
CHAPTER 8

Computer Vision

8.0 Introduction
Computer vision (CV) allows your Raspberry Pi to “see things.” In practical terms, this
means that your Raspberry Pi can analyze an image, looking for items of interest, and
can even recognize faces and text.

If you link this with a camera to supply the images, all sorts of possibilities open up.

8.1 Installing OpenCV
Problem
You want to install OpenCV 3 computer vision software on your Raspberry Pi.

Solution
To install OpenCV, first install the prerequisite packages using these commands:

$ sudo apt-get update
$ sudo apt-get install libhdf5-dev libhdf5-serial-dev libhdf5-103 
$ sudo apt-get install libqtgui4 libqtwebkit4 libqt4-test python3-pyqt5

You may also need to update pip using:
$ wget https://bootstrap.pypa.io/get-pip.py
$ sudo python3 get-pip.py

Then install OpenCV itself and Python image utilities using these commands:
$ sudo pip install opencv-contrib-python==4.1.0.25
$ pip install imutils
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After installation is complete, you can check that everything is working by starting
Python 3, importing cv2 and checking the version:
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pi@raspberrypi:~ $ python3
Python 3.7.3 (default, Apr  3 2019, 05:39:12) 
[GCC 8.2.0] on linux
Type "help", "copyright", "credits" or "license" for more information.
>>> import cv2
>>> cv2.__version__
'4.1.0'
>>> exit()

 

Discussion
Computer vision is both processor and memory intensive, so although OpenCV will
work on an older Raspberry Pi, they can be slow on anything earlier than a Raspberry
Pi 2.

See Also
For information on OpenCV, see http://opencv.org.

The first recipe in this chapter to use OpenCV is Recipe 8.4. There you will find use!
ful details for getting started with OpenCV.

8.2 Setting Up a USB Camera for Computer Vision
Problem
You want to set up a USB webcam for use in computer vision (CV) projects.

Solution
Use a USB webcam that is compatible with the Raspberry Pi (see https://oreil.ly/
wrI0U). Choose a good-quality camera. If you are working on a project for which you
need the camera close to the subject, select one that has a manual focus option. For
getting really close to the subject, a low-cost USB endoscope can be useful.

Depending on your CV project, you might want to set up a well-lighted area.
Figure 8-1 shows a simple light box made from a translucent plastic storage box that
is illuminated from the sides and top to give even lighting. The webcam is attached to
a hole in the top of the box. This arrangement is used in Recipe 8.4.

8.2 Setting Up a USB Camera for Computer Vision | 231



Figure 8-1. Using a homemade “light box” for even illumination

You can also buy commercial light tents, designed for photography, that work well.

You might need a little trial and error to get your system brightly and evenly illumi!
nated. Shadows can be particularly problematic.

Discussion
You can test out your USB camera from the OpenCV console. Start Python 3 and
then enter the commands shown below:

>>> import cv2
>>> from imutils.video import VideoStream
>>> vs = VideoStream(src=0).start()
>>> img = vs.read()
>>> cv2.imshow('image',img)
>>> cv2.waitKey(0)

A window should open showing an image from your camera after the last line of code
is entered. You may have to close the entire terminal window to get the image win!
dow to close.

In OpenCV even single images are just taken as frames from a video stream. Notice
that on the third line above, we have src=0. This means the first camera that OpenCV
can find. So, if you have multiple cameras, you can use a different number here.
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Once the image has been read using vs.read() you can then use OpenCV’s imshow
utility method to display the image. You will find that you use this a lot to debug your
computer vision projects.

The final cv2.waitKey(0) is required to allow OpenCV to actually render the image
in the background, until a key is pressed.

 

See Also
To use a Raspberry Pi Camera Module with OpenCV, see Recipe 8.3.

8.3 Using a Raspberry Pi Camera Module for
Computer Vision
Problem
You want to use a Raspberry Pi Camera Module that connects directly to your Rasp!
berry Pi with OpenCV.

Solution
The Raspberry Pi Camera Module should automatically show up as a camera device
once you have followed Recipe 1.17 to install the camera module.

Discussion
Note that in early versions of Raspbian, you had to install a driver to make the camera
module available to OpenCV; if OpenCV does not detect the camera module, try
updating your version of Raspbian to the latest version (Recipe 3.40).

