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	In your evaluation you have included a discussion about the effectiveness of the language C to control the Arduinos. However, this misses many of the key advantages of C, as it is used with the Arduino as it is a relatively "light" language in terms of its footprint, portable across platforms with minimal changes and allows direct memory management.  You have considered the effectiveness of the end prototype and how the use of different motors would be more effective in the environment the system is intended for.  
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[bookmark: _Toc198730042]Introduction-
 In this assignment I am going to talk about the process of designing and coding a security system for an office, the coding software I am using is C++. This is because it is a simpler code compared to most while still being complexed enough to carry out the task at hand. The hardware I will build will be built using a breadboard, this is due to the ability it has, to be taken apart, in the end product everything would be soldered together on a circuit board.











[bookmark: _Toc198730043]Task 1 – Hardware Design

Design a microcontroller-based system. Explain the function and purpose of each of the components in the system, justifying why you chose them and what other components you considered. Add the necessary datasheets to the back of the report as an appendix and refer to them in your text. 

Servo motor–
 The servo motor is being used in this microcontroller-based system because the blinds in the office need to be moved based on the time of day. There were two main options for motors that could be used for this system, a DC motor or a servo motor. A DC motor provides more torque which would be needed for the final project, but the wiring to set it up is more complicated, because of this reason and the fact that this is a prototype I am going to use a servo motor. (See appendix 1 for data sheet)
 The function of the servo motor in this system is to spin the shaft that blinds are attached to, to either lift it up or down.

LED-
 The LED in the system is being used to produce light in the office to make it seem like it is being used at night. The reason why I am choosing the LED as the light source in this prototype because it is a small convenient way of showing that the code and the wiring is correct. In the product it would be the office lights. (See appendix 2 for data sheet)

LDR (light dependent resistor)-
 The light dependent resistor (LDR) is used in the security system is to measure light to determine when it is night. The reason for using a LDR over a clock to determine when it is night is because the system needs to imitate what would happen when the office is in use at night, this means the lights and the blinds will come on and go down at different times of year depending on when it gets dark. (See appendix 3 for data sheet)

Resistors-
 The resistors used in the system to limit the current going into the LED, button and LDR. IN The real circuit the resistors would be soldered onto a circuit board and not stuck into a breadboard.

Arduino- 
 The Arduino has multiple uses in this security system circuit. The first one of these uses is to be the supply the 5V power to the circuit, in the real system an actual power supply will be used since the motors will demand more power when they are connected and turning the blinds than the prototype. The second purpose of the Arduino is to communicate between the circuit and the program running it. (See appendix 4 for data sheet)

Bread board- 
 A construction base is needed to make any circuit and the type best suited for designing and making this prototype was a breadboard. This is because it is a convenient and simple was of connecting such components as resistors, motors and more together with power, the Arduino while also still being able to disassemble it. In the product for this system a circuit board would be used, and the connections would be soldered together to avoid the components becoming loose. (See appendix 5 for data sheet)

HC-SR04 (ultra-sonic sensor)-
 The ultra-sonic sensor has the function of detecting how far away an object is. This is being used in the circuit to determine the positioning of the blinds. To do this there are two ultra-sonic sensors, one at the bottom and one at the top, when the blind is close to one of the sensors it is either in the up or down position. The sonic sensor I am using provides 2cm - 400cm non-contact measurement function (see appendix 6)

Schematic of the system-
[image: ]

[image: ]Circuit diagram of the system-
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 Design a C program to monitor the light conditions and adjust the office lights and blinds accordingly.  Choose a range of acceptable values for the light level and embed these in your program. Use pseudo code and / or flowcharts to design your program.  

