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What They’re Saying

…about Getting Started with Raspberry Pi, 4th Edition

“An exceptional introduction to the Raspberry Pi, accessible to a beginner and with in-depth references for experienced makers.” —Tim Wright, Aerospace Engineer

“I’m a kid from New York City. I thought the book was really helpful with the command line. I wanted to do some stuff with a project, but I was quite intimidated. Now that I read this book, I can set off!” —Kenji D., age 11.
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6/Basic Input and Output

While the Raspberry Pi is, in essence, a very inexpensive Linux computer, there are a few things that distinguish it from laptop and desktop machines that we usually use for writing email, browsing the Web, or word processing. One of the main differences is that the Raspberry Pi can be directly used in electronics projects, because it has general-purpose input/output pins right on the board, shown in Figure 6-1.

[image: Images]
Figure 6-1. Raspberry Pi’s GPIO pins



These GPIO pins can be accessed for controlling hardware such as LEDs, motors, and relays, which are all examples of outputs. As for inputs, your Raspberry Pi can read the status of buttons, switches, and dials, or it can read sensors for things like temperature, light, motion, or proximity (among many others).


[image: Images]
With the introduction of Raspberry Pi 1 Model B+, the number of GPIO pins increased from 26 to 40. If you have one of the first Pis, you can still carry out the examples in this chapter as they’ll use only the first 26 pins on the GPIO header.


The best part of having a computer with GPIO pins is that you can create programs to read the inputs and control the outputs based on many different conditions, as easily as you’d program your desktop computer. Unlike a typical microcontroller board, which also has programmable GPIO pins, the Raspberry Pi has a few extra inputs and outputs, such as your keyboard, mouse, and monitor, as well as the Ethernet port, which can act as both an input and an output. If you have experience creating electronics projects with microcontroller boards like the Arduino, you have a few more inputs and outputs at your disposal with the Raspberry Pi. Best of all, they’re built right in; there’s no need to wire up any extra circuitry to use them.

Having a keyboard, mouse, and monitor is not the only advantage that Raspberry Pi has over typical microcontroller boards. There are a few other key features that will help you in your electronics projects:


Filesystem

Being able to read and write data in the Linux filesystem will make many projects much easier. For instance, you can connect a temperature sensor to the Raspberry Pi and have it take a reading once a second. Each reading can be appended to the end of a log file, which can be easily downloaded and parsed in a graphing program. It can even be graphed right on the Raspberry Pi itself!



Linux tools

Packaged in the Raspberry Pi’s Linux distribution is a set of core command-line utilities, which let you work with files, control processes, and automate many different tasks. These powerful tools are at your disposal for all of your projects. And because there is an enormous community of Linux users that depend on these core utilities, getting help is usually one web search away. For general Linux help, you can usually find answers at Stack Overflow (stackoverflow.com). If you have a question specific to Raspberry Pi, try the Raspberry Pi Forum (www.raspberrypi.org/phpBB3) or the Raspberry Pi section of Stack Overflow (raspberrypi.stackexchange.com).



Languages

There are many programming languages out there, and embedded Linux systems like the Raspberry Pi give you the flexibility to choose whichever language you’re most comfortable with. The examples in this book use shell scripting and Python, but they could easily be translated to languages like C, Java, or Perl.


[image: Images]
One of the drawbacks to the Raspberry Pi is that there’s no way to directly connect analog sensors, such as light and temperature sensors. Doing so requires a chip called an analog-to-digital converter or ADC. See Chapter 8 for how to read analog sensors using an ADC.




Using Inputs and Outputs

There are a few supplies that you’ll need in addition to the Raspberry Pi itself to try out these basic input and output tutorials. Many of these parts you’ll be able to find in hobby electronics component stores, or they can be ordered online from stores like Maker Shed, SparkFun, Adafruit, Mouser, or Digi-Key. Here are a few of the basic parts:


	•Solderless breadboard

	•LEDs, assorted

	•Male-to-male jumper wires

	•Female-to-male jumper wires (these are not as common as their male-to-male counterparts but are needed to connect the Raspberry Pi’s GPIO pins to the breadboard)

	•Push button switch

	•Resistors, assorted



To make it easier to connect breadboarded components to the Raspberry Pi’s pins, we also recommend Adafruit’s Pi Cobbler Plus (adafruit.com/product/2029), which connects all the GPIO pins to a breadboard with a single ribbon cable. This eliminates the need to use female-to-male jumper wires.

In Figure 6-2, we’ve labeled each pin according to its default GPIO signal number, which is how you’ll refer to a particular pin in the commands you execute and in the code that you write. The unlabeled pins are assigned to other functions by default.

[image: Images]
Figure 6-2. The default GPIO pins on the Raspberry Pi. Some of the pins left blank could also be used as GPIO, but they have other possible functions. Unless you need more GPIO pins than are listed here, steer clear of them for now.



There’s a handy website created by Phil Howard called Raspberry Pinout (pinout.xyz) which we recommend you bookmark. It’ll show you the Raspberry Pi’s GPIO pins and has tons of reference information about how they can be used.

There are also great products such as RasPiO Portsplus port ID board (rasp.io), shown in Figure 6-3. It’s a small board that fits over the GPIO pins for the sole purpose of making the pins easy to identify.
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Figure 6-3. The RasPiO Portsplus port ID board





Digital Output: Lighting Up an LED

The easiest way to use outputs with the GPIO pins is by connecting a light emitting diode, or LED. You can then use the Linux command line to turn the LED on and off. Once you have an understanding of how these commands work, you’re one step closer to having an LED light up to indicate when you have new email, when you need to take an umbrella with you as you leave your house, or when it’s time to go to bed. It’s also very easy to go beyond a basic LED and use a relay to control a lamp on a set schedule, for instance.



Beginner’s Guide to Breadboarding

If you’ve never used a breadboard (Figure 6-4) before, it’s important to know which terminals are connected. In the diagram, we’ve shaded the terminal connections on a typical breadboard. Note that the power buses on the left side are not connected to the power buses on the right side of the breadboard. You’ll have to use male-to-male jumper cables to connect them to each other if you need ground and voltage on both sides of the breadboard.

[image: Images]
Figure 6-4. Breadboard



Here are the instructions you should follow:

1. Using a male-to-female jumper wire, connect pin 25 on the Raspberry Pi to the breadboard. Refer to Figure 6-2 for the location of each pin on the Raspberry Pi’s GPIO header.

2. Using another jumper wire, connect one of the Raspberry Pi’s ground pins to the negative power bus on the breadboard.

3. Now you’re ready to connect the LED (see Figure 6-5). Before you do that, it’s important to know that LEDs are polarized: it matters which of the LED’s wires is connected to what. Of the two leads coming off the LED, the longer one is the anode (or “plus”) and should be connected to a GPIO pin. The shorter lead is the cathode (or “minus”) and should be connected to ground. Another way to tell the difference is by looking from the top. The flat side of the LED indicates the cathode, the side that should be connected to ground. Insert the anode side of the LED into the breadboard in the same channel as the jumper wire from pin 25, which will connect pin 25 to the LED. Insert the cathode side of the LED into the ground powerbus.

[image: Images]
Figure 6-5. Connecting an LED to the Raspberry Pi




[image: Images]
An easy way to remember the polarity of an LED is that the “plus” lead has had length added to it, while the “minus” lead has had length subtracted from it.


4. With your keyboard, mouse, and monitor hooked up, power on your Raspberry Pi and log in. If you’re at a command line, you’re ready to go. If you’re in the X Window environment, double-click the LXTerminal icon on your taskbar. This will bring up a terminal window.

