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Question 1: Give specific details for using the RPi's GPIO as digital outputs and digital inputs.

The row of GPIO (General-Purpose Input/Output) pins along the top edge of the board is a powerful function of the Raspberry Pi. All existing Raspberry Pi boards feature a 40-pin GPIO header (unpopulated on Pi Zero and Pi Zero W). A shorter 26-pin header was composed of boards prior to the Pi 1 Model B+ (2014). Any of the GPIO pins may be marked as an input or output pin (in software) and used for a wide variety of purposes. 3.3V logic levels are used by the Raspberry PI GPIOs and are directly connected to the Microprocessor chip.  Therefore, it is a bad idea if these pins are connected to 5V or higher without level conversion circuitry (transistor switch) as it will damage the Pi.
To switch an electrical circuit on or off, a GPIO can be used as a digital output. This example uses an LED, but the concepts hold true for any sort of circuit; you might also use a relay to switch high-powered devices on/off, for instance. To ensure that you don't draw too much current from a GPIO, circuits are given. Code examples are designed to make the interfacing of software easy and effective. A GPIO pin designated as an output pin can be set to high (3V3) or low (0V).
It is possible to read a GPIO pin designated as an input pin as high (3V3) or low (0V). With the application of internal pull-up or pull-down resistors, this is made simpler. GPIO2 and GPIO3 pins have fixed pull-up resistors, but this can be set up in software for other pins.

Question 2: Describe the importance of pull-up and pull-down resistors as they relate to using the RPi's GPIO pins.

Pull-up and Pull down resistors are used to correctly bias digital gate inputs to prevent them from spontaneously floating when there is no input condition. With floating we refer spontaneous radiation and electromagnetic signals from the environment are captured by the pin and any wires linked to it. It is not HIGH or LOW when the circuit is open, but somewhere in between.
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As the figure above shows, you can use pull-up or pull-down resistors to stop floating inputs. Pull-down resistors are used if you want to guarantee that when the switches are open, the inputs to the gate are low, and pull-up resistors are used if you want to ensure that when the switches are open, the inputs are high.
The resistors are necessary, because if they were removed and replaced with wire lengths, when the switch is closed, the switch would form a short circuit to the ground. Also critical is the size of the pull-down/up resistors; their value must be low enough to pull the low/high input firmly when the switches are open, but high enough to stop too much current flowing when the switches are closed.
Ideal logic gates have infinite impedance and will be sufficient for any resistor value (short of infinite). Real logic gates, however, leak current and you must solve this leakage.
You should select the maximum value that actually draws the low/high input in order to minimize power consumption. A 3.3 k-10 k resistor normally works well, but when the switch is closed, 3.3 V can push 1 mA-0.33 mA through them respectively and dissipate 3.3 mW-1 mW of power respectively. You could test larger resistors of 50 k or higher for power-sensitive applications. 

Question 3: Complete the An Enhanced GPIO Class section in chapter 6, pages 242 - 244. Copy the results of the test for your answer and give a picture/video of your program as it executes.


To make it easier to use, a C++ class has been written that wraps the GPIO functionality of sysfs on the RPi.  The importance of this approach is that it is transferable to any Linux system that is embedded.  The class is extensively discussed in chapter 5, however in chapter 6 GPIO classes tend to be complex and difficult to comprehend. 
Test circuits are incorporated to enhance and simplify GPIO class, in this case the class code is efficient and executes faster. Test circuit is a combination of LED circuit and Button circuit 
This code's response time is captured in the figure below. Since the polling is done effectively by the Linux kernel, this code runs with a 0 percent CPU load. The electrical response time is determined using an oscilloscope between the first rising edge of the button press and the turning on of the LED. 
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This program responds to ~123 μs in physical debounce filter cycles, which is fine. This output will not be influenced by the use of the class's debounce filter, only the delay between repeated button presses. The downside to this code is that when awaiting the button press, the software will not perform other operations. Further we can enhance the code with the  waitForEdge() method  which permits function pointer and allows the use of Pthreads to allow the program to continue with other operations.
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The significant difference in this code is that a new thread is generated within the method when the setEdgeType() method is called, and it restores control immediately so that the main thread can continue performing operations. Before turning the LED off, the key thread simply counts for ten seconds. The activateLED() function is called if the button is pushed. The LED will be switched off whether or not the pushbutton is pushed, and the program will exit after 10 seconds of counting:

Question 4: Complete the WiringPi section in chapter 6, pages 252 - 259. Copy the results of the test for your answer and give a picture/video of your program as it executes.

WiringPi is a C-written library used to access GPIO pins for BCM2835 (Broadcom Processor) SoC pins on Raspberry (System on Chip). Different libraries like bcm 2835, sysfs, pigpio, etc. are available to access GPIO in C. WiringPi is a core C library, but it is open to both Ruby and Python users who can either "gem install wiringpi" or "pip install WiringPi".  In the end, the WiringPi-Python library eventually adds to Python a whole host of current WiringPi features, including brand new features from WiringPi 2. WiringPi uses its own pin numbering system, here you can learn how your GPIO pins are numbered by WiringPi, what those pins do and how to do shiny stuff from inside Python or Ruby with them.
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Question 5. Complete the PWM Application - Controlling a Servo Motor section in chapter 6, pages 266 - 268. Copy the results of the test for your answer and give a picture/video of your program as it executes.