Sudo Code
Include Servo library 
define ECHO_PIN_CLOSED 4      
define TRIG_PIN_CLOSED 3
define ECHO_PIN_OPEN 6
define TRIG_PIN_OPEN 5
define SERVO_PIN 7
define LED_PIN 8
define LDR_PIN analogue 0

Constant int LIGHT_LEVEL = 700 
Servo blind Motor

void setup () 
  Serial begin (9600)
  
  Pin Mode (TRIG_PIN_CLOSED, OUTPUT)
  Pin Mode (ECHO_PIN_CLOSED, INPUT)
  Pin Mode (TRIG_PIN_OPEN, OUTPUT)
  Pin Mode (ECHO_PIN_OPEN, INPUT)
  Pin Mode (LED_PIN, OUTPUT)
  Pin Mode (LDR_PIN, INPUT)

  
  Digital Write (LED_PIN, HIGH)
  Delay (1000)
  Digital Write (LED_PIN, LOW)

  Blind Motor attach (SERVO_PIN)

 End set up

void loop 
  int Ldr Reading = analogue Read (LDR_PIN)
  Serial print ("LDR Reading: ")
  Serial print ln (Ldr Reading)

  if (Ldr Reading < LIGHT_LEVEL) 
    digital Write (LED_PIN, HIGH)
   else 
    digital Write (LED_PIN, LOW)
  

  int distance, microseconds

  if (Ldr Reading < LIGHT_LEVEL) 
    // Daytime mode: raise blinds
    Digital Write (TRIG_PIN_OPEN, LOW)
    delay Microseconds (2)
    digital Write (TRIG_PIN_OPEN, HIGH)
    delay Microseconds (10)
    digital Write (TRIG_PIN_OPEN, LOW)
    
    microseconds = pulse In (ECHO_PIN_OPEN, HIGH)
    distance = microseconds / 29 / 2

    if (distance > 10) 
      blind Motor attach (SERVO_PIN)
      blind Motor write (0)
     else 
      blind Motor detach ()
    End else
    End if

   else 
    digital Write (TRIG_PIN_CLOSED, LOW)
    delay Microseconds (2)
    digital Write (TRIG_PIN_CLOSED, HIGH)
    delay Microseconds (10)
    digital Write (TRIG_PIN_CLOSED, LOW)

    microseconds = pulse In (ECHO_PIN_CLOSED, HIGH)
    distance = microseconds / 29 / 2

    if (distance > 10) 
      blind Motor attach (SERVO_PIN)
      blind Motor write (180)
    else 
      Blind Motor detach ()
    End else
    End else

  Delay (200)
End function

[bookmark: _Toc198730045]


Task 3 – Implementation

Marks will be awarded for functionality of your system, adherence to programming conventions, quality, and efficiency of code. Higher marks will be awarded for the use of your own defined functions in the program making it more readable. 

Fully document your C program with comments explaining how it works and how it relates to your algorithm. Get a clear program printout, making sure each in-comment does not overflow onto the next line.


Actual code
#include<Servo.h> //this makes the code use servo library, allowing interaction with servo
#define ECHO_PIN_CLOSED 4       //this defines the closing blind
#define TRIG_PIN_CLOSED 3        //this defines the closing blind
#define ECHO_PIN_OPEN 6          //this defines the opening blind
#define TRIG_PIN_OPEN 5           //this defines the opening blind
#define SERVO_PIN 7                   //this defines the servo pin
#define LED_PIN 8
#define LDR_PIN A0

const int LIGHT_LEVEL = 700; // Adjust this if needed
Servo blindMotor;

void setup() {
  Serial.begin(9600);
  
  pinMode(TRIG_PIN_CLOSED, OUTPUT);
  pinMode(ECHO_PIN_CLOSED, INPUT);
  pinMode(TRIG_PIN_OPEN, OUTPUT);
  pinMode(ECHO_PIN_OPEN, INPUT);
  pinMode(LED_PIN, OUTPUT);
  pinMode(LDR_PIN, INPUT);