5. To access the input and output pins from the command line, you’ll need to run the commands as root, the super user account on the Raspberry Pi. To start running commands as root, type sudo su at the command line and press Enter:

     pi@raspberrypi: ~ $ sudo su
     root@raspberrypi:/home/pi#

You’ll notice that the command prompt has changed from $ to #, indicating that you’re now running commands as root.


[image: Images]
The root account has administrative access to all the functions and files on the system and there is very little protecting you from damaging the operating system if you type a command that can harm it. You must exercise caution when running commands as root. If you do mess something up, don’t worry about it too much; you can always reimage the SD card with a clean Linux install; however, you’ll lose any customization you made to the operating system, as well as any programs or sketches you wrote.

When you’re done working within the root account, type exit to return to working within the pi useraccount.


6. Before you can use the command line to turn the LED on pin 25 on and off, you need to export the pin to the userspace (in other words, make the pin available for use outside of the confines of the Linux kernel), this way:

      root@raspberrypi:/home/pi# echo 25 > /sys/class/gpio/export

The echo command writes the number of the pin you want to use (25) to the export file, which is located in the folder /sys/class/gpio. When you write pin numbers to this special file, it creates a new directory in /sys/class/gpio that has the control files for the pin. In this case, it created a new directory called /sys/class/gpio/gpio25.

7. Change to that directory with the cd command and list the contents of it with Is:

    root@raspberrypi:/home/pi#cd/sys/class/gpio/gpio25
    root@raspberrypi:/sys/class/gpio/gpio25# ls
    active_low direction edge power subsystem uevent value

The command cd stands for “change directory.” It changes the working directory so that you don’t have to type the full path for every file. ls will list the files and folders within that directory. There are two files that you’re going to work within this directory: direction and value.

8. The direction file is how you’ll set this pin to be an input (like a button) or an output (like an LED). Because you have an LED connected to pin 25 and you want to control it, you’re going to set this pin as an output:

      root@raspberrypi:/sys/class/gpio/gpio25# echo out > direction

9. To turn the LED on, you’ll use the echo command again to write the number 1 to the value file:

      root@raspberrypi:/sys/class/gpio/gpio25# echo 1 > value

10. After pressing Enter, the LED will turn on! Turning it off is as simple as using echo to write a zero to the value file:

      root@raspberrypi:/sys/class/gpio/gpio25# echo 0 > value


Virtual Files

The files that you’re working with aren’t actually files on the Raspberry Pi’s SD card, but rather are a part of Linux’s virtual filesystem, which is a system that makes it easier to access low-level functions of the board more simply. For example, you could turn the LED on and off by writing to a particular sectionof the Raspberry Pi’s memory, but doing so would require more coding and more caution.


So if writing to a file is how you control components that are outputs, how do you check the status of components that are inputs? If you guessed “reading a file,” then you’re absolutely right. Let’s try that now.



Digital Input: Reading a Button

Simple push button switches like the one in Figure 6-6 are great for controlling basic digital input. Best of all, they’re made to fit perfectly into a breadboard.

[image: Images]
Figure 6-6. Button
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These small buttons are very commonly used in electronics projects and understanding what’s going on inside of them will help you as you prototype your project. When looking at the button as it sits on the breadboard (see Figure 6-6), the top two terminals are always connected to each other. The same is true for the bottom two terminals; they’re always connected. When you push down on the button, these two sets of terminals are connected.


When you read a digital input on a Raspberry Pi, you’re checking to see if the pin is connected to either 3.3V or to ground. It’s important to remember that it must be either one or the other, and if you try to read a pin that’s not connected to either 3.3V or ground, you’ll get unexpected results. Once you understand how digital input with a push button works, you can start using components like magnetic security switches, arcade joysticks, or even vending machine coin slots. Start by wiring up a switch to read its state:

1. Insert the push button into the breadboard so that its leads straddle the middle channel.

2. Using a jumper wire, connect pin 24 from the Raspberry Pi to one of the top terminals of the button.

3. Connect the 3V3 pin from the Raspberry Pi to the positive powerbus on the breadboard.


[image: Images]
Be sure that you connect the button to the 3V3 pin and not the 5V pin. Using more than 3.3V on an input pin will permanently damage your Raspberry Pi.


4. Connect one of the bottom terminals of the button to the power bus. Now when you push down on the button, the 3.3V will be connected to pin 24.

5. Remember what we said about how a digital input must be connected to either 3.3V or ground? When you let go of the button, pin 24 isn’t connected to either of those and is therefore floating. This condition will cause unexpected results, so let’s fix that. Use a 10K resistor (labeled with the colored bands: brown, black, orange, and then silver or gold) to connect the input side of the switch to the ground rail, which you connected to the Raspberry Pi’s ground in the output example. When the switch is not pressed, the pin will be connected to ground. Electricity always follows the path of least resistance toward ground, so when you press the switch, the 3.3V will go toward the Raspberry Pi’s input pin, which has less resistance than the 10K resistor. When everything’s hooked up, it should look like Figure 6-7.

[image: Images]
Figure 6-7. Connecting a button to the Raspberry Pi



6. Now that the circuit is built, let’s read the value of the pin from the command line. If you’re not already running commands as root, type sudo su.

7. As with the previous example, you need to export the input pin to userspace:

      # echo 24 > /sys/class/gpio/export

8. Let’s change to the directory that was created during the export operation:

      # cd /sys/class/gpio/gpio24

9. Now set the direction of the pin to input:

      # echo in > direction

10. To read the value of the pin, you’ll use the cat command, which will print the contents of files to the terminal. The command cat gets its name because it can also be used to concatenate, or join, files. It can also display the contents of a file for you:

      # cat value
      0

11. The zero indicates that the pin is connected to ground. Now press and hold the button while you execute the command again:

      # cat value
      1

12. If you see the number 1, you’ll know you’ve got it right!


[image: Images]
To easily execute a command that you’ve previously executed, hit the up arrow key until you see the command that you want to run and then hit Enter.


Now that you can use the Linux command line to control an LED or read the status of a button, let’s use a few of Linux’s built-in tools to create a very simple project that uses digital input and output.



Project: Cron Lamp Timer

Let’s say you’re leaving for a long vacation early tomorrow morning and you want to ward off would-be burglars from your home. A lamp timer is a good deterrent, but hardware stores are closed for the night and you won’t have time to get one before your flight in the morning. However, because you’re a Raspberry Pi hobbyist, you have a few supplies lying around, namely:


	•Raspberry Pi board

	•Breadboard

	•Jumper wires, female-to-male

	•PowerSwitch Tail II relay

	•Hookup wire



With these supplies, you can make your own programmable lamp timer using two powerful Linux tools: shell scripts and cron.



Scripting Commands

A shell script is a file that contains a series of commands (just like the ones you’ve been using to control and read the pins). Take a look at the following shell script and the explanation of the key lines:

    #!/bin/bash   [image: Images]
    echo Exporting pin $1.   [image: Images]
    echo $1 > /sys/class/gpio/export
    echo Setting direction of $1 to out.   [image: Images]
    echo out > /sys/class/gpio/gpio$1/direction   [image: Images]
    echo Setting pin $1 high.
    echo 1 > /sys/class/gpio/gpio$1/value


	[image: Images]This line is required for all shell scripts.

	[image: Images]$1 refers to the first command-line argument.

	[image: Images]Instead of exporting a specific pin number, the script uses the first command-line argument.

	[image: Images]Notice that the first command-line argument replaces the pin number here as well.



Save that as a text file called on.sh and make it executable with the chmod command:

    root@raspberrypi:/home/pi # chmod +x on.sh


[image: Images]
You still need to be executing these commands as root. Type sudo su if you’re getting errors like “Permission denied.”


