘ file.
However, defining custom networks provides greater control, particularly for security and inter-service
communication.

5.7.1.2 Why Define a Custom Network?

In this project, a user-defined bridge network named backend-nw was created. The main reasons for
this decision include:
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• Improved Isolation and Security: By explicitly placing continers on a private network, only those
intentionally attached can communicate. This reduces the risk of unintended exposure and enhances
security.

• Stable and Predictable Networking: Assigning static IPs ensures that services like OpenHAB can
always reach InfluxDB at a known address, avoiding issues caused by dynamic IP allocation.

• Avoidance of Name Resolution Issues: Custom networks handle DNS resolution more reliably
than Docker’s default bridge network, ensuring smoother inter-container communication.

• Scalability and Modularity: Custom networks allow logical segmentation of services, making the
architecture more maintainable and scalable as complexity grows.

Figure 5.81 – Custom Docker network defined in docker-compose.yml

The custom network is defined as follows:

• backend-nw: The name of the custom Docker network.

• driver: bridge: Specifies the use of Docker’s bridge networking.

• ipam: IP Address Management settings.

• subnet: 10.5.0.0/16: Provides a large private IP range.

• gateway: 10.5.0.1: Defines the network gateway.

5.7.1.3 InfluxDB Container Configuration

The new InfluxDB container was configured with the custom network and a static IP address. This
ensures predictable connectivity from OpenHAB.

Figure 5.82 – InfluxDB container configuration with network settings
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Key aspects of the configuration include:

• Network: backend-nw: Specifies the previously defined custom Docker network.

• IPv4 Address: 10.5.0.6: Sets a static IP address within the backend-nw subnet.

• Aliases: [db_influxdb2]: Assigns DNS aliases that simplify inter-container communication.

With these configurations, OpenHAB can reliably connect to InfluxDB using a static IP or the hostname
db_influxdb2. This setup will help resolve the issues shown in Figure 5.80 and ensure that the persistence
layer remains stable after updates or restarts.

5.7.2 Configuring Persistence

Once the InfluxDB container is set up, it is necessary to configure persistence in OpenHAB.

Since both OpenHAB and InfluxDB were updated, the InfluxDB binding —used to connect OpenHAB
to InfluxDB—was reinstalled.

Figure 5.83 – InfluxDB binding in OpenHAB

To proceed, the user must navigate to the binding settings and access the InfluxDB binding
configuration page. Go to Settings and Add-on Settings.
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Figure 5.84 – InfluxDB binding settings

The following parameters must be configured to establish the connection between OpenHAB and
InfluxDB:

• Database URL: The IP address assigned to the InfluxDB container.

• InfluxDB Version: 2

• Username: openhab

• Authentication Token: A valid token generated for access.

• Organization: adminOrg

• Bucket: openhab_db
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Figure 5.85 – Configuring the InfluxDB connection

A new user for OpenHAB was created in the InfluxDB database, as shown below. It is important to
associate the user with the correct organization, the one that contains the openhab_db bucket. This
organization is identified by its organization ID:

Figure 5.86 – New user associated with existing bucket

5.7.2.1 Creating an Authentication Token

The token used for authentication was created using the influx auth create command. This
command specifies the organization (adminOrg), the username (openhab), and grants the necessary
permissions.
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Figure 5.87 – Creating an authentication token

5.7.2.2 Creating a Remote Connection

To enable remote interaction with the token, a remote connection was created using the influx
remote command. A name was assigned to the remote, along with its URL. Since the token resides in the
current InfluxDB instance, the URL is set to localhost. Additionally, the ID of the organization in which
the token resides must be provided.

Figure 5.88 – Creating a remote connection to InfluxDB

5.7.2.3 Defining Persistence Policies

After successfully configuring the connection, persistence policies must be defined. These policies
determine which items should be persisted and how frequently their data is stored.

In this case, all items are selected for persistence. This includes both existing and newly added items.
Consequently, their historical data will be stored in InfluxDB and made visible through OpenHAB.

Figure 5.89 – Configuring persistence policies
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Figure 5.90 – Selecting all items for persistence

Finally, once everything is properly configured, persistence works as expected, and item data is
successfully stored in InfluxDB.

Figure 5.91 – Persistence working correctly

5.8 Fix and Understand Connectivity with Solar Inverter and Home Manager

This section builds upon the explanation provided in Section 5.9 of the previous work [28]. The
data is retrieved from two key sources: the SMA Sunny Boy 3.0 solar inverter and the SMA Energy Meter.

In order to assign and represent this retrieved data appropriately, corresponding items were defined
using textual configuration, as described in Section 5.9.3 of the previous project.
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Figure 5.92 – SunnyBoy item definitions

Figure 5.93 – Home Manager item definitions

The data stored in these Items is retrieved using two Python scripts. To execute these scripts, the
Dockerfile was configured as previously explained in Section 5.3.2.1. The main purpose of the additional
Dockerfile layers is to ensure the correct execution of these scripts by installing the necessary libraries
and configuring the environment variables required to host them.

Figure 5.94 – Running SunnyBoy and Home Manager scripts in Docker

A Python virtual environment (venv) was created to install the required dependencies. This resolved
environment-related errors, shown below, by isolating the dependencies from the host system environment.
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Figure 5.95 – Environment error resolved using virtual environment

Although the scripts successfully retrieve data from the Sunny system devices, Rules are used to publish
this data into the defined OpenHAB items. The rules are further detailed in the following section.

The scripts are triggered automatically via OpenHAB rules—one for the SunnyBoy inverter and another
for the Home Manager. Each rule executes its respective script and updates the items using bindings that
parse the JSON output of the scripts in to the items. The rules are configured to run every minute.

Figure 5.96 – Shell script used to retrieve Home Manager data

Figure 5.97 – Rule for processing and updating Home Manager data
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In summary, this section focused on fixing the Dockerfile configuration, enabling the scripts to
function properly. As a result, item updates were successfully triggered through OpenHAB rules.
Understanding this integration is essential for developing a user interface to display information from
both the SunnyBoy inverter and the Home Manager.

5.9 Telegram and WhatsApp Notifications

5.9.1 Telegram Integration

Telegram notifications were implemented for various system components, including the SunnyBoy
inverter, outdoor irrigation, water heater, and lighting. These notifications are managed via OpenHAB
rules. In addition, time-based automation rules were created to control lights and irrigation systems
based on predefined schedules.

Furthermore, conversational interaction with OpenHAB bot was enabled through the Telegram bot,
allowing the user to control the water heater, outdoor irrigation, and lighting using quick replies.