  // Blink LED at startup for confirmation
  digitalWrite(LED_PIN, HIGH);
  delay(1000);
  digitalWrite(LED_PIN, LOW);

  blindMotor.attach(SERVO_PIN); //this is the equivalent of using pin mode
}

void loop() {
  int LdrReading = analogRead(LDR_PIN);
  Serial.print("LDR Reading: ");
  Serial.println(LdrReading);

  // LED Control: Turn ON in the dark
  if (LdrReading < LIGHT_LEVEL) {
    digitalWrite(LED_PIN, HIGH);  // Light ON when it's dark
  } else {
    digitalWrite(LED_PIN, LOW);   // Light OFF when it's bright
  }

  int distance, microseconds;

  if (LdrReading < LIGHT_LEVEL) {
    // Daytime mode: raise blinds
    digitalWrite(TRIG_PIN_OPEN, LOW);
    delayMicroseconds(2);
    digitalWrite(TRIG_PIN_OPEN, HIGH);
    delayMicroseconds(10);
    digitalWrite(TRIG_PIN_OPEN, LOW);
    
    microseconds = pulseIn(ECHO_PIN_OPEN, HIGH);
    distance = microseconds / 29 / 2;

    if (distance > 10) {
      blindMotor.attach(SERVO_PIN);
      blindMotor.write(0); // Raise blinds
    } else {
      blindMotor.detach();
    }
  }
   else {
    // Night time mode: lower blinds
    digitalWrite(TRIG_PIN_CLOSED, LOW);
    delayMicroseconds(2);
    digitalWrite(TRIG_PIN_CLOSED, HIGH);
    delayMicroseconds(10);
    digitalWrite(TRIG_PIN_CLOSED, LOW);

    microseconds = pulseIn(ECHO_PIN_CLOSED, HIGH);
    distance = microseconds / 29 / 2;

    if (distance > 10) {
      blindMotor.attach(SERVO_PIN);
      blindMotor.write(180); // Lower blinds
    } else {
      blindMotor.detach();
    }
  }

  delay(200); // Small delay to prevent excessive polling
}



[bookmark: _Toc198730046]Task 4 – Testing

Test your program to see how much of it works, using a structured approach. Record a short video (no more than 3 mins) and include this as part of your testing evidence. Ensure all eventualities are tested and evidenced, and your video demonstrates the results of the tests documented in this section. You should upload your video to the OneDrive, and include a link to it in this section.
	Test number​
	Test​
	Inputs​
	Expected Outputs​
​
	Actual Outputs​
	Issues​

	​1
	​Day test
	​light
	​900 from LDR
Motor spinning
	​900 from LDR
Motor spinning
	​N/A

	​2
	​Day test motor stop
	​Light 
Bottom sonic senor reading less than 5cm
	​900 from LDR
Bottom Sonic sensor reading
Motor stationary
	​900 from LDR
Bottom Sonic sensor reading
Motor stationary
	​ N/A

	​3
	​Night test
	​Lack of light
	500 from LDR
Motor spinning
LED on
	​500 from LDR
Motor spinning
LED on
	​ N/A

	​4
	​Night test motor stop
	​ Lack of light 
Top sonic senor reading less than 5cm
	​500 from LDR
Top Sonic sensor reading
Motor stationary
LED on
	​500 from LDR
Top Sonic sensor reading
Motor stationary
LED on
	​ N/A

	​5
	​Full test
	​ Light 
Bottom sonic senor reading less than 5cm
Lack of light 
Top sonic senor reading less than 5cm
	​900 from LDR
Motor spinning 
900 from LDR
Bottom Sonic sensor reading
Motor stationary 
500 from LDR
Top Sonic sensor reading
Motor stationary
LED on
500 from LDR
Motor spinning
LED on
	​900 from LDR
Motor spinning 
900 from LDR
Bottom Sonic sensor reading
Motor stationary 
500 from LDR
Top Sonic sensor reading
Motor stationary
LED on
500 from LDR
Motor spinning
LED on
	​ N/A



Link to video of tests:
[image: ]security video.mp4
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Discuss your results and comment on the power and usefulness of the C programming language used in embedded systems. What modifications could be made to make this system more useful? Provide a conclusion to your report stating whether you have met the requirements of the system.
 