A command-line argument is a way of passing information into a program or script by typing it in after the name of the command. When you’re writing a shell script, $1 refers to the first command-line argument, $2 refers to the second, and so on. In the case of on.sh, you’ll type in the pin number that you want to export and turn on. Instead of hard coding pin 25 into the shell script, it’s more universal by referring to the pin that was typed in at the command line. To export pin 25 and turn it on, you can now type:

    root@raspberrypi:/home/pi/# ./on.sh 25   [image: Images]
    Exporting pin 25.
    Setting direction of 25 to out.
    Setting pin 25 high.


	[image: Images]The ./ before the filename indicates that you’re executing the script in the directory you’re in.



If you still have the LED connected to pin 25 from earlier in the chapter, it should turn on. Let’s make another shell script called off.sh, which will turn the LED off. It will look like this:

    #!/bin/bash
    echo Setting pin $1 low.
    echo 0 >/sys/class/gpio/gpio$1/value
    echo Unexporting pin $1
    echo $1 > /sys/class/gpio/unexport

Now let’s make it executable and run the script:

    root@raspberrypi:/home/pi/temp# chmod +x off.sh
    root@raspberrypi:/home/pi/temp# ./off.sh25
    Settingpin25low.
    Unexportingpin25

If everything worked, the LED should have turned off.



Connecting a Lamp

Of course, a tiny little LED isn’t going to give off enough light to fool burglars into thinking that you’re home, so let’s hook up a lamp to the Raspberry Pi:

1. Remove the LED connected to pin 25.

2. Connect two strands of hookup wire to the breadboard, one that connects to pin 25 of the Raspberry Pi and the other to the ground bus.

3. The strand of wire that connects to pin 25 should be connected to the “+in” terminal of the PowerSwitch Tail.

4. The strand of wire that connects to ground should be connected to the “-in” terminal of the PowerSwitch Tail. Compare your circuit to Figure 6-8.

[image: Images]
Figure 6-8. Connecting a PowerSwitch Tail II to the Raspberry Pi



5. Plug the PowerSwitch Tail into the wall and plug a lamp into the PowerSwitch Tail. Be sure the lamp’s switch is in the on position.

6. Now when you execute ./on.sh 25, the lamp should turn on. If you execute ./off.sh 25, the lamp should turn off!


[image: Images]
Inside the PowerSwitch Tail, there are a few electronic components that help you control high-voltage devices like a lamp or blender by using a low-voltage signal such as the one from the Raspberry Pi. The “click” you hear from the PowerSwitch Tail when it’s turned on or off is the relay, the core component of the circuit inside. A relay acts like a switch for the high-voltage device that can be turned on or off depending on whether the low-voltage control signal from the Raspberry Pi is on or off.




Scheduling Commands with cron

So now you’ve packaged up a few different commands into two-simple commands that can turn a pin on or off. And with the lamp connected to the Raspberry Pi through the PowerSwitch Tail, you can turn the lamp on or off with a single command. Now you can use cron to schedule the light to turn on and off at different times of the day. cron is Linux’s job scheduler. With it, you can set commands to execute on specific times and dates, or you can have jobs run on a particular period (for example, once an hour). You’re going to schedule two jobs: one of them will turn the light on at 8:00 p.m., and the other will turn the light off at 2:00 a.m.


[image: Images]
As with other time-dependent programs, you’ll want to make sure you’ve got the correct date and time set up on your Raspberry Pi, as described in “Setting the Date and Time” on page 47.


To add these jobs, you’ll have to edit the cron table (a list of commands that Linux executes at specified times):

    root@raspberrypi:/home/pi/# crontab -e

This will launch a text editor to change root’s cron table (to change to the root user, type sudo su). At the top of the file, you’ll see some information about how to modify the cron table. Use your arrow keys to get to the bottom of the file and add these two entries at the end of the file:

    0 20 * * * /home/pi/on.sh 25
    0 2 * * * /home/pi/off.sh 25


[image: Images]
cron will ignore any lines that start with the hash mark. If you want to temporarily disable a line without deleting it or add a comment to the file, put a hash mark in front of the line. cron also expects a blank line at the end of the file; if you get unexpected behavior from your cron table, make sure you haven’t filled that blank line with text/commands and not replaced it.


Press Ctrl-X to exit, press y to save the file when it prompts you, and hit Enter to accept the default filename. When the file is saved and you’re back at the command line, it should say installing new crontab to indicate that the changes you’ve made are going to be executed by cron.



More About cron

cron will let you schedule jobs for specific dates and times or at intervals. There are five time fields (or six if you want to schedule by year), each separated by a space followed by another space, then the command to execute; asterisks indicate that the job should execute each period (Table 6-1).

Table 6-1. cron entry for turning light on at 8:00 p.m. everyday




	0

	20

	*

	*

	*

	/home/pi/on.sh25




	Minute (:00)

	Hour (8 p.m.)

	Everyday

	Every month

	Every day of the week

	Path to command






Let’s say you only wanted the lamp to turn on every weekday. Table 6-2 shows what the crontab entry would look like.

Table 6-2. cron entry for turning light on at 8:00 p.m. every weekday




	0

	20

	*

	*

	1-5

	/home/pi/on.sh25




	Minute (:00)

	Hour (8 p.m.)

	Everyday

	Every month

	Monday to Friday

	Path to command






As another example, let’s say you have a shell script that checks if you have new mail and emails you if you do. Table 6-3 shows how you’d get that script to run every five minutes.

Table 6-3. cron entry for checking for mail every five minutes




	*/5

	*

	*

	*

	*

	/home/pi/checkMail.sh




	Every five minutes

	Every hour

	Everyday

	Every month

	Every day of the week

	Path to command






The */5 indicates a period of every five minutes.

As you can see, cron is a powerful tool that’s at your disposal for scheduling jobs for specific dates or times and at specific intervals.



Going Further


eLinux’s Raspberry Pi GPIO Reference Page (bit.ly/1vORWl3)

This is the most comprehensive reference guide to the Raspberry Pi’s GPIO pins.



Gordon Henderson’s Command Line GPIO Utility (projects.drogon.net/raspberry-pi/wiringpi/the-gpio-utility)

This command line utility makes it easier to work with GPIO pins from the command line. It’s bundled with all the latest versions of the Raspberry Pi OS. Try running the command gpioreadall to get an overview of all your pins.






4/Python on the Pi

Python is a great first programming language; it’s clear and easy to get up and running. More importantly, there are a lot of other users to share code with and ask questions.

Guido van Rossum released Python in 1991, and very early on recognized its usefulness as a first language for computing. In 1999, van Rossum put together a widely read proposal called “Computer Programming for Everybody” (www.python.org/doc/essays/cp4e) that laid out a vision for an ambitious program to teach programming in elementary and secondary schools using Python. More than two decades later, it’s actually happening, due in part to the incredible popularity and use of the Raspberry Pi in the classroom.

Python is an interpreted language, which means that you can write a program or script and execute it directly, rather than compiling it into machine code. Interpreted languages are a bit quicker to program with, and they give you a few side benefits. For example, in Python you don’t have to explicitly tell the computer whether a variable is a number, a list, or a string; the interpreter figures out the data types when you execute the script.

The Python interpreter can be run in two ways: as an interactive shell to execute individual commands, or as a command-line program to execute standalone scripts. The integrated development environment (IDE) often bundled with Python is called IDLE. The latest version of the Raspberry Pi OS no longer comes with IDLE, but instead with Geany and Thonny. Both of these IDEs are a bit more robust, in my opinion, than IDLE, which is more of a simple command line environment.


The Python Version Conundrum

In your experiments on the Pi, you may discover that there are two versions of Python installed on the Pi. This is common practice (though a bit confusing). As of this writing, Python 3 is the newest version of the language, and the only version in active development—support of Python v2.7 stopped in January of 2021. Unfortunately, changes made to the language between versions 2 and 3 made the latter not backward compatible. Even though Python 3 has been around for years, it has taken awhile for it to be widely adopted, and lots of user-contributed packages have still not been upgraded to Python 3. Things get even more confusing when you search the Python documentation; make sure you’re looking at the right help file for the version you’re working in!

