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In the multi-line input file, each line is its own small list, and each new line is added to 
the end of a larger list. This is good because the data is still separated into logical 
blocks that still represent the values from each line of the input file. The actual value of 
the list named values will look like this: 

[['Annie','blue','12'],['Bobby','green','14'],['Cindy','yellow','13'],

['David','red','12']] 

 

By stacking each small list on top of each other, you can see the familiar pattern of rows 
and columns from the input file: 

[['Annie','blue','12'], 

['Bobby','green','14'], 

['Cindy','yellow','13'], 

['David','red','12']] 

 

The information in a matrix can be accessed by using the index of the row and then the 
column of the data you want. Just like before when accessing positions of a string, row 
index values start at 0 and move to the right. Column index values begin at 0 with the 
top line and work their way down: 

print(values[0][1]) will print the value in row 0, column 1 or blue 

print(values[2][2]) will print the value in row 2, column 2 or 13 

 

This way, the program can be used to locate specific values that were pulled in from the 
input file. 
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STEP #6 

The program can now search through the values matrix, but there are no instructions 
on what it’s looking for, or what to do if a match is found. Next, add some code that will 
look in search for a match to the text value from the scanned tag. 

If a match is found then the program should grab index values [1] and [2] from the 
search list, saving them as user and status respectively. The loop must then break to 
stop the search, so your user and status values are not overwritten by the upcoming 
else statement. 

If no match is found, an else: statement will be used to manually assign a user value 
of 'Unknown' and a status of 'deny'. This will keep the program from generating 
errors if the tag value scanned is corrupt or not found in the text file. 

Indented below the for search in values: line of code, add the following if/else 
statements to accomplish the behavior outlined above.  

Additions to the code are highlighted below: 

        for search in values: 
            if text in search: 
                user = search[1] 
                status = search[2] 
                break 
            else: 
                user = 'Unknown' 
                status = 'deny' 
        if text == 'card': 

 

The variables user and status are now being set equal to the values in your 
access_list.txt file, based on the text value of the tag that is scanned. If the tag 
is found, user will store the employee name and status will be equal to either 'allow' 
or 'deny' based on your text file. If the tag is not found, user will equal 'Unknown' and 
status will equal 'deny'. 
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STEP #6 

Next, the 74LVC245 level shifting IC needs to be installed so you can convert 5V 
signals down to 3.3V, making them safe for the Raspberry Pi GPIO pins. The level 
shifting IC has 10 pins per side so it can be a little difficult to get properly aligned, but 
make sure all pins are properly aligned in the breadboard before applying pressure 
across the top of the IC to seat all of the pins. The IC's pins are very thin and can easily 
be damaged by improper insertion into the breadboard. If you are at all unsure about 
this process, please watch the video on the Level B Resource Page prior to attempting 
installation. 

With pin 1 located at E32, insert the 74LVC245 across the center of the breadboard in 
rows 32 through 41. 

 

 

 

Install four short jumper wires between the following locations to supply power and 
ground to the IC: 

3.3V - P1-31 to A32 

3.3V – C32 to H32 

Ground – N1-41 to A41 

Ground – C41 to H33 

The IC is now connected to power and ground and it has been configured to accept 5V 
inputs on the A side and output 3.3V signals on the B side. 
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STEP #8 

You are now ready to connect an input and output channel to the level shifter. The input 
of the 74LVC245 will float when not pulled up or down. You will use a 10K-Ohm resistor 
between the input and ground to ensure that the 74LVC245 sees a low unless we pull 
the input high using a connection to 5V. Make the following connections: 

10K-Ohm resistor – N1-33 to B33 

Output – long jumper wire from I20 to I34 

Input – long jumper wire from C33 to P2-37 

 

 

 

The input to the level shifter will now be held high by a direct connection to the 5V 
power rail. When disconnected the pull-down resistor will take over and the input will be 
grounded. 
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STEP #5 

You will use the blue LED color to indicate when the line sensor does not see an 
infrared reflection. Sensing a reflective object will cause the output from the obstacle 
sensor to stay high. If this reflection is not present, like the lack of reflection caused by a 
black line, then the sensor output will be low. This low will flow through the level shifter 
and into GPIO20. 