 The results of my testing results for the office security system were excellent. This is because all the tests went to plan (all 5 tests, day test, night tests, and comprehensive tests) and had no issues. This means the code and the hardware worked together as intended to complete the system. C++ is a very useful and good coding language to use for embedded systems, because it has a low barrier to entry allowing new people to code in it easily, it is also highly optimised allowing it to run on weak hardware. This programming language is also modular allowing more complex functions to be coded in a simpler to understand fashion.
[bookmark: _Int_96jWZxeQ] Even though this security system worked as intended there are modifications that could have been made to improve it and make it more suitable for an office. The first one of these is adding a button or switch to turn the system on or off. This is because if the office is being used after dark the lights and blinds will come on unprompted, this could freak out the personnel using it which would be suboptimal. Adding a button or switch would allow the system to be switched on or off avoiding this issue. Another improvement that should be done in the end product is adding a proper power supply, this is because powering office lights and multiple DC motors off one Arduino is not possible. The led in this would be the office lights instead. The servo motors would also be changed because they would likely lack the torque to move office blinds so DC motors would be required instead. In the end product instead of using a breadboard in it I would solder it to a silicon board.
 In conclusion the proto type that was produced was a success. This is because it carried out all of the functions that I required from it, in day time made and night time mode. The system meets the requirements set out because during the day the lights turn off and the blinds roll up the to top (the motor stops at the top because of the sonic sensor), and during the night the blinds roll down to the bottom (the motor stops at the bottom because of the sonic sensor) and the lights turn on.
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1)Servo motor (data sheet)-
[image: ][image: ]
[image: ][image: ]2)Red LED (data sheet)-
[image: ]
3)LDR (data sheet)-
[image: ][image: ][image: ]
4)Arduino uno R3 (data sheet)-
[image: ][image: ]
[image: ][image: ][image: ][image: ][image: ][image: ]

5)Breadboard (data sheet)-
[image: ]
6)  HC-SR04 (ultra-sonic sensor) data sheet-
[image: ]
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Mini 360 Degree Continuous Rotation Servo FS90R

Get your robot project moving with hs Feetech FS0R 360 degree continuous rotation micro servo, it weighs only 9g
but can deiver 130 RPM at 6V wih no load.

Code 2589

“This FSO0R Mini 360 Servo by Feetech i a great value mull-purpose micro sze servo and fs deal for use with
micto-controller systems ke the BBC microbi, Arduino, Raspberry Pi and PICAXE. Its miniature size also makes it
great for use in adio controlled models and small robot projecis

“This is 2 360 degree continuous rotaton sevo. It operation is very different 1o that of a standard servo. Instead of
‘going 10 specied angle, this sevo wil e statlc at a 1.5ms pulse (a rimmer i incuded to tweak i), a longer
puise gives forward rolaion and a shorter pulse give backwards rotation.

“The FSS0R continuous roation servo convers standard RC servo position pulses into continuous rotaton speed.
“The defauit restpoint s 1.5 ms, bt this can be adjusted by using a small screwciiver o tum the middle-point
‘acjustment potentiometer_ Pulse widiths above the fest point resultin counterclockwise rotaton, with speed increasing
‘a5 the pulse widih ncreases; pulse widths below the rest point result n ciockwise rotation, with speed increasing as
the pulse width decreases.
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It comes with mounting screws and a range of homs to suit most applications. You can use any servo code, hardware
or library o conirol these servos, so s great or beginners who want 1o make things move without the need for a
motor driver board. These servos are flly compatible with our Servo:Lite board which is lso incuded in the MOVE
mini buggy kit for the BBC microbi.

Features:
Great value miniaure servo.