You can explicitly run Python 3 with:

    python3

The examples in this book will work with Python 2.7 or 3.X, unless otherwise noted, but will be written exclusively in Python 3 syntax (using opening and closing parentheses in print statements, for instance.)



Hello, Python

The best way to start learning Python is to jump right in. Although you can use any text editor to start scripting, we’ll begin by using the IDLE 3 application. To run IDLE, click the desktop menu in the lower left, and choose Programming→Python (IDLE 3).

When IDLE opens you’ll see a window with the interactive shell. The triple chevron (>>>) is the interactive prompt; when you see the prompt, it means the interpreter is waiting for your commands. At the prompt, type the following:

    >>> print("SalutonMondo!")

Hit Enter or Return. Python executes the statement you just typed, and you’ll see the result in the shell window. You can use the shell as a kind of calculator to test out statements or calculations. Try this:

    >>> 3+4+5
    12

Think of the statements executed in the interactive shell as a program that you’re running one line at a time. You can even setup variables or import modules:

    >>> import math
    >>> (1 + math.sqrt(5)) / 2
    1.618033988749895

The import command makes all of Python’s math functions available to your program (more about modules in “Objects and Modules” on page 65). To set up a variable, use the assignment operator(=):

    >>> import math
    >>> radius = 20
    >>> radius *2* math.pi
    125.66370614359173

If you want to clear all variables and start in a fresh state, select Shell → Restart Shell from the menu to start over. You can also use the interactive shell to get information about how to use a particular statement, module, or other Python topics with the help() command:

    help (“print”)

To get a listing of all of the topics available, try:

    help (“topics”)
    help (“keywords”)
    help (“modules”)

The Python interpreter is good for testing statements or simple operations, but you will often want to run your Python script as you would a standalone application. To start a new Python program, select File → New Window, and IDLE will give you a script editing window (see Figure 4-1).

[image: Images]
Figure 4-1. The IDLE interactive shell (left) and an editor window (right)



Try typing a line of code and selecting Run→Run Module. You’ll get a warning that “Source Must Be Saved OK To Save?”. Save yourscript in your home directory as SalutonMondo.py and you’ll see it execute in the shell.

Sometimes you may not want to use the IDLE environment. To run a script from the command line, open up the Terminal and type:

    python3 SalutonMondo.py

That’s really all of the basic mechanics you need to know to get up and running with the environment. Next, you’ll need to start learning the language.



A Bit More Python

If you’re coming to Python from the Arduino world, you’re used to writing programs (known as sketches in Arduino, but often called scripts in Python) in a setup/loop format, where setup() is a function run once and loop() is a function that executes over and over. The following example shows how to achieve this in Python. Select New Window from the shell in IDLE 3 and type the following:

[image: Images]
Select Run Module, and give your script a name (such as Count-Evens.py). As it runs, you should see all even integers printed (press Ctrl-C to interrupt the output, because otherwise, it will go on forever).

You could also implement this using a for loop that just counts the first 100 even integers:

    for n in range (0, 100):
       if ((n % 2) == 0):
       print(n)


[image: Images]
In the preceding example, you may not notice that each level of indentation is four spaces, not a tab (but you can press Tab in IDLE, and it will dutifully insert four spaces for you). Indentation has structural meaning in Python, similar to code blocks situated within curly braces in C or Javascript.

This is one of the big stumbling blocks for beginners, especially when copying and pasting code. Still, we feel that the mandatory use of white space makes Python a fairly readable language. See the Style Guide for Python Code (bit.ly/1ne4xO5) for tips on writing readable code.


It is important to watch your white space; Python is a highly structured language where the white space determines the structure. In the next example, everything indented one level below the loop() function is considered part of that function. The end of a loop is determined by where the indentation moves up a level (or end of the file). This differs from languages like C that delimit blocks of code with brackets or other markers.

Use functions to put chunks of code into a code block that can be called from other places in your script. To rewrite the previous example with functions, do the following (when you go to run this sketch, save it as CountEvens.py):

[image: Images]
In this example, the output will be every even number from 102 on. Here’s how it works:


	[image: Images]First, the variable n is defined as a global variable that can be used in any block in the script.

	[image: Images]Here, the setup() function is defined (but not yet executed).

	[image: Images]Similarly, here’s the definition of the loop()f function.

	[image: Images]In the main codeblock, setup() is called once, then loop() is called forever.



The use of the global keyword in the first line of each function is important; it tells the interpreter to use the global variable n rather than create a second (local, or private to that function) n variable usable only in the function.

This tutorial is too short to be a complete Python reference. To really learn the language, you may want to start with Learn Python the Hard Way (learnpythonthehardway.org), Think Python, or the Python Pocket Reference. The rest of this chapter will give you enough context to get up and running and will map out the basic features and modules available in Python.


Command Line Versus IDLE

One thing you will notice is that the output of IDLE is very slow when running example code that prints to the shell. To get an idea of just how slow it is, keep IDLE open, and start a new terminal alongside it. In IDLE, run the CountEvens script using Run Module; it will need the headstart. Then type the following at the terminal’s command line prompt:

    python3 CountEvens.py

You’ll quickly get an idea of the overhead from using the IDE on the fairly limited resources of the Pi. The examples later in the book will all be executed from the command line, but IDLE can still be used as an editor if you like.




Objects and Modules

You’ll need to understand the basic syntax of dealing with objects and modules to get through the examples in this book. Python is a clean language, with just 35 reserved keywords (see Table 4-1). These keywords are the core part of the language that let you structure and control the flow of activity in your script. Pretty much everything that isn’t a keyword can be considered an object. An object is a combination of data and behaviors that has a name. You can change an object’s data, retrieve information from it, and even manipulate other objects.

Table 4-1. Python has just 35 reserved keywords.











	Conditionals

	Loops

	Built-in functions

	Classes, modules, functions

	Error handling




	if

	for

	print

	class

	try




	else

	in

	pass

	def

	def




	elif

	while

	del

	global

	finally




	not

	break

	lambda

	break

	raise




	or

	as

	 

	nonlocal

	assert




	and

	continue

	 

	yield

	with




	is

	 

	 

	import

	 




	True

	 

	 

	return

	 




	False

	 

	 

	from

	 




	None

	 

	 

	 

	 






In Python, strings, lists, functions, modules, and even numbers are objects. A Python object can be thought of as an encapsulated collection of attributes and methods. (For those that are unsure, attributes are also sometimes referred to as variables, and methods are also referred to as functions. In the software world, these terms are often interchangeable, particularly methods and functions.) You get access to these attributes and methods using a simple dot syntax. For example, type this at the interactive shell prompt to set up a string object and call the method that tells it to capitalize itself:

    >>> myString = "quux"
    >>> myString.capitalize()
    'Quux'

Or use reverse() to rearrange a list in reverse order:

    >>> myList = ['a', 'man', 'a', 'plan', 'a', 'canal']
    >>> myList.reverse()
    >>> print(myList)
    ['canal', 'a', 'plan', 'a', 'man', 'a']


[image: Images]
Both string and list are built-in modules of the standard library, which are available from any Python program. In each case, the string and list modules have a defined bunch of functions for dealing with strings and lists, including capitalize() and reverse().