5.9.1.1 Telegram Bot Configuration Steps

The first step in enabling Telegram notifications was to create and configure a Telegram bot. The process
consisted of the following steps:

1. Create a New Bot and Obtain the Token
Start a conversation with BotFather on Telegram.

• Send the commands /start and /newbot.
• Follow the instructions to choose a name and username for the bot.
• BotFather will return a unique authentication token required for later configuration steps.

Figure 5.98 – Creating the bot using BotFather
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Figure 5.99 – BotFather response with bot token

2. Create the Destination Chat
Initiate a chat with the newly created Telegram bot and /start followed by any message. This
step is mandatory; the next API-based steps will not work until the bot has received at least one
message from the user.

3. Retrieve the Chat ID
There are two ways to obtain the chat ID required for sending messages:

• Open a web browser and navigate to the following URL, replacing <token> with your bot’s token:
https://api.telegram.org/bot<token>/getUpdates
In the resulting JSON response, locate the id field to obtain the chat ID.

Figure 5.100 – Obtaining the chat ID for the bot
• Alternatively, interact with the Telegram bot @myidbot by sending /start. The bot will return

your chat ID.
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4. Test the Bot
To verify the bot configuration, send a test message via the Telegram API:

• Open the following URL in a browser, replacing <token> with the bot token and <chatId> with
the retrieved chat ID:
https://api.telegram.org/bot<token>/sendMessage?chat_id=<chatId>&textt̄esting

• If the configuration is correct, the bot will deliver a message containing the text "testing" to the
specified chat.

Figure 5.101 – OpenHAB Telegram bot

5.9.2 Telegram Binding: Things and Items

Once the Telegram bot was created and successfully tested, the next step was to install the Telegram
binding in OpenHAB, create the corresponding Thing, and define the necessary Items to enable
interaction with the bot. These Items are used throughout the automation rules to handle Telegram
notifications.

1. Install the Telegram Binding
The Telegram binding was installed via the OpenHAB UI.
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Figure 5.102 – Installing the Telegram binding

2. Create the Telegram bot Thing
A new Thing was created using the Telegram binding. The required fields such as the bot token and
the allowed chat IDs were filled in. All other settings were left with their default values.

Figure 5.103 – Adding the Telegram Thing

Figure 5.104 – Configured Telegram Thing
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3. Create Essential Items
After the Thing was created, relevant channels were linked to newly defined Items. These Items
allow rules to interact with messages sent and received by the OpenHAB Telegram bot.

(a) Last Message Text — Represents the most recent message received by the bot.

Figure 5.105 – Linking the Telegram message channel to an Item

Figure 5.106 – Created Item for receiving Telegram messages
(b) Reply ID — This channel contains the ID of the reply passed to sendTelegram() as replyId. It

allows unambiguous assignment of user replies to bot messages. This will be used in later sections.
(c) Last Message Name — Stores the full name of the sender of the most recently received message.

The final result was a set of Telegram-related Items prepared for use in rules and automation logic.
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Figure 5.107 – Telegram message Item created

Figure 5.108 – All Telegram-related Items

5.9.3 Telegram Rules and automations

As previously mentioned, notifications are configured using Rules. However, these rules are not limited
to notifications; they also include automation logic for controlling devices in the smart home. Since many
of these automations are closely related to notification logic, they are included in this section.

Rules in OpenHAB are user-defined pieces of logic that automate behavior based on specific events
(e.g., a motion sensor detecting movement or a switch being activated). When triggered, these rules perform
defined actions, such as turning on lights or sending Telegram notifications.

• Rule Implementation in Files
In this project Rules are implemented using files with the .rules extension. Each file can contain
multiple rules, and the OpenHAB system supports multiple such files. Although it is also possible to
define rules using the graphical user interface (UI), file-based rule definitions offer greater flexibility
and are preferred in this project. All rule files are stored in the directory: openhab/conf/rules.
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Figure 5.109 – Structure of rule files

• Rule Language: DSL
Rules are written in a Domain-Specific Language (DSL) provided by OpenHAB. This language is based
on Xtend, which is similar in syntax to Java. It is designed specifically for writing automation logic
within the OpenHAB environment.
At the beginning of each rule file, users can include import statements and declare global variables.
These must appear at the top of the file to ensure proper execution of the rules.

• Structure of a Rule
A rule in DSL consists of the following components:

– <RULE-NAME> — A unique name for each rule, enclosed in quotation marks.
– <TRIGGER-CONDITION> — The triggering event upon which the rule logic is executed. A rule is

executed in reaction to one or more trigger conditions. Multiple conditions are separated by the
keyword or.

– <ACTION-SCRIPT-BLOCK> — The logic block that defines what actions to perform when the trigger
is activated. These actions can include device control, messaging, logging, etc.

• Trigger Types
A rule executes in response to trigger events. The following types of triggers are used in this project:

– Item Triggers — Triggered by commands, updates, or state changes of Items.
– Time Triggers — Executed at specific times or intervals.
– Channel Triggers — Triggered directly by Thing Channels instead of linked Items.

5.9.3.1 Sunny Boy Status Notifications

To monitor the status of the Sunny Boy inverter, the item SMA_STATUS is used. This item is updated by
the rule explained in Section 5.8. Its state change serves as the trigger for the notification rule.

Figure 5.110 – Rule for Sunny Boy status notification

When the item SMA_STATUS changes to OFF, indicating a loss of connection with the Sunny Boy inverter, a
Telegram notification is sent through OpenHAB Telegram bot to inform the user of the issue. The message
suggests verifying the system’s connectivity to ensure everything is functioning properly. Conversely, when
the status returns to ON, a confirmation message is sent indicating that the connection has been re-established.

To send messages via Telegram, the OpenHAB Telegram binding is used. The function
getActions(binding,thing_uid) retrieves the Telegram action interface bound to the specified thing
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(i.e., the Telegram bot), and the sendTelegram method sends the actual message to the configured chat
IDs added to the thing ( see section 5.9.2).

The results and effectiveness of these notifications are further discussed in the testing section.

5.9.3.2 Water Heater Notifications

The purpose is to inform the user when the water heater is turned ON or OFF, and to allow the user to
interact with the system via Telegram bot to control its state remotely.

The status of the water heater is tracked using an item that was previously defined and is used to toggle
the device on or off 5.6.2.

Figure 5.111 – Water heater ON/OFF notification rule

To avoid unnecessary use of the water heater, such as being turned on accidentally or left on, OpenHAB
bot sends a Telegram message when the device is switched on. This message provides an interactive
prompt, asking whether the user wants to turn it off or keep it on. The user can respond directly within
Telegram bot without needing to access the web interface or mobile app.