360 Degree Operaton.
Control homs included.

——p Orange (Signal)
Red (+)
Brown (-)

Contonts:
1x Mini 360 Degree Servo and accessories

Dimensions:
Length:23.2mm.
Width 12.5mm.
Height: 22mm.

Voliage Range (V): 48V -6V
Max Speed @6 V- 130 RPM
Max Speed @ 4.8 V: 100 RPM
Stall orque @ 6 V- 1.5kgim

Stall torque @ 4.8 V: 1 3kgm

Electrical connections:
Red Wie: Positve connection.
Brown Wire: Ground connection.
‘Orange Wire: Signal wre.
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1 The Board

1.1 Application Examples

The UNO board is the flagship product of Arduino. Regardless if you are new to the world of electronics or will use
the UNO R3 as a tool for education purposes or industry-related tasks, the UNO R3 s likely to meet your needs.

First entry to electronics: Ifthis is your first project within coding and electronics, get started with our most used
and documented board; UNO. Itis equipped with the well-known ATmega328P processor, 14 digital input/output
pins, 6 analog inputs, US8 connections, ICSP header and reset button. This board includes everything you will need
for a great first experience with Arduino.

Industry-standard development board: Using the UNO R3 board in industries, there are a range of companies
using the UNO R3 board as the brain for their PLC's.

Education purposes: Although the UNO R3 board has been with us for about ten years, it is still widely used for
various education purposes and scientific projects. The board's high standard and top quality performance makes it
agreat resource to capture real time from sensors and to trigger complex laboratory equipment to mention a few
examples.

1.2 Related Products

= Arduino Starter Kit
= Arduino UNO R4 Minima
= Arduino UNO R4 WiFi

= Tinkerkit Braccio Robot
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2 Ratings

2.1 Recommended Operating Conditions

Symbol | Description

Min Max

Conservative thermal limits for the whole board:

40°C(40°F)  [85°C(185°F)

work as expected.

2.2 Power Consumption

NOTE: In extreme temperatures, EEPROM, voltage regulator, and the crystal oscillator, might not

Symbol | Deseription Min [Typ [Max [unic
VINMax | Maximum inputvoltage from VIN pad 6 |- [0 |v
VUSBMax | Maximum input voltage from USB connector — [ss v
PMax Maximum Power Consumption L Ix m

3 Functional Overview

3.1 Board Topology

Top view

EREEEEEEEE

] X |

‘Board topology
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Ref. | Description Ref. [Description

X1 | Powerjack 2.1x5.5mm U1 [SPX1117M3-LS Regulator

X2 | USBB Connector U3 |ATMEGA16U2 Module

PCT__| EEE-1EA470WP 25V SMD Capacitor US  [LMV3SBLSTASIC

PC2 | EEE-1EA470WP 25V SMD Capacitor F Chip Capacitor, High Density

D1 | CGRA4007-G Rectifier ICSP__| Pin header connector (through hole 6)
JZU4 | ATMEGA328P Module ICSP1_| Pin header connector (through hole 6)
Y1 | ECS-160-20-4x-DU Oscillator

3.2 Processor

The Main Processor s a ATmega328P running at up to 20 MHz. Most of its pins are connected to the external
headers, however some are reserved for internal communication with the US8 Bridge coprocessor.
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3.3 Power Tree
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4 Board Operation

4.1 Getting Started - IDE

If you want to program your UNO R3 while offline you need to install the Arduino Desktop IDE [1] To connect the
UNO R3 to your computer, you'l need a USB-B cable. This also provides power to the board, as indicated by the
LED.

4.2 Getting Started - Arduino Cloud Editor

All Arduino boards, including this one, work out-of-the-box on the Arduine Cloud Editor [2), by just installing
simple plugin.

The Arduino Cloud Editor is hosted online,therefore it will always be up-to-date with the latest features and support
for all boards. Follow [3] to start coding on the browser and upload your sketches onto your board.

4.3 Sample Sketches

‘sