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Abstract

Nowadays, the world is trending toward using the microprocessors
due to their many advantages like cost and size. Usually, sensors are
connected to these microprocessors to get a system with complete

functionality.

The aim of the experiments is to work with the Arduino
microprocessor, two wires interface concept used in Arduino, LM75B

temperature sensor and 7 segments display.

The report is going to give a brief introduction about Arduino, photocells, two wires
interface, 7 segments and LM75B temperature sensor, the work has been done in the

lab, the results obtained in pictures and a conclusion.
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1. Introduction

1.1 Arduino
1.1.1 What is an Arduino?

Arduino is a board used to build many projects since it is programmable device. It is
providing an open source software which helps you to develop your program with
help of many others. Projects you can build with it starts with simple ones like
lighting LEDs to building robots.

Figure 1.1.1 Arduino board

1.1.2 Advantages of using Arduino

Many advantages for arduino made the world use it, from it is low price, it is
simplicity to it is compatibility to many OSs.

1.2 Photocells
1.2.1 What is a photocell?

The photocell is a variable resistor with light. When the light intensity on it is high the
resistance will become low, and when the light intensity is low the resistance will be
high. Due to this feature, it is used in many fields like in switching circuits.

Figure 1.2.1 Photocell sensor



The following graph shows the reverse relation between the resistance and light:
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Figure 1.2.2 Photocell graph

1.3 Interrupts

Interrupts are signals sent to the CPU because an immediate event happened and
needs an action, this action is in ISR. The interrupt is two types: software and
hardware interrupts.

Software interrupt, happen because of instruction in the instruction set or something
happened in the processor itself like dividing by zero.

But the hardware interrupts happen between devices in the PC, external devices like
printers or both. This type is also called interrupt request.

1.4 Timer register

1.4.1 What is a timer?

Timer is a hardware device built inside the arduino for counting or timing. This timer
is programmable by given it a prescaler. There is many types of timers like timer0 and
timer 1 and they differ in their number of bits, uses and prescaler values. All these
timers depend directly on the system clock of the arduino board.

There is an available manual for the timer registers bit for helping in configuring

them.



1.5 Two wire interface — 12C bus

Two wire interface is a way for serial communication, it is used for bidirectional data
transfer between devices. This is make it useful for many applications. It uses
asynchronous mode. One of the communicating devices is master and the other is slave.
It is name come from the two basic lines SDA and SCL. SCL is the clock line bus used
for synchronization and is controlled by the master. SDA is known as the data transfer

bus.

Figure 1.5.1 Block diagram of 12C

1.6 Multiplexed displays

Multiplexed displays are electronic display devices where the entire display is not
driven at one time. It is main application when connecting multiple 7-segment
displays for working like clocks or stop watch.

Many advantages for using this way, less wires, less cost and low power consumption.
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Figure 1.6.1 multiplexed displays


https://en.wikipedia.org/wiki/Display_device

1.7 LM75B Temperature sensor

this sensor is digital sensor used for measuring the temperature. Usually it is used
with 12C which we described about before. This combination makes them ideal to be
used with many applications like systems the thermal management is critical for
them.

+Vg 100 nF (typ) unless mounted
close ItoI processor

s 11 _L

A0 7
Address A1 6
(Set as desired)
S LM75 3 To Processor
e 0.8. Interrupt Line
1
Interface SDA 0.S. set to active low
SCL 2 for wire OR’d multiple
interrupt line

4
GND

Figure 1.7.1 LM75 Pins
1.8 7-Segment display

Seven segment display used for displaying decimal numbers, it is used in many

applications like digital clocks, timers, calculaters and stop watches.

The LEDs in the seven segments are referred to by letters A to G, and the decimal

point is optional to display integer numbers.

Figure 1.8.1 7-segment



2. Procedure and Discussion

In this part, the steps followed to do the tasks asked in the lab will be shown.
2.1 Arduino with photocell

In this part, we want to print on the serial monitor in the arduino software the
analog voltage readings we read from the photocell and see this amount of
light on the led.

We connected the photocell and the led with the arduino, two resistors were
connected with the photocell to limit the amount of current flows to it so it
won't burn.

