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Einleitung

Welcome to the wonderful world of Arduino programming! We’re in for a real treat today, so let’s jump right in, shall we?

Arduino programming, at its core, refers to the code and coding necessary to control Arduino-based microcontroller boards.

If that sentence just put you to sleep, you aren’t alone.

Sometimes just the mere mention of code can make a lot of people break out in a rash or want a nap (maybe both), but Arduino programming doesn’t need to be like that!

The goal of this book is to show you exactly how easy it can be to program your own Arduino boards with simple code and then how to spice it up from there. We’ll explore in detail how to edit your sketches and what you can expect from those edits. Before we can start, however, let’s talk about why you should learn Arduino programming, and while there are a lot of reasons (and we’ll get more in-depth with them in chapter 2), I want to touch on just three for now.

[image: Immagine che contiene elettronico Descrizione generata automaticamente]


Drei Gründe dafür, das Programmieren mit Arduino zu lernen

1. Arduino boards are inexpensive.

If you’re anything like me, you love to try new things. There are a ton of hobbies out there and only so many hours in the day! Not only that — new hobbies usually involve buying a large number of expensive supplies that you aren’t going to use for 
anything else. And if the hobby isn’t for you, those same supplies will either sit in a cabinet somewhere collecting dust for all eternity, get gifted to a family member, or get dropped off in a donation bin late at night as if you are ashamed of yourself for even trying.

Thankfully, Arduino boards can be incredibly inexpensive, and in the beginning, the hardware is all you need. Sure, you can buy fancier supplies for some of your more exciting projects, but the entry level is cheaper than a tank of gas in most parts of the world. And that spoke to me, for some reason.

2. The code is easy to learn.

Most things are hard to learn, and they have quite a time investment. Sometimes we’re lucky, and the learning curve slopes in a way that isn’t incredibly punishing. When it comes to coding, though, a lot of the details can become overwhelming fast. Programming languages aren’t always the most intuitive thing for most people. Available training materials are also usually written from the perspective of someone who’s forgotten how tough it was to get started, or the explanations are obtuse and jargon-heavy in a way that makes them great bedtime reading material.

However, Arduino programming has a great community full of active users who are constantly pushing the technology to its limits and sharing their findings along the way. If you are 
willing to do a bit of research, you can find tons of tutorials and communities dedicated to teaching you the best ways to learn how to program for the Arduino board.

Or you can just read this book. I promise to go over topics in an order that makes sense and discuss how to best use these concepts.

3. Arduino boards have practical applications.

If something is inexpensive and easy to learn, chances are it won’t have any real-world applications, and you’ll just be wasting your time. Right?

Not with Arduino programming! With a little practice and some handy tutorials, you can code an Arduino board to do all sorts of things. Like what, you ask? Let’s explore that.

Was kann man mit einem Arduino erreichen?

If recent years have taught us anything, it’s that the sky’s the limit
!

Arduino boards are everywhere. They can do simple things like blink light-emitting diode (LED) lights or more complex tasks like control 3D printheads. You can apply Arduino programming to robotics projects, including ones controlled over Bluetooth by your cell phone.

Ever wanted to make your own radio-controlled (RC) car? There’s an Arduino project for that!

What about a do-it-yourself (DIY) security system? Yes, you can program Arduino boards to act as a basic sensor-based alarm.

How about gaming? With a few inexpensive parts, you can code the game into your Arduino board and create a handheld version of Pong that is sure to impress anyone over the age of 30. Maybe you can even get fancy and create the next Arduboy, which is a handheld gaming console made from an Arduino board.

You can garden with the Arduino, make an interactive menu for clients to view your available products, or even make a scary talking toy to annoy a younger sibling.

The Arduino board has endless possibilities, and there are thousands upon thousands of example projects out there. How can you get started? Well, funny you should ask.

Für wen ist dieses Buch gedacht und wie 
benutze ich es?

This book has been specifically written for the Arduino programming beginner — someone who is looking to branch into coding but is hoping to create something practical right away. As such, I’ll be introducing simple concepts one and a time, and together, we’ll spend some time exploring the whys and hows behind them. It’s my goal for you to apply these lessons to program your first Arduino board and then for you to look up Arduino programming projects around the internet and be able to follow along, maybe even prepare you for creating your own awesome projects!

Unfortunately, this means that this book might be a little slow for people who are more familiar with the basics. If this is you, the later chapters of this book might interest you, where we’ll be going over different parts of the programming language in more detail and giving examples. Lots of tasty, code-heavy examples.

I’ll also be including some of my favorite sites for communities and project sharing at the end. There are a ton of resources out there, and I want to make sure I share all of my favorites with you!

In this book, I will be assuming that you are using the basic Arduino software for programming, and I will be suggesting official Arduino hardware just to keep things simple. I do 
provide information on alternatives, but please feel free to use other software or hardware at your discretion.

So let’s get started by learning what an Arduino even is and how we program one.


Kapitel 1: Was ist Arduino-Programmierung?

Arduino can refer to any one of a multiple of things. The hardware, the software, and the programming language used to tell the software how to control the hardware are just three of the most popular examples. To make it easier to keep the three components straight, this book will refer to the hardware as Arduino boards, the software as Arduino integrated development environment (IDE), and the code as Arduino programming. I will also refer to the Arduino website, the Arduino community, and more.

Die Geschichte von Arduino

Arduino got its start in Italy at the Ivrea Interaction Design Institute. It was apparently named after a bar in Ivrea where folks working on the project would meet. This bar was named after Arduin of Ivrea, a king of Italy in the early 1000s.

First created as a quick-fire tool for prototyping for larger projects, the Arduino soon became popular with students who weren’t familiar with programming and electronics. When made available to the public, it became a near-instant success
.

The popularity of the Arduino can be attributed to quite a few things, but the biggest one is that Arduino is accessible. As an open-source platform, Arduino boards and software can be redistributed and modified by its users or as other developers see necessary. This means developments are made to benefit the Arduino-loving community and are made freely available.

Für wen ist Arduino gedacht?

The Arduino community ranges from coding beginners to professionals. Projects can be practical or whimsical, and all are shared vigorously around the community. There are websites, forums, YouTube channels, and more dedicated to Arduino-based projects. Every day more people become interested in Arduino through these mediums, and thus more projects are eventually created.

There is no barrier of entry with the Arduino board or Arduino programming. If you have always had an interest in electronics 
but weren’t sure how to get started, the Arduino board is a great place to get your feet wet. Likewise, if you wanted to learn a programming language but struggled with figuring out a practical way to do so, then Arduino programming is perfect for you.

Over the last fifteen years, Arduino has made huge strides towards demystifying coding and has been the backbone of thousands of projects. No matter who you are and no matter what level of background you have with programming, you can learn to code for an Arduino board and apply the basics towards a project you’ll be proud of.

Arduino is a great entryway into programming in general but is especially geared towards moving on to C, C++, or C#, Java, or other microcontroller programming, such as Raspberry Pi or MinnowBoard MAX. While these other hardware devices are generally more complicated and have higher price points, they can be a fun direction to take if you really enjoy programming your Arduino boards
.

Basics der Arduino-Programmierung

Arduino programming consists of coding with the Arduino programming language in the Arduino IDE to communicate with and manipulate the Arduino hardware.

At its core, the Arduino programming language is based loosely on C++, a general-purpose programming language (this means it is designed to write software that isn’t restricted to a certain type of operating system). Because of this, the Arduino can interface with Windows, Mac, and Linux, as well as Android and IOS.

To manipulate the Arduino programming language, you need to connect your Arduino to a computer (see chapter 5 for more information on the how-tos) that has an Arduino IDE installed. The basic Arduino IDE is available for free from the Arduino website (see chapter 22 for a link), but there are others available if you want a different type of interface.

Muss ich C oder C++ lernen, um ein Arduino zu programmieren?

Not at all! While some concepts are shared between the Arduino programming language and C++, you don’t need to learn all of C++ to understand Arduino programming. In chapter 6, we will 
go over these shared concepts briefly, just to make sure you understand the basics.

Another way to look at is that, while the Arduino programming language is written in C++, the code itself is not standard to C++. You won’t be able to program an app for your phone in the Arduino programming language, but that doesn’t mean your phone can’t interact with your Arduino board!

To spare a moment more on C++, it is a complicated language that can do some impressive things. While it is very worthwhile to learn to code your own software in C++ for many reasons, don’t fret! It is not a barrier for entry, and there no gatekeepers here to stop you from enjoying the benefits of programming your own Arduino board just because you don’t know C++.

If, after learning Arduino programming, you want to branch out, C++ is definitely a language you should look into. You’ll already have some progress, and the advanced stuff will be a lot easier to understand!

Moment mal, basiert Arduino nicht auf Java?

Well, yes and no.

This is a common issue when you name vastly different things with the same terms and why I so painstakingly called out the 
difference between the boards, software, and language at the beginning of this chapter.

The Arduino IPE, the software that you write your Arduino programming language into, is based in Java. Also, there are other Arduino editors out there that can be based in C or C++.

But to keep things simple, the Arduino IPE is Java, and the Arduino programming language is C++.


Kapitel 2: Die Vorteile von Arduino

Before we start diving into the different terms you need to know (chapter 3) or the vast list of hardware options you have at your disposal (chapter 4), I want to take a moment and explain the advantages of Arduino as a whole. There are some important concepts to touch on that I’ve only skimmed over so far, and this wouldn’t be a beginner’s guide if I didn’t beat certain things into the dirt.

I’ve identified five key advantages of the Arduino system here, but there could be many more out there. These are just the things that I found useful as a beginner.

Vorteil 1: Der Preis

On the hardware side of things, prices for an unofficial Arduino board can start at around $3, although the low-budget-but-still-quality boards will run around the $20 range. Official boards cost around $20 to $30. Whether official or unofficial, these boards can have a lot of power to them, and they can be used to fuel projects of all kinds.

The software side is a lot more streamlined. As previously mentioned, the Arduino IDE is free through Arduino’s website. 
Other interface environments might have a cost associated with them, but they usually offer more stuff for that cost, and as a beginner, you likely won’t need those extra bells and whistles.

Accessories are where you will find the majority of your price. LEDs, diodes, displays, connectors, and more can range from a few dollars to a lot more. Because your accessories are dictated by your projects, you have control over how far down the financial rabbit hole you want to go. Always do your research and make sure a project you’re pursuing doesn’t suggest a certain type of board or expensive accessory just because that’s what the person had on hand. There might be a cheaper way out there to get the result you want.

Vorteil 2: Open Source

I know what you’re thinking — advantages 1 and 2 are pretty similar. Well, you aren’t wrong, but you also aren’t right. Yes, open source means the hardware and software are cheaper, but the real value of the open-source concept comes from innovation and community.

Arduino developers have put a lot of time and effort into developing the application program interface (API) libraries (more on those in chapter 19) to make the system accessible for 
beginners. But they’ve done this because they love the Arduino and want others to be able to learn it and love it as well.

The community surrounding the Arduino and Arduino programming is one of the most robust and celebrated technology communities I’ve seen in a long while. A considerable number of websites and forums are dedicated to sharing resources, project step-by-step guides, and tips and tricks. There are code helpers and troubleshooters and places to discuss whatever you need. No matter what your question, there is someone available with an answer, a resource for you to find an answer, or a theory on how you can accomplish what you are setting out to do. No other community on the internet has been quite like this.

Vorteil 3: Guter Support

There is nothing worse than diving into a new technology hobby and realizing that the technology has passed you by. The Arduino system has been around since 2005, and it has shown no signs of slowing down. The popularity of the system has stayed constant or grown since it really started taking off in 2013, including multiple websites, forums, communities, and YouTube channels devoted to the subject. There are even e-books
!

In addition to these sources for information, the Arduino website is constantly updated with new blog posts, a place for creators to show off new projects, a multi-language forum, and a site called the Playground, which is an official collection of tutorials and knowledge provided by other Arduino users. Additionally, you can purchase official Arduino boards, books, and components. There are also educational starters and classroom kits.

Arduino, as a company, is also focused on education and collaboration. They’ve created Arduino Education, a team dedicated to creating new science, technology, engineering, arts, and math (STEAM) programs across the globe. Certificate programs are available, and Arduino Education will be expanding those programs in the future.

Vorteil 4: Plattform-übergreifend

If there is a single constant struggle for technology lovers in the modern era, it is the cross-platform debacle. It is expensive, time-consuming, and buggy to create software that is compatible with all systems; and a lot of times, one operating system (OS) can do things others can’t, or they access hardware or information differently. It is a logistical nightmare
.

The Arduino IDE is available across all major operating systems, including Windows, macOS, and Linux; and the application has the same features and libraries on each system. The interface of the IDE was also designed to be the same across the various platforms, meaning a Windows user will always be able to locate the same features in the same locations as a Linux user, which is an amazing feat on its own.

Vorteil 5: Einfach zu erlernen

Now, this might seem a little like an Olympic-class swimmer telling a bowling ball that it’s easy to float in the water. For now, please trust me when I say that Arduino programming is easy, and I dare say it might even be a little fun. I hope that by the end of this book, you agree.


Kapitel 3: Wichtige Fachbegriffe, die Sie verstehen müssen

Only a select few people enjoy vocabulary lessons, but there are some core terms I’ll be using in future chapters that I want to make sure we review early. We’ve already covered some of these (like IDE and C++), so if you’ve skipped the previous chapters and don’t want to be left behind, I suggest you go back as I won’t be reviewing them now.

The Arduino website has a glossary of terms in alphabetical order, and if you’re looking for something in particular, I highly recommend you look there first.

Sketch (Skizze)

The most critical term, to begin with, is sketch. Arduino programming, at its core, is about writing sketches in the Arduino IDE. These sketches are the foundation of every project, no matter the size.

Sketches are written in the text editor of the Arduino IDE and can be saved with either the .ino or .pde extension. All current Arduino IDE sketches are saved as .ino, but older versions of 
the IDE are saved in .pde. The Arduino IDE can still read those files, but the user will be prompted to save the sketch as .ino.

The Arduino IDE saves all of your sketches in a sketchbook, and you can have multiple sketches per sketchbook.