Some of the standard library modules are not built-in, and you need to explicitly tell the Pi you’re going to use them. Do that with the import command. For example, to use the time module from the standard library to gain access to helpful functions for dealing with timing and time stamps, use:

    import time

You may also see import as used to rename the module in your program:

    import time as myTime

Or from import used to load only select functions from a module:

    from time import clock

Here’s a short example of a Python script using the time and date time modules from the standard library to print the current time once every second:

    from datetime import date time
    from time import sleep
    while True:
    now = str(datetime.now())
    print(now)
    sleep(1)

The sleep function stops the execution of the program for one second. One thing you will notice after running this code is that the displayed time will drift a bit from reality.

That’s for two reasons:


	•The code doesn’t take into account the amount of time it takes to calculate the current time.

	•Other processes are sharing the Pi’s CPU, and may take cycles away from your program’s execution. This is an important thing to remember: when programming on the Raspberry Pi, you are not executing in a real-time environment.



If you’re using the sleep() function, you’ll find that it is accurate to within about 5ms on the Pi. However, you can read that to also mean that the sleep() function is accurate to about 5ms, but no more than that. If you need to pause in your program for a shorter length of time than 5ms, you may need to consider using a real-time operating system or a microcontroller for your application, as the Pi is unlikely to be accurate to within those specs.

Next, let’s modify the example to open a text file and periodically log some data to it. In Python, everything is a string when handling text files.

Use the str() function to convert numbers to strings (and int()to change numeric strings back to an integer. This is referred to as casting a variable):

[image: Images]

[image: Images]
In a real data-logging application, you’ll want to make sure you’ve got the correct date and time setup on your Raspberry Pi, as described in “Setting the Date and Time” on page 47.


Here’s another example (ReadFile.py) that reads in a file name as an argument from the command line (run it from the shell with python3 ReadFile.py filename). The program opens the file, reads each line as a string, and prints it. Note that print() acts like println() does in other languages; it adds a new line to the string that is printed. The end argument to print() suppresses the new line:

[image: Images]


Even More Modules

One of the reasons Python is so popular is that there are a great number of user-contributed modules that build on the standard library. The Python Package Index (PyPI) (pypi.org) is the definitive list of packages (or modules) available for the language. Some of the more popular modules that are particularly useful on the Raspberry Pi are shown in Table 4-2. You’ll be using some of these modules later on, especially the GPIO module to access the general inputs and outputs of the Raspberry Pi.

Table 4-2. Some packages of particular interest to Pi users










	Module

	Description

	URL

	Package name




	RPi.GPIO

	Access to GPIO pins

	sourceforge.net/projects/raspberry-gpio-python

	python-rpi.gpio




	GPIOzero

	Simplified access to GPIO pins

	gpiozero.readthedocs.org (https://gpiozero.readthedocs.org)

	python-gpio-zero




	Pygame

	Gaming frame work

	pygame.org

	python-pygame




	OpenCV

	Easy API for Computer Vision

	opencv.org

	opencv-python




	SciPy

	Scientific computing

	www.scipy.org

	python-scipy




	NumPy

	The numerical underpinnings of Scipy

	numpy.scipy.org

	python-numpy




	Flask

	Microframework for web development

	flask.palletsprojects.com

	python-flask




	Feed parser

	Atom and RSS feedparser

	pypi.python.org/pypi/feedparser

	No package




	Requests

	“HTTP for Humans”

	docs.python-requests.org

	python-requests




	PIL

	Image processing

	www.pythonware.com/products/pil

	python-imaging




	wxPython

	GUI framework

	wxpython.org

	python-wxgtk2.8




	pySerial

	Access to the serial port

	github.com/pyserial/pyserial

	python-serial




	PyUSB

	FTDI-USB interface

	bleyer.org/pyusb

	No package






To use one of these modules, you’ll need to download the code, configure the package, and install it. The NumPy module, for example, can be installed as follows:

    sudo apt install python-numpy

If a package has been bundled by its creator using the standard approach to bundling modules (with Python’s distutils tool), all you need to do is download the package, uncompress it, and type:

    python3 setup.py install


Easy Module Installs with Pip

Many modules can be installed with apt. You may also want to look at the Pip package installer (pip.pypa.io), a tool that makes it quite easy to install packages from the PyPI. Install Pip using apt:

    sudo apt install python3-pip

Then you can install most modules using Pip to manage the downloads and dependencies. For example:

    pip3 install flask


In later chapters, you’ll use application-specific modules extensively, but here’s one example that shows how powerful some modules can be. The Feedparser module is a universal parser that lets you grab RSS or Atom feeds and easily access the content. Because most streams of information on the Web have RSS or Atom output, Feedparser is one of several ways to get your Raspberry Pi hooked into the Internet of Things.

First, install the Feedparser module using Pip (see “Easy Module Installs with Pip” above):

    pip3 install --user feedparser

Feedparser gives you the ability to download and parse RSS feeds from within your Python code—hence the name.

To use it, simply give the parse function the URL of an RSS feed. Feedparser will fetch the XML of the feed and parse it, and turn it into a special list data structure called a dictionary. A Python dictionary is a list of key/value pairs, sometimes called a hash or associative array. The parsed feed is a dictionary, and the parsed items in the feed are also a dictionary, as shown in this example, which grabs the current weather in Providence, RI, from weather.gov:

[image: Images]


Launching Other Programs from Python

Python makes it fairly easy to trigger other programs on your Pi with the sys.subprocess module. Try the following:

[image: Images]
This is a simple time-lapse script that will snap a photo from a webcam once a minute for an hour. Cameras are covered in greater detail in Chapter 9, but this program should work with a USB camera connected and the fswebcam program installed; run this command first to install it:

    sudo apt install fswebcam

The subprocess.call function takes a list of strings, concatenates them together (with spaces between), and attempts to execute the program specified. If it is a valid program, the Raspberry Pi will spawn a separate process for it, which will run alongside the Python script. The command in the preceding example is the same as if you typed the following at a terminal prompt:

    fswebcam20220812.jpg

To add more parameters to the program invocation, just add strings to the list in the subprocess.call function:

    subprocess.call(["fswebcam", "-r", "1280x720", filename])

This will send the fswebcam program a parameter to change the resolution of the snapped image.


Running a Python Script Automatically at Startup

Because the Pi can act as a standalone appliance, a common question is how to launch a Python script automatically when the Pi boots up. The answer is to add an entry to the /etc/rc.local file, which is used for exactly this purpose in the Linux world. Just edit the file:

    sudo nano /etc/rc.local

and add a command to execute your script between the commented section and exit0. Something like:

    /usr/bin/python3/home/pi/foo.py&

The ampersand at the end will run the script as a background process, which will allow all the other services of the Pi to continue booting up. Note also that you are using the full path name of the Python executable, which may be necessary if your Pi has several users.




Troubleshooting Errors

Inevitably, you’ll run into trouble with your code, and you’ll need to track down and squash a bug. The IDLE interactive mode can be your friend; the Debug menu provides several tools that will help you understand how your code is actually executing. You also have the option of seeing all your variables and stepping through the execution line by line.

Syntax errors are the easiest to deal with; usually, this is just a typo or a misunderstood aspect of the language. Semantic errors—where the program is well-formed but doesn’t perform as expected—can be harder to figure out. That’s where the debugger can really help unwind a tricky bug. Effective debugging takes years to learn, but here is a quick cheat sheet of things to check when programming the Pi in Python:


	•Use print() to show when the program gets to a particular point.

	•Use print() to show the values of variables as the program executes.

	•Double-check whitespace to make sure blocks are defined the way you think they are.

	•When debugging syntax errors, remember that the actual error may have been introduced well before the interpreter reports it.

	•Double-check all of your global and local variables.

	•Check for matching parentheses.

	•Make sure the order of operations is correct in calculations; insert parentheses if you’re not sure. For example, 3 + 4 * 2 and (3 + 4) * 2 yield different results.



After you’re comfortable and experienced with Python, you may want to look at the code and logging modules for more debugging tools.