Add an elif statement below the if statement that will check to see if GPIO20 is low or 
False. If so, that block will turn off the green and red elements and turn on the blue 
element. Turning off the blue element will also be added to the if block. The code 
additions are highlighted below: 

 try: 

    while True: 

        if GPIO.input(21) == False: 

            GPIO.output(green, GPIO.LOW) 

            GPIO.output(blue, GPIO.LOW) 

            GPIO.output(red, GPIO.HIGH) 

        elif GPIO.input(20) == False: 

            GPIO.output(green, GPIO.LOW) 

            GPIO.output(red, GPIO.LOW) 

            GPIO.output(blue, GPIO.HIGH) 

        else: 

            GPIO.output(red, GPIO.LOW) 
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Here is the entire program with the line sensor additions: 

import RPi.GPIO as GPIO 
import time 
 
rgb = [13,19,26] 
red = 13 
green = 19 
blue = 26 
 
GPIO.setmode(GPIO.BCM) 
GPIO.setup(rgb, GPIO.OUT) 
GPIO.setup(21, GPIO.IN) 
GPIO.setup(20, GPIO.IN) 
 
try: 
    while True: 
        if GPIO.input(21) == False: 
            GPIO.output(green, GPIO.LOW) 
            GPIO.output(blue, GPIO.LOW) 
            GPIO.output(red, GPIO.HIGH) 
        elif GPIO.input(20) == False: 
            GPIO.output(green, GPIO.LOW) 
            GPIO.output(red, GPIO.LOW) 
            GPIO.output(blue, GPIO.HIGH) 
        else: 
            GPIO.output(red, GPIO.LOW) 
            GPIO.output(blue, GPIO.LOW) 
            GPIO.output(green, GPIO.HIGH) 
        time.sleep(.1) 
         
except KeyboardInterrupt: 
    GPIO.cleanup() 
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STEP #7 

Run the program. Placing white paper near the line sensor will cause the RGB LED to 
turn green. Use a black marker to make a line at least ½ inch wide on the paper. Moving 
the paper across in front of the sensor will allow the sensor to indicate where the edges 
of the black line are located by turning the RGB LED blue. Verify that your obstacle 
sensor is still turning the LED red when an obstacle is in its path. 

You can now see how obstacle and line sensors can help a robot, and its program, 
interact with the environment around it. Additional obstacle and line sensors can be 
added to further enhance this capability. 

Leave the circuit assembled for use in Lesson B-14. 
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ULTRASONIC SIGNALS 

Have you ever been in a large room or tunnel and heard an echo of your voice? This is 
due to the sound you created, bouncing off one or more surfaces, and then back to you. 
This same principle of reflection is used for ultrasonic range sensing. Signals are sent 
out, reflected off an object, and sensed by a receiver. 

Sound waves that are audible to the human ear generally fall in the range of 20Hz to 
20kHz. Ultrasonic signals are above the 20kHz audible range meaning that, while it's 
not possible for us to hear signals in this range, they can be generated and received by 
electronic equipment. Most of the signals that you interact with on a daily basis like 
mobile phones, garage door openers, and microwave ovens, operate in the ultrasonic 
range or above 20kHz. 

 

FINDING RANGE WITH AN ULTRASONIC SENSOR 

The echoes in a room seem to sound fairly random because they are composed of 
sounds bouncing off multiple surfaces, due to your voice being sent out in a relatively 
wide pattern in the room. Ultrasonic rangefinders operate by focusing their emission or 
"trigger" signal into a relatively narrow region of around 30 degrees. 

These signals travel at a very specific speed in air, which is around 343 meters per 
second, or 34,300 centimeters per second. This means that if you know the exact 
amount of time that a signal took to fly to, bounce off, and fly back from an object, you 
can calculate its distance from the Ultrasonic sensor 

The rangefinder is sent a trigger signal from your program that tells it to send a very 
short ultrasonic pulse of 40kHz out of its emitter. Your program will then start a timer. 
When the rangefinder receives a 40kHz signal reflected back by an object, it will switch 
its echo pin high to indicate this activity. Your program will use the state of the echo pin 
to determine what the counter should do: 

Echo pin low – no signal has been received so keep resetting the starting counter value. 