Libraries (Bibliotheken)

A library (also known as API library) is a collection of additional functionality to use in your sketches. Some libraries are already available through the Arduino IDE, but there are other API libraries available for a multitude of different reasons. These can range from sending text messages or emails through cell phone service to reading and writing to secure digital (SD) cards. We’ll dive much deeper into these in chapter 19.

Boar
d

A board is the physical hardware that you are programming through the Arduino IDE. While we’re going to go into significant detail in chapter 4 about the anatomy of the board, there are a few basic things you should know ahead of time.

Firstly, every Arduino board needs the following:


	
a way to access power



	
pins (digital, analog, power, and other)



	
a microcontroller



	
a universal serial bus (USB) interface





Secondly, different boards provide different advantages. Boards can have different numbers of pins and varying power or USB connections. Some even have built-in ethernet or Wi-Fi support. There are boards specifically for use in motorized robotics and boards that can be used in wearables and e-textiles.

Lastly (and perhaps most controversially depending on your loyalties), the official Arduino boards are not necessarily any better or worse than other boards on the market. There are a thousand reasons for and against using the official boards, but it is highly recommended that a beginner starts with them. Not only are they the most actively supported type of board, but they are the most accessible
.

Breadboard

In the Arduino world, the word breadboard
 refers to a solderless breadboard, a device that allows you to connect electronics temporarily without having to use a soldering iron. Breadboards are great for prototyping ideas since you don’t need to connect things together permanently. A breadboard is essential for someone new to Arduino programming.

Das “Internet der Dinge”

The Internet of Things
 (IoT) is a very broad term used to describe anything that is connected to or transmits over the cloud. For Arduino programming, this means you can have your Arduino board control or collect data from a device. You will need a board that can connect to Wi-Fi to utilize the IoT features on the Arduino IoT Cloud website
.

Project


Project
 is a catch-all term for Arduino sketches that are complete, including hardware and software. Many users share their projects in public forums, and many times they will even tell you how they did it! Projects can be really fun to look at, but be aware that it is never just as easy as copy/pasting their code and plugging in a few things. You need to understand how and why it works, especially in case something goes wrong. There is nothing more devastating than purchasing all the things you need to make an Arduino project and then accidentally shorting out your board or attaching two things permanently incorrectly!

Löten

The scariest word in any language, soldering
 means to attach two or more items permanently with a filler metal. Soldering is an art form all on its own. If you are going to be creating a project that will be a permanent thing, you are likely going to want to solder everything together to make sure it stays.

Beware! If you get solder in the wrong place, you could accidentally create a circuit between two pins that you didn’t mean to. This could be the difference between having a board 
that works and a shorted-out mess. Take your time, and if you need help, find a friend who knows what they’re doing!

To solder a project, you will need a soldering iron and some solder. It is recommended you use an unleaded solder for health reasons since leaded solders contain lead, as the name suggests. While unleaded solder is a bit harder to use, there is no risk of inhaling the vaporized flux and doing potential long-lasting damage to your lungs.

Shield

An Arduino shield is a circuit board that can be attached to an Arduino board. Each shield does something different, and these functions aren’t things that the original board can do. To give some examples, there are shields that allow you to use external motors or heavy-duty sensors, shields that let you power your Arduino with a lithium polymer battery, a joystick shield, and also ethernet shields.

Shields aren’t necessary for smaller projects, but they can be critical for larger ones. Without a shield, you cannot run certain external components, such as motors, without overloading or burning out the Arduino board, and some shields will have 
liquid crystal display (LCD) monitors so they can output visuals you’ve programmed.

Using a shield will very frequently require the use of a soldering iron and a solder, as well as headers to protect your board and shield.

Der serielle Monitor

The serial monitor is a key feature of the Arduino IDE. When you have a sketch loaded (even if it’s blank), look to the upper-right-hand corner of the interface. You will see a magnifying glass and the words “serial monitor” next to it. Clicking on that button will open the serial monitor.

The purpose of the serial monitor is to allow you to send messages between your Arduino board and the computer you are using to program with. You do this via the USB device they are connected with.

To use the serial monitor, you need to program a sketch that prints to the serial monitor (don’t worry, we’ll get into this some more later during our deep-dive chapters), and then you will need to type a character or phrase into the textbox and press Send
.

This is really useful for testing integer manipulation and can also manipulate your code as if a user were interacting with it.


Kapitel 4: Die Wahl Ihres ersten Arduino-Boards

There are numerous different types of boards available, and each one has advantages and disadvantages. I could spend at least the next 20 pages talking about each and every one of these boards, but that type of information isn’t going to be useful to you, the beginner. Instead, this section will go over the basic official Arduino boards and a few alternatives that can be more cost-effective without sacrificing quality.

Before we begin that long journey, however, let’s take a moment to discuss more in-depth the anatomy of an Arduino board.

Die Anatomie eines Arduino-Boards

As mentioned in the last chapter, every Arduino board needs (1) a way to access power, (2) pins (digital, analog, power, and other), (3) a microcontroller, and (4) a universal serial bus (USB) interface
.

Stromversorgung

Power can be supplied to an Arduino board in multiple ways:

1. The USB port can power the device if it is plugged into a laptop or desktop that recognizes the device. This process is called enumeration
.

2. Some boards will have a barrel connector, which will allow you to power the board using an AC-DC adapter. (A word of caution here: Using an AC-DC adapter can fry your Arduino board if you do not use the correct voltage. Most of the Arduino boards I’ll be recommending require between 7 and 12 volts. While these boards can withstand up to 20 volts, it is much safer to say in the recommended range. If you don’t know what the voltage of your AC-DC adapter is, use another power method.)

3. The last way to power your Arduino board will be to connect voltage directly to the pins. This is the most dangerous way to power an Arduino board since the voltage requirements are much more precise. If your voltage exceeds 5.5 volts for the 5V input pin or 12 volts for the 9V input pin (or Vin, depending on your model) and ground (GND) pin, you can fry the board. This is, however, the easiest method because most folks will have a 9-volt battery lying around
.

Pins

Available pins vary depending on the type of board you have. However, pins are generally split into three categories: digital, analog (also sometimes called analog in), and power.

We’ve already discussed the power pins, but the digital and analog pins are connected to the headers on the microcontroller (more about the microcontroller in the next section). The pins are what you connect your accessories and components to so that your Arduino programming code can control them.

You will reference pins often in your sketches, and you will need to know the most common usage for these pins. Different boards will have a different number of digital and analog pins.

On an Arduino Uno, there are 13 digital pins. Of these, pin 13 is always connected to the built-in LED. Pins 3, 5, 6, 9, 10, and 11 have pulse width modulation (PWM), which means they can get analog results with digital means. Each digital pin can provide or sink up to a 40 mA max, but they are recommended at 20 mA. The maximum current across all pins is 200 mA.

Likewise, on an Arduino Uno, there are six analog pins, and they utilize an analog-to-digital converter (ADC) so the analog pins can also be used as digital inputs or digital outputs. Pins are labeled A0 through A5. The Arduino Uno’s ADC has a 10-bit resolution, which means it can represent analog voltage by 1,024 
digital levels. This is converted into bits so that the microcontroller can understand.

Microcontroller

The microcontroller is a low-power computer that runs your Arduino board. Contained within the (typically) black box are an amount of storage, memory (usually in the form of random access memory [RAM] or read-only memory [ROM]), and a very small processor. Microcontrollers vary in size, shape, and peripherals, depending on the power of the board you need.

Within the microcontroller are also the headers, which are the components your pins connect to. You should never have to interface with them directly, so don’t try to remove your microcontroller casing unless you know exactly what you are doing.

USB-Interface

There are multiple types of USB interfaces an Arduino can have. They all do the same thing, however: connect your Arduino to the laptop or desktop that is providing code. As I mentioned before, you can power your Arduino with this USB connection, but frankly, that’s pretty boring. An Arduino board tethered to a computer doesn’t necessarily do the various exciting things an 
Arduino project is capable of, so you should really only rely on this type of power if your project calls for such a thing or if you are looking to test simple Arduino programming, like in our sample exercises.

Vergleich der offiziellen Boards

A few words of warning before we dive into comparing boards: the first and biggest is that every Arduino board is slightly different from another Arduino board. Those differences are for reasons. Perhaps you need a slightly more powerful microcontroller to power a project. Maybe you are powering your device with a battery, and so you need to have certain voltage pins, or you could do something off the wall and have a micro-USB port so the Arduino can communicate with a phone instead of a desktop or laptop machine.

Whatever the reason, be sure to choose the board that is the right fit for your project. Buying the most expensive board out there to power a simple motion sensor project would be ridiculously silly and a waste of money.

The second warning is a repeat of the bit at the beginning of this chapter: I’m not going over all options that are out there, and there are plenty of lists of the hundreds of boards available on 
the market. We’re focusing on mostly the official Arduino boards, and the next section will review a few alternatives that are cheaper but compare well.

Lastly, this list is current as of the publication of this book. Technology changes and expands quickly, and there are new Arduino-compatible boards released all the time. Check out the official Arduino website for a current list of their offers. Prices are also subject to change.

Arduino Uno

The Arduino Uno is the basic board and is recommended as the starter board from the official Arduino site. It has a standard USB interface, an AC-DC barrel connector, 14 digital pins, and 6 analog pins. The microcontroller is an Atmel 8-bit microcontroller with 32K bytes of programmable Flash (also known as an ATmega328P).

It is hailed as a high-performing but low-power microcontroller, and that makes it perfect for basic projects.

This Arduino board has a standard 5-volt operating need, but the recommended input voltage is 7–12V.

The Arduino Uno is about the size of a credit card (2.7 inches by 2.1 inches)
.

Retail cost: $22 through the Arduino store.

Arduino Nano

The Arduino Nano is similar to the Arduino Uno, only much smaller. It has a Mini-B USB interface and no AC-DC barrel connector. This board has 22 digital pins and 8 analog pins. The microcontroller is an ATmega328.

It is perfect for small projects, but it has the same functionality as the Uno.

This Arduino board has a standard 5-volt operating need, but the recommended input voltage is 7–12V.

The Arduino Nano is under an inch wide and is 1.77 inches long.

Retail cost: $22 through the Arduino store.

Arduino Mega 2560

The Arduino Mega 2560 is recommended for larger projects, like robotics and 3D printers. It has a standard USB interface, an AC-DC barrel connector, 54 digital pins, 16 analog pins, 4 hardware serial ports (UARTs), and a 16-megahertz (MHz) crystal oscillator. The microcontroller is an Atmel 8-bit 
microcontroller with 256K bytes of programmable Flash (also known as an ATmega2560).

It is great for projects that need more pins and memory.

This Arduino board has a standard 5-volt operating need, but the recommended input voltage is 7–12V.

The Arduino Mega 2560 is almost 4 inches long and 2.9 inches wide.

Retail cost: $38.50 through the Arduino store.

Arduino Due

The Arduino Due is another larger board. It has two USB interfaces (a programming USB port and a native USB port), and it does include an AC-DC barrel connector, 54 digital pins, 12 analog pins, 4 hardware serial ports (UARTs), and an 84 MHz clock. The microcontroller is an Atmel SMART ARM-based microcontroller with 512K bytes of programmable Flash (also known as an Atmel SAM3X8E ARM Cortex-M3 CPU).

It is great for projects that need more pins and memory and is an upgrade from the Arduino Due, thanks to its processing speed and memory space.

This Arduino board has a lower voltage operating need, at only 3.3V, but the recommended input voltage stays the same at is 7–12V
.

The Arduino Due is almost 4 inches long and 2 inches wide.

Retail cost: $38.50 through the Arduino store.

Arduino Micro

The Arduino Micro is one of the smallest boards available from the official Arduino store. It has a micro USB interface, 20 digital pins, and a 16 megahertz (MHz) crystal oscillator. The microcontroller is an Atmel 8-bit microcontroller with 32K bytes of programmable Flash (also known as an ATmega32U4).

It is great for projects that might not have a lot of space available.

This Arduino board has a standard 5-volt operating need, but the recommended input voltage is 7–12V.

The Arduino Micro is 1.89 inches long and 0.7 inches wide.

Retail cost: $19.80 through the Arduino store
.

Arduino LilyPad

The Arduino LilyPad isn’t technically an official Arduino product. It is made by a company called SparkFun, and it is a tiny Arduino used for e-textiles and wearable projects. The LilyPad has an Atmel 8-bit microcontroller with 32K bytes of ISP Flash (also known as an ATmega328).

This item is currently back-ordered at the time of writing this, but that is because it is one of the only products of its type on the market.

The LilyPad has a 2-volt to 5-volt operating range.

It is 50 millimeters in diameter and is one of only a few round Arduino boards.

Retail cost: $15.95 through the SparkFun store.

Arduino Leonardo mit Headern

The Arduino Leonardo with headers is similar to the Arduino Uno. It has a micro-USB interface, an AC-DC barrel connector, 20 digital pins, 12 analog pins, and a 16-megahertz (MHz) crystal oscillator. The microcontroller is an ATmega32U4, the same as the Arduino Micro
.

It is great for projects where you would use an Arduino Uno, but the Leonardo doesn’t need a secondary processor due to its built-in USB communication.

This Arduino board has a standard 5-volt operating need, but the recommended input voltage is 7–12V.

The Arduino Leonardo with headers is 2.7 inches long and 2.1 inches wide.

Retail cost: $19.80 through the Arduino store.

Alternativen zu den offiziellen Boards

There are more than 30 boards and modules available through the Arduino store, but those aren’t the only Arduino boards available. In 2008, Arduino LLC was formed to protect the copyright. Since then, all non-official Arduino boards are not allowed to use the Arduino name, and they cannot use the name. These Arduino-compatible boards are usually called something similar, though, with names ending in -duino
 to distinguish their use, or they use similar naming conventions as the boards such as Uno or Mini.

But there are exceptions
.

Some of these Arduino-compatible boards are do-it-yourself (DIY) boards, while others are Arduino-like but add features.