Servo motors have long been around and are used in many applications. They are small in size, but they are very energy-efficient and pack a big punch. These features allow them to be used to in remote controlled robots and radio controlled devices. Servo motors are also used in industrial applications, in-line processing, robotics, pharmaceuticals/ medicine and food services.

Servos are operated by sending through the control wire an electrical pulse of variable duration, or pulse width modulation (PWM). A minimum pulse, a maximum pulse, and a repetition rate are present. For a total movement of 180 °, a servo motor may normally only turn 90 ° in either direction.

The neutral position of the motor is defined as the position where, in the clockwise or counter-clockwise direction, the servo has the same amount of potential rotation. The position of the shaft is determined by the PWM sent to the motor and is dependent on the length of the pulse sent through the control wire; the rotor will switch to the desired position.

The servo motor expects to see a pulse every 20 milliseconds (ms) and how far the motor turns will be determined by the duration of the pulse. For eg, a pulse of 1.5 ms would transform the motor to a position of 90 °. It pushes it towards the 0 ° position in the counter clockwise direction shorter than 1.5ms, and the servo will turn towards the 180 ° position in a clockwise direction no longer than 1.5ms.
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// Listing 6-17: /chp06/wiringPi/servo.cpp
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1 #include <stdio.h> // Used for printf() statements ~

2 include <wiringPi.h> // Include WiringPi library!

3

4 // Pin number declarations. We're using the Broadcom chip pin numbers.

5 const int pumValue = 75; // Use this to set an LED brightness

& const int pmPin = 18; // BWM LED - Broadcom pin 18, P1 pin 12

7 const int butPin = 17; // Active-low button - Broadcom pin 17, P1 pin 11
& const int ledPin = 23; // Regular LED - Broadcom pin 23, P1 pin 16

e

10 int main(void)

1 B

12 wiringPiSetupGpio(); // Initialize wiringPi —- using Broadcom pin numbers
13

18 pinMode (pwmPin, PWM_OUTPUTLED); // Set PWM LED as FWlM output

15 pinMode (1edPin, OUTEUT) 7/ Set regular LED as output

16 pinMode (butPin, INPUT) 7/ Set butten as INPUT

17 PpullUpDnControl (butPin, FUD_UP); // Ensble pull-up resistor on button
18

19 princt("s s CT:

20

21 while (1)

2 B

23 if (digitalRead(butPin)) // Button is released if this returns 1
22 @ €

25 pumiirite (pmPin, pwmValue); // FWi LED at bright setting

26 digitalWirite (ledPin, LOW); /7 Regular LED off

27 i

28 else // If digitalRead returns 0, button is pressed

23 @ €

30 pumiirite (pumPin, 1024 - pumValue); // BWM LED at dim setting
31 digitalWrite (ledPin, HIGH); // Turn LED ON

32 delay(75); // Wait Tsms

33 digitalWrite(ledPin, LOW); // Turn LED OFF

3¢ delay(75); // Wait 75ms again

35

36

37
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T finclude <iostream
2 finclude <wiringpi.n>
5 finclude <umista.ns
i using namespace std;
S fasfine P SERVOMOTOR 18 // this is BWMO, Pin 12
.
7

#define BUTTON_GPIO 27 // this is GPIO27, Pin 13
#define LEFT 25 // manually calibrated values
define RIGHT 118 // for the left, right and

S $define CENTER 73 // center servo positions
10 bool sweeping = true; // swesp servo until button pressed

11 [void buttonPress(void) { // ISR on button press - not debounced
12 Jcous << "5 - " << endl;

15 | sweeping = false; // the while() loop should end soon

1 Ly

15 Elinc main() { // must be run as root

16  [wiringPiSetupGpio(); // use the GPIO numbering

17 | pinMode (PWM_SERVOMOTOR, Wl OUTEUT); // the BWM serve

15 | pinMode (SUTTON_GPIO, INPUT); // the button input

15 | wiringPiIsR(SUTTON_GPIO, INT_EDGE_RISING, &buttonPress):

20 | pumSetMode (PWM_MODE MS): // use a fixed frequency

21 | pumSecRange(1000); // 1000 steps
22 | pumSetClock(384); // gives SOHz precisely
23 | cout << "Sweeping the
while (sweeping) {
or(int i=LEFT; i<RIGHT; i++) { // rotate to right
26 [ pumWrice (PWM_SERVOMOTOR, 1);

27 | usleep(10000);
28 |y

29 [Jfor(int i=RIGHT; i>=LEFT; i--) { // rotate to left

50 | pumfizice (PWM_SERVOMOTOR, i

31 | usleep(10000)

32 )

33 )