Echo pin high – a signal has been detected so keep updating the ending counter value. 

Keep in mind that we're not talking about a lot of time elapsing here. For a distance of 
around 200 centimeters you're only looking at around 0.01136 seconds of flight time. 
This means that the signal was emitted, flew to a surface, was reflected, and flew back, 
all in 0.01136 seconds. 
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STEP #3 

You will now setup the GPIO pin mode and configure the echo and trigger pins as 
inputs and outputs. Set the pin mode to BCM, configure trigger as an output, and 
configure echo as an input: 

trigger = 20 
echo = 21 
 
GPIO.setmode(GPIO.BCM) 
GPIO.setup(trigger,GPIO.OUT) 
GPIO.setup(echo,GPIO.IN) 

 

 

STEP #4 

The next part of the program will be a function called range_check() that will be called 
any time your program wants the range from the sensor. Here is the basic overview of 
what range_check() will do: 

1. Set trigger pin high 

2. Wait 0.00001 seconds 

3. Set trigger pin low 

4. While the echo pin is low, continually update the value of start_timer 

5. Once the echo pin is high, continually update the value of stop_timer 

6. Compute elapsed_time by subtracting start-timer from stop_timer 

7. Use math on elapsed time to determine distance 

8. Return the value of distance back to the main program 

 

This may look like a lot, but most of these items are only one line of code. The first step 
in creating the function will be to define it using the name range_check(): 

GPIO.setup(echo,GPIO.IN) 
 
def range_check(): 
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Next, indented below the definition line, push the trigger line high, wait 0.00001 
seconds, pull the trigger line back low, and capture the current time into a variable 
called start_timer using the time.time() command: 

def range_check(): 
    GPIO.output(trigger, True) 
    time.sleep(0.00001) 
    GPIO.output(trigger, False) 
    start_timer = time.time() 

 

That block of code has sent out the trigger pulse and you will now have to wait for the 
echo to return. You will use a while loop to continually reset the value of start_timer 
while you’re waiting for the reflected ultrasonic signals. A second while loop will be 
used to update the value of  stop_timer while the reflected signals are being received: 

def range_check(): 
    GPIO.output(trigger, True) 
    time.sleep(0.00001) 
    GPIO.output(trigger, False) 
 
    while GPIO.input(echo) == False: 
      start_timer = time.time() 
 
    while GPIO.input(echo) == True: 
      stop_timer = time.time() 

 

Now that the start and stop times have been captured, the only thing left to complete 
this function is to calculate elapsed_time by subtracting start_time from stop_time, 
calculating the distance in centimeters using your formula of (time * 34300)/2, and 
then return that calculated distance back to the main program. Add this block below the 
while loops: 

    while GPIO.input(echo) == True: 
      stop_timer = time.time() 
 
    elapsed_time = stop_timer‐start_timer 
    distance = (elapsed_time * 34300)/2 
    return distance 
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Here is the complete function so you can confirm your code matches before continuing 
to the next step: 

def range_check(): 
    GPIO.output(trigger, True) 
    time.sleep(0.00001) 
    GPIO.output(trigger, False) 
 
    while GPIO.input(echo) == False: 
      start_timer = time.time() 
 
    while GPIO.input(echo) == True: 
      stop_timer = time.time() 
     
    elapsed_time = stop_timer‐start_timer 
    distance = (elapsed_time * 34300)/2 
    return distance 

 

STEP #5 

Now that the range measurement and calculation function is complete, you can build 
the rest of the main program. You will use a try/except format for the main program so 
you can clean up the GPIO pins in case of a keyboard interrupt or pressing of the stop 
button in Thonny. 