Here are my basic suggested alternatives, although there are a ton more out there:

Alternative für das Arduino Uno

The SparkFun RedBoard is a great board. It has many of the same features as the Arduino Uno, except it uses a micro-USB instead of a standard USB interface. It can also handle a slightly higher voltage at 7–15 volts. It is available for under $20 through retailers like Amazon or also through their website.

Alternative für das Arduino Mini

The NodeMCU (also known as the ESP8266) is an Arduino-compatible board that is about the same size as the Arduino Mini, but it has built-in Wi-Fi capabilities. It is also under $10 through retailers such as Amazon, making it an attractive alternative option
.

Alternative für das Arduino Mega 2560

The SainSmart Mega2560 R3 is an Arduino-compatible board that is similar to the Arduino Mega 2560, except it has a 16 MHz chip instead of an 8. It is also under $18 through retailers such as Amazon.

Für welches Board soll ich mich entscheiden?

What board you choose depends on your intended use for it. If you are just getting started, the best board to use is the Arduino Uno or an alternative that has the same specifications. This board is powerful enough for a vast number of projects and has the simplest features.

However, in deciding if you want to use an official Arduino Uno or an alternative, you need to evaluate what you are using it for and why you want the alternative. Many alternative options are cheaper than the official boards, and sometimes we can acquire them through websites with faster shipping options. However, alternative options can have their own sets of issues, and they might not have the best support available
.

My suggestion to any beginner is to start as you mean to go on. If you are looking to get serious about Arduino programming and want to have the best options available, use official Arduino projects as they are purposefully cultivated to be as beginner-friendly as possible. However, if you are just testing this out as a hobby and might not become invested in it, spring for the cheaper alternatives and just know what you are getting yourself into.

That said, some of the well-known alternatives, like the SparkFun RedBoard, are really highly respected and recommended. They have advantages, too, like features that aren’t normally available on the official boards.

All in all, do your research and choose the board that will do what you want, that will fit your budget, and that is of a quality fit for your needs.


Kapitel 5: Das Arduino mit einem Computer verbinden

Now that we know a little more about the boards themselves, we’re going to focus on how to use the board you’ve chosen. For this (and all other lessons moving forward), I am assuming you’re using an Arduino Uno or Arduino Uno alternative. If you are using a different type of board, you will need to adjust as necessary.

Eine Verbindung mit Ihrem Computer herstellen

Connecting an Arduino board to a computer is the same no matter what operating system you are using.

Benötigte Tools

In order to connect your Arduino board to your computer, you will need the following:


	
An Arduino board



	
A USB connector (either a standard interface or a mini, depending on your selected board)



	
A computer (Mac, PC, or Linux-based)





Vorbereitende Arbeit

In order to connect your Arduino board to your computer, you will need to install the Arduino IDE. You can download this for free from the official Arduino website at www.arduino.cc/en/main/software
.

From the list to the right on that site, select your operating system and download the software. You will then need to follow the instructions to install it.

Once the program is installed, you can then plug your Arduino into your computer using the USB cable.

To verify that your board is connected properly, open the Arduino IDE software. From the Tools menu, navigate to Serial Port, and make sure the option isn’t grayed out. If it is, there might be a driver issue (see chapter 9 for troubleshooting tips).

If you are not using an official Arduino board, you will need to tell the Arduino IDE software which board yours is emulating. To do this, you will once more go into the Tools menu and navigate to Board. Select the board your alternative is emulating from the list
.

Testen der Verbindung

In order to test that your Arduino board is connected to your computer properly, you can upload code to it. Sure, we haven’t written any code yet, but the Arduino IDE comes with examples that you can use just for the sake of making sure everything is working.

To test your connection, navigate to the File menu and go down to Examples. From there, select 01.Basics and then Bare Minimum. This is the “bare minimum” code you can upload onto an Arduino. The Bare Minimum code will open in a new window, and you don’t need to do anything else with it besides select the Upload button from the teal bar at the top of the Arduino IDE screen.

As soon as you hit Upload, the Arduino IDE screen will tell you it is compiling the sketch (at the bottom of the screen), and when it has finished compiling, the text will change to “Uploading” and then “Done uploading.”

As long as you have no errors along the way, your connection from the Arduino board to your PC is correct!

Was ist, wenn ich das Arduino IDE nicht 
benutzen möchte?

The Arduino IDE is not for everyone. It was created with the beginner user in mind, but more advanced users tend to prefer other IDE software.

I implore you, however, that if you are an Arduino beginner, please use the Arduino IDE until you are familiar with the options and grow out of it. Other alternatives might have more features, but they also haven’t been streamlined for beginner use. If you do want to learn on an IDE software you plan on eventually graduating to, there are a few really great options:

Programino Arduino IDE is a slight step-up from the basic Arduino IDE. It has many of the same features, but it also supports other programming languages, such as HTML and Java.

Codebender is a fully web-based Arduino IDE — meaning, you don’t need to install any software and can access your code from anywhere you can connect to the internet. It doesn’t support all boards, but you can add your board to it. It also allows you to import code written by others to your Arduino board.

The last Arduino IDE alternative I want to highlight is the ArduinoDroid; this Arduino IDE is an app for the Android that allows you to program on an Android device, such as a phone or 
tablet. It supports quite a few boards, but not all of them, and there is currently no way to add new board specifications to it.


Kapitel 6: Eine kurze Einführung in die Programmierung mit der Sprache C

The Arduino programming language is based on the C language in the same way a cupcake is based on bread — they can use similar ingredients and can share processes, but they are two different things for two different outcomes.

C language (which can include basic C, C#, and C++) is a general-purpose programming language used to write software programs. It is the basic language behind many other languages, including Java, and has been used to design thousands of common software programs, including things like Google Chrome, Adobe applications, and even Apple OS and Microsoft Windows.

You do not need to learn the C language to code in the Arduino programming language. They do, however, share some key components, and knowing those components before we get started will make the Arduino programming language easier to understand
.

Wie funktioniert C und wie ähnelt sie Arduino?

At its core, the C language is compiled. This means that a tool (usually called a compiler) takes the written C language code and converts it into a file that a machine, usually a computer, can read. During this process, the different object files are linked, which creates an executable program file (usually a .exe) for the computer to run.

This process is very similar to how the Arduino programming language works. We take our code and enter it into the Arduino IDE (or alternative IDE, if you’ve selected one) and compile it into something the microcontroller can read. That code then directs the microcontroller to do specific things, instead of creating an executable program file.

Was muss zur Programmiersprache C alles können?

The short answer is “Not much.”

The Arduino programming language is broken up into three parts: structure, variables, and functions
.

Functions control your Arduino board and perform computations on behalf of your code. This includes things like digital and analog read and write, random numbers, interrupts, and math.

Variables are a data type that stores values that can change. This can include things like true and false, arrays, booleans, and more.

Structure encompasses all of the building blocks of the Arduino programming language, which is where C++ actually comes into play. These are not only your operators and syntax but also statements like if
, else
, and while
.

Ist Arduino ein guter erster Schritt, um später C zu lernen?

In essence, yes. Arduino takes some of the functions of C away during the coding process to streamline the language and make it easier to apply to hardware manipulation. This means that Arduino has components of C language, but it is very watered down. Learning C language will be easier after learning Arduino, but C is more complex
.

Teile der Arduino-Programmiersprache

Arduino sketches usually contain up to five parts (although only two of them are absolutely necessary, as defined below). Those parts are in order:


	

Header.
 Headers are not a necessary part of the Arduino sketch, as it is only informational. Generally, a header has notes about who wrote the sketch and what it does.



	

Defined variables.
 Variables, in this case, refer to the pins on your Arduino board. By defining the variables, we are telling the reader of the sketch what those pins are. This is not a necessary part of the sketch, as it is only informational.



	

User-defined functions.
 Functions run only when called up by the setup function or loop routine. They are basically shortcuts, so you don’t need to code these the entire function into the setup or loop routine every time you want it to run. That said, they aren’t necessary, but 
they do make your code cleaner and easier to read, and it will use up less memory.



	

Setup function.
 The setup function is the first necessary part of the sketch. It performs multiple functions. It is where conditions are set for the variables, where any serial monitor communication is located, and where we run any code that just needs to happen once.



	

Loop routine.
 The loop routine is the second necessary part of the sketch. When you want to have your code executed over and over, it goes into the loop routine. This will continue indefinitely as long as the sketch runs. Most code in Arduino programming goes into the loop routine.





As a quick recap, the Arduino programming language is made up of three major pieces: functions (which control the board), variables (which is a data type that stores values that can change), and structure (which are your C++ elements). This is a crash course in the basics that fall into those pieces and how they are used, just to get you familiar with the terms. Have no fear; we will go into these in more depth as we have need.

Functions

The following are the most used functions and the ones used on the Arduino Uno
.

digitalRead()

This function is the first in the digital input/output codes. It reads the value of a pin (noted within the parenthesis). If the pin is not connected to anything, this with return either HIGH or LOW randomly.

Example code: digitalRead(pin
) or digitalRead(13)

digitalWrite()

This function writes a HIGH or LOW value to a pin. If the pin is set to input with pinMode() (see the next function for more information), writing a value of HIGH will enable the pullup on the pin, while a value of LOW will disable it. If the pin is set to output, writing a value of HIGH will set the voltage (so either 5V on standard boards or 3.3V on those specific boards), while LOW will set the pin to ground (so 0V).

Example code: digitalWrite(pin, value
) or digitalWrite(13, HIGH)

pinMode()

The last of the digital input/output functions configures the input or output of a certain pin. As such, the parameters for this function are INPUT, OUTPUT, or INPUT_PULLUP (note: INPUT_PULLUP is only available in Arduino 1.0.1, and it enables the pullup resistors on the pin).

Example code: pinMode(pin, mode
) or pinMode(13, INPUT
)

analogRead()

The first of the analog input/output functions is analogRead(), and it reads the value of the notated pin. Most boards have A0 through A5 as the analog input pin names, but the Mini and Nano boards can go to A7, and the Mega goes to A15.

Example code: analogRead(pin
) or analogRead(A2)

analogReference()

This function sets the voltage used for the analog input using preset values. For an Arduino Uno, those values are DEFAULT (sets the reference to 5V), INTERNAL (sets the reference to 1.1V), or EXTERNAL (sets the reference to the same as the analog reference (AREF) pin, which can range from 0V to 5V).

Other boards have different values available, and on 3.3-volt Arduino boards, the DEFAULT value is 3.3V.

Example code: analogReference(type
) or analogReference(DEFAULT)

analogWrite()

The last of the analog input/output functions writes a value to a pin. This will cause the pin to generate a frequency output to specify another analogWrite(), digitalRead(), or digitalWrite() to the same pin. On the Arduino Uno, you can only use analogWrite on pins 3, 5, 6, 9, 10, and 11. The frequency output is 490 hertz (Hz) for all pins, except pins 5 and 6, with 980 Hz. 
The value you can specify ranges between 0 (which is off) and 255 (which is on).

Other boards have additional values and configurable pins.

Example code: analogWrite(pin, value
) or analogWrite(3, 210)

delay()

The first time-related function is delay(), which pauses for an amount of time measured in milliseconds (ms). This value can range from 1 to 1,000, as 1,000 milliseconds is 1 second.

Example code: delay(ms
) or delay(1000)

delayMicroseconds()

This time-related function pauses in microseconds (us) instead of milliseconds. The value can range from 1 to 16383 in the current Arduino release. For any delay larger than a few thousand microseconds, you should just use delay().

Example code: delayMicroseconds(us
) or delayMicroseconds(400)

micros()

To know how many microseconds your program has been running, you use this function. This returns the value of time but will go back to zero (also known as overflow) after around 70 minutes.

Example code: time = micros(
)

millis()

Just like the previous function, this will return a value of time in milliseconds based on how long the program is running. The overflow on this function is around 50 days.

Example code: time = millis()

Variables

The following are the most used variables and the ones used on the Arduino Uno.

constants

A constant variable is a pre-defined expression, classified into groups. These groups include logical levels (also known as boolean constants, meaning true and false), pin levels (meaning HIGH and LOW), digital pin modes (meaning INPUT, INPUT_PULLUP, and OUTPUT), and built-ins (which currently just contains LED_BUILTIN).

Constants can also include integers, which are numbers used in a sketch, and floating point constants, which are numbers used in a sketch but are represented by a notation to make the number more readable.

Integer constants can include numbers in decimal/base 10, which is the normal common-sense math we use every day, but 
also in binary/base 2 (so only 0 and 1 are valid), octal/base 8 (so only numbers 0 through 7 are valid), and hexadecimal/base 16 (so only 0 through 9 and letters A through F are valid). Binary requires the number to start with a leading B, octal requires a leading 0, and hexadecimal requires a leading 0x.

Examples are as follows:

●     
Decimal/base 10: n = 100

●     
Binary/base 2: n = B110

●     
Octal/base 8: n = 0721

●     
Hexadecimal/base 16: n = 0x10FA

Floating point constants can use decimal points or scientific notation to denote integers. You can use both uppercase and lowercase e
 to express the exponent indicators in the scientific notation.

String()

String() is the first of the data type variables, and using String() creates an instance of the String class. You can use String() in multiple ways, but they all require a variable to format (known as val), and then optionally can include a base to format into. You can use String() to display an integer in a specific base (default is base 10, but you can display in base 2, base 8, or base 16).

Example code: String(val, base
) or String(13
)

array

An array, as a data type variable, is a collection of data that can be accessed by creating a declared index number. To declare an array, you need to specify it (see the example code below), and then you can access it by recalling (again, see the example code below).

Arrays can be declared and accessed multiple ways, but for ease of understanding, we’re going to focus on one: mySensVals, which is most frequently used.

Example code for declaring an array: mySensVals[number of variables in array] = {numbers separated by commas; the number of variables should be equal to the first half of the code, but any ‘-’ signs to represent negative numbers count as their own variable} or mySensVals[4] = {2, -4, 8}

Example code for accessing an array: mySensVals[number of the index of first variable in the array
] == first variable in array with 0 meaning first element
 or mySensVals[0] == 2 to access the previous array

bool

A bool (or boolean, although this is not a recommended use), as a data type variable, holds the value of either true or false. For each bool variable, you will define the variable name, and then the value or either true or false.