See Also
See Recipe 1.17 for information on installing the Raspberry Pi Camera Module.

See http://picamera.readthedocs.org/ for information on the picamera Python module.

To use a USB camera with OpenCV, see Recipe 8.2.

8.4 Counting Coins
Problem
You want to use computer vision to count the number of coins in your webcam’s view.
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Solution
Use OpenCV’s Hough Circles detector to provide a real-time count of the number of
coins placed within view of the webcam.

This is one use of CV for which you really need good lighting and a camera fixed in
position. I used the setup shown in Figure 8-1.

The critical part of many computer vision projects is getting the parameters right and
this recipe is no exception. For this reason, before using the final program that just
gives a count of  coins, we will use a test program that draws outlines around the
coins, so that we can see what’s going on.

You can find the code for this test code as well as the other examples in this recipe
with the downloads for the book (see #new-sec-ed3-ch03-03). The program is
called ch_08_coin_count_test.py.

Put some coins under your camera and then run the program and a window like that
of Figure 8-2 should appear.

Figure 8-2. Counting coins

234 | Chapter 8: Computer Vision



If you are lucky, then your coins will all have circles around them and you should see
output in the console like this:

$ python3 ch_08_coin_count_test.py 
[[[380.5 338.5  37.9]
  [553.5 249.5  34.9]
  [538.5 357.5  31.4]
  [546.5 442.5  30.7]
  [418.5 244.5  33.1]]]

To refresh the image press any key and when you want to exit the program, press the
x key.

If your coins are not all circled, then you will need to adjust some parameters in bold
in the program ch_08_coin_count_test.py listed below.

import cv2
from imutils.video import VideoStream
from imutils import resize

vs = VideoStream(src=0).start()

while True:
    img = vs.read()
    img = resize(img, width=800)
    img = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
    img = cv2.blur(img, (3, 3)) 

    detected_circles = cv2.HoughCircles(img,  
        cv2.HOUGH_GRADIENT, 1, 20, param1 = 50, 
        param2 = 30, minRadius = 15, maxRadius = 100)

    print(detected_circles)

    for pt in detected_circles[0]: 
        a, b, r = pt[0], pt[1], pt[2] 
        cv2.circle(img, (a, b), r, (0, 255, 0), 2) 

    cv2.imshow('image', img)
    key = cv2.waitKey(0) 
    cv2.destroyAllWindows()
    if key == ord('x'):
        break

vs.stop()

You should not need to change the parameter param1. If you are interested in what it
and the other parameters do, you can read about them here: https://
docs.opencv.org/2.4/modules/imgproc/doc/feature_detection.html?highlight=hough!
circles.
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If you are getting a lot of false circles, try increasing the value of param2. But, the
most likely parameters in need of change are the minRadius and maxRadius, as these
will be sensitive to the resolution of your camera, its lens focal length and the distance
to the coins. So if no coins get circled, increase the value of maxRadius.

Tweek the parameters until your coins are being correctly identified.

Here’s a quick run through of how the test program works.

Most of the code lives in a try block within the while True: block. This ensures that
when you press CTRL-c to quit the program, the video stream is stopped.

After reading the image, there are a couple of stages of processing. First, the image is
resized to a width of 800, then converted to grayscale and finally a blur filter applied.
The blur filter helps improve the circle matching.

The call to cv.HoughCircles returns an array of the circles that OpenCV has found.
The three values are the x and y coordinates of the center of the circle and the circle’s
radius.

To render these circles on top of the image of the coins, a for loop is used to iterate
over each of the detected circle and then uses the cv2.circle method to draw a black
(0, 0, 0) circle of with 2 pixels around the coin.

The actual coin counting program is just a simplification of the test program, so
when you are ready,  run the program ch_08_coin_count.py. Try moving coins in and
out of the field of view and notice how the count changes. 

Discussion
Although not something that you would want to put into a vending machine, an
interesting project would be to use the radius of the coins to identify their monetary
value and add up the value of the coins on the table.

See Also
For information on installing OpenCV, see Recipe 8.1.

For information on setting up a camera, see Recipe 8.2.

8.5 Face Detection
Problem
You want to find the coordinates of faces in a photograph or webcam image.
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Solution
Use the HAAR-like feature detection in OpenCV to analyze an image and pick out
the faces. HAAR actually stands for High Altitude Aerial Reconnaissance, and we are
using some of the features developed for that application here.