Going Further

There is a lot more to Python, and here are some resources that you’ll find useful:


Think Python

by Allen Downey

This is a clear and fairly concise approach to programming (that happens to use Python).



Python Pocket Reference

by Mark Lutz

Because sometimes flipping through a book is better than clicking through a dozen Stack Overflow posts.



Stack Overflow (stackoverflow.com)

That said, Stack Overflow is an excellent source of collective knowledge. It works particularly well if you’re searching for a specific solution or error message; chances are someone else has had the same problem and posted it here.



Learn Python the Hard Way (learnpythonthehardway.org)

by Zed Shaw

A great book and online resource; at the very least, read the introduction “The Hard Way Is Easier.”



Python for Kids

by Jason R. Briggs

Again, more of a general programming book that happens to use Python (and written for younger readers).






B/The Raspberry Pi Pico

In this appendix, we’ll take a look at the Raspberry Pi Pico. The Pico is the newest entry in the Raspberry Pi ecosystem and was released in February 2021. It’s a small microcontroller, similar to an Arduino, that utilizes the RP2040 chip developed by the Raspberry Pi organization. It retails in the United States for $4. The RP2040 is a dual-core ARM Cortex-M0+ that runs at up to 133MHz and is programmable using both C and MicroPython.


The Pico Itself

[image: Images]
Figure B-1. The Raspberry Pi Pico




Why, Pi?

One wonders why the Raspberry Pi Foundation would go through all the trouble of creating and designing its own micro-processing chip. We’re sure there are multiple answers to that question, chief among which is the desire to simply have their own reliable source of microprocessors. But it is curious as to why Raspberry Pi would want to step into an already saturated microcontroller market with what is, essentially, a high-end Arduino.


The Pico board itself houses the RP2040 and adds 2MB of flash memory, integrated USB connectivity, and careful power management. (The board can run on as little as 1.8V, meaning it can be powered by a lithium-ion battery, or even a couple of AA batteries). There are 26 GPIO pins rated at 3.3V. With careful programming, you can have two channels of I2C, two channels of SPI, and 16 pulse-width-modulation (PWM) pins. (The PWM pins on the Pico are interesting in that they can also measure incoming PWM signals, returning information on the frequency and the duty cycle of the pulses they receive.)

One interesting note about the Pico is that there is an internal ROM space that contains the chip’s bootloader. This means that it should be almost impossible for you to brick the Pico, rendering it inoperable due to your bad, buggy programming. Then again, at $4 each, these boards are practically disposable, if you don’t care about the environment.

The Raspberry Pi Foundation’s website, raspberrypi.org, is loaded with technical documentation for the Pico and the RP2040, containing comprehensive datasheets for both devices, as well as CAD files for recreating compatible boards. It even includes the complete contents of the onboard boot ROM! There’s also serious amounts of information on how to set up the entire C/C++ compilation tool chain for the Pico. All of that is beyond the scope of this book: we’ll spend this chapter getting you introduced to MicroPython on the Pico.



MicroPython

MicroPython is, as the name suggests, a version of Python that is optimized to run on microcontrollers. It was created by Australian programmer Damien George in 2014, after a successful Kickstarter campaign, as a way to easily program microcontrollers and other memory-and power-constrained devices. Since the original Python was developed for full-fledged computers with adequate amounts of memory and an operating system, MicroPython has to walk a fine line between features and operability.

Step 1 on the Pico will be using MicroPython inside an interactive environment called a REPL (often pronounced with a vowel sound halfway between “repple” and “ripple”), which stands for “Read-Evaluate-Print-Loop”. In a REPL, the computer first pauses to read input from the user, in this case, the typed message “Hello, Pico”:

[image: Images]
Figure B-2. REPL step 1: Read



Step 2 comes when the user presses return or enter. The environment evaluates the input. This is where the action happens: if the command were to light up an LED or open a network connection, that would take place during the evaluation stage.

Step 3 is print. This is where the MicroPython environment returns the result of the evaluation stage.

[image: Images]
Figure B-3. REPL step 3: Print



After the statement is evaluated and printed, the REPL environment loops back to the first step, and waits to read a new statement from the user. In MicroPython, this is shown by a new >>> prompt.

[image: Images]
Figure B-4. REPL step 4: Loop



Like any good Python variant, the MicroPython REPL will auto-indent your code as you type, and even offers auto-complete by pressing the TAB key as you type your command. As with regular Python, hitting the Ctrl-C key combination is supposed to interrupt a running program. If that doesn’t work, or if you need to completely reset the REPL, the Ctrl-D combination will restart the MicroPython interpreter without disconnecting the link between the Pico and your computer. Usually.


Some Differences between MicroPython and Python:


	•MicroPython requires spaces between literal numbers and keywords

	•Unicode name escapes are not implemented

	•Error messages for methods may display unexpected argument counts

	•Function objects do not have the module attribute

	•User-defined attributes for functions are not supported

	•Failed to load modules are still registered as loaded



If you think about it, nearly all of these differences are caused by the need to keep MicroPython as compact (and memory-kind) as possible.




Installing MicroPython on the Pico

The Raspberry Pi operating system came equipped with Python. The Pico doesn’t come equipped with MicroPython, but adding it is a snap.

1. Completely unplug your Pico from all sources of power. Formost users, this simply means unplugging the USB cable from your computer. It also means disconnecting any LiPo or other batteries you may be using. For this to work, the Pico must be absolutely dead.

2. On your computer, go to micropython.org/down-load/rp2-pico/rp2-pico-latest.uf2 to download the latest MicroPython code for the Pico.

3. Press and hold the BOOTSEL button on the Pico.

[image: Images]
Figure B-5. The BOOTSEL (Boot Select) button on the Raspberry Pi Pico



4. Power up the Pico by plugging in the USB cable attached to your computer.

5. Release the BOOTSEL button.

6. On your computer, you should see the Raspberry Pi Pico appear in your file manager, as a USB Mass Storage Device called RPI-RP2. (It may take a few moments for it to register.) If you examine it with some drive manager software, you’ll see that the Pico pretends to be a 128MB FAT flashdrive.

[image: Images]
Figure B-6. The Pico as a USB drive attached to your computer



7. Use the file manager to drag and drop the rp2-pico- latest.uf2 file from your computer to the Pico, just as you would move any other file from one drive to another.

8. The Pico will ingest the file (it may take a few seconds), and automatically reboot. Your Pico is now running the MicroPython REPL, and is no longer a USB drive.

9. At this point, your Pico is now a character device attached to your computer’s serial port. To communicate with the Pico’s REPL, you’ll need a terminal emulator program.



Linux and Mac

In their documentation, the Raspberry Pi Foundation recommends using minicom, a text-based serial terminal emulator, but really, just about any terminal emulator like CoolTerm or PuTTY will do.

First, you’ll have to determine which serial port your Pico is attached to. If you’re working in Linux, you can simply run ls/dev/tty* and look for /dev/ttyACM0. (This includes if you’re working on a Raspberry Pi; it’s definitely possible to work with your Pico from your Pi!)

[image: Images]
Figure B-7. Listing/dev/tty* from a Pi





Microsoft Windows

In Windows, you’ll have to open your device manager:

[image: Images]
Figure B-8. Device manager



And then under the View menu, sort the devices by container.

[image: Images]
Figure B-9. Pico in the Device Manager


Look for the device that’s a “Board in FS Mode”. (In some instances, you may see a message on plugging in the Pico that “Windows is setting up a Board in FS Mode,” but then the board will be populated in Device Manager as a USB Serial Device under “Unknown” in the main window. Note the specific COM port it’s using, COM3 in this case.

Still in Device Manager, click on the entry for COM3 and choose the Port Settings tab.