The communication with Telegram bot is handled through the Telegram binding. Below are the key
components that make this interaction possible:

1. The getActions(binding, thingUID) function is used to retrieve the Telegram action object from
the configured Telegram bot Thing.

2. A message with reply options is sent to the user using sendTelegramQuery(message, replyId,
replyOptions[...])

In this case it creates a message with two reply options: Sí (Yes) and No, and assigns the identifier
Reply_Water_Heater to the reply.

3. The identity of the user replying to the query is determined using the item telegramName

This allows the rule to log or restrict interaction based on the user who responded.

4. A separate rule handles the user’s reply. It is triggered when the telegramReplyId item changes
to Reply_Water_Heater. The script checks the user’s message (via the telegramMessage item) and
takes the appropriate action:

• If the response is Sí, the water heater is turned off, itemName.sendCommand(OFF) and a message
is sent to the replyier only.

• If the response is No, the heater remains on and an informational message may be sent to the
replyer only.
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Figure 5.112 – Water heater reply handler

This setup provides both notification and interaction capabilities, improving automation efficiency
and user control directly through Telegram.

5.9.3.3 Lights Automations and Notifications

An automation system was developed to manage the lighting of the house by turning lights on at
sunset and off at sunrise. These actions are complemented with Telegram notifications sent through the
OpenHAB bot. The notifications inform users about the status of the lights and provide interactive
options to confirm or cancel the automation directly from Telegram. This interaction is available for
both turning the lights on and off.

The basic notification rule for reporting the current status of the lights is shown below:

Figure 5.113 – Lights ON/OFF status notification rule

The automation is triggered based on the astronomical events of sunset and sunrise. These
events are captured through channels provided by the Astro binding. Specifically, two channels from the
astro:sun:home thing are used as event-based triggers. These channels emit events when the sun rises or
sets, and OpenHAB responds accordingly by executing the relevant rule.

(a) Channel: Sunset (b) Channel: Sunrise

Figure 5.114 – Trigger channels for sunset and sunrise events
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The event logs confirms the triggering of these channels and is useful for debugging and verification
purposes:

Figure 5.115 – Channel events recorded in events.log

The rule triggered at sunset turns on the lights and sends a Telegram query asking the user whether
to proceed with the action. A confirmation handler is defined to process the user response, similar to the
one described previously for the water heater (see Section 5.9.3.2). OpenHAB rules can manage more than
one replyies depending on telegramReplyId value. That will be shown in tests section.

Figure 5.116 – Sunset rule with Telegram confirmation

Likewise, the rule triggered at sunrise turns the lights off and notifies the user, again offering the
option to cancel the action through Telegram bot:

Figure 5.117 – Sunrise rule with Telegram confirmation
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5.9.4 Irrigation Automation and Notifications

An automation system was developed to control the irrigation process, turning it on at 10:30 and
off at 11:30 each day. The automation includes confirmation via Telegram and provides the option to
postpone irrigation by one, two, or three days when it is turned on. Notifications are also sent to inform
users about the current status of irrigation. The irrigation time can be adjusted within the OpenHAB
rules by an administrator.

Figure 5.118 – Notification when irrigation is turned on

Figure 5.119 – Notification when irrigation is turned off

The triggers are based on a simple cron schedule that activates irrigation at 10:30 and deactivates
it at 11:30 daily. When irrigation is turned on, the OpenHAB Telegram bot sends a confirmation message
with options to leave it on, turn it off, or postpone it.

Figure 5.120 – Telegram message sent when irrigation is turned on

Upon receiving the user’s first reply, the system processes three possible responses: Yes, No, or
Postpone. A Yes leaves the irrigation on, a No turns it off, and Postpone prompts the bot to send a
follow-up message with available postponement options.

Figure 5.121 – Handler for the first user reply
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When the user selects a number of days to postpone, that value is assigned to an integer item using
the command:

IrrigationPostponeDays.sendCommand(days)

This item is then used in the 10:30 automation rule. Each day, the rule checks whether the postpone
value is greater than zero. If it is, the irrigation is not activated, and instead, the value is decremented
using:

IrrigationPostponeDays.postUpdate(daysLeft)

The IrrigationPostponeDays item was created through the OpenHAB web interface as a Number type,
since only a single variable is needed. Go to Items section and press + icon.

Figure 5.122 – Item used to store the number of postponed days

Figure 5.123 – Handler for the postpone response

Each day at 11:30, if irrigation is active, it is automatically turned off. If it is already off, the rule
takes no action.

Figure 5.124 – Rule to turn off irrigation at 11:30
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5.9.5 WhatsApp Rules

Through WhatsApp, only status updates regarding the Sunny Boy are sent. Before presenting the rule
responsible for this functionality, the configuration process for the WhatsApp bot is described below.

The integration utilizes the free API provided by CallMeBot. In order to use the API, an API key must
be obtained from the bot by following these steps:

1. Add the phone number +34 694 23 41 84 to the contact list of the mobile device and name it openhab
bot.

2. Send the message "I allow callmebot to send me messages" to the newly created contact.

3. Wait until the message "API Activated for your phone number" is received. This message includes
the API key and the URL required to use the service.

Figure 5.125 – WhatsApp bot activation

The rule displayed below functions similarly to the one used for Telegram. However, since there is no
official binding available to manage WhatsApp messages within OpenHAB, a HTTP GET request is used to
call the API with the corresponding API key, message, and phone number to whom send the message.

Figure 5.126 – WhatsApp notification rule
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5.10 New Interfaces

With respect to the user interfaces, an update was made to the main interface page (refer to Section
5.11 previous project [28]). Previously, only one page was available, and although other options such as
sitemaps and measurement access pages existed, they are no longer in use.

The OpenHAB platform allows the creation of user interfaces using its built-in design framework.
Users can build interfaces by simply designing widgets, while OpenHAB provides layout tools such as
columns, rows, and various structural elements. Although OpenHAB offers several framework options,
this documentation focuses on the use of Pages, which are applicable both on the web interface and in the
mobile app.

The type of pages utilized and updated in this project are Layout Pages. To create a new layout page,
the user should navigate to Settings > Pages > + Create Layout.

Figure 5.127 – Layout Pages in OpenHAB

When creating a layout page, OpenHAB offers two main layout types:

• Fixed Grid – All added widgets will share a uniform size by default.

• Fixed Canvas – Widgets can be freely placed and resized according to user preference.
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The current implementation uses the Fixed Canvas layout with a two-part structure. Below are
examples of previous web interface layouts:

• Masonry – A layout in which all widgets are grouped in a shared space without a specific order.

Figure 5.128 – Masonry Layout

• Block – A block-structured layout further divided into:

– Rows and Columns – Widgets are placed within columns inside rows. The layout automatically
adjusts: one column takes the full row width, two columns divide it evenly, and so on.