The connection was like the picture below:

Figure 2.1.1 Demonstration of use

After connecting, we wrote the given code on the arduino software but we
added a threshold were the photocell will give dark or light, we tried different
values for the threshold starting from 100 until we reached the appropriate one

which is 1000 for dark and 100 for light, as the screenshots show:



@ yaramona | Arduine 1,612

File Edit Sketch Tools Help

yaramrona

int photocellPin = 0; // the cell and 1CK pulldown are connectec to al

int photocellRezding; // the analog reacing from she sznsor divider &) COMS (Arduino/Gening Unc) = X
int LEDpin - 11; // connect Ped LED to pin 10 (DN pin) H =
int LEDbrightness;

wvaid setup(void) { Analeg reading = 151 - bright

/¢ We'll send debugyony informslion vie the Serial momilor analog resding = 746 - brignt

Szrial.beqin (9600); °
vaid loop(veid) {
photocellReading = anzlogRead (photocellPin|;

Serial.print("Analog reading = ");
Szrial.print (photocellReading): // the raw amalog reading
if (photocellReading < 100) {
Serial.println(™ - Dark"); }
elze if (pchotocellReading < 100) |
serial.printin(” - Light”); }
else { Serial.prentin{™ - bright");
]
photocellReading = 1023 - photocellkeading:
LEDbrightncaa = rap (photoccllReading, 0, 1023, 0, 255);
analogiirite (LEDpin, LEDbrightness);

delay (10000); } 4 Auroscrol

Figure 2.2.2 Photocell threshold 100

yaramana
int photocellPin = 0; // the cell and 10K pulldown are connected to al
int photocellReading: // the analog reading from the sensor divider @ COM3 (Arduine/Gentino Uno) - o X
int LEDpin = 11; // connect Red LED to pin 11 (PWM pin) || send |
int LEDbrightness;
void setup(veid) { Analog reading = 139 - Dark
// We'll send debugging information via the Serial monitor Lnalog reading = 736 - Dark
Serial.begin(9600);: } Rnalog reading = 776 - Dark
void loop(void) { Anzlog reading = 148 - Dark
photocellReading = analogRead (photocellPin); Analog reading = 147 - Dark

Serial.print ("Analcg reading = ");
Serial.print (photocellReading); // the raw analog reading
if (photocellReading < 800) {
Serial.println(" - Dark"); }
elze if (photocellReading < 800) [
Serial.println(™ - Light™); }
else { Serial.println(" - bright");
1
photocellReading = 1023 - photocellReading;
LEDbrightness = map(photocellReading, 0, 1023, 0, 255);
analogirite (LEDpin, LEDbrightness):

delay(10000); } ] Autoscrol 9%600baud

Figure 2.2.3 Photocell threshold 800



yaramana

int photecellPin = 07 // the cell and 10K pulldown are connected to a0
int photocellBeading; // the analog reading from the sensor divider
int LEDpin = 11; // connect Red LED to pin 11 (PWM pin)
int LELbrightness;
void setup(wveid) [
// We'll send debugging information via the Serial monitor
Serial.begin(9600); }
void loop(void) |

photocellReading = analogRead (photocellPin);

Serial.print ("Analog reading = ");
Serial.print (photocellReading); // the raw analog reading
if (photocellBeading < 500) |
Serial.println(™ - Dark"}: }
else if (photocellReading < 500) |
Serial.println{™ - Light"}; }
else { Serial.println(™ - bright™);
t
thotocellReading = 1023 - photocellReading:
LEDbrightneas = mzp(photocellReading, 0, 1023, 0, 255);
znalogWrite (LEDpin, LEDbrightness):
delay(10000); }

@ COM3 (Arduino/Genuino Uno)

Analog reading = 136 - Dark
Analog reading = 835 - bright
Analog reading = 132 - Dark

Autoscroll E

Figure 2.2.4 Photocell threshold 500

yaramona

int photocellPin = 0; // the cell and 10K pulldown are connected to al
int photocellReading; // the analog reading from the sensor divider
int LEDpin = 11 // connect Red LED to pin 11 (PWM pin)
int LEDbrightness:
wvoid setup(void) {
f/ We'll send debugging information wia the Serial monitor
Serial.begin{9600); ]
woid loop(veid) {

photocellReading = analogRead{photocellPin);