[image: Images]
Figure B-10. Settings for COM3 connection


Note down the communications parameters: 9600 bits per second, 8 data bits, no parity, 1 stop bit, no flow control.

Then open your terminal emulator. We’re using PuTTY for Windows. Enter the communications parameters into the settings, making sure you’re specifying a Serial connection rather than an SSH one, and you should be connected to the Pico’s MicroPython REPL.

[image: Images]
Figure B-11. Entering settings in PuTTY



If you’re using Linux (on your Pi, for example), you don’t need any of the communications parameters, as the Pico is really attached to a virtual serial port. If you’re using minicom, just enter minicom-o-D/dev/ttyACM0 and press Enter once the minicom window opens to get the initial >>> REPL prompt. (Minicom can be installed with a simple sudo apt-get install minicom.)



Using MicroPython on the Pico

So now your computer is connected directly to the Pico’s REPL via your terminal emulator program. You should see something like this:

[image: Images]
Figure B-12. Minicom connection to the Pico onthe Pi


It looks almost exactly like the description of the REPL a few pages ago, because it is. You can stick to tradition and type print ("Hello World") as your first MicroPython program if you want to, but there are more exciting things in store.



Blinking an LED on the Pico

    from machine import Pin
    led = Pin(25, Pin.OUT)
    led.value(1)

What happened? One of the LEDs on the Pico just lit up! To shut it off, type into the REPL:

    led.value(0)

It’s generally accepted that the ability to control a microcontroller pin in this way is the foundation of all physical computing. Now that you’ve got that pin working, the world is yours!


Digression

Did you know that the Chrome browser keeps track of the devices plugged into your computer? And did you know that you can get Chrome to tell you which devices are plugged into your computer? Just type: chrome://device-log/?refresh=30 into the address bar to see what Chrome knows about your computer. Kind of cool, and kind of creepy.






8/Analog Input and Output

In Chapter 6, you learned about digital inputs and outputs with buttons, switches, LEDs, and relays. Each of these components was always either on or off, never anything in between. However, you might want to sense things in the world that are not necessarily one or the other—for instance, temperature, distance, light levels, or the status of a dial. These all come in a range of values.

Or you may want to put something in a state that’s not just on or off. For example, suppose you wanted to dim an LED or control the speed of a motor, rather than just turning it on or off. To make an analogy for analog and digital, you can think of a typical light switch versus a dimmer switch, as pictured in Figure 8-1.

[image: Images]
Figure 8-1. Digital is like the switch on the left: it can be either on or off. Analog, on the other hand, can be set at a range of values between fully on and completely off.




Output: Converting Digital to Analog

Just as in Chapter 7, in this chapter you’ll use the GPIO Zero module already installed in the most recent versions of Raspberry Pi OS. The module has functions for controlling the GPIO pins. Some of these functions act sort of like a dimmer switch.

We say that it’s “sort of” like a dimmer switch because the module uses a method called pulse-width modulation, or PWM, to make it seem like there’s a range of voltages coming out of its outputs. What the GPIO module is actually doing is pulsing its pins on and off really quickly, so quickly that the human eye doesn’t register the blinking. All you see is that the light isn’t as bright as it would be if it were on all the time. If you want the pin to behave as though it’s at half voltage, the pin will be pulsed so that it is on 50% of the time and off 50% of the time. If you want the pin to behave as though it’s at 20% power, the Raspberry Pi will turn the pin on 20% of the time and off 80% of the time. The percentage of time that it’s on versus the total time of the cycle is called the duty cycle (Figure 8-2). When you connect an LED to these pins and instruct the Raspberry Pi to change the duty cycle, the effect we see is that the LED gets dimmer.
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Figure 8-2. The duty cycle represents how much time the pin is turned on over the course of an on-off cycle.





Test-Driving PWM

For the next few steps, we’ll assume you’re using the desktop environment, but feel free to use the command line to write and execute these Python scripts if you prefer:

1. Connect an LED to GPIO pin 25 (physical pin 22) as you did in “Beginner’s Guide to Breadboarding” on page 94.

2. Open the File Manager by clicking its icon in the taskbar.

3. Be sure you’re in the home directory, the default being /home/pi. If not, click on the home icon under the Places listing.

4. Create a file in your home directory called blink.py. Do this by right-clicking in the home directory window and choosing “New File.” Name the file fade.py.

5. Double-click on fade.py to open it in the default text editor.

6. Enter the following code and save the file:

[image: Images]

	[image: Images]Create a PWM LED object and set it to GPIO pin 25.

	[image: Images]Run the indented code below this line, each time incrementing the value of dc by 1 from starting at 0 and going to 100.

	[image: Images]Set the duty cycle of GPIO pin 25 to the value of dc.

	[image: Images]Run the indented code that follows, each time decrementing the value of dc by 1 from starting at 100 and going to 0.



7. Open the terminal, then use these commands to make sure the working directory is your home directory, and execute the script:

    pi@raspberrypi:~/Development $ cd~
    pi@raspberrypi:~ $ python3 fade.py

8. Your LED should now be fading up and down!

9. Press Ctrl-C to stop the script and return to the command line.


[image: Images]
If you’re accustomed to using PWM on a microcontroller like the Arduino, you’ll find that—unlike Arduino—there is unsteadiness in the PWM pulses from the Raspberry Pi. This is because in this example, you’re using the CPU to turn the LED on and off. Because that CPU is used for multiple things at one time, it may not always keep perfect time. You can always reach for other hardware like Adafruit’s PWM/Servo Driver (www.adafruit.com/products/815) if you need to have more precise control.




Taking PWM Further

With the ability to use pulse-width modulation to fade LEDs up and down, you could also connect an RGB LED and control the color by individually changing the brightness of its red, green, and blue elements.

As we mentioned earlier, you can also use pulse-width modulation to control the speed of a direct current motor that’s connected to your Raspberry Pi through transistors. The PWM output, when fed into the transistors, will modulate the amount of power the transistors allow into the motor, and hence its speed.

The position of the shaft on a hobby servo motor (the kind that-steers RC cars) can also be controlled with specific pulses of electricity. Though, keep in mind that you may need additional hardware and power to control these motors with a Raspberry Pi.



Input: Converting Analog to Digital

Just like you controlled the output of a GPIO pin on a scale of 0 to 100, it’s also possible to read sensors that can offer the Raspberry Pi a range of values. If you want to know the temperature outdoors, the light level of a room, or the amount of pressure on a resistive pad, you can use various sensors. On a microcontroller like the Arduino, there’s special hardware to convert the analog voltage level to digital data. Unfortunately, your Raspberry Pi doesn’t have this hardware built-in.

This section will show you how to convert from analog to digital using an ADC, or analog-to-digital converter. There are a few different models of ADCs out there, but this chapter will use the ADS1x15 from Texas Instruments. The package of the ADS1x15 chip is too small for your standard breadboard, so Adafruit Industries has created a breakout board (www.adafruit.com/products/1083) for it, shown in Figure 8-3. Once you’ve soldered header pins to the breakout board, you can build prototypes with this chip in your breadboard. The chip uses a protocol named Inter-Integrated Circuit (commonly called I2C) for transmitting the analog readings. Luckily, we don’t need to understand the protocol to use it. Adafruit provides an excellent open-source Python library to read the values from the ADS1115 or its little brother, the ADS1015, via I2C.

[image: Images]
Figure 8-3. The ADS1015 analog-to-digital converter breakout from Adafruit



To connect the ADS1115 or ADS1015 breakout to your Raspberry Pi:

1. Connect the 3.3V pin from the Raspberry Pi to the positive rail of the breadboard. Refer to Figure 6-2 for pin locations on the Raspberry Pi’s GPIO header.

2. Connect the ground pin from the Raspberry Pi to the negative rail of the breadboard.

3. Insert the ADS1x15 into the breadboard and use jumper wires to connect its VDD pin to the positive rail and its GND pin to the negative rail.