Inside the try: loop you will use a while True: loop to keep checking range until the 
program ends. A variable called distance will be set equal to the value returned from 
running the function range_check(). Next, you will print the distance value trimmed 
down to 1 decimal place using % notation with the print command. Last, you will add a 
.25 second delay to slow down the main loop so it only runs 4 times per second: 

    distance = (elapsed_time * 34300)/2 
    return distance 
 
try: 
    while True: 
        distance = range_check() 
        print('%.1f' % distance) 
        time.sleep(.25) 
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STEP #6 

The last step will be to add an except case to handle cleanup of the GPIO pins when 
the program exits. Add the following to the very end of the program 

        print('%.1f' % distance) 
        time.sleep(.25) 
 
except KeyboardInterrupt: 
    GPIO.cleanup() 

 

You now have a complete program for displaying the ranges from an ultrasonic sensor. 
Here is the fully assembled program: 

import time 
import RPi.GPIO as GPIO 
 
trigger = 20 
echo = 21 
 
GPIO.setmode(GPIO.BCM) 
GPIO.setup(trigger,GPIO.OUT) 
GPIO.setup(echo,GPIO.IN) 
 
def range_check(): 
    GPIO.output(trigger, True) 
    time.sleep(0.00001) 
    GPIO.output(trigger, False) 
 
    while GPIO.input(echo) == False: 
      start_timer = time.time() 
 
    while GPIO.input(echo) == True: 
      stop_timer = time.time() 
     
    elapsed_time = stop_timer‐start_timer 
    distance = (elapsed_time * 34300)/2 
    return distance 
 
try: 
    while True: 
        distance = range_check() 
        print('%.1f' % distance) 
        time.sleep(.25) 
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STEP #4 

The last step will be to modify the main program, which is currently calling the 
range_check() function directly. Instead, you want to have the main program call the 
average() function which will get three ranges, average them, and return the average 
of the three. Change the name of the function being called in the main program from 
range_check() to average(): 

try: 
    while True: 
        distance = average() 
        print('%.1f' % distance) 
        time.sleep(.25) 

 

STEP #5 

Run the new program to verify that it prints range information to the console as 
expected. Here is the entire program for reference: 

import time 
import RPi.GPIO as GPIO 
import numpy 
 
trigger = 20 
echo = 21 
ranges = [] 
 
GPIO.setmode(GPIO.BCM) 
GPIO.setup(trigger,GPIO.OUT) 
GPIO.setup(echo,GPIO.IN) 
 
 
def range_check(): 
    GPIO.output(trigger, True) 
    time.sleep(0.00001) 
    GPIO.output(trigger, False) 
 
    while GPIO.input(echo) == False: 
      start_timer = time.time() 
 
    while GPIO.input(echo) == True: 
      stop_timer = time.time() 
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STEP #2 

Next, you will add the 128x64 OLED display to the breadboard. Ensure the main body 
of the display is over the P1 and N1 rails and connect the pins to column C between 
rows 43 and 46. The signal labels in the display should match the following: 

GND – C43 

VCC – C44 

SCL – C45 

SDA – C46 
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STEP #3 

You will now make the 3.3V, GND, and I2C connections to the display. Since multiple 
devices can be connected in parallel to the same I2C bus, you will be connecting to the 
temperature sensor I2C connections instead of going all the way across the breadboard 
to connect near the wedge. 

Connect four jumper wires between the following points: 

GND – short jumper wire between E43 and N1-37 

VCC – short jumper wire between E44 and P1-36 

SCL – short jumper wire between E45 and H36 

SDA – short jumper wire between E46 and H37 
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ACTIVITY #3 – MODIFY PROGRAM TO DISPLAY SENSOR INFORMATION 

In this activity, you will build a modification to the program from the last activity to 
display the status of a switch connected to GPIO21, display temperature readings from 
the BMP280, as well as display an alert when the temperature exceeds a setpoint. 

 

STEP #1 

First, make a new copy of the display_text.py program that you created in the last 
lesson. That way you will have the original if you want to run it again or make small 
modifications to that program later. 

With display_text.py open in Thonny, click File and then Save As. Enter the new 
filename as display_info and click the Save button. This will keep the original 
display_text.py file intact, while making a new copy called display_info that will contain 
all the same code as the original file. 

 

STEP #2 

Now that you have a copy of the original file to work with, start adding the code to 
display temperature and switch information. The bme280.py module will need to be 
imported to communicate with the temperature sensor. Import it just below the rest of 
the import block: 

import RPi.GPIO as GPIO 
from PIL import Image, ImageDraw, ImageFont 
import bme280 
 
disp = Adafruit_SSD1306.SSD1306_128_64(rst=None) 
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GPIO voltage / Current limiting resistor = Current running through GPIO pin 

3.3V / 1K-Ohm = 3.3mA 

This will limit current flowing through the GPIO pin to 3.3mA, which is safely below the 
limit of 16mA. 