Example code: bool var
 = val
 or bool myBool = false

byte

A byte, as a data type variable, assigns an 8-bit unsigned number to a variable. This number can range from 0 to 255
.

Example code: byte var
 = val
 or byte myByte = 25

char

A char, as a data type variable, stores a character value as a number. You can do arithmetic with these values as well (so Z+1 is equal to 91 because Z on the American Standard Code for Information Interchange (ASCII) chart is equal to 90).

Example code: char var
 = val
 or char myChar = Z or char myChar = 90 (both mean the same thing)

int

An int, as a data type variable, stores a 16-bit (2-byte) value on the Arduino Uno. Other boards can store up to 32-bit (4-byte) values. The available range for an int variable is −32,768 to 32,767.

Example code: int var
 = val
 or int myInt = 5

long

The long variable is an int variable that exceeds the value storage cap of int. This means the available range for a long variable is −2,147,483,648 to 2,147,483,647. Please note: if you 
are using a long integer for math within Arduino, the number must be followed by a capital L
, which will force it to be long.

Example code: long var
 = val
 or long myLong = 123456789 or long myLong = 123456789L

short

Just like a long variable exceeds the value storage cap of int, a short stores at 16 bits. This is not quite as useful for an Arduino Uno since it already stores at 16 bits by default, but boards that store at 32-bit values can find a lot of use for this.

Example code: short var
 = val
 or short myShort = 1234

string

A text string as a data type variable is different from a String(). The purpose of this string is to create an array of chars (letters). You can also use this string to create an array of chars and then null-terminate the string.

To create multiple char strings, they must be defined within quotes; single char variables are defined in single quotes (example: ‘e’) while multiple char variables are defined in double quotes (example: “example”).

Example code: char var[number of variables]
 = val
 or char myString[3] = “string one”, “string two”, “string three” or char myString[4] = “string one”, “string two”, “string three” ‘\0
’

sizeof()

The sizeof() utility operator will return the size in number of bytes of a variable or the number of bytes an array occupies. This variable or array needs to be defined first using the data type variables we just went over.

Example code: sizeof (var
) or sizeof (MyString)

Struktur

The following are the most used structure elements and the ones used on the Arduino Uno.

setup()

The setup() sketch structure is how you call up where a sketch starts (as referenced in the beginning of the chapter). This will only run once per reset or power on. The setup() sketch structure needs to be started with “void.”

Example code: void setup () { setup code follows between brackets }

loop ()

The loop() sketch structure is how you define the part of your sketch that loops (as referenced in the beginning of the chapter). This will run until stopped by a reset or power off. Like the setup() sketch structure, this needs to be started with “void.
”

Example code: void loop () { loop code follows between brackets }

for

A for statement is a control structure that repeats a number of defined statements. The following are the three parts of a for statement:


	

Initialization
: This happens first and only once.



	

Condition
: Every time the for statement runs, this condition will be checked. If it comes up true, the next statement is executed and the loop continues, but if it’s false, the loop ends.



	

Increment
: This continues to be executed until the loop ends.





This statement is often used with arrays.

Example code: for (initialization
, condition
, increment
) { statements to be repeated
 } or for ( int x = 1; x < 20; x = x +5) { println(x) ; }

if

An if statement is a control structure that looks for a set condition and executes the statement(s) only if the condition is true. If the condition is false, the statement will not execute the statement(s)
.

Example code: if (condition
) { statement
 } or if (x > 13) { println(x) ; }

return

A return statement is a control structure that will stop or terminate a function and return a value.

Example code: return value
 ; or return 1 ;

This is most useful when used with an if statement to check a condition.

Example code: if (x > 13) { return 1 ; }

goto

A goto statement is a control structure that will tell the program to go to a different point labeled by the called out label.

Example code: goto label
 or goto newStart

else

An else statement is actually part of the if statement. This means that if the if statement is false, the else statement will give additional instructions.

Example code: if (condition
) { statement
 } else { other statement
 } or if (x > 13) { return 1 ; } else { return 2 ; }

The else statement can be continued by including a few if statement within it
.

Example code: if (condition
) { statement
 } else if { second statement
 } else { third statement
 } or if (x > 13) { return 1 ; } else if { return 2 ; } else { return 3 ; }

while

A while statement is a control structure that will loop indefinitely until the condition is false. There has to be a statement after the condition, just like in the for, if, and else statements. However, part of this statement has to change the tested variable, or else the while statement will loop forever.

Example code: while (condition
) { statement
 } or while (var < 150) { var++ }

do … while

The flaw of the while statement is that the condition is checked at the beginning of the loop. If the condition is false at the beginning, the loop will never run even once. That’s where the do … while statement shines. It runs the same way as a while statement, but the condition is checked at the end of the statement, so it will always run at least once.

Example code: do { statement
 } while (condition
) or do { var++ } while (var < 150)

continue

A continue statement is a control structure that will tell a for, while, or do … while statement to skip for a loop.

Example code: for, while, or do … while statement
 (condition
) { if (condition
) {continue ; } } or while (var <150) { if (var >145) {continue ; } 
}

break

A break statement is a control structure that provides an exit for a for, while, or do … while loop.

Example code: for, while, or do … while statement
 (condition
) { if (condition
) { break ; } } or while (var <150) { if (var >145) { break ; } }

switch … case

The last control structure we’re going to discuss is the switch … case statement. It functions like an if statement but has built in breaks to switch between the statements.

For this statement, var and label can be an int or char variable only.

Example code: switch (var
) { case label1
: statement
 break ; } {case label2
: statement
 break ; } or switch (myVar) { case myVar1: var > 150 break ; } {case myVar2: var < 150 break ; }

syntax

Syntax is a way to leave notes in your code to explain what something does (thus making it easier for a future version of yourself or another coder to see at a glance what is going on), reference libraries, or tell the computer what order things 
should be done in. Syntax is pretty self-explanatory, so we’re just going to quick-fire through them:

#define is a way to name a value.

#include allows you to include outside libraries in your sketch.

/ * * / is a way to create a multi-line comment (also called a block comment) by adding your comment in between the asterisks. This information is completely ignored by the compiler and is not sent to the microcontroller so it doesn’t take up memory.

// is a way to create a single-line comment by adding your comment in between the slashes. Once again, the comment is ignored by the compiler and doesn’t take up your microcontroller’s memory.

; is used to end a statement. Forgetting to include a semicolon at the end of a statement will likely result in an error in your compiler. Many of my previous examples don’t include semicolons because they were incomplete statements (usually part of some larger thing). Always use a semicolon, except in cases where you are using #define or #include as this will cause different compile errors.

{ } are known as curly braces or curly brackets. If you use an opening curly bracket (i.e., { ) you must use an end curly bracket (i.e., } ), or else you risk a compiler error that might not make 
sense. Usually, when I have a compiler error that seems out of place, I check my curly brackets. But wait! If you use the Arduino IDE, there’s a way to check your curly bracket balance to ensure you have the correct number of opening and closing curly brackets. Just select a curly bracket (usually an opening one), and the logical matching curly bracket will become highlighted. If it isn’t, you’ve got an orphaned curly bracket and should give it a companion.

operators

The most common operators are either mathematical, boolean, or a combination of both (called compound). Once again, operators are pretty self-explanatory, so we’re going to just briefly touch on them.

+, -, *, and / are the operators for addition, subtraction, multiplication, and division, in order. There is also % for remainders and = which is an assignment operator. != means something is not equal to something else, while == means something is equal to something else. A < operator means the value on the left is less than the value on the right, whereas a > operator means the value on the left is greater than the value on the right. Likewise, a <= operator represents less than or equal to, while a >= represents greater than or equal to.

Boolean operators include logical NOT (represented by the !), logical AND (represented by the &&), and logical OR (represented by the ||)
.

The last type of operators we’ll be going over is the compound operators. These are operators that do something different when combined than when separate. For example, ++ tells the program to increase the variable by a value of one. Likewise, -- tells the program to decrease the variable by a value of one. These can be written in either order, so either x++ or ++x, but they represent two different things. The first (x++) increases x by 1 and returns the old value for x, while the second (++x) increases x by 1 but returns the new value for x. As such, if we assign numbers to this, 1++ would return 1, but the integer would be 2 in the program, while ++1 would return 2.

Warum ist [x] nicht enthalten?

The previous functions, variables, and structures are only about 70 percent of the available code in the Arduino programming language. I tried to make sure to give you enough information, not to overload but to showcase the things that are very common. You might come across things that weren’t included in the previous description but are prominent in projects across 
the internet. But don’t fret! The Arduino website has a giant section devoted to language reference with pages of description for what each term means.
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Kapitel 7: Erstellen des ersten Sketch

So first of all, congratulations! You’ve made it past the massive block of jargon and semi-confusing (not to mention sometimes slightly inaccurate to how real code works) examples. As much as I hate to do it, such a thing is necessary to familiarize yourself with a new language.

So now, let’s look into creating our first official code
!

Weg mit dem Alten, das Neue richtig benennen

Now, we already loaded a sketch onto our Arduino board (if you followed the earlier directions to test the board using the “Bare Minimum” sketch — see chapter 5, “Connecting Your Arduino to a Computer,” subsection “Testing your Connection” for more information). An Arduino board can hold multiple sketches but only one loop() structure. So you need to get rid of that code first. You can either get rid of the code by deleting it (it’s just a bare minimum sketch and not something important) or open a new sketch in your sketchbook. To delete the code, you’ll want to open the Arduino IDE, select the code, and then delete it. You can do this either by using Command/Control A and then pressing the delete key on your keyboard or by using the right-click menu to Select All and then Delete.

Sometimes this doesn’t work, however. The code stays in the memory, and the Arduino will continuously try to run it. This can be a problem since Arduino boards can only run one loop() statement at a time. Check out chapter 9, “Troubleshooting Common Issues,” for a way to solve this, if you are running into this problem.

For the rest of us, make sure your Arduino board is disconnected from the power source and has no peripherals 
attached. You are working with electronics, and you don’t want to fry your board or your computer! Once the board is safe, go ahead and connect it to your computer with your USB. Load up the Arduino IDE and let’s get to writing some new code.

The first thing you want to do is to name your new sketch. Everyone has a different method they use for naming; my personal favorite is the project name with spaces replaced with underscores (so something like Arduino_Blink) followed by another underscore and then the date (meaning, the total sketch name would be something like Arduino_Blink_10152019). The reason for this is that you might have different sketches where you try different things, like I’m going to suggest later in this chapter. Or perhaps you want to have a running tally of how your progress as an Arduino coder is going. Or you want to go back to a previous build.

All are valid, and all will benefit from you naming your sketch something that reflects exactly what it is and when it was done.

After your sketch is named, you want to make sure you’re starting with a blank slate
.

Tools, die Sie benötigen

For this project, you will need:


	
An Arduino board



	
A USB connector (either a standard interface or a mini, depending on your selected board)



	
A computer (Mac, PC, or Linux-based)



	
LED (optional)



	
A 220 ohm resistor (optional)





The reason the LED and 220 ohm resistor are optional is that you can build and run this code without any external bits. We can program the LED that is already on your Arduino board to blink. But if you want to practice with an external component, an LED and 220 ohm resistor can be obtained for super cheap on sites like Amazon.

So anfangen, wie Sie es später auch machen wollen … Nutzen Sie Kommentare

I’m a firm believer in the old adage “Start as you mean to go on.” That means learning the right way to do things from the get go. 
And in the coding world, that means using correct structure and making sure your code has comments to help you figure out what you did in the future. Or alternatively, you can share your code with others! The Arduino community is all about sharing information and projects, so learning to annotate your code correctly now will make it easier to continue doing so in the future.

To annotate your code, you’ll be using the block comment and single-line comment syntax, as we described in the previous chapter. For single-line comments, you’ll be using the // syntax. This is great for reminding yourself of what a line of code does. But for longer comments, use /* at the beginning and */ at the end of the comment. This allows you to have a greater space to make comments and is really useful for leaving yourself notes about the functionality of the code before you even begin!

Zum Code selber

Let’s start with our comment. Everything inside of our syntax (remember, the /* */) is a comment. Feel free to customize your own!

Code:

/*

Arduino Blin
k

We are going to be turning an LED (either on the board or an external LED) on and off at one-second intervals. This is based on the Arduino Tutorial Blink, but with a bit more explanation to it. If you want to see the original code, check out http://www.arduino.cc/en/Tutorial/Blink
.

*/

Now that we have our comment in place, it’s time to open up our setup. Remember, the setup function is a necessary first step, and it’s where we set conditions for our variables and where we run code that needs to happen only once.

In the case of the Blink code, we’re looking to establish pinMode() functions to the LED_BUILTIN (our LED pin), turning it into an output.

Remember to write comments to yourself even if the code seems simple. You never know what you’ll forget between today and tomorrow, and notations are quick and easy to do. For single lines, we use the // syntax.

Code:

void setup () {

// establishing LED_BUILTIN as output

pinMode (LED_BUILTIN, OUTPUT);

}

Nice and easy. We now want to set up the loop() function that will run for all eternity until our Arduino board loses power in some fashion. The loop routine is the other necessary part of the sketch. We’re going to set up a basic loop that will turn on the LED (either the one on the board or the one plugged into D13 on an Arduino Uno), wait a second, then turn it off, then wait a second. That’s the entirety of the code. But because this is in the loop routine part of the sketch, it will do that ON, WAIT, OFF, WAIT cycle over and over until you power down the board.

Code:

void loop() {

digitalWrite (LED_BUILTIN, HIGH); //this sets the voltage level to HIGH, turning on the LED

delay(1000); // remember, delay is calculated in microseconds, so this is one second

digitalWrite (LED_BUILTIN, LOW); //this changes the voltage to LOW, turning off the LED

delay(1000); //another second wait

}

And there you have it! All combined, we have a header, a setup function, and a loop function. Working together, this code will 
blink your LED on a one-second interval until you power it down.