4. Connect the SCL pin on the ADS1x15 to the SCL pin on the Raspberry Pi. The SCL pin on the Pi is the one paired with the ground pin on the GPIO header.

5. Connect the SDA pin on the ADS1x15 to the SDA pin on the Raspberry Pi. The SDA pin is in between the SCL pin and the 3.3V pin.

Now you’ll need to connect an analog sensor to the ADS1x15. There are many to choose from, but for this walk-through, you’ll use a 2K potentiometer so that we can have a dial input for your Raspberry Pi. A potentiometer, or pot, is essentially a variable voltage divider, and can come in the form of a dial or slider.
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The value of the potentiometer you use doesn’t have to be 2K. If you only have a 10K or 1M potentiometer, it will work just fine.


To connect a potentiometer to the ADS1x15:

1. Insert the potentiometer into the breadboard.

2. The pot has three pins. Connect the middle pin to pin A0 on the ADS1x15.

3. One of the outside pins should connect to the positive rail of the breadboard. For now, it doesn’t matter which.

4. Connect the other outside pin to the negative rail of the breadboard.

The connections should look as shown in Figure 8-4.
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Figure 8-4. Using the ADS1x15 to connect a potentiometer to the Raspberry Pi



Before you can read the potentiometer, you’ll need to enable I2C and install a few things (see Figure 8-5):
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Figure 8-5. Enabling the I2C  interface



1. Open up the Raspberry Pi Configuration tool by clicking on Menu→Preferences→Raspberry Pi Configuration.

2. Click the Interfaces tab.

3. Next to I2C, click Enable.

4. Click OK and reboot your Raspberry Pi.

5. Open up a Terminal window and update your list of packages:

       $ sudo apt-get update

6. The i2c-tools tools should already be installed with the latest version of the Raspberry Pi OS, but if you want to make sure, enter the following line at the command prompt. You’ll either get a message that you’ve already got the newest version, or you will be prompted to install it.

       $ sudo apt-get install i2c-tools

7. Restart your Raspberry Pi.

8. After you’ve restarted your Raspberry Pi, test that the Raspberry Pi can detect the ADS1x15 with the command:

       $ sudo i2cdetect -y 1

9. If the board is recognized, you’ll see the number in the grid that is displayed:
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10. Now that we know that the device is connected and is recognized by our Pi, it’s time to start reading the potentiometer. To do so, download the Raspberry Pi Python library from Adafruit’s code repository into your home folder. Type the following command at the shell prompt, all on one line with nospaces in the URL:

        wget https://github.com/adafruit/Adafruit_Python_ADS1x15/archive/master.zip

11. Unzip it:

        $ unzip master.zip

12. Change to the library’s ADS1x15 directory:

        $ cd Adafruit_Python_ADS1x15-master/

13. Install the library:

        $ sudo python3 setup.py install

14. Run one of the example files:

        $ python3 examples/simpletest.py

15. Turn the potentiometer all the way in one direction and back in the other. Notice how the value in the pin 0 column changes:
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16. Press Ctrl-C to terminate the script.

As you can see, turning the dial on the potentiometer changes the voltage coming into channel 0 of the ADS1x15. The code in the example does a little bit of math to determine the voltage value from the data coming from the ADC. Of course, your math will vary depending on what kind of sensor you use.

You can look inside that example script to see how it works, or try out the even simpler example that follows to learn how to take readings from the ADC. Create a new file with the code from Example 8-1 and execute it.

Example 8-1. Writing the code to read the ADC
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	[image: Images]Import Adafruit’s ADS1x15 library.

	[image: Images]Create a new ADS1x15 object called adc.

	[image: Images]Get a reading from channel 0 on the ADS1x15 and store it in result.



When you run this code, it will output raw numbers for each reading twice a second. Turning the potentiometer will make the values go up or down.

Once you get it all set up, the Adafruit ADS1x15 library does all the hard work for you and makes it easy to use analog sensors in your projects. For instance, if you want to make your own Pong-like game, you could read two potentiometers and then use Pygame to draw on the game on the screen. For more information about using Pygame, see pygame.org.



Variable Resistors

Not all analog sensors work like the potentiometer, which provides a variable voltage based on some factor (such as the amount the dial on the pot is turned).

Some sensors are simply variable resistors that change the flow of electricity through the circuit, based on some factor. For instance, a photocell like the one in Figure 8-6 is a resistor that changes values based on the amount of light hitting the cell. Add more light, and the resistance goes down. Take away light, and the resistance goes up. On the other hand, a force-sensitive resistor decreases its resistance as you put pressure on the pad.
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Figure 8-6. The photocell and force-sensitive resistors act as variable resistors and can be used as analog inputs.



To read sensors like these with analog input pins, you’ll need to incorporate a voltage divider circuit.



Voltage Divider Circuit

When you’re working with sensors that offer variable resistance, the purpose of a voltage divider is to convert the variable resistance into a variable voltage, which is what the analog input pins are measuring. First, take a look at a simple voltage divider.

In Figure 8-7, you’ll see two resistors of the same value in series between the positive and ground. A single wire is connected to analog input 0, between the two resistors. Because both resistors are the same, 10KΩ, the voltage is divided neatly in half. Since the source voltage is 3.3V, there’s about half of that, 1.65V, going to analog input 0.
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Figure 8-7. With two of the same value resistors between voltage and ground, the voltage between the two would be half of the total voltage.



Without getting bogged down in the math involved, if you removed one 10K resistor and replaced it with a resistor of a higher value, the voltage going into the analog pin would decrease. If you removed that 10K resistor and replaced it with one of a lower value, the voltage going into the analog pin would increase. We can use this principle with sensors that are variable resistors to read them with analog input pins. You’ll simply replace one of the resistors with your sensor.

To try the circuit out, you’ll have to wire up a type of variable resistor called a force-sensitive resistor, or FSR.



Force-Sensitive Resistor

A force-sensitive resistor is a variable resistor that changes based on the amount of pressure placed on its pad. When there’s no pressure on the pad, the circuit is open. When you start placing pressure on it, the resistance drops.

The exact figures will depend on your particular FSR, but typically you’ll see 100KΩ of resistance with light pressure and 1Ω of resistance with maximum pressure. If you have a multimeter, you can measure the changes in resistance to see for yourself, or you can look at the component’s datasheet, which will tell you what to expect from the sensor.

If you’re going to replace the resistor connected to 3.3V in Figure 8-7 with a variable resistor like an FSR, you’ll want the value of the other resistor to be somewhere in between the minimum and maximum resistance so that you can get the most range out of the sensor. For a typical FSR, try a 10KΩ resistor. To give the force-sensitive resistor a test drive:

1. Wire up an FSR to the ADC as shown in Figure 8-8.
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Figure 8-8. Wiring up a force-sensitive resistor to the ADC requires a voltage divider circuit.



2. Execute the code in Example 8-1 again.

3. Watch the readings on the screen as you squeeze the FSR.

If everything is working correctly, you should see the values rise as you increasingly squeeze harder on the FSR. As you press harder, you’re reducing the resistance between the two leads on the FSR. This has the effect of sending higher voltage to the analog input.

You’ll encounter many analog sensors that use this very same principle, and a simple voltage divider circuit, along with an analog-to-digital converter, will allow your Raspberry Pi to capture that sensor data.



Going Further


Controlling a DC Motor with PWM (bit.ly/1xpmBIF)

Adafruit has an excellent guide that teaches you how to use PWM to control the speed of a DC motor.



Reading Resistive Sensors with RC Timing (bit.ly/1rk6yJI)

Adafruit also shows you how to use a simple circuit to read resistive analog sensors without an analog-to-digital converter.