Serial.print ("Analog reading = ");
Serial.print(photocellReading); // the raw analog reading
1f (photocellReading < 1000) {
Serial.println(” - Dark"): }
elase if (photocellReading < 100) {
Serial.println{™ - Light"}; }
else [ Serial.println{™ - bright™):
}
photocellReading = 1023 - photocellReading;
LEDbrightness = map(photocellReading, 0, 1023, 0, 255);
analogWrite (LEDpin, LEDbrightness);
delay(10000); 1}

8 COM3 (Arduino/Genuino Una)

Inalog reading = 914 - Dark
IMnalog reading = 1013 - bright

Autoscroll

Figure 2.2.5 Photocell threshold 1000 and 100



2.2 Arduino with push button

In this part we saw the hardware interrupt by connecting arduino with a push button.

When pushing on the button an interrupt should happen and so the led will turn on.

The connection was as in the following picture:

Figure 2.2.1 Arduino with push button

The code shown in the following screenshot was given in the experiment:

| - I —
AY Hardware interrupt example
imt pin = 137
wolatile inmt statce = LOWr
woid secup () {
pinMode {(pin, OOTPEFOT) =
attachInterrupt {0, blink, CHRMNGE) =

woid loop () {

digicaelWrices{pin, sStatce) s
1
woid Blink )
state = !state;r
Figure 2.2.2 Code

The following pictures show the led after an interrupt happen:



Figure 2.2.3 The led is off and on after an interrupt

2.3 TO DO (PWM)

In this part was asked to generate a square wave. The frequency was given equal to 1
KHz all what we should do is to calculate the prescaler if we suppose that the duty

cycle is 0.5 then:
Timer value = 2716 — (16 MHz* duty cycle / frequency * prescaler )

After finding the prescaler we connect the signal from the arduino to signal generator

to ensure that we got the square wave.

2.4 LM75B

In this part we connected the temperature sensor with the arduino to measure the
temperature in the rome in both Celsius and Fahrenheit and print them on the serial

monitor in the arduino software.

We connected the sensor with the arduino as in the picture:



Figure 2.4.1 Arduino with temperature sensor

The code is shown in the following screenshot:

Im75b | Arduing 1.6.6

File Edit Sketch Tools Help

Im7&h

PISimple code for the ILM75BE, simply prints temperature via serial
#include <Wire.h>
int LM75BRAddress =0x48;
woid setup(){
Serial.begin (9600} ;
Wire.begin(); //comminication start

}
wvolid loop(){
float celaius = getTemperature () :
Serial .print{"Celsius: ");
Serial.println{celsius);
flocat fahrenheit = (1.2 * celsius) + 32;
Serial.princ("Fahrenheic: ");
Serial.println{fahrenheit);
delay{200)r //just here to slow down the ocutput. ¥You can remove this

}
flcat getTemperature() |
Wire.requestFrom (LM7SBAddress, 2) 7

byte MSB = Wire.read():
byte LSB = Wire.read({); //it's a 12kit int, using two's compliment for negative
int TemperatureSum = ((MSB << B) | LSB) >> 4:

float celsius = TemperatureSum*0.0625;7
return celsius;

Figure 2.4.2 Code

10




The results were as the screenshot shows:

&8 COMS (Arduino/Genuino Uno) — O >
| Send
Celsius: 28.37 -~

Fahrenheit: 83.07
Celsius: 28.37
Fahrenheit: 83.07
Celsius: 285.37
Fahrenheit: 83.07
Celsius: 285.37
Fahrenheit: 83.07
Celsius: 28.50
Fahrenheit: 83.30
Celsius: 28.50
Fahrenheit: 83.30
Celsius: 28.50
Fahrenheit: 83.30
Celsius: 285.37
Fahrenhe L

Autoscroll Mo line ending -~ | 9600 baud [

Figure 2.4.3 Results
2.5 7-segement Display

Here we will connect the 7-segenent display with arduino and show numbers on it.
The connection will be as showed in the experiment and the given code in it will be

used also.