If you have not already done so, install OpenCV (see Recipe 8.1).

You can find the code for this test code as well as the other examples in this recipe
with the downloads for the book (see #new-sec-ed3-ch03-03). The program is
called ch_08_faces.py.

You will find a suitable image file for testing called faces.jpg in the same folder as the
python program. Run the program, and you should see output like this and an image
like Figure 8-3.

$ python3 ch_08_faces.py 
[[173 139  66  66]
 [367  60  66  66]
 [564  73  66  66]]

Note that the faces.jpg file (or whatever image file you use) must be in the same direc!
tory as the directory as the Python program.
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Figure 8-3. Detecting Faces

Discussion
Here’s the listing for the program.

import cv2

cv2_data_dir = '/usr/local/lib/python3.7/dist-packages/cv2/data/'
face_cascade = cv2.CascadeClassifier(cv2_data_dir + 'haarcascade_frontalface_default.xml')

img = cv2.imread('faces.jpg', cv2.IMREAD_GRAYSCALE)

scale_factor = 1.4
min_neighbours = 5

faces = face_cascade.detectMultiScale(img, scale_factor, min_neighbours)
print(faces)

for (x,y,w,h) in faces:
    img = cv2.rectangle(img, (x,y), (x+w,y+h), (255, 255, 255), 2)
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cv2.imshow('image',img)
cv2.waitKey(0)
cv2.destroyAllWindows()

The OpenCV two system contains a whole load of classifiers for detecting faces and
other features. These are all contained in the directory referenced by cv2_data_dir.
The actual face detector that we are going to use in this program is contained in an
XML descriptor file called haarcascade_frontalface_default.xml.

The image is then read into a file as greyscale. The two parameters scale_factor and
min_neighbours may need tweeking if you switch to use an image of your own rather
than the test image. 

• scale_factor - this determines the step size that the face detector will use in trying
to find faces by automatically changing the image scale. In this case a value of 1.4
means change the scale by 40% each time. Setting this to a higher number will
speed up face matching but may result in some faces being missed.

• min_neighbours - if this parameter is too low then the the algorithm essentially
becomes less fussy about what it considers to be a face.

Having detected faces, the print command shows the coordinates of the rectangles
found and then the for loop superimposes them on the image before displaying it.

There are many built-in harr features. You can list them all by using the following
command:

$ cd /usr/local/lib/python3.7/dist-packages/cv2/data/
pi@raspberrypi:/usr/local/lib/python3.7/dist-packages/cv2/data $ ls
haarcascade_eye_tree_eyeglasses.xml      haarcascade_licence_plate_rus_16stages.xml
haarcascade_eye.xml                      haarcascade_lowerbody.xml
haarcascade_frontalcatface_extended.xml  haarcascade_profileface.xml
haarcascade_frontalcatface.xml           haarcascade_righteye_2splits.xml
haarcascade_frontalface_alt2.xml         haarcascade_russian_plate_number.xml
haarcascade_frontalface_alt_tree.xml     haarcascade_smile.xml
haarcascade_frontalface_alt.xml          haarcascade_upperbody.xml
haarcascade_frontalface_default.xml      __init__.py
haarcascade_fullbody.xml                 __pycache__
haarcascade_lefteye_2splits.xml

As you can see, they are all associated with parts of the body. You can even look for
smiles!

See Also
For information on installing OpenCV, see Recipe 8.1.

For information on setting up a camera, see Recipe 8.2.
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For more information on face detection see https://docs.opencv.org/3.4/d7/d8b/tuto!
rial_py_face_detection.html.

8.6 Motion Detection
Problem
You want to use a camera connected to your Raspberry Pi to detect something mov!
ing in its field of view.

Solution
Use OpenCV and Numpy to detect changes between successive frames from the cam!
era.

The program below compares each captured image with the previous image. It then
uses the Numpy (a numeric library for Python) to calculate how different the two
images are and if this measure of difference exceeds a threshold, it prints out a mes!
sage saying that movement was detected.

You can find the code for this example as well as for the other examples in this recipe
with the downloads for the book (see #new-sec-ed3-ch03-03). The program is called
ch_08_detect_motion.py.

Attach your USB webcam or Raspberry Pi camera and then run the program. Try
moving your hand in front of the field of view and you should see a message that says
Movement detected.

import cv2
import numpy as np
from imutils.video import VideoStream
from imutils import resize

diff_threshold = 1000000

vs = VideoStream(src=0).start()

def getImage():
    im = vs.read()
    im = cv2.cvtColor(im, cv2.COLOR_BGR2GRAY)
    im = cv2.blur(im, (20, 20))
    return im

old_image = getImage()

while True:
    new_image = getImage()
    diff = cv2.absdiff(old_image, new_image)
    diff_score = np.sum(diff)
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    # print(diff_score)
    if diff_score > diff_threshold:
        print("Movement detected")
    old_image = new_image

If you get too many false triggerings, then increase the value of diff_threshold. You
might also want to uncomment the line print(diff_score) as this will show you
what sort of difference values are bing detected.

The results are improved by setting the image to grayscale and applying a blur filter.

Discussion
Successive frames of the image might look like Figures 8-4 and 8-5. When the first
image is subtracted from the second, the resulting image will look like Figure 8-6. 

Figure 8-4. Movement detection frame 1
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Figure 8-5. Movement detection frame 2

Figure 8-6. Movement detection, the di!erence image
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Although the code for this recipe just displays a message, there is no reason why your
code shouldn’t turn a light on, or perform some other action using the PGIO pins. 

See Also
For information on installing SimpleCV, see Recipe 8.1. For information on setting
up a camera, see Recipe 8.2.

An alternative way to detect movement is to use a Passive Infrared (PIR) sensor; see
Recipe 12.9.

8.7 Optical Character Recognition
Problem
You want to be able to convert an image containing text to actual text.

Solution
Use the tesseract Optical Character Recognition (OCR) software to extract text
from the image. To install tesseract, run the following commands (you will proba!
bly want to copy and paste this from the file long_commands.txt in the book down!
loads [Recipe 3.22]):

$ sudo apt install tesseract-ocr
$ sudo apt install libtesseract-dev

To try out tesseract, you will need an image file that contains some text. You will
find one called ocr_example.ti! with the downloads for the book (see Recipe 3.22). To
convert the image to text, run the following command:

$ cd /home/pi/raspberrypi_cookbook_ed3
$ tesseract ocr_test.tiff stdout
Page 1
This is an image

of some text.

If you take a look at the image file ocr_test.ti!, you will see that it is indeed an image
containing those words.

Discussion
Although I used a TIFF image, the tesseract library will work with most image
types, including PDF, PNG, and JPEG files.
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See Also
For more information on the tesseract library, see https://oreil.ly/8EWzZ.
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CHAPTER 9

Hardware Basics

9.0 Introduction
This chapter contains some basic recipes for setting up and using the Raspberry Pi’s
general-purpose input/output (GPIO) connector. This connector allows you to con!
nect all sorts of interesting electronics to your Raspberry Pi.

9.1 Finding Your Way Around the GPIO Connector
Problem
You need to connect electronics to the GPIO connector, but first you need to know
more about what all the pins do.

Solution
There have actually been three versions of the Raspberry Pi GPIO connector: two 26-
pin layouts for the original Raspberry Pi, and one 40-pin layout that came in with the
Raspberry Pi “+” models and has been in use ever since.

Figure 9-1 shows the current 40-pin layout, which is the same for all 40-pin GPIO
Raspberry Pi models right up to the Raspberry Pi 4.

The top 26 pins are the same as the 26 pins of the original Raspberry Pi model B revi!
sion 2. This allows the 40-pin Raspberry Pi models to use hardware and software
designed for the earlier 26-pin Raspberry Pi designs. The extra pins of the 40-pin
connector are made up of three useful extra GND connections and nine GPIO pins.
The ID_SD and ID_SC pins are intended for use in communicating with a special
serial memory chip, which can be included on interface boards that conform to the
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Hardware Attached on Top (HAT) standard and allows the Raspberry Pi to identify
the board (see the Discussion section, next).