34 | pumirice (PWM_SERVOMOTOR, CENTER); // rotate to center

35 | cour << "Bx - servo centred” << endl;
36 | return 0;
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#include<iostrean>
#include"GPIO. h"
using namespace exploringRPi;
using namespace std;
int main() {
GPIO OutGPIO(17), 1nGPIO(27);
1nGPIO. setDirection (INPUT) //outton is an input
OutGPIO.secDirection (OUTPUT) ; //LED is an output

inGPIO.setEdgeType (RISING) ;  //wait for rising edge
OutGPIO. streanOpen() ; //tast write, ready file
OuTEPIO. streamiirite (LOW) : //vurn the LED off

cout << "Press the by
1nGPIO. waitForEdge ()

" << endl;
//will wait forever

OCGPIO. streamiirite (HIGH) ; //button pressed, light LED
OuTEPIO. streanClose () //close the cutput stream
retarn 0;
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Figure 6.13 Time delay in lighting an LED in response to a button press at ~0% CPU usage () using sys/polLh, and (b) integrating callback functions and Pthreads

‘The response time of this code is captured in Figure 6.13(b), and it is only marginally slower than the previous code (by 11 pis), which is the cost of the callback function and the
Pthreads code. Again, this code has no noticeable load on the CPU. The full implementation code is available in the GPIO.cpp file, and you can edit it to suit your needs. A more
advanced version would use functors (function objects) and the C++ Standard Template Library (STL) to remove the requirement for the callback code to be a global function.

Memory-Based GPIO Control

‘The full datasheet for the Broadcom BCM2835 Peripherals is available from the Raspberry Pi Foundation at tiny.cc/erpicor. Itis an important document that describes the low-level
detail of the SoC, which is used to custom build the Linux kernel for the RPi. However, it is also possible to use such low-level /O detail to bypass the Linux kernel, using direct
‘memory manipulation to take control of the SoC’s inputs and outputs. While this approach can achieve much better I/0 performance, you should avoid using it if possible, because
your programs will not be portable to other embedded Linux platforms. In addition, since the Linux kernel is unaware of such direct memory manipulations, you could potentially
generate resource conflicts.

NOTE

‘This section describes how high-performance GPIO control is achieved on the RPi using memory-mapped techniques, which are specific to the RP{'s SoC. This provides
contest for the impressive performance of the wiringPi library that is described in the next section. Should this material prove difficult, jump to the section on wiringPi and -
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T fincludeciostream

2 fincludecunista.ns

5 fincluaencero.nt

4 using namespace exploringRPi;

5 using namespace std;

3 GPIO *outGPIO, *inGPIO; // global pointers

7 [int activateLEDFxn(int var) { // the callback function

8 OuTGPIO->streamiirite (HIGH);  // turn on the LE[]

s cout << "mutcon Fressed’ << endl:

10 return 0

n L

12 [Hint main() {

13 $nGPIO = new GPIO(27 // <he butcon GFIO

18 GUTGRIO = new GPIO(7) ; 77 tne 12D GPIO

15 £nGPIO->secDirection (INBUT); // the bucton iz an input

16 ‘outGPIO->setDirection(OUTPUT) ; // the LED is an output

1 oUCGPIO->streanopen () ; 7/ use fast urite to LED

18 OuTGRIO->streamiisite (LON);  // turn the LED off

19 nGPIO->setEdgeType (RISING) ;  // wait for rising edge

20 Cout << "You have 10 ress the button:® << endl;

21 inGPIO->waitForEdge (§activateLEDFxn) // pass the callback function

2 cout B "Lis E se" D end

23 H for(int i=0; i<10; i++){

25 wsleep (1000000 // sieep for 1 secona

25 7/ indicates 1 second nas elapsed

26 )

27 CUCGPIO->streamirite (LOW);  // turn off the LED after 10 seconds

28 ouTGRTO->streanciose() ; 77 snutdon tne stream

29 return 07

0 Ly
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The significant change in this code s that when the setedgeType () method is called, a new thread is created within the method and it immediately returns control so that the main
thread can continue to perform operations. The main thread simply counts for ten seconds before turning off the LED. If the button is pressed, the sctivsteLeo() function is called.
Whether the pushbutton is pressed or not, the LED will be turned off, and the program will exit after 10 seconds of counting:

pifierpi ~/exploringrpi/chpos/GPIO/tests § ./test_callback
You have 10 seconds to press the button:

Listening, but also doing something else..
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Figure B3 Time delay in lighting an LED in response to a button press at ~0% CPU usage () using sys/polLh, and (b) integrating callback functions and Pthreads

‘The response time of this code is captured in Figure 643(b), and it is only marginally slower than the previous code (by 11 pis), which is the cost of the callback function and the
Pthreads code. Again, this code has no noticeable load on the CPU. The full implementation code is available in the GPIO.cpp file, and you can edit it to suit your needs. A more
advanced version would use functors (function objects) and the C++ Standard Template Library (STL) to remove the requirement for the callback code to be a global function.

Memory-Based GPIO Control

‘The full datasheet for the Broadcom BCM2835 Peripherals is available from the Raspberry Pi Foundation at tiny.. ssissessal. Itis an important document that describes the low-level
detail of the SoC_which s used to custom build the
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