The connection as in the picture:

Figure 2.5.1 Arduino with 7-segment

11



The code used is:

Vseg | Arduino 1.6.6_
File Edit Sketch Tools Help

_T=eg

byte seven_ seg_digits[10](7] ={ { 0,0,0,0,0,0,1 }, 7/ =10
{10,0,1,1,1,1}, /¥ =1
o,0,1,0,0,1,0 1,
g,0,0,0,1,1,0 },
1,0,0,1,1,0,0 },
g,1,0,0,1,0,0 1},
g,1,0,0,0,0,0 1},
g,0,0,1,1,1,1 },
ag,0,0,0,0,0,0 1},

[ o,0,0,1,1,0,0 1}z
byte count=0;

e e T e T et T e

void setup() {
pinMode (2, OUTPUT);
pinMode (3, OUTIPUT):
pinMode {4, OUTEUT):
pinMode {5, OUTEFUT):
pinMode (&, OUTFUT):
pinMode {7, OUTEFUT):
pinMode (8, OUTEUT):
pinMode {9, OUTEUT):
writeDot(0) > // start with the "dot™ off
}
volid writeDot (byte dot) {
digitalWrite (9, dot); }
volid sevenSegWrite(byte digit)

[ byte pin = 2;
for (byte gsegCount = 0p seglount < 7 ++3eglount) |
digitalWrite(pin, seven seg_digits[digit] [seglount]}: ++pin: }
1
vold loop() |
for (byte count = 10; count > 0; —--count) {
delav (1000); sevenSegWrite(count - 1); }
delay (4000} }

Figure 2.5. Code
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2.6 To Do

In this to do, we connected the temperature sensor with the arduino with 2 7-
segments, the aim of this to do is to let the sensor sense the temperature and show it in

the 7-segments.

First, we tried to show only one number of the temperature on one 7-segment, then,
we tried to show the two numbers in the same 7-segement by showing them
sequentially on the 7-segemnt like if the temperature is 27 we showed 2 then 7, as in

the following picture:

Figure 2.7.1 temperature on one 7-segement

finally, we showed the two numbers each on a different 7-segement as in the picture:

Figure 2.7.2 Temperature on different 7-segments

13



The code we wrote:

File Edit Sketch Tools Help

tado

I’.f’Simple code for the LM75B, simply prints temperature via serial
#include «<Wire.h>

int LM75BLddress =0x48;

byte seven seg digits[l0]([(7] = { { 0,0,0,0,0,0,1 }, S/ =10

= |

{1,0,0,1,1,1,1}, 7f =1
{ 0,0,1,0,0,1,0 1,
{ 0,0,0,0,1,1,0 1,
{1,0,0,1,1,0,0 },
{ 0,1,0,0,1,0,0 },
{o01,0,0,0,0,0},
{ 0,0,0,1,1,1,1 1,
{ 0,0,0,0,0,0,01,
{ 0,0,0,1,1,0,0 }}:

void setup() {
Serial.begin{9600);
Wire.begin(); //communication start
pinMode {2, OUTEUT) :
pinMode (3, OUTEUT):
pinMode (4, CUTEUT):
pinMode (5, OUTEUT);
pinMode (6, OUTEUT);
pinMode (7, OUTEUT):
pinMode (8, OUTPEUT):
pinMaode {9, OUTEUT);
pinMode {12, OUTEUT):
pinMode (13, CUTEUT):
Wire.begin()

1
wroxid sewenSegWrite (byitoce digit)
{ bytce pim = 27
for [(kyte segCount = 0 seglCouant < 7r ++zseglfount) |

digitalWritce (pin, sewven seg digits[digit] [segCount]):s
++ping 1

1
wolid loocepe () {
byvte pinlZ? = 12, pinl3 = 13>
bEvtce celsiuns = byte {gecTemperature () ) 107
bEvte celsiusl = byte {getTemperature () ) 2107

digitalWrice{(pinl2,0)
AdAigitaelWrite {(pinl3,1) 7
sevenSegWrite (celsius) 5
dAelazwyw (10 2
digitaelWrite{(pinlZ, 1) 7
digitaelWrice{(pinl3 3, 0) 7
sevenSegWrite (cel=iu=sl) H

delay {(10) =

Figure 2.7.3 Code
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3. Conclusion

We enjoyed These two experiments because they were full of useful and simple
applications we can use in our lives. Many applications can be build using Arduino
and the other components we used like the 7-segement and LM75B temperature
sensor and in a short time. The results we got were acceptable and like what we

expect.
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