Figure 9-1. "e GPIO pinout (40-pin models)

At the top of the connector, there are 3.3V and 5V power supplies. The GPIO uses
3.3V for all inputs and outputs. Any pin with a number next to it can act as a GPIO
pin. Those that have another name after the number also have some other special
purpose: 14 TXD and 15 RXD are the transmit and receive pins of the Serial inter!
face; 2 SDA and 3 SCL form the I2C interface; and 10 MOSI, 9 MISO, and 11 SCKL
form the SPI interface.
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Discussion
Working out which pin is which on a Raspberry Pi is quite error prone if you rely on
counting down the pin connector to find the pin you need. A better way of finding
the correct pin is to use a GPIO template like the Raspberry Leaf shown in Figure 9-2.

This template fits over the GPIO pins, indicating which pin is which. Other GPIO
templates include the Pi GPIO Reference Board.

The HAT standard is an interface standard that you can use with the Raspberry Pi 4,
3, 2, B+, A+, and Zero. This standard does not in any way stop you from just using
GPIO pins directly; however, interface boards that conform to the HAT standard can
call themselves HATs and differ from regular Raspberry Pi interface boards in that a
HAT must contain a little Electrically Erasable Programmable Read-Only Memory
(EEPROM) chip that is used to identify the HAT so that ultimately the Raspberry Pi
can autoinstall necessary software. As of this writing, HATs have not quite met that
level of sophistication, but the idea is a good one. The pins ID_SD and ID_SC are
used to communicate with a HAT EEPROM.

See Also
The Raspberry Pi GPIO connector has only digital inputs and outputs; it does not
have the analog inputs found on some similar boards. You can get around this short-
coming by using a separate analog-to-digital converter (ADC) chip (Recipe 13.6) or
by using resistive sensors (Recipe 13.1).

For an example of a HAT, see the Sense HAT described in Recipe 9.16.
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Figure 9-2. "e Raspberry Leaf GPIO template
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9.2 Keeping Your Raspberry Pi Safe When Using the
GPIO Connector
Problem
You want to connect external electronics to your Raspberry Pi but don’t want to acci!
dentally damage or break it.

Solution
Obey these simple rules to reduce the risk of damaging your Raspberry Pi when using
the GPIO connector:

• Do not poke at the GPIO connector with a screwdriver or any metal object when
the Pi is powered up.

• Do not power the Pi with more than 5V.
• Always connect the Raspberry Pi GND pin to the GND connection of whatever

device you are attaching.
• Do not put more than 3.3V on any GPIO pin being used as an input.
• Do not draw more than 16mA per output; keep the total for all outputs below

50mA for an older 26-pin Raspberry Pi, and below 100mA on a 40-pin Rasp!
berry Pi.

• When using LEDs, 3mA is enough to light a red LED reasonably brightly with a
470" series resistor.

• Do not draw more than a total of 250mA from the 5V supply pins.

Discussion
There is no doubt about it: the Raspberry Pi is a little fragile when it comes to adding
external electronics. The newer Raspberry Pi models are a bit more robust but still
quite easy to break. Exercise caution and check what you have done before you power
up the Raspberry Pi, or you run the risk of having to replace it.

See Also
Read this very good discussion of the Raspberry Pi’s GPIO output capabilities.
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9.3 Setting Up I2C
Problem
You have an Inter-Integrated Circuit (I2C) device that you want to use with your
Raspberry Pi, but you don’t know how.

Solution
In the latest versions of Raspbian, enabling I2C is simply a matter of using the Rasp!
berry Pi Configuration tool that you will find on the Main menu, under Preferences
(Figure 9-3). On the Interfaces tab, select the Enabled button for I2C and then click
OK. You are then prompted to restart.

Figure 9-3. Enabling I2C using the Pi Con#guration tool

On older versions of Raspbian, or if you prefer the command line, the raspi-config
tool does the same job.

Start raspi-config using the following command:
$ sudo raspi-config

Then, from the menu that appears, select Interfacing Options and scroll down to I2C
(Figure 9-4).
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Figure 9-4. Enabling I2C using raspi-config

You are then asked, “Would you like the ARM I2C interface to be enabled?” to which
you should respond Yes. You will also be asked if you want the I2C module loading at
startup, to which you should also respond Yes.

At this point, you will probably also want to install the Python I2C library by using
this command:

$ sudo apt-get install python-smbus

You will then need to reboot the Raspberry Pi for the changes to take effect.

Discussion
Using I2C modules is actually a really good way of interfacing with the Pi. It reduces
the number of wires that you need to connect everything (to just four), and there are
some really neat I2C modules available.