 

CHARGE TIME 

Charge time is the amount of time that it takes a capacitor to fully charge. This value will 
be affected by factors like the capacitance value and the voltage level being used to 
charge the capacitor. 

Assuming a charging voltage of 3.3V, a 2200uF capacitor will take longer to charge than 
a smaller 220uF capacitor. The larger capacitor will take longer to charge, but once it's 
charged, it can put out much more energy than the smaller capacitor. 

A capacitor that is allowed to fully charge will reach very near the voltage it's being 
charged with. A capacitor being charged by 3.3V will likely reach somewhere between 
3.25 and 3.29V. 

 

CALCULATING CHARGE TIME 

The time required to fully charge a capacitor can be computed by using a value called 
the RC time constant. One RC time constant is the amount of time required for a 
capacitor to charge to 63%, and five RC time constants are generally considered to be 
the time required to fully charge. The RC time constant for a circuit can be computed by 
using the following formula: 

Series Resistor in Ohms X Capacitor in Farads = 1 RC Time Constant in Seconds 

 

Since a micro-Farad is one-millionth of a Farad, the uF value of your capacitor must be 
converted to its Farad value by dividing by 1000000: 

2200uF / 1000000 = 0.0022F 
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STEP #3 

Now that the main framework of the program is in place, add the program inside the 
while True: loop. The first step in the main program loop will be to push GPIO20 high 
for 3 seconds to charge the capacitors. The value of pin will be used to configure 
GPIO20 as an output, push GPIO20 high, and then wait for 3 seconds while the 
capacitors charge: 

try: 
    while True: 
        GPIO.setup(pin, GPIO.OUT) 
        GPIO.output(pin, GPIO.HIGH) 
        time.sleep(3) 
         
except KeyboardInterrupt: 

 

STEP #4 

The capacitors have been given time to charge from the 3.3V supplied by GPIO20. It's 
now time to switch GPIO20 to an input, store the current time as time_start, and hold 
the program in a while loop as long as GPIO20 is still high by using the pass command: 

try: 
    while True: 
        GPIO.setup(pin, GPIO.OUT) 
        GPIO.output(pin, GPIO.HIGH) 
        time.sleep(3) 
        GPIO.setup(pin, GPIO.IN) 
        time_start = time.time() 
        while GPIO.input(pin) == GPIO.HIGH: 
            pass 
         
except KeyboardInterrupt: 

 

This will cause the program to stay in the while loop until GPIO20 transitions to a low 
state. The pass command is used as a placeholder and tells the program that you do 
not wish for anything to happen inside this while loop. You're only using it to delay the 
program right up until GPIO transitions low, and then the rest of the program will 
execute. 
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STEP #3 

The capacitive touch sensor is now connected and pads 1-4 can be used to trigger 
inputs connected to GPIO22, GPIO27, GPIO17, and GPIO4. You will now create a 
program that will use pads 1-3 to control the RGB elements connected to GPIO13, 
GPIO19, and GPIO26. 

Power on your Raspberry Pi and open Thonny. Create a new program called 
cap_touch.py and save it to the Desktop. 

 

STEP #4 

This program will interact with GPIO pins and will use a time.sleep delay, so the 
RPi.GPIO and time modules will need to be imported. 

import RPi.GPIO as GPIO, time    

 

STEP #5 

Next, the GPIO pins connected to the touchpad will need to be configured as active-
high inputs (software pull-down required), and the GPIO pins connected to the RGB 
LED will need to be configured as outputs. 

To make this task easier, use some lists to hold the pin information so setup can be 
completed in two lines instead of six. Use a variable named pads to hold [22,27,17] 
and a variable named rgb to hold [13,19,26]. Set the pin mode to BCM and use the 
lists above to configure the inputs and outputs: 

import RPi.GPIO as GPIO, time       
 
pads = [22,27,17] 
rgb = [13,19,26] 
GPIO.setmode(GPIO.BCM) 
GPIO.setup(pads, GPIO.IN, pull_up_down=GPIO.PUD_DOWN) 
GPIO.setup(rgb, GPIO.OUT) 
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