– Cells – An alternative type of widget block offering a distinct visual appearance.

Figure 5.129 – Block Layout and Cells
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To enhance the interface, additional custom widgets were implemented with the help of the
OpenHAB community Since the work primarily consisted of adding new widgets and organizing them
across different pages, each page will be presented along with the specific widgets added to it after
showing the new widgets.

To create new widgets, the user must navigate to Developer Tools > Widgets > +, where the widget
definition is written in YAML. After a widget is created, it can be added to any desired page and configured
by assigning it the appropriate Items to display.

To add a widget to a page, the user should click on the designated column within the page layout.
A menu will then appear offering a selection of available widgets:

• Default widgets, which are preconfigured by OpenHAB. A complete list is available at
https://www.openhab.org/docs/ui/components/.

• Custom widgets, created by the user specifically for the project.

Figure 5.130 – Add widget
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5.10.1 Improvement of the Default Page

The existing default page was enhanced by updating its button widgets, adding a visual representation
of the solar energy flow, and incorporating new widgets and charts to display data retrieved from the
weather API.

1. Button Widgets:
To improve the interface’s button functionality, a custom widget was added to the page.

Figure 5.131 – Button widget

2. Solar Energy Widget:
A widget was added to visualize the solar energy flow in real time, based on data retrieved from the
SMA system.

Figure 5.132 – SMA widget

3. Charts and Data Representation:
Various widgets and charts were implemented using Label Cards, which allow for the selection of
different types of analyzers.
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4. Temperature Widgets:
Temperature data was also visualized through dedicated widgets designed to present the information.

Figure 5.133 – Temperature widget

5. Widget Configuration:
Once the widgets were created, they were added to the page in the corresponding column. Each
widget was carefully configured by assigning the appropriate Items, setting icons, choosing colors,
and optionally enabling chart displays. These configurations were performed either through the
graphical interface or by directly editing the corresponding YAML code.
Below are examples of the widget configurations:

Figure 5.134 – SMA widget configuration, assigning items
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Figure 5.135 – On/Off button widget configuration, items, colors, icosn, etc

Final Result:
The improvements made to the default page resulted in a more informative and visually organized interface,
combining buttons, temperature data, and solar energy flow representation.

Figure 5.136 – Default page with buttons, temperature, and energy flow
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Charts are also accessible on the main page, and clicking on them reveals extended visualizations.

Figure 5.137 – Charts

Figure 5.138 – Extended chart view
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5.10.2 New Pages

After improving the default main page, several new pages were created to present additional information
related to solar energy, wetaher forecast and temperatures, Raspberry Pi, and sun and moon information.
The creation of each page followed a the same approach as updating the default page: designing the
necessary widgets, assigning the correct items in the configuration, and organizing the widgets within
appropriate layout blocks.

Regarding the addition of new Things (such as Sun, Moon, Raspberry Pi, etc.) and their
corresponding Items, the process follows the same steps as described for other Things. First, the
appropriate binding must be installed. Then, a new Thing is created by selecting the binding. Depending
on the device or service, the Thing may be automatically discovered or manually added. Once the Thing
is created, its Channels can be accessed, and the appropriate Items are linked to each channel
accordingly.

1. Solar Energy Information Page: A dedicated page was developed to display data from the solar
system, including inverter readings, energy flow, and production status.

(a) Sunny Boy Inverter Information:

Figure 5.139 – Sunny Boy inverter information
(b) Solar State and Power Graph:

Figure 5.140 – Solar state and power graph
(c) Brief Energy Flow Summary:
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Figure 5.141 – Brief information on energy flow

2. Sun and Moon Information Page: This page provides visual and textual data about the sun and
moon cycles.

Figure 5.142 – Sun and moon information

3. Raspberry Pi Status Page: Real-time data about the Raspberry Pi hardware status is displayed
on this page.

Figure 5.143 – Raspberry Pi status

4. Temperature and Weather Forecast Page: This page shows both indoor temperature readings
and local weather forecasts.

(a) Indoor Temperature Monitoring:
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Figure 5.144 – Indoor temperature readings
(b) Local Weather Forecast:

Figure 5.145 – Weather forecast
(c) Wind velocity and direction:

Figure 5.146 – Wind velocity and direction
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Since the Items used for the weather forecast were created using a different approach, this process is
explained in detail below.

To display the weather forecast, data was retrieved using the OpenWeatherMap binding. After configuring
the OpenWeatherMap bridge (see Section 5.5.1), a new Thing was created. This Thing was configured
with the appropriate location (Gojar) and a forecast duration of four days, which corresponds to the
maximum period allowed by the free plan.

Figure 5.147 – Weather forecast Thing

Due to the large number of forecast-related items required, it was more efficient to define them
using text files. These files, saved with a .items extension, are stored in the openhab/conf/items directory.
Each item is defined according to the following structure:

<ItemType> <ItemName> "Label" <Icon> [SemanticTags] { ChannelBindingUID }

Figure 5.148 – Example of item definitions

For the weather widget, instead of assigning each item manually in configuration, a prefix-based
configuration was used, assigning to the widget all items that starts with specific prefix. This technique
allows the widget to automatically use and display relevant item data, significantly simplifying the
setup process.

Home automation installation supervision using OpenHAB

https://openweathermap.org
https://openweathermap.org


5

116 Chapter 5. Implementation and configuration

Figure 5.149 – Widget item prefix configuration

Furthermore, the widget adapts dynamically to changes in time, such as nighttime, by altering its color
scheme and displaying the appropriate forecast icons, all this using items information. This enhances the
visual experience and provides intuitive cues to the user.

Figure 5.150 – Weather forecast during nighttime

All these pages can also be accessed through the mobile application:

(a) Main interface view 1 (b) Main interface view 2

Figure 5.151 – User interface shown in the mobile application (part 1)
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(a) Main interface view 3 (b) Main interface view 4

Figure 5.152 – User interface shown in the mobile application (part 2)

5.11 Automatic Backups, Storage Configuration, and Logs

5.11.1 Automatic Backup Inside the Docker System

For automatic system backups, Duplicati is used. This backup solution is integrated within the Docker
Compose setup, so when migrating the Docker system, no additional configuration is necessary—the backup
setup resides entirely within the OpenHAB Docker folders.

A container was created using the official Duplicati image:

Figure 5.153 – Duplicati container
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The container is defined with the following parameters:

• environment:

– PUID=1000 and PGID=1000 — Define the user and group IDs under which the container operates.
This ensures correct permissions for accessing host files.

– TZ=Europe/Madrid — Sets the container’s time zone.

• volumes:

– ./duplicati_config:/config — Stores Duplicati configuration files persistently.
– ../openHAB:/source/openhab — Mounts the OpenHAB directory to make it available for

backup.

• ports:

– 8200:8200 — Exposes Duplicati’s web interface on the host via http://localhost:8200.

• restart: unless-stopped — Configures the container to restart automatically unless manually
stopped.

Configuration Steps

1. A password is created to encrypt the backups:

Figure 5.154 – Duplicati container interface

2. A new backup is added by specifying a name, encryption method, and password:

Figure 5.155 – General backup setup
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3. The backup destination is selected—Google Drive in this case. Upon choosing the destination and
folder, Duplicati’s authentication handler generates an authID to establish a connection. The connection
can be tested immediately.

Figure 5.156 – Backup destination configuration

(a) Authorization Step 1 (b) Authorization Step 2 (c) Test Connection

Figure 5.157 – Google Drive authorization process
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4. The source data to be backed up is selected, OpenHAB folder:

Figure 5.158 – Selection of source data

5. A schedule for automatic backups is configured:

Figure 5.159 – Backup schedule configuration
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6. Backup retention policy and volume size are defined:

Figure 5.160 – Backup retention and volume settings

The configured backups are displayed on the Duplicati home interface:

Figure 5.161 – List of configured backups

Restoration: To restore a backup, the user simply selects the desired backup through the interface, and
Duplicati restores it to the source folder as defined in the container setup.

5.11.2 Backups in the System and Maintenance

System backups are managed using a scheduled script executed by cron.

Figure 5.162 – Backup script
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The tool rclone is employed for remote backups. Rclone is a command-line utility designed to
synchronize files and directories with various cloud storage services.

In this setup, after a compressed backup of the OpenHAB system is generated locally, rclone is used
to upload the backup file to a specified folder in a remote Google Drive account. This ensures secure
off-site storage and provides a reliable method for data recovery in case of local failures.

Once the upload is completed, the local backup file is deleted to save disk space, as a secure copy
already exists in the cloud. This strategy guarantees regular, automated, and efficient backup cycles with
minimal manual intervention.

To automate the execution of the backup process, a cron job is used. Crontab is a Linux utility
that allows scheduling commands or scripts to run at specified times and intervals.

In this case, the script is scheduled to run every Sunday at 3:00 AM by adding an entry using
the command crontab -e. The output of the script is redirected to a log file, ensuring that any issues or
execution details are recorded.

Figure 5.163 – Scheduled execution with crontab

For regular maintenance, all unused Docker images, images without container asociated, are deleted
using the command docker image prune -a -f. This process is performed after stopping and removing
all OpenHAB containers. Doing so ensures that the latest image version is pulled the next time the
containers are launched. Additionally, using docker build –no-cache guarantees that the build process
uses the most up-to-date base image of OpenHAB.

This procedure is suitable for version updates and basic maintenance. However, for advanced
maintenance tasks related to system errors or software bugs, ongoing support from the development
team is required. Therefore, it is recommended that the client establishes a support contract to ensure
proper long-term maintenance of the system.

5.11.3 Storage Cleanup and Retention Policy Change

Regarding storage management, data older than six months is deleted to free up space. The procedure
is as follows:

1. Access the InfluxDB container’s bash shell in interactive mode using the command: docker exec -it
influxdb2 /bin/bash.

2. Since InfluxDB 2 does not include a native shell to manage databases, the influx v1 shell command
is used. This provides compatibility by mapping buckets to databases.

3. Select the openhab_db database with the command: use "openhab_db".

4. If no specific measurement is specified, queries can be run across all measurements. Data older than
six months is deleted using a command similar to: DELETE WHERE time < ’2025-01-01’.

5. To view timestamps in a human-readable format, the precision rfc3339 option is used.
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6. Finally, the deletion is verified by ordering the data by ascending time to confirm that the earliest
records have been removed.

Figure 5.164 – InfluxDB v1 shell interface

Figure 5.165 – Check data deletion

Changing the retention policy does not require using the InfluxDB v1 shell.

• The existing buckets and their retention policies can be reviewed directly.

• To adjust the retention policy, the retention duration is set in hours, with approximately 4,380 hours
corresponding to six months.

Figure 5.166 – Current retention policy

Figure 5.167 – Updated retention policy

5.11.4 Logs

OpenHAB generates two primary log files, located in the ‘ openhab/userdata/logs/ directory:

• events.log: Records all updates and commands related to items and channels, such as state changes
and triggers.

• openhab.log: Contains system-level logs including startup information, rule execution, bindings, and
errors.
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Figure 5.168 – events.log – Logs related to item events

Figure 5.169 – openhab.log – System and rule execution logs

To inspect these logs, one common approach is to attach to the OpenHAB Docker container using an
interactive shell. However, this method is not ideal for real-time monitoring or continuous observation.

For a more user-friendly and real-time view of logs, the tool Frontail can be used. Frontail is a lightweight
web application built with Node.js that displays log files in a web browser with automatic updates.

We can deploy Frontail in a separate Docker container, mounting the OpenHAB log directory to allow
access.

Figure 5.170 – Frontail container for real-time log viewing

Once configured, Frontail provides a clean web interface to stream logs such as events.log and
openhab.log, making debugging and monitoring much easier with fiter options.

Figure 5.171 – Live OpenHAB logs in Frontail
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5.11.5 Security

In evaluating the system’s security, three main aspects must be considered: the database, the OpenHAB
platform, and the communication between them.

1. InfluxDB 2.0 uses token-based authentication to manage access. Each user or application must
present a valid token to perform operations, ensuring that only authorized entities can read or write
data. Additionally, InfluxDB can be configured to accept remote connections securely, which is
essential for distributed systems or cloud-based integrations.

2. OpenHAB incorporates several built-in security mechanisms. By default, it restricts access
to sensitive settings and offers role-based user management. OpenHAB Cloud, which enables
remote access and integrations (e.g., via voice assistants), employs secure encrypted channels
and requires authentication. These safeguards reduce exposure to unauthorized users.

3. Communication between OpenHAB and InfluxDB is secured through token-based
authentication within an isolated Docker network. This setup ensures that only containers within
the same virtual network can communicate directly, minimizing the surface for external attacks.
Moreover, external access to the OpenHAB system is protected through a VPN tunnel configured via
OpenHAB Cloud, reinforced with secure login credentials and encrypted traffic. This
multi-layered approach ensures data integrity and protects against unauthorized access.
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System Verification and Testing

This chapter presents the verification and validation procedures applied to assess both existing and newly
implemented functionalities in the OpenHAB system, as well as an evaluation of the updated requirements.

The testing strategy followed a functionality-based approach. Each test case was structured around a
specific function or feature to verify whether it behaved as expected. A test case included the functionality
to be tested, the relevant input or interaction, the expected result, and the observed outcome. The result
was marked as passed if the actual behavior matched the expected one, and failed otherwise.

Given the simplicity and repetitiveness of individual tests, they were grouped by functionality. For
example, a test case might consist of turning off a television using the corresponding button in the OpenHAB
interface and confirming both the change in device state and the updated status shown in the application.
Since many test cases followed similar patterns, only the overall status of each group is presented.

6.1 User Interfaces Interaction Test

This test verified whether the graphical interface responded correctly to user interactions. It included
actions such as clicking on various widgets, switching between interface pages, and viewing weather forecasts.

All buttons controlling devices were tested to ensure that:

• They correctly triggered the expected actions.

• The devices responded appropriately and within a reasonable delay.

• The application correctly reflected the device state, even when the device was manually changed outside
OpenHAB.

Figure 6.1 – Button interaction test
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The test was successful in terms of responsiveness and correctness. However, it was noted that the status
update in OpenHAB, when devices were changed manually, experienced a slight delay.

6.2 Voice and External Application Control Test

This test evaluated integration with external voice assistants and device-specific applications.

In one scenario, a voice command was issued via Alexa to turn on the outdoor watering plug. The
test confirmed that the plug status changed both in the Amazon Alexa app and in OpenHAB. While the
functionality worked correctly, there was a noticeable delay in status synchronization.

Further tests involved controlling devices directly from their official applications (e.g., Amazon Alexa)
to verify that changes were propagated back to OpenHAB. Again, synchronization was confirmed, although
delays were observed.

6.3 Information Display Test

This test focused on validating the accuracy of data presented in OpenHAB from various sources, such
as the weather API, local weather station, solar energy systems, Raspberry Pi system information, and
astronomical data (sun and moon).

The displayed data was compared against reliable references—for instance, solar energy readings were
compared to manufacturer dashboards. The aim was to assess whether the reported values were consistent
with reality.

All data visualizations across interface pages, including temperatures, forecasts, solar generation, and
system diagnostics, were evaluated. The results confirmed that the information shown was accurate and in
line with expectations.

All functionality groups passed the testing procedures. While some minor delays were observed in
synchronization—particularly with external applications and voice assistants—the core system operated
reliably, and all interface elements behaved as intended.

6.4 Database Storage and Chart Visualization Test

This test evaluated whether the data generated by OpenHAB items was correctly stored in the InfluxDB
database according to the configured persistence settings. It also verified that this data could be accurately
retrieved and displayed in the OpenHAB charts.

To perform the test, the team compared the values shown in the chart of a specific item with the raw
data entries in the corresponding table within the InfluxDB database.
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Figure 6.2 – Database value verification

Figure 6.3 – Chart display test

The test was successfully passed, confirming the integrity of stored data and its correct visualization.

6.5 Amazon Alexa Player Integration Test

This test aimed to verify the functionality of the Amazon Alexa integration with OpenHAB, specifically
for media playback control.

The evaluation involved requesting Alexa to play a song and then checking if the song title, volume level,
and playback progress could be monitored and adjusted from both the OpenHAB interface and the Amazon
Alexa app.

The integration worked as expected, and the test was passed successfully.
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6.6 Backup Automation and Restoration Test

This test confirmed the correct functioning of the system’s backup processes, which were configured both
via Duplicati and through a custom script scheduled with cron.

It was verified that backups were executed automatically at the configured intervals and that restoration
procedures reliably recovered the system’s data and configurations.

Both backup creation and restoration were successful, and the test was passed.

6.7 Rule Testing

This section presents the testing process and results related to the rules configured in the OpenHAB
system. OpenHAB provides functionality to manually execute rules, which facilitates testing and debugging.
To access this feature, one must navigate to Settings → Rules, and within each rule, use the "Run now"
option (shortcut: Ctrl + R) to trigger the rule manually.

The first stage of testing involved verifying that each rule was correctly triggered based on its defined
trigger type, which could be a cron schedule, an item change, or a channel event. Once it was confirmed that
all rules responded to their respective triggers, the second step involved verifying that each rule executed its
intended actions. At this point, the manual execution feature (Ctrl + R) was used extensively.

Figure 6.4 – List of rules in OpenHAB
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Figure 6.5 – Manual execution of a rule

6.7.1 Sunny Boy and Home Manager Rules Test

1. Sunny Boy Items Update: This test verified that the rule correctly updated the item values for the
Sunny Boy inverter. The log output was compared with the item values in the system, and consistency
was confirmed.

Figure 6.6 – Sunny Boy item updates

Test passed.

2. Home Manager Items Update: Similarly, the test for Home Manager rules verified that the item
values were updated according to the values reflected in the system logs.

Figure 6.7 – Home Manager item updates

Test passed.

3. Sunny Boy Telegram Notifications: The system was tested for sending Telegram notifications
when a connection error with the Sunny Boy device occurred. Notifications were correctly sent in both
error and normal scenarios.
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Figure 6.8 – Telegram notification for Sunny Boy status

Test passed.

4. Sunny Bo WhatsApp Notifications: The same test was performed for WhatsApp notifications.
The system correctly sent messages regarding the Sunny Boy connection status.

Figure 6.9 – WhatsApp notification for Sunny Boy status
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Test passed.

6.7.2 Water Heater Rules Test

This subsection presents the results of testing the automation rules related to the water heater. These
rules are responsible for notifying users about the water heater’s status and handling user responses for
control actions.

1. Water Heater Off Notification: A test was conducted to verify that the system sends a notification
when the water heater is turned off. The expected notification was successfully received.

Figure 6.10 – Water heater off notification

Test passed.

2. Water Heater On Notification and Confirmation Handling: When the water heater was turned
on, the system sent a corresponding notification and a request for confirmation to turn it off.

Figure 6.11 – Water heater on notification
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Test passed.

(a) User Response: "Yes", Water Heater Still On: When the user responded with "yes" and
the water heater was still on, the system turned off the device and confirmed the action via
notification.

Figure 6.12 – Responding "yes" while heater was still on
Test passed.

(b) User Response: "Yes", Water Heater Already Off: If the user responded "yes" while the
water heater had already been turned off manually via the app, the system correctly notified that
it was already off.

Figure 6.13 – Responding "yes" while heater was already off
Test passed.
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(c) User Response: "No", Water Heater Still On: When the user responded "no" and the
heater was still on, the system left it on and notified the user of this decision.

Figure 6.14 – Responding "no" while heater was still on
Test passed.

(d) User Response: "No", Water Heater Already Off: If the heater had already been turned
off through the app and the user still responded "no," the system sent a notification indicating
that the device was already off and suggested using the app to turn it back on if desired.

Figure 6.15 – Responding "no" while heater was already off
Test passed.
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6.7.3 Lights Rules Test

This subsection outlines the verification of automation rules associated with lighting control, particularly
those triggered at sunset and sunrise. These rules are designed to either control lighting behavior or notify
the user, offering confirmation options for further actions.

1. Sunset Lighting Rule: At sunset, the system is configured to either automatically turn on the lights
or send a notification informing that the lights are on, along with confirmation options. The rule
functioned as expected by activating the lights and sending the correct message.

(a) User Response: "Yes" to Turn Off Lights: When the user responded "yes" to turn off the
lights, the system behaved correctly in both scenarios—whether the lights were already turned
off via the app (resulting in a message acknowledging this) or still on (in which case they were
turned off).

Figure 6.16 – Responding "yes" to turn off lights at sunset
Test passed.

(b) User Response: "No" to Turn Off Lights: If the user responded "no," the system behaved
as intended, either confirming that the lights remained on or, if they had already been turned off
manually, sending a message reflecting that status.

Figure 6.17 – Responding "no" to turn off lights at sunset
Test passed.

2. Sunrise Lighting Rule: At sunrise, the system is designed to either automatically turn off the lights
or notify the user that the lights are off, including confirmation options. The rule performed as expected
by turning off the lights and sending appropriate notifications.

(a) User Response: "Yes" to Keep Lights Off: When the user responded "yes," the system
behaved correctly, sending a message depending on whether the lights had remained off or had
been turned on manually.
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Figure 6.18 – Responding "yes" to keep lights off at sunrise
Test passed.

(b) User Response: "No" to Keep Lights Off: A response of "no" resulted in the expected
behavior: the system either turn on lights or noted if they had already been turned on manually.

Figure 6.19 – Responding "no" to keep lights off at sunrise
Test passed.

6.7.4 Irrigation Rules Test

This subsection presents the evaluation of the irrigation automation rules. The system is configured to
automatically turn on irrigation at 10:30 and turn it off at 11:30, unless the irrigation is already active or
inactive, in which case no action or notification is triggered—unlike the behavior of the lighting rules.

1. Irrigation Activation at 10:30: At 10:30, the system is expected to turn on the irrigation system
and send a notification with confirmation options. The rule was executed correctly, with the irrigation
being activated and the notification being sent.
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Figure 6.20 – Irrigation turned on at 10:30

Test passed.

(a) User Response: "Yes" to Turn Off Irrigation: When the user selected "yes" to turn off
irrigation, the system responded correctly in both cases: turning off the irrigation if it was still
on, or acknowledging that it had already been turned off manually.

Figure 6.21 – Responding "yes" to turn off irrigation
Test passed.

(b) User Response: "No" to Turn Off Irrigation: The system also handled "no" responses
correctly, maintaining the irrigation status as intended or sending a message based on the irrigation
was turned off through app.

Figure 6.22 – Responding "no" to turn off irrigation
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Test passed.
(c) User Response: "Postpone": When "postpone" was selected, the system returned a menu of

postponement options. Upon selecting specific days, the system confirmed the postponed schedule
and rescheduled the irrigation accordingly.

Figure 6.23 – Responding "postpone" for irrigation

Figure 6.24 – Selecting days to postpone irrigation
Test passed.

2. Irrigation Deactivation at 11:30: At 11:30, the system is configured to automatically turn off the
irrigation unless it is already off. This rule executed as expected, deactivating the irrigation system
without redundant notifications.
Test passed.
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6.7.5 Replier Recognition

The user (replier) was identified in every interaction with the OpenHAB Telegram bot. The bot responded
by including the user’s name in its replies, thereby making the interaction more personalized and traceable.

(a) Water heater ON notification (b) Responding with "yes"
Figure 6.25 – Replier recognition via Telegram bot

The test was successfully passed.

6.8 Evaluation of Satisfaction of Requirements

This section presents an evaluation of the system’s compliance with the defined functional requirements.
Each requirement is reviewed to determine whether it has been successfully fulfilled by the implemented
features. Requirements of previous project are not reiterated, as their analysis remains unchanged.
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Requirement FR.1 - The system shall display information from the Sunny Boy solar inverter and the
Home Manager energy meter in a dedicated tab

Section Pages

Analysis
Requirement satisfied through the creation of a dedicated page displaying data from the
Sunny Boy and Home Manager, including variables, charts, and diagrams illustrating
energy flow.

Evaluation Validated
Table 6.1 – FR 1. Satisfaction Evaluation

Requirement FR.2 - The system shall display temperature readings, weather forecasts, and sun & moon
information in a dedicated tab

Section Pages

Analysis Requirement satisfied through the implementation of two pages: one showing temperature
readings and weather forecasts, and another displaying sun and moon information.

Evaluation Validated
Table 6.2 – FR 2. Satisfaction Evaluation

Requirement FR.3 - The system shall present Raspberry Pi information in a dedicated tab

Section Pages

Analysis Requirement satisfied through the creation of a page displaying system information related
to the Raspberry Pi, including CPU, memory, and storage usage.

Evaluation Validated
Table 6.3 – FR 3. Satisfaction Evaluation

Requirement FR.4 - The user shall receive notifications about the solar inverter status via Telegram
and WhatsApp

Section Rules

Analysis Requirement satisfied through rules that trigger when the Sunny Boy inverter status
changes, sending a message about status.

Evaluation Validated
Table 6.4 – FR 4. Satisfaction Evaluation
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Requirement FR.5 - The user shall receive notifications about the outdoor irrigation status via Telegram

Section Rules, Telegram Binding

Analysis Requirement satisfied through rules that trigger when the status of the item controlling
irrigation changes.

Evaluation Validated
Table 6.5 – FR 5. Satisfaction Evaluation

Requirement FR.6 - Lights shall automatically turn on at sunset and off at sunrise

Section Rules

Analysis Requirement satisfied through the creation of rules triggered by channel events indicating
sunset and sunrise.

Evaluation Validated
Table 6.6 – FR 6. Satisfaction Evaluation

Requirement FR.7 - The user shall receive notifications about the lights’ status via Telegram

Section Rules, Telegram Binding

Analysis Requirement satisfied through rules triggered by the item that controls lighting, which
send notifications accordingly.

Evaluation Validated
Table 6.7 – FR 7. Satisfaction Evaluation

Requirement FR.8 - Upon receiving a notification from the lighting system, users shall be able to interact
with a Telegram bot to query the current status or change the state

Section Rules, Telegram Binding

Analysis Requirement satisfied through rules and Telegram binding features that enable interaction
to retrieve or modify the lighting state.

Evaluation Validated
Table 6.8 – FR 8. Satisfaction Evaluation
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Requirement FR.9 - The user shall receive notifications about the water heater status via Telegram

Section Rules

Analysis Requirement satisfied through rules triggered by the item controlling the water heater,
which send appropriate notifications.

Evaluation Validated
Table 6.9 – FR 9. Satisfaction Evaluation

Requirement FR.10 - Upon receiving a notification that the water heater is on, users shall be able to
interact with a Telegram bot to query the current status or change the state

Section Rules, Telegram Binding

Analysis Requirement satisfied through rules and Telegram binding features that support user
interaction for querying and modifying the water heater state.

Evaluation Validated
Table 6.10 – FR 10. Satisfaction Evaluation

Requirement FR.11 - Irrigation shall automatically turn on at 10:30 and off at 11:30, and send a
notification via the Telegram bot

Section Rules, Telegram Binding

Analysis Requirement satisfied through cron-based rules and Telegram binding functions that send
notifications accordingly.

Evaluation Validated
Table 6.11 – FR 11. Satisfaction Evaluation

Requirement
FR.12 - Upon receiving a notification about irrigation being active, users shall be able to
interact with a Telegram bot to query the current status, postpone the automation, or
change the irrigation state

Section Rules, Telegram Binding

Analysis Requirement satisfied through the use of Telegram bot functions and rules that handle
user interaction, including querying, postponing, or altering irrigation status.

Evaluation Validated
Table 6.12 – FR 12. Satisfaction Evaluation
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Requirement FR.13 - The system shall identify the last person who replied to the Telegram notification,
in order to interact only with them

Section Telegram Binding

Analysis Requirement satisfied through the use of a Telegram Thing bot item that stores and
identifies the last user who replied.

Evaluation Validated
Table 6.13 – FR 13. Satisfaction Evaluation

Requirement FR.14 - The system shall allow authenticated and verified administrator users to modify
or disable automations related to lights, irrigation, and notifications

Section Installation

Analysis Requirement satisfied through authentication mechanisms that restrict configuration
changes to administrator-level users.

Evaluation Validated
Table 6.14 – FR 14. Satisfaction Evaluation

Requirement FR.15 - Users shall be able to access the system through the mobile app, with the same
functionalities available as on the web interface

Section OpenHAB Cloud and OpenHAB Mobile App

Analysis Requirement satisfied through the use of OpenHAB Cloud, which enables access from
devices outside the local network with feature parity between mobile and web interfaces.

Evaluation Validated
Table 6.15 – FR 15. Satisfaction Evaluation

The non-functional requirements were also evaluated during development. However, since these do not
require a detailed breakdown of implementation, they are not included in this section. For a full description,
please refer to the section dedicated to non-functional requirements.
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Chapter 7

Conclusions, Future Work and
Lessons Learned

7.1 Conclusions

This document presents the process followed to update and enhance a home automation system based
on OpenHAB, adding new functionalities, fixing existing problems, improving the infrastructure for better
maintainability, and enhancing the user experience when interacting with the system.

Although projects that improve or continue previous work may appear easier at first glance, they are often
more complex. Improving an existing system requires first understanding all the previous work, identifying
problems, and then implementing effective solutions. In this sense, it often feels like doing double the work,
but the learning outcomes are far more substantial. Progress in knowledge and technology is rarely the result
of isolated efforts—it is built upon many previous contributions.

Understanding the documentation was relatively straightforward, but applying it in practice proved
difficult. It took time to connect the concepts and understand the system’s philosophy and operation in
order to successfully fix and improve it. When you work on a system you didn’t create, it’s common to find
that fixing one issue can cause another.

Although the final result may seem modest, developing this project was especially challenging given that
I was working full-time at the same time. It is commonly said that “turning it off and on again” is enough in
IT, but when your Bachelor’s thesis depends on the system working correctly, that approach is insufficient.
You must understand exactly why something is not working. While this process is often frustrating, it
leads to deep satisfaction when you finally succeed—even if the problem was caused by something seemingly
simple. What matters is that you persisted until you understood it.

One of the most valuable aspects of this project was the opportunity to work intensively with Docker.
At my company, Docker is used extensively, and this project gave me a much deeper understanding of it.
I learned about Docker layers, image efficiency, caching mechanisms, image corruption, and issues such as
why deleting a container or image does not always behave as expected. Understanding these aspects was
crucial for diagnosing and fixing errors quickly and effectively.

This project also consolidated my understanding of infrastructure and software architecture. I had to
connect databases to APIs, APIs to cloud services, and correctly configure ports and services—gaining
hands-on experience in system integration.
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Finally, I would like to express my sincere gratitude to Andrés for his invaluable support throughout
this project. Both the development process and the final results have been highly satisfying—technically
and personally—and would not have been possible without his guidance. The system successfully met its
objectives and delivered the intended functionality. Furthermore, I acquired new technical and soft skills,
particularly through my interactions with the GranaSAT laboratory, the client, and the engineers involved,
from whom I learned a great deal.

7.2 Future Work

Several improvements were not implemented due to limitations in time and resources. These represent
interesting directions for future work:

• Deploy the system on AWS ECS using ECR. This would provide greater scalability and reliability
through cloud infrastructure, eliminating the need for OpenHAB Cloud and allowing remote access
via a secure and robust platform.

• Add various sensors and create automations based on their states. For example, turning lights on when
motion is detected, or using humidity and smoke detectors to improve safety and automation.

• Integrate smoke detectors and set up automatic alerts via Telegram or WhatsApp when smoke is
detected.

• Enhance the user interface by including elements that display which user responded to a Telegram
query, what the response was, and what actions were taken.

• Add cameras to the system and manage them through OpenHAB bindings, including displaying live
video feeds directly within the OpenHAB interface.

7.3 Lessons Learned

This project has been a valuable learning experience that helped me grow both technically and personally.
Some of the key lessons learned include:

• Learning how to professionally manage a project using software engineering methodologies.

• Developing the ability to analyze the current state of a system and plan improvements and updates
accordingly.

• Gaining foundational knowledge of home automation systems, including communication protocols,
integration methods, and device compatibility.

• Expanding my understanding of the Internet of Things (IoT), networking, and system connectivity.

• Deepening my knowledge of software architecture and infrastructure design.

• Acquiring advanced skills in Docker, including image creation, container management, troubleshooting,
and optimization.

• Working with databases—particularly time-series databases—and understanding their applications
within a home automation context.

• Learning how to plan and execute system and database migrations.

• Adopting agile methodologies such as iterative development and sprints to manage progress effectively.
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