However, don’t forget to calculate the total of the current used by the I2C modules
and make sure that it doesn’t exceed the limits specified in Recipe 9.2.

Figure 9-5 shows a selection of I2C modules available from Adafruit. Other suppliers,
such as SparkFun, also have I2C devices. From left to right in the figure, there are
LED matrix displays; a four-digit, seven-segment LED display; a 16-channel PWM/
servo controller; and a real-time clock module.
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Figure 9-5. I2C modules

Other I2C modules include FM radio transmitters, ultrasonic rangefinders, OLED
(Organic Light-Emitting Diode) displays, and various types of sensors.

See Also
See some of the I2C recipes in this book, including Recipes 11.3, 14.1, 14.2, and 14.4.

9.4 Using I2C Tools
Problem
You have an I2C device attached to your Raspberry Pi, and you want to confirm that
it’s attached and find its I2C address.

Solution
Install and use i2c-tools.

On newer distributions, you might find that i2c-tools is already
installed.

From a Terminal window on your Pi, type the following commands to fetch and
install the i2c-tools:

$ sudo apt-get install i2c-tools
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Attach your I2C device to the Pi and run the command:
$ sudo i2cdetect -y 1

Note that if you are using a very old Raspberry Pi revision 1 board, you need to
change 1 to 0 in the preceding line of code.

If I2C is available, you will see some output like that shown in Figure 9-6, which indi!
cates that two I2C addresses are in use—0x68 and 0x70.

Hexadecimal
Hexadecimal (or just hex) is a way of representing numbers using the number base 16
rather than the number base 10 that we use in everyday life.

In hexadecimal, each digit can have one of sixteen possible values. In addition to the
familiar digit values of 0 to 9, hex uses the letters A to F; the letter A represents deci!
mal 10, and F decimal 15.

There is no particular reason to use hex over decimal, except that in the unlikely
event that you want to convert a number into binary, it’s much easier to do this from
hex than from decimal.

To avoid confusion as to whether a number is being represented in decimal or hex, it
is common to prefix hex numbers with 0x. In the preceding example, the hex number
0x68 is (in decimal) 6x16+8 = 104, and 0x70 is (in decimal) 7x16 = 112.

Figure 9-6. i2c-tools
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Discussion
i2cDetect is a useful diagnostic tool and one that is worth running the first time you
use a new I2C device.

See Also
See some of the I2C recipes in this book, including Recipes 11.3, 14.1, 14.2, and 14.4.

For more information on installing with apt-get, see Recipe 3.17.

9.5 Setting Up SPI
Problem
You have a Serial Peripheral Interface (SPI) bus that you want to use with your Rasp!
berry Pi.

Solution
By default, Raspbian is not configured for the Raspberry Pi’s SPI interface to be
enabled. To enable it, the procedure is almost the same as Recipe 9.3. On the Main
menu, under Preferences, open the Raspberry Pi Configuration tool (Figure 9-7).
Click the Interfaces tab, select the Enabled button for SPI, and click OK.
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Figure 9-7. Enabling SPI using the Pi Con#guration tool
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On older versions of Raspbian, or if you prefer the command line, use the raspi-
config command:

$ sudo raspi-config

Select Interfacing Options, followed by SPI, and then respond Yes before rebooting
your Raspberry Pi. After the reboot, SPI will be available.

Discussion
SPI allows serial transfer of data between the Raspberry Pi and peripheral devices,
such as ADC and port expander chips, among other devices.

You might come across some examples of interfacing to SPI that do not use the SPI
interface but instead use an approach called bit banging, in which the RPi.GPIO
library is used to interface with the four GPIO pins used by the SPI interface.

You can check that the SPI interface is working by using the following command:
$ ls /dev/*spi*
/dev/spidev0.0 /dev/spidev0.1

If instead of spidev0.0 and spidev0.1 being reported, nothing appears, it means that
SPI is not enabled.

See Also
We use an SPI analog-to-digital converter chip in Recipe 13.6.

9.6 Installing PySerial for Access to the Serial Port
from Python
Problem
You want to use the serial port (RXD and TXD pins) on the Raspberry Pi using
Python.

Solution
First enable the serial port using Recipe 2.6.

Then, install the PySerial library:
$ sudo apt-get install python-serial
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