That’s not all! What if we wanted to do 10 seconds? Or what if we want the increment to increase with each loop, meaning the blink goes on for longer? Perhaps you want two LEDs to blink, each at different times. Maybe you’re interested in having sound loop instead of LED lights blinking.

You can do all those and more. It’s the power of the Arduino. The possibilities are endless, with just a little bit of hard work.

In the next chapter, we’re going to explore how to expand on this very basic code. Before we do, however, I just want to point out that this isn’t the only way you can make an LED blink. There are multiple approaches to this type of “simple” code, and you can find many of them out in the world. Each sketch is different, but the results are the same. Feel free to experiment and try new things!


Kapitel 8: Den Sketch für andere Resultate bearbeiten

Now that we’ve written our first sketch, we can edit it. Editing a functioning sketch is a great way to learn how to code. It works one way, so it should work another, right?

But any programmer will tell you that editing a code is tricky work. The thing works, and so changing it might make it not work. When you’re working with code that is only a few lines long, it can be easy to find where your mistake is. But what if your sketch is pages and pages of code instead of just a handful of lines?

This is why I advocate two things: saving your sketches with new names (so for our example, you can change Arduino_test_10152019 to Arduino_edit_10152019) and annotating your sketch using the comment syntax. The first part is to make sure you always have functioning sketches that you like. If you edit something without saving a new version, you might not be able to get back to the previous state. And the second part is just for your own peace of mind. Always think of your future self. You’ll thank yourself for it later
.

Wie bearbeite ich einen Sketch?

After saving a new sketch under a new name, editing your sketch is as simple as changing the code contained in the sketch. For the Blink example, perhaps you want the LED to blink less often (maybe every ten seconds instead of every second?) or more often (maybe every half a second!). Both are completely valid things you could do, although the complexity varies wildly.

But that’s not all!

The simplest of sketches can be modified by adding new code instead of just modifying the numbers already there. Let’s say you want to have an LED where the flashing gets slower as the number of loops goes up. It can be done!

Editing your code is a great way to experiment with what a certain bit of code will do to your sketch. Perhaps you don’t quite understand how for statements work and want to experiment. Editing your sketch and changing only one or two things at a time will allow you to see exactly how the code works and what it does.

Einen Blink-Sketch bearbeiten (Teil 1
)

I think we’ll start with something simple: decreasing the time between blinks on your sketch. In general, this is the simplest change but one that requires you to understand exactly how the delay() function works.

Here is the new code with edits made. See if you can spot the difference.

/*

Arduino Blink version 2.0

We are going to be turning an LED (either on the board or an external LED) on and off at half-second intervals. This is based on the Arduino Tutorial Blink, but with a bit more explanation to it. If you want to see the original code, check out http://www.arduino.cc/en/Tutorial/Blink
.

*/

void setup () {

// establishing LED_BUILTIN as output

pinMode (LED_BUILTIN, OUTPUT);

}

void loop() 
{

digitalWrite (LED_BUILTIN, HIGH); // this sets the voltage level to HIGH, turning on the LED

delay(500); // remember, delay is calculated in microseconds

digitalWrite (LED_BUILTIN, LOW); //this changes the voltage to LOW, turning off the LED

delay(500); // another wait

}

A keen eye will see that all I’ve changed is the delay from 1,000 microseconds (meaning 1 second) to 500 microseconds (meaning 0.5 seconds). I also changed my comments slightly, both at the beginning of the sketch in the header (to denote the changes to the overall sketch) and then also on my individual lines to show my work.

In this case, however, I wanted to obscure exactly what I had changed, so the comments aren’t the most helpful. If this was going to be for my personal use, I would likely just explain that 500 microseconds is equal to 0.5 seconds in the comment itself — easier to see exactly what happens at a glance.

Einen Blink-Sketch bearbeiten (Teil 2
)

So that was easy. We just changed the delay() function and a few comments. What if we wanted to do something a bit harder?

In the “real world” of Arduino programming, the delay() function is useful but can be harmful. You see, delay() tells your code to stop. That means that all aspects of the code stop for those microseconds. This is because the delay() function is a blocking function. It instructs the microcontroller to wait around for a set amount of time before it can move on to the next line.

Not very productive in every instance.

So how do you get around it?

Well, the answer isn’t quite as easy as changing a few numbers and comments, but it’s still pretty easy.

Like last time, I’ll break down the code and give a little more insight.

First, we start with our comment.

Code:

/*

Arduino Blink version 3.
0

We are going to be turning an LED (either on the board or an external LED) on and off at one-second intervals without using the delay() function. This is based on the Arduino Tutorial BlinkWithoutDelay but with a bit more explanation to it. If you want to see the original code, check out http://www.arduino.cc/en/Tutorial/BlinkWithoutDelay
.

*/

Before we get to our setup, we’re going to define our variables. This wasn’t done in the original Blink sketch as it was pretty straight forward. However, we’ll need to have multiple things going on this time, and defining variables is pretty important.

Code:

const int ledPin = LED_BUILTIN; // here is our constant that won’t change, our specific pin on the board

int ledState = LOW; // this sets the default for the state to off, but because this isn’t a constant it can change with the code

unsigned long previousMillis = 0; // this will keep track of how long it’s been since the LED state changed

const long interval = 1000; // here we’re defining our second constant, our one-second blink

The next thing we want to establish is our setup. This is very similar to the original Blink setup, with just a slight difference
.

Code:

void setup () {

// setting our pre-established digital pin, ledPin, as output

pinMode (ledPin, OUTPUT);

}

The difference between them is in the original Blink sketch. We didn’t define our LED_BUILTIN as a constant, so we couldn’t reference back to it in the code. Using and defining variables is another good habit to get into, but unlike saving variants and adding comments, you can’t escape defining variables. It is just something that you have to do eventually.

I’m not advocating overwriting your code or leaving out comments. It’s just that, if you’re really determined to do the opposite of what I suggest, you are welcome to with little-to-know consequences for now. But defining variables is inevitable. Learn to love it.

But enough on the importance of defining your variables; let’s move on.

The loop() function is where things get a bit more complicated. We need to tell the Arduino board to check how long it’s been since the last blink and tell it what it should be doing with the LED either in the meantime or when it is time to blink again
.

Code:

unsigned long currentMillis = millis();

if (currentMillis - previousMillis >= interval) {

// here we’re saving the last time the LED blinked

previousMillis = currentMillis;

// if the LED is off, we want it on, and if it is on, we want it off

if (ledState == LOW) {

ledState = HIGH;

} else {

ledState = LOW;

}

// set the LED with the ledState of the variable:

digitalWrite(ledPin, ledState);

}

}

The code included here is pretty straightforward, but the concept is a little outside the beginner stretch. Don’t worry if you don’t understand it right away. Just break down the individual pieces
.

For example, let’s look at the if … else statement.

If you look at the code, it might be a bit of a convoluted mess to a beginner. Breaking it down line-by-line will help. We start with the if statement, and within the parenthesis, we’re telling the Arduino microcontroller that if the variable we defined as “ledState” is off (remember, LOW equals off from the original Blink sketch), which we automatically defined it as off when we defined our variables, the Arduino microcontroller should set it to on (HIGH equaling on in this scenario). The else statement tells the microcontroller that if the LED isn’t set to LOW (off), meaning it’s on (HIGH), it should be changed to LOW (off).

And that’s it! Code looks complicated, but as long as you know the basics, it makes a lot of sense line-by-line.


Kapitel 9: Behebung häufig auftretender Probleme

Any programmer can tell you that coding doesn’t always go smoothly. There are a thousand little ways for things to go wrong, and at one point during your programming days, you will run into every single one.

We can’t cover every issue here. I’m just going to showcase a few common issues and how to solve them. I’ll then show you some beginner mistakes, and from there, you can figure out basically everything.

For everything else, there’s Google.

I wasn’t just full of hot air earlier; the Arduino community is amazing. There are forums and websites everywhere devoted to Arduino programming, and they love sharing information and figuring out issues. If you run across something you aren’t sure on (especially if it’s an error code thrown by your compiler), try googling the phrase, and I’m absolutely certain that someone before you has run across it.

Häufiges Problem #1: Das Arduino kann nicht bereinigt werde
n

Sometimes you run into an error where the Arduino bootloader has some sort of hangup about your previous sketches. It doesn’t happen for everyone, and people have found no real correlation to why it happens, but I would be remiss to not talk about it.

Fixing the issue can be relatively easy. You just need to upload a sketch that “does nothing.” You can either write your own or use the pre-written Arduino built-in examples.

For taking things into your own hands, you want to use the following short sketch:

int main () { }

Again, this does nothing. It just tells the microcontroller that all pins are inputs, and then you’ll be able to move on with programming your next project.

To use the Arduino built-in examples, you’ll want to open the File menu and go to Examples. From there, select 01 Basics, and then the “Bare Minimum” sketch. Because the sketch is just a setup() and loop() function, the code doesn’t tell the Arduino 
microcontroller to do anything. That means any errors will be reset, and you should be able to move forward.

If you come across a very specific error, once again, just google it. The information is out there. Alternatively, join one of the many Arduino communities and make your first post! Put yourself out there. You might be surprised how many like-minded folks you find.

Häufiger Fehler #2: Fehlendes ; oder {}

Sometimes a compiler error comes up that you’re unfamiliar with. It doesn’t even seem to correlate to anything, and perhaps you’re really confused as to why you’re getting the issue in the first place.

Ninety percent of the time, it’s going to be missing syntax. The semicolon (;) and the curly brackets ({}) are the two most accidentally missed syntaxes in Arduino programming. There’s a lot going on! It’s not your fault! Just check that every curly bracket has a matching pair (remember, you can click on the opening curly bracket and check its matching closing curly bracket). Also, check every non-#define or non-#include since these will cause different compile errors
.

Häufiger Fehler #3: Tippfehler

What’s the difference between myPin and mypin? That capital letter can make something work incorrectly. But not only just that — a variable spelled as myPen will be completely unrecognizable from myPin. Unfortunately, the Arduino board’s microcontroller isn’t a mind reader; it takes everything you do or say literally. So be sure to double-check all of your work before you even compile it. Your future self will be glad you did.

Häufiges Problem #4: Das Board wird nicht im Tool-Menü angezeigt

Sometimes on initial install, the Arduino IDE won’t recognize your board. There are a few things that could be wrong.

Starting at the top, check that your board is plugged in. The Arduino IDE serial port menu refreshes every time you open the Tools menu, so you’ll need to make sure the board is plugged in when you open the menu.

The next thing you’ll want to check is that you installed the correct drivers for your board. Sometimes even your USB-to-
serial adapter will need a driver, so if you’re using a serial board, you’ll want to make sure you have that driver installed.

Lastly, be sure you aren’t running any other programs that use serial ports, such as Bluetooth-USB drivers or some syncing applications.

If you’re still having issues, be sure to search for your specific board (Arduino Uno, Micro, etc.) for more potential fixes.

Häufiges Problem #5: Fehler beim Ausführen der arduino.exe

Windows and Mac OS X can both have issues sometimes with the Arduino IDE. On Windows, the error will say, “Arduino has encountered a problem and needs to close,” while the Mac OS X version will be a Link (dyld) error.

For Windows, try launching the Arduino IDE using the .bat file instead of the arduino.exe file. It might take some time to open, so be patient with it. This shouldn’t be a permanent issue.

On Mac OS X, if you see a Link (dyld) error, you’ll need to upgrade your OS. Older versions than 10.3.9 can be incompatible with the system libraries
.

Häufiges Problem #6: Sketch ist hochgeladen, läuft aber nicht

This is another issue that could be caused by a few problems.

The first thing we want to do is check that you’ve got the right board and microcontroller selected. Both of these can be found in the Tools menu. Please make sure your board is correct and that your microcontroller actually corresponds to the board you’re using.

Another potential problem is that your sketch can be too big for your board. You can reduce the size of your sketches by using integer math, and be sure you don’t have any extraneous #include statements. If you aren’t using a certain library in your sketch, it has no reason to be included.

There are a few other problems it could be (including noisy power supply), but those problems don’t have easy fixes. You might just need to get a new board, unfortunately.

Häufiges Problem #7: Der Sketch startet beim Ein- und Ausschalten nich
t

Patience is a virtue, and Arduino boards need a small bit of patience. When an Arduino board first starts up or resets, the bootloader runs and tries to look for new information from the computer. It’s looking for a new sketch. If it doesn’t find one, it will time out after a few seconds and then run the sketch that is already on the board.

When you send serial data to the board right as it boots, the Arduino board doesn’t know what to do with it. You either need to delay the transfer of serial data right away (you can do this in your setup() function), or you can use an external programmer to replace the bootloader on your board.

Häufiges Problem #8: Ungültige Gerätesignatur

An “invalid device signature” error can be super frustrating. There’s not a whole lot of information there, and searching for it might not bring up the correct information. Thankfully, Arduino has provided us with some more information.

The first problem that could cause an “invalid device signature” error is that you’ve selected the wrong board. Check the Tools menu and verify you’ve got the right board there
.

If you still get the error, you might have the wrong version of avrdude. Avrdude is a program the Arduino IDE uses to upload your sketch to your board, and their version is slightly modified. As such, you need to make sure you have their version installed. This should install properly when you download and install the Arduino IDE, but if you already had another version of avrdude downloaded, or if you downloaded a version after installing the Arduino IDE, it might overwrite.

Häufige Anfängerfehler

Not everyone is a programmer. Arduino boards have made electronics programming accessible, and there are a lot of hobbyists in a space that was previously dominated by nearly all professionals. As such, some little mistakes can happen. Here’s a list of the top five things to avoid as a beginner:


1. Incorrect power-up:
 If you’re using a battery or external power supply to power your board, make sure you have it set up properly. This means that your V+ goes in the VIN pin, and your ground wire goes in the GND pin. Doing this wrong is a recipe for frying your board, which can be pretty devastating right off the bat. A good rule is to check your power supply always before powering up your board because you can do this even as a pro
.


2. Forgetting libraries:
 When coding on the Arduino, you want to reference libraries to make your life easier (and to take some of the burden off your microcontroller). But if you forget to include them, your project will not work, and you might waste a lot of time. At least it won’t ruin your equipment, though!


3. Overpowering the microcontroller:
 Your microcontroller can do a lot, but it is fragile. It cannot withstand a lot of abuse. Too much voltage will fry it, and too much code will make it stare blankly at you. But there’s another risk: plugging too many things into it. If you run too many components directly from the pins, you can overload the microcontroller. A way around this is to use an H-bridge. They are a cheap (under $5 from most retailers) way to avoid overloading your microcontroller.


4. Soldering errors:
 This isn’t just about soldering the wrong thing to the wrong place. Did you know that, if you get a tiny bit of solder in the wrong place, you can short out your microcontroller? A little extra solder between two pins can be all it takes to ruin your equipment. Soldering is scary and daunting, and you want to make sure you take time to do it right.


5. Expecting too much from yourself:
 Everyone has to start somewhere, and there are always so many really cool projects out there that you want to try. However, if you don’t 
understand the methods behind the project, your sketches will likely be riddled with errors, and you can risk destroying your equipment. I know it’s hard to take it slow, especially when you think you have the basics figured out. But patience is a virtue, and you need to just learn as you go. You’ll be able to make a robot in no time, if you aren’t spending thousands of dollars on fried Arduino boards or badly soldered breadboards!


Kapitel 10: Wie man komplexe Sketches erstellt

So that’s it! You’ve learned about the Arduino, including the board options available, how to use the Arduino IDE, and how to program a simple code. Maybe you even know some of the components that are available and can tell the difference between different functions and syntax. And if you followed along, perhaps you’ve programmed your own simple sketch and edited said sketch to do something different. You’re well on your way to mastering Arduino programming and uploading projects to sites for the world to marvel over.

However, there’s always more learning to do, and if you would like to get an in-depth look at various aspects of Arduino programming, keep reading! There are tons of topics to cover, and I’m not even sure I can even properly scratch the surface with some. There would just be too much book here.

Here’s what we’re going to touch on in case you want to jump around:

●    
 In chapter 11, we’re going to look closer at variables and how to use them.

●    
 In chapter 12, we’re looking at logic statements, which means if and if … else statements.

●    

 In chapter 13, we’re looking at strings and arrays and how they can change up your code.

●    
 In chapter 14, we’re looking at operators, including specifically the OR (||), AND (&&), and NOT (!) operators, and arithmetic operators, relational operators, and incremental operators.

●    
 In chapter 15, we’re tackling for loops, an interesting way to avoid the endless loop of the loop() structure.

●    
 In chapter 16, we’re looking at while loops, which includes the do while loop.

●    
 In chapter 17, we’re going to look closer at functions and see how to write them ourselves.

●    
 In chapter 18, we’re looking at the switch and break statements, which when used properly can replace multiple if or if … else statements, making this a capstone to our learning.

This is by no means the end-all-be-all to Arduino programming or learning. We’re just scraping the frosting off these topics, and there is so much more to find. Our last two chapters will focus on the API libraries and then websites and books I recommend that have more information.


Kapitel 11: Eine tiefergehende Betrachtung der Variablen

In chapter 6, we explored variables as they apply to basic Arduino programming. We briefly touched on the idea of variables as a data type that stores values that can change. That’s a very high-level overview of the variable but doesn’t really explore all aspects of it.

A variable stores data in a way that can be referenced easily again and again. It has a name, a value, and a type; and all aspects of it need to be defined for it to be a variable.

As an example of this, the statement int pin = 13;
 creates a variable with the type int (a data type variable that stores a 16-bit (2-byte) value on the Arduino Uno), with a value of 13, and a name of pin. You can define this once and then reference it multiple times, each without having to assign a name, value, and type multiple times.

For example, you could use this particular statement in the pinMode function by writing pinMode (pin, OUTPUT)
. This uses the variable by calling out its name (pin) and setting the mode of pin 13 to OUTPUT.

Naming your variables this way has a very specific advantage, and it isn’t just that you don’t need to redefine it every time you 
want to use it. It is a known bane of the programming world to have to change one thing because you always need to make sure you update it every time it is referenced. By defining your variables, you only need to change it once.

As an example of this, let’s say we realize we meant to have our OUTPUT pin be pin 12. Accidents do happen. Instead of having to search for all instances of 13 and manually change them over, we can just go to our variable definitions and change the 13 to a 12. Simple!

You aren’t limited to just changing variables in the header of your code. In the setup() function, you can define your variable fairly easily.

void setup ()

{int pin = 13 ;

pinMode (pin, OUTPUT) ;

digitalWrite (pin, HIGH) ;

}

Here we’ve defined our variable (pin) right in the same place as we’re setting up the pinMode and digitalWrite. This is great when you only want to refer to that variable once and don’t need to reference it again
.

So what if you want to change the variable definition to change your outcome? The code for this would look like this:

int pin = 13; // this is called a global variable, by the way, since it is outside of the setup/loop functions

void setup ()

{ pin = 12;

pinMode (pin, OUTPUT) ;

}

void loop ()

{ digitalWrite (pin, HIGH);

}

In this scenario, we are defining our pin as 13 but then changing it to 12 in the setup() function. We then set pin as to an OUTPUT mode. In our loop() function, we’re telling the digitalWrite() function to look for the pin (which we redefined as 12) and set it to HIGH.

As you can see, it’s quite easy to change the definition of the variable, which leads to some interesting side effects when you’re working with a large amount of code. If you don’t understand what you’re doing and why, you can easily change the definition of a variable, which will create unexpected 
outcomes. Be cognizant of where you’re using your defined variables, and note that every time you use the equals sign (=) you are changing the definition, which will change your outcome.


Kapitel 12: In-Depth Eine tiefergehende Betrachtung der logischen Programmierung

The if statement is the baseline logic statement in Arduino programming. It shows how the microcontroller can make decisions based on your code. If statements
 can be combined into an if … else statement to further expand on the logic statements.

Grundlegende If-Anweisung

We’ve already covered this one, but as a quick recap, the basic if statement looks for a set condition and executes the statement(s) only if the condition is true. If the condition is false, the statement will not execute.

Since we already have an LED, let’s test a basic if statement to switch on an LED.

/*

Arduino LED Blink with serial inpu
t

We are going to be turning an LED (either on the board or an external LED) on when we input a specific character into the serial monitor.

*/

void setup() {

Serial.begin (9600) ; // this involves the serial monitor

pinMode (13, OUTPUT) ;

}

void loop() {

char rx_byte;

if (Serial.available() > 0) { // here we’re looking for a character

rx_byte = Serial.read() ; // storing the character to the serial monitor

if (rx_byte == ‘a’) { // adding an absolute to define a specific character

digitalWrite (13, HIGH) ; // and if the character is a, the LED will come on

}

}

}

So in this logic statement, we’re looking for input to the serial monitor. If the input is a character, then we look to see which character. Then if the character is the letter a
, the LED will turn on.

The problem with the above code is that nothing happens if the character isn’t the letter a
.

So let’s change that.

Eine If … Else-Anweisung

This addition isn’t much of a change, but it does give the microcontroller a specific thing to do when the statement is false, which is key for logic statements. You don’t have to pair your if statement with an else statement, but it is sometimes very useful.

/*

Arduino LED Blink with serial input version 2

We are going to be turning an LED (either on the board or an external LED) on and off based on what character(s) we input into the serial monitor.

*
/

void setup() {

Serial.begin (9600) ; // this involves the serial monitor

pinMode (13, OUTPUT) ;

}

void loop() {

char rx_byte;

if (Serial.available() > 0) { // here we’re looking for a character

rx_byte = Serial.read() ; // storing the character to the serial monitor

if (rx_byte == ‘a’) { // adding an absolute to define a specific character

digitalWrite (13, HIGH) ; // and if the character is ‘a’ the LED will come on

}

else { // adding in our alternative

digitalWrite (13, LOW) ; // which is to turn off the LED

}

}

This will now look for a character, and if that character is ‘a’ the LED turns on. If the character is anything else, the LED turns off. And because the program loops, it will continue to turn on and off as you enter characters into the serial monitor.


Kapitel 13: Eine tiefergehende Betrachtung von Strings

Earlier, we discussed String() as a variable, but that’s not the only type of string in Arduino programming. Before we continue, though, let’s discuss what a string is. Strings store text, and they can be used to store user input, such as input from a user that will go to the serial monitor, like in our previous sketch.

So the two types of strings are the Arduino String() object, which allows a string to be used in a sketch, and the C language string, which is an array of characters.

The difference between a string and an array (which we discussed earlier as well) is that a string is a type of array since it stores a series of characters. But a string will always have a nullifying element at the end of the array that has a value of zero. It will terminate the string.

This means two things. The first one is that your string will always need to be one variable longer than you need (so if you are writing the word hello
, you will need to make room for six variables), and the second one is that a string must always be terminated or bad things happen.

Let’s write a string sketch to show how this works
:

Ein einfaches String-Array

/*

Arduino array test version 1

We are going to be outputting a word to the serial monitor using an array.

*/

void setup() {

char my_string [7] ; // this array is large enough to hold our word and one extra for the null terminator

Serial.begin (9600) ; // our goal is to print this array once to the serial monitor

my_string[0] = ‘M’ ;

my_string[1] = ‘o’ ;

my_string[2] = ‘r’ ;

my_string[3] = ‘n’ ;

my_string[4] = ‘i’ ;

my_string[5] = ‘n’ ;

my_string[6] = ‘g’ 
;

my_string[7] = 0 ; // last entry in the array is the null terminator

Serial.println (my_string) ;

}

void loop () {

}

In this sketch, we established that we have seven characters in our array, and we’re writing out the word morning
. Overly complicated, right? But we need to establish how to do it the “long way” so that the shortcut seems even more impressive.

The short way is much better.

Ein einfaches verkürztes String-Array

/*

Arduino array test version 2

We are going to be outputting a word to the serial monitor using an array in which we don’t define the individual characters.

*/

void setup() 
{

char my_string[] = “Morning” ;

Serial.begin (9600) ;

Serial.println (my_string) ;

}

void loop () {

}

Now we’ve told the compiler that we have a string, but it determines how long it is and automatically adds the null terminator to the end, which makes things a lot easier on us and saves some space in the code itself.

A side note when working with strings: if you look back up at our two examples, you might notice that I used a single quotation mark in the first array and a double quotation mark in the second array. That is because single characters (for example, ‘a’) get the single while words comprised of more than one character (for example, “all”) get the double.

This has been very simple so far, which means we need to mix it up a little
.

Ein String-Array verändern

Sometimes you need to change what is in the array. There are many reasons you’d need to do that, but for simplicity’s sake, we’re going to run a sketch where we’re replacing one word in an array with another word.

/*

Arduino array test version 3

We are going to be outputting a phrase to the serial monitor using an array but then changing the string to output a slightly different phrase.

*/

void setup() {

char my_likes[] = “I like coffee and cake” ;

Serial.begin (9600) ;

Serial.println (my_likes) ;

}

my_likes[13] = 0 ; // terminating the string after the word ‘coffee’

Serial.println (my_likes) 
;

my_likes[13] = ‘ ‘ ; // replacing our null terminator with a space

my_likes[18] = ‘t’ ;

my_likes[19] = ‘e’ ;

my_likes[20] = ‘a’ ;

my_likes[21] = 0

Serial.println (my_likes) ;

}

void loop () {

}

The theory behind this sketch is that you are replacing the word cake
 with the word tea
. You might notice that the word cake
 has four letters, and tea
 has three, which you might think would confuse the compiler. However, because we replaced the last letter in cake
 with a null terminator, the compiler will get to that null terminator (because it comes before the one we established originally in our string) and stop just as it would if it came across the original one instead. So it all works out! A second null terminator doesn’t hinder the compiler.

Wie unterscheidet sich dies also vom String()-Objekt
?

A String() object is different from a string array because it contains not only data but also functions. It can do things that a normal string array cannot. The creation is mostly the same, but it is what you can do with it on the back end that changes.

So let’s create a new sketch and see how it works.

/*

Arduino String object test

We are going to be outputting a phrase to the serial monitor using the String() object and then manipulating that object using the functions built into the String() object.

*/

void setup() {

String my_string = “I like coffee and cake.” ;

Serial.begin (9600) ;

Serial.println (my_string) ; // up until this point, pretty self-explanatory

my_string.toUpperCase() ; // this function changes the letters in our string to uppercase

Serial.println(my_string) ;

Serial.print (“String length is: ”) ; // we will now print this line
.

Serial.println(my_string.length() ) ; // but add to it the length of our string to make it a complete statement

my_string.replace (“cake”, “tea”) ; // remember what we did last sketch? This is easier.

Serial.print (my_string) ;

}

void loop () {

}

As you can see, there’s a lot you can do to manipulate the String() object, and so much of it is more streamlined, which brings us to the ultimate question.

Sollte ich ein String-Array oder ein String()-Objekt verwenden?

In general, a String() object is going to be easier to program. You don’t have to count characters in your array and potentially mess something up. Instead, you can manipulate the String() object using its own functions, which streamlines the process. Additionally, there are other things you can do with the String() object
.

However, the String() object uses up more memory. In Arduino programming, if we use more memory, we either need a bigger Arduino board (with a larger microcontroller), or we need a smaller overall sketch.

The choice is yours. Just be flexible. If you don’t need to do a whole lot with the string, use a string array. If you need to manipulate the string, use the String() object.


Kapitel 14: Eine tiefergehende Betrachtung der Operatoren

Operators, also known as logical operators, can be used in if and if … else statements to make decision making simpler and more robust. There are three types of logical operators: OR (||), AND (&&), and NOT (!).

OR (||) als ein logischer Operator

OR is represented in Arduino programming by the vertical bar (or pipe) symbol doubled up. This symbol can be found over the backslash (\) on most keyboards, and you can type the vertical bar by holding shift and then pressing the backslash key.

OR, as a logical operator, tells the program to allow two or more variations. In the following example sketch, we’re going to go back to our previous if … else sketch and tell the compiler it’s okay to look for the character ‘a’ and also the character ‘A.’

/*

Arduino LED Blink with serial input version 3

We are going to be turning an LED (either on the board or an external LED) on and off based on what character(s) we input 
into the serial monitor, but we’re going to specify that it’s okay to do so with lowercase or capital letters.

*/

void setup() {

Serial.begin (9600) ; // this involves the serial monitor

pinMode (13, OUTPUT) ;

}

void loop() {

char rx_byte;

if (Serial.available() > 0) { // here we’re looking for a character

rx_byte = Serial.read() ; // storing the character to the serial monitor

if (rx_byte == ‘a’ || rx_byte == ‘A’) { // adding an absolute to define an upper or lowercase letter

digitalWrite (13, HIGH) ; // and if the character is an ‘a’ or ‘A’ the LED will come on

}

else { // adding in our alternative

digitalWrite (13, LOW) ; // which is to turn off the LED

}

}

You can do this with more than one OR (||), but once you’re doing more than two, you should likely separate them with parentheses. This will make it easier to read and will avoid confusion. That would look like this:

if ((rx_byte == ‘a’) || (rx_byte == ‘A’) || (rx_byte == ‘b’) || (rx_byte == ‘B’))

digitalWrite (13, HIGH) ;

}

AND (&&) als ein logischer Operator

AND is represented in Arduino programming by the ampersand symbol doubled up. This symbol can be found over the seven (7) numerical key on most keyboards, and you can type the ampersand by holding Shift and then pressing the 7 numerical key
.

This logical operator is pretty self-explanatory in theory. You are looking to have two things recognized, right? Well, yes and no. The trick with AND is that the two things need to be present.

Let’s show that in a sketch.

/*

Arduino LED Blink with serial input version four

We are going to be turning an LED (either on the board or an external LED) on and off based on what characters we input into the serial monitor, but we’re going to specify which characters we want.

*/

void setup() {

Serial.begin (9600) ; // this involves the serial monitor

pinMode (13, OUTPUT) ;

}

char first_char = 0; // defining our first variable

void loop() {

char rx_byte;

if (Serial.available() > 0) { // here we’re looking for a characte
r

rx_byte = Serial.read() ; // storing the character to the serial monitor

if ((first_char == ‘a’) && (rx_byte == ‘b’)) { // specifying ‘a’ and ‘b’

digitalWrite (13, HIGH) ; // and if the character is an ‘a’ or ‘A’ the LED will come on

}

else { // adding in our alternative

first_char = rx_byte;

digitalWrite (13, LOW) ; // which is to turn off the LED

}

}

In this sketch, the LED will only turn on if both ‘a’ and ‘b’ are present in that order.

NOT (!) als ein logischer Operator

NOT is represented in Arduino programming by the exclamation point symbol in singular. This symbol can be found 
over the 1 numerical key on most keyboards, and you can type the exclamation point by holding shift and then pressing the 1 numerical key.

This logical operator functions by telling the compiler to look for the opposite of the defined variable. Let’s continue our same sketch example to showcase how this works:

/*

Arduino LED Blink with serial input version 5

We are going to be turning an LED (either on the board or an external LED) on and off based on what character(s) we input into the serial monitor.

*/

void setup() {

Serial.begin (9600) ; // this involves the serial monitor

pinMode (13, OUTPUT) ;

}

void loop() {

char rx_byte;

if (Serial.available() > 0) { // here we’re looking for a character

rx_byte = Serial.read() ; // storing the character to the serial 
monitor

if (!(rx_byte == ‘a’)) { // we don’t want the character ‘a’ to return a TRUE

digitalWrite (13, HIGH) ; // so all other characters other than ‘a’ will turn the LED on

}

else { // adding in our alternative

digitalWrite (13, LOW) ; // which is to turn off the LED

}

}

You can also write that if statement in a way that makes a bit more sense:

if (rx_byte != ‘a’)) {

digitalWrite (13, HIGH) ;

}

This states that if our variable (defined as rx_byte) is NOT equal to ‘a,’ then we want the LED to come on. This is much cleaner but changes up the operator in a way that might not have been obvious right away. Your operator goes from a double equals (==) 
to an exclamation point equals (!=) to change it from absolute equal to NOT equal.

Arithmetische Operatoren

The Arduino board can do mathematics for us, using arithmetic operators. You can program the Arduino board to do addition, subtraction, multiplication, and division, as well as find the remainder for something.

Addition

To add together two or more numbers on the Arduino, you will use the addition operator (represented by the plus (+) sign). To do this, you define your variables and then add them together! This looks like:

int a = 5 ;

int b = 2 ;

int sum ;

sum = a + b 
;

You can also store an integer in the variable and add a flat number to that, such as:

int a = 5 ;

int sum ;

sum = a + 2

Both of these bits of code would return 7 as the answer, but they can be used in different ways.

Subtraktion

Subtraction works much the same way addition did, just using the minus sign. For example:

int sub ;

sub = 7 - 2 ;

You can define integers much the same way as you did with addition.

Multiplikation

Multiplication works like addition and subtraction, only you use the multiplication (*) operator.

int result ;

result = 3 * 3 
;

Division

Once again, division works much the same way but uses the division (/) operator. Please note that the comment syntax is a double slash, and so a typo here could cause your operator to function incorrectly. Always double-check your work!

int result ;

result = 9 / 3 ;

Remainder

The remainder operator (also known as the modulo operator or modulo division) is used as a way to find the remainder after the division of two numbers. This uses the percentage sign (%) as the remainder operator.

int result ;

result = 11 % 4 ;

The result of this bit of code would be 3 since 4 goes into 11 twice, leaving a remainder of 3
.

Relationale Operatoren

Relational operators compare two numbers to see what kind of relationship they have to one another. The most common relational operators are the less than ( < ) and greater than ( > ) symbols. Arduino programming will use these operators to determine if a statement is true (it will return a ‘1’) or false (it will return a ‘0’).

In the following example, we use the serial monitor to get the answer to our questions.

/*

Arduino relational operator test

We are going to be testing the relationship between two numbers using relational operators and the serial monitor.

*/

void setup() {

Serial/begin (9600) ;

Serial.print (“Is 8 greater than 4? ”) ;

Serial.println (8 > 4) ;

}

void loop() {

}

This code will create an output on the serial monitor that will display as such: Is 8 greater than 4? 1

That one (1) means that the statement is true.

Inkrementelle Operatoren

The last type of operator we’re going to expand on is the incremental operator, which is a type of arithmetic operator that only increases an integer’s value by one. This type of operator is very common, and it uses the double plus (++) symbol to achieve the increment.

An example of how this works is as follows:

/*

Arduino incremental operator test

We are going to be increasing a number a few times to show how the incremental operators work. We’ll be using the serial monitor for this.

*
/

void setup() {

int count = 1 ;

Serial.begin (9600) ;

Serial.println (count++) ;

Serial.println (count++) ;

Serial.println (count++) ;

Serial.println (count);

}

void loop() {

}

This will create the output of

1

2

3

4

in the serial monitor window.

While rarely ever used in this particular context, the incremental operator is very useful in Arduino programming 
and gets used quite often in my own examples. It is a very basic topic but one I did think we should spend the tiniest bit of time talking about.


Kapitel 15: Eine tiefergehende Betrachtung der Schleifen

For loops run a defined number of times and then stop. A very common use for the for loop is with an incremental operator (x++). There are many uses for for loops
, but we’re just going to explore the basics.

Grundlagen für Loops (Schleifen)

/*

Arduino for loop version 1

We are going to be testing a very basic for loop.

*/

void setup () {

int i; // defining our integer as i

Serial.begin(9600) ; // getting the serial monitor prepared

// next, we want to tell the loop to increase our integer by one each time it runs up until it reaches 9

for (i = 1; i < 10; i++) 
{

Serial.print (“i = ”) ; // telling the serial monitor what we want the static output to be

Serial.println (i) ; // telling the serial monitor to print the current value for our integer

}

}

void loop() {

}

Now, you’ll note that our loop stops when i < 10. But because the increase (i++) happens after that check is done, the last time this loop runs is when the integer will be equal to 10. Earlier, we explored a way around this, and that is to increase the integer with ++i.

Eine Schleife in der Schleife nutzen()

Sometimes you want a loop to run indefinitely, but you want it to only do so in certain increments. This is how you would obtain that:

/
*

Arduino for loop version 2

We are going to be testing a for loop within a loop().

*/

void setup () {

Serial.begin(9600) ; // getting the serial monitor prepared

}

void loop() {

for (int i = 1; i < 10; i++) { // our standard for loop from before

Serial.print (“i= ”) ; // printing our static output

Serial.println (i) ; // printing our integer

}

delay(1000); // delaying for one second

}

This means the for loop will run and then will be delayed for 1,000 microseconds or one second. It will then start over again at 1. This way, the for loop will run indefinitely, just like a regular loop, but only within the parameters that you set.

Ganze Zahlen in For-Schleife
n

In both of these examples, we started with our integer (i) equaling one (1). But you aren’t limited to starting there. You can use zero (0) or even a negative number.

You also aren’t limited to only increasing the increment. You can use other arithmetic operators (including --) to change the value of the integer in the for loop.

However, you do need to use an integer. For loops don’t function with other characters.


Kapitel 16: Eine tiefergehende Betrachtung der While-Schleife

The while loop differs from the for loop because it separates the elements of the for loop. There is a variant of the while loop called the do while loop, which we will also look at in this chapter. The do while loop will always be run once before the loop ends, whereas a standard while loop could be ignored if the defining statement is true.

Eine grundlegende While-Schleife

Let’s do a while loop that mirrors our previous for loop, just so you can see the differences.

/*

Arduino while loop version 1

We are going to be testing a very basic while loop.

*/

void setup () {

int i = 1; // defining our integer as i with a value of 
1

Serial.begin(9600) ; // getting the serial monitor prepared

// next, we want to tell the loop to increase our integer by one each time it runs up until it reaches 9

while (i < 10) {

Serial.print (“i = ”) ; // telling the serial monitor what we want the static output to be

Serial.println (i) ; //telling the serial monitor to print the current value for our integer

i++

}

}

void loop() {

}

For the while loop, we define our value early and then do our increments late.

Eine Schritt-für-Schritt-Anleitung zur Funktionsweise der While-Schleif
e

While loops can be a bit complicated to understand, so let’s break this down step-by-step.


	
First, we define the variable with a value of 1.



	
The while loop then tests the expression. (In this case, is the defined i less than 10?)



	
It determines this is true because i currently equals 1, as we defined.



	
Since the expression is true, the statements run.



	
The value of i is printed and then increased by one.



	
The loop reaches the end and restarts, and it will continue to run until the expression tests as false (which means i is equal to or greater than 10).





Eine etwas fortgeschrittenere While-Schleife

In this while loop, we’re going to be counting by 2 up to a total of 10. Here we’re introducing arithmetic operators to our while loop.

/*

Arduino while loop version 
2

We are going to be testing a slightly more complicated while loop. This will still increase to 10 but by counting by 2s each time.

*/

void setup () {

int sum = 0; // defining our integer as sum with a value of 0

Serial.begin(9600) ; // getting the serial monitor prepared

// next, we want to tell the loop to increase our integer by two up to a value of 10

while (sum < 10) {

sum = sum + 2 ;

Serial.print (“sum = ”) ; // telling the serial monitor what we want the static output to be

Serial.println (sum) ; // telling the serial monitor to print the current value for our integer

delay (500) ; // giving the program time to run the loop properly

}

}

void loop() {

}

The used arithmetic operator tells the compiler you want to increase your integer (sum) by two (2) each time the loop runs until the sum is no longer less than ten (10). Once again, even though the fourth loop is the last time sum will be less than ten (10), the loop will run one more time to output “sum = 10” since the increments are done after the check for the value of the integer is done.

Eine grundlegende "Do While"-Schleife

Like the if … else statement, the do while loop consists of two separate parts: the do
 and the while
. As stated earlier, this loop will always run once even if the statement is FALSE.

Using our previous sum-based while loop, let’s see how we’d represent this as a do while loop.

/*

Arduino do while loop version 1

We are going to be testing a do while loop. This will still increase to 10 but by counting by 2s each time.

*
/

void setup () {

int sum = 0; // defining our integer as sum with a value of 0

Serial.begin(9600) ; // getting the serial monitor prepared

// next, we want to tell the loop to increase our integer by two up to a value of 10

do {

sum = sum + 2 ; // increase by 2

Serial.print (“sum = ”) ; // telling the serial monitor what we want the static output to be

Serial.println (sum) ; // telling the serial monitor to print the current value for our integer

delay (500) ; // giving the program time to run the loop properly

} while (sum < 10)

}

void loop() {

}

This type of loop will actually produce a different type of result. Because a do while loop runs at least once even if the statement 
is FALSE, the final output on this loop would be twelve (12), as the check for expression doesn’t happen until after the increase.

Even if our original integer had a value of over ten (10), the do while loop would increase by one since the check doesn’t happen until later. This is different from the basic while loop since that check would see that the integer is equal to ten (10) and would stop.


Kapitel 17: Eine tiefergehende Betrachtung der Funktionen

Two functions in Arduino programming are standard — the setup() and loop() functions. All other functions in Arduino programming are user-defined functions, and it is up to you to define them. In each of our previous sketches, we’ve defined functions (i, sum, my_string, etc.) based on what we needed them to do.

It is a good idea to standardize your user-defined functions. Because the Arduino community is so robust and all about sharing information, any projects you share with others should be easy to understand. Having functions that have illogical names or wildly varying names is fine but not exactly user-friendly.

A lot of Arduino programmers like using myX or just a standard X (with X being whatever the function will be doing, such as mySum or sum), as you can understand what that function is for at a glance.

Functions will need to be called up multiple times in a sketch, generally, so it is best to use shorter or cleaner functions. You are absolutely within your rights to have a function with a defined name of “myTotalZeroFunctionToBeIncreased_bySum,” but there’s not 
really a reason for that when mySum. Additionally, the longer a function’s name is, the more chances you have to misspell it, causing compile errors. Any alphanumeric character (so anything between a to z, A to Z, or 0 to 9) can be used in your function name, as well as the underscore key (_).

Additionally, functions need to be a single word to be used in Arduino programming. As such, you either need to use mixed-case capital letters to help the human eye see what the multiple-word function is, or you need to use the underscore key (_). Which you use, if either, is completely up to you, and as I showed in my “what not to do” example above, you can use a mixture of them if you like. The compiler doesn’t care. It just sees that as a single function to be called back to. However, if you want to share your code with others, a little common courtesy might be nice!

The last rule of functions is that they can’t be the same as an Arduino programming keyword or existing function. This is why you use myString instead of just String since String() exists already in Arduino programming.


Kapitel 18: Eine tiefergehende Betrachtung von Switch and Break

The switch statement is the culmination of everything we’ve learned so far. It is similar to using multiple else … if statements and can be used with break to stop the statement. This is another statement that is useful for making things more readable, but it also has a lot more flexibility.

Eine grundlegende Switch-Anweisung

To test out the switch statement, we’re going to return to our “if statement” example.

/*

Arduino LED Blink with switch statement

We are going to be manipulating an LED (either on the board or an external LED) when we input a specific character into the serial monitor. In this particular instance, we will be defining what should happen with three specific character inputs.

*/

void setup() 
{

Serial.begin (9600) ; // this involves the serial monitor

pinMode (13, OUTPUT) ;

}

char rx_byte = 0; // defining our variable

void loop() {

if (Serial.available() > 0) { // here we’re looking for a character

rx_byte = Serial.read() ; // storing the character to the serial monitor

// in our first switch, we are going to tell the microcontroller that if we enter a one (1) in the serial monitor, we want the LED to turn on

switch (rx_byte) {

case ‘1’:

digitalWrite (13, HIGH) ;

Serial.println (“LED is ON”) ;

break ;

// in our second switch, we are going to tell the microcontroller that if we enter a two (2) in the serial monitor, we want the LED to turn of
f

case ‘2’:

digitalWrite (13, LOW) ;

Serial.println (“LED is OFF”) ;

break ;

// in our last switch, we are going to create a menu for these options.

case ‘3’:

Serial.println (“-------- Menu --------”) ;

Serial.println (“1. Turn of the LED.”) ;

Serial.println (“2. Turn off the LED.”) ;

Serial.println (“3. Access menu.”) ;

Serial.println (“-----------------------”) ;

break ;

default:

Serial.println (“Invalid option”);

break;

}

}

}

When this sketch runs, the microcontroller will check for the character one (1), two (2), or three (3). If any other characters are entered into the serial monitor, the default Serial.println makes it so that they (that is, any character that isn’t 1, 2, or 3) will return an “Invalid option.”

If 1 is entered, the LED will turn on, and if 2 is entered, the LED will be turned off. In either instance, a message will be returned that says it’s ON or OFF as applicable. If 3 is entered into the serial monitor, the menu will refresh.

Was ein Break für die Switch-Funktion bedeutet

Using a break statement tells the loop to stop there. The sketch isn’t going to go through each option like in an if or if … else statement. This break statement can be used in other statements as well, as we talked about previously.


Kapitel 19: Mit API-Bibliotheken arbeiten

The application programming interface (API) libraries are an important function in Arduino programming. They allow you to access functions, protocols, and data structures otherwise unavailable. API libraries do take up a lot of space in your sketch, so please be certain you are only loading libraries that you need.

API-Bibliotheken installieren

To load an API library into your sketch, you will want to use the Sketch menu in the Arduino IDE. Once there, you will see an option called “Include Library.” From here, you can select “Manage Libraries” to see the list of all libraries you have access to.

You can search for a specific API library by type, topic, or by searching for the name in the bar provided. Once you find the library you want to use, click Install. Once you’re done, just close the Library Manager.

An alternative way of installing an API library is to have a .zip file. You can click on the “Add .ZIP Library” in the “Include Library” menu
.

You are able to install API libraries manually using Windows Explorer or Mac’s Finder, but this is a complicated way of avoiding the easier way through the Arduino IDE. I suggest you just use their simple installer.

Once you install an API library, there might be a sample sketch waiting for you under the Examples portion of the File menu.

Arten der verfügbaren API-Bibliotheken

There are hundreds of API libraries available, and they each do different things. I’ll tackle a short list of them here, but be aware that there are many, many others out there.

Standard-API-Bibliotheken

These are your basic API libraries, and they include the following:

●    
 EEPROM: This allows you to read and write to storage.

●    
 Ethernet: This allows you to connect your Arduino Ethernet Shield, Shield 2, or Arduino Leonardo ETH (or non-official alternatives) to the internet.

●    
 Firmata: This allows you to communicate with applications using a standard serial protocol.

●    

 SD: This allows you to read and write to SD cards.

●    
 TFT: This allows you to draw text, images, and shapes on the Arduino TFT screen.

●    
 WiFi: This allows you to connect to the internet using the Arduino WiFi shield.

Andere offizielle API-Bibliotheken

Instead of just listing a hundred API libraries, here are ones of note you might need to reference often (please be aware, some of these libraries are only available for certain boards — I’ve noted their requirements in the second sentence):

●    
 CurieBLE: This allows you to interact with smartphones and tablets using Bluetooth Low Energy (BLE). It is found under 101 Only Libraries.

●    
 CurieTime: This allows you to control and use the internal real-time clock (RTC). It is found under 101 Only Libraries.

●    
 Audio: This allows you to play audio files from an SD card. It is found under Due Only Libraries.

●    
 USBHost: This allows you to communicate with USB peripherals, like mice and keyboards. It is found under Due, Zero, and MKR1000 Libraries.

●    
 Arduino Modbus: This allows you to communicate with Modbus Protocol, clients, and servers. It is found under 
MKR 1000, MKR WiFi 1010, MKR GSM 1400, MKR NB 1500, MKR RS485 Shield, Uno WiFi Rev.2, Ethernet Shield only Library.

●    
 RTC: This allows you to use the RTC to schedule events. It is found under the Zero and SAMD21 based MKR Boards Libraries.

●    
 Robot: This allows you to program your own Arduino Robot. It is found under the Arduino Robot Library.

●    
 Keyboard: This allows you to send keystrokes to an attached computer. It is found under the USB Libraries (Leonardo, Micro, Due, Zero, and Esplora).

●    
 Mouse: This allows you to control the mouse cursor on an attached computer. It is found under the USB Libraries (Leonardo, Micro, Due, Zero, and Esplora).

Beigetragene API-Bibliotheken

API Libraries are submitted by users and companies all the time. This list includes some contributed API Libraries of note:

●    
 Messenger: This allows you to process text-based messages from a computer.

●     
XBee: This allows for API mode communication with XBees.

●    
 PS2Keyboard: This allows you to read characters from a PS2 keyboard.

●    

 Matrix: This allows you to access and manipulate basic LED display libraries.

●    
 Simple message system: This allows you to send messages between the Arduino and the computer.

●    
 LedControl: This allows you to access the LED matrices or seven-segment displays with a MAX7721 or MAX7219.

●    
 Sprite: This allows you to have basic image sprite manipulation for use in animations with an LED matrix.

●    
 Tone: This allows you to generate audio in the background on a microcontroller pin.

●    
 DateTime: This allows you to keep track of the current date and time.

●     
PString: This allows you to print to buffers.

●     
Streaming: This allows you to print statements simply.

As I mentioned before, there are tons of other libraries, especially available through community sites. Take caution when downloading ZIP files from sites you are unfamiliar with, however. We do not encourage this as you can accidentally download a virus or worse.

Ihre eigene API-Bibliothek schreiben

While slightly outside the scope of what a beginner needs to know, you can write your own API libraries. You can even 
submit them to Arduino to have them included in the recommended or searchable API libraries.

API libraries use the API style guideline (available through the Arduino website at https://www.arduino.cc/en/Reference/APIStyleGuide
) to make sure that all API Libraries have uniform structure and contents.

If you are interested in writing and uploading your own API library, I suggest following the tutorial on the Hacking section of the Arduino website (which can be found at https://www.arduino.cc/en/Hacking/LibraryTutorial
). This step-by-step guide is just a bit outside the scope of what I hoped to teach you in this book, but it is still an excellent resource for those interested. That website has a Morse code API library for you to follow along with and then includes information on how to share and/or submit your API library.


Kapitel 20: Wo finde ich mehr Informationen

Our time together is almost done, and it would be silly of me not to share places where you should look to next for more information.

Die offizielle Arduino-Seite

The official Arduino website (https://www.arduino.cc
) is a fantastic resource. They not only have the official Arduino shop, where you can purchase official boards, shields, accessories, and more, but they also have tutorials, a project archive, and a helpful community forum. They even have a GitHub, and you can find the link for that on their community page.

I highly recommend checking out the Playground and the Arduino Project Hub, both of which have amazing tutorials and projects shared by other users.

If you are a teacher or know a STEAM teacher who is looking to expand into Arduino, check out Arduino Education, where they have classroom kits available at all levels
.

Instructables

There is an amazing archive of DIY projects that has a very healthy amount of Arduino-specific projects available. You can find them specifically at www.instructables.com/id/Arduino-Projects/
. There are some really interesting projects out there, and this is a great place to find them.

Instructables-featured classes include a great introduction to Arduino (called Arduino Class), Garduino-automated gardening systems, fire-breathing pumpkins, and more. There’s even a class on Ardu-Pong, a project I mentioned much earlier in this book!

LifeHacker

Like Instructables, LifeHacker has a section for Arduino-based projects. This can be found at www.lifehacker.com/tag/Arduino
. Some of these projects are pretty standard, such as a New Year’s Eve countdown clock, but some are frighteningly unique, such as the ability to put a DIY Alexa into a Teddy Ruxpin. While this sounds like a great project to scare a younger sibling, perhaps we shouldn’t give the already creepy talking teddy bear intelligence, please and thank 
you.

Makershed

The official store of MAKE:
 magazine, Makershed posts schematics for Arduino projects. They also sell components. The combination makes this site a necessity for anyone looking to dive into some really interesting projects. There are PDFs angled towards beginners, and then some that are angled towards more advanced-level projects, such as making a mind-controlled Arduino robot. They can be found at http://www.makershed.com/collections/arduino
.

Hackster

Another project archive database, Hackster’s projects tend to be a little past beginner level but are great to show you what you can achieve with practice. Try not to just copy and paste someone else’s code to get a cool project! Hacker boasts a whopping 4,901 (at the time of writing) projects, an archive that grows quite frequently! These projects include joystick controllers, face-tracking cameras, and automatic transfer 
switches (ATS) with web servers. You can find Hackster’s Arduino-specific projects at www.hackster.io/arduino/projects
.

Sparkfun

Getting away from project databases, Sparkfun is a well-known and community-trusted seller of Arduino alternatives. They also have a blog and learning archive that both have interesting Arduino-based topics. These topics usually include YouTube videos where they show you how things work. I’m also really fond of their videos on their board products, which can really help you figure out what features you want or need. You can find Sparkfun at www.sparkfun.com
.

Reddit

The Reddit community for Arduino programming is very active, and you can find a lot of information there. They are predominantly about troubleshooting issues users have run into or sharing cool projects they’ve found. www.reddit.com/r/arduino
 is where you can find them
.

StackExchange

While usually for folks above the beginner level, the Arduino StackExchange forum is a great place to find answers to some obscure things. When you’ve tried everything, including googling your project, give their forums a try. You can find them at www.arduino.stackexchange.com
.

YouTube

YouTube is an excellent resource for finding information on Arduino programming. You can see live instructions and sometimes get step-by-step guides for how to complete a project. There is, unfortunately, no direct link I can give you to specific things, as the nature of YouTube is that you just search for what you need. I highly suggest using a search like “Arduino programming beginner” or “Using an Arduino Uno” to kick-start your search, but feel free to look for specific topics you might be struggling with. A lot of times, channels will link to a blog post or website where they have more in-depth tutorials available.

Some channels I can recommend you check out are Ralph S Bacon, Mert Arduino, and Arduino Project Genius. These 
channels are great for beginners, and the instructions are easy to follow.

Andere Orte

There are a ton of e-books, physical books, websites, forums, and social media groups that form the Arduino community. Please be sure to check them out as you move through the hobby, and keep your eyes open for friends and family that might be interested in Arduino programming. It is a very easy thing to learn, and it is always more fun to interact with people, you know!

As a side note, check out hobby shops or electronics stores in your area. You might be surprised how many of them have Arduino or electronics-focused groups that meet there and work on projects together.


Abschließende Worte

Arduino programming is a vast and wonderful topic that we’ve only just barely begun to scratch the surface on. But in this book, we reviewed what Arduino programming actually is, what advantages it can have as a hobby, different terms you need to be familiar with, and how to choose an Arduino board. We also touched on how to connect your selected Arduino board to a computer, how to use C language to understand Arduino programming, and how to create a sketch and then edit that sketch to get a different result. Lastly, we reviewed how to troubleshoot common issues, and then we took an in-depth look at a lot of different baseline functions of Arduino programming that can be tough to understand.

There’s been a lot of information to go over, but I hope I’ve shown that Arduino programming can be very easy to grasp the basics of and that you feel like you are on your way to becoming a hobbyist.

If you’re lost or if you feel like there is a topic I didn’t cover completely, I highly implore you to check out the sites listed in the previous chapter; a lot of them have learning tools that do a much deeper dive into the topics, and some of them even have YouTube videos available to show how the code works live
.

Ultimately, Arduino programming is a really great hobby to take up, as the possibilities are endless. There are many projects out there to inspire you, or you can follow along with them step-by-step if you find the right one. Arduino programming is also a low-cost hobby (at least at the entry level!) and has such a robust and wonderful community available to help you learn and grow as an Arduino programmer.

Arduino programming is also a great stepping stone to other types of programming. From here, you should be able to apply your knowledge to other programming languages like C, C++, and even C#, as well as Java. Many of the concepts we reviewed in this book can be used in these languages.

I really hope you’ve enjoyed this book, and thank you for reading it! Please be sure to leave a review on Amazon and share it with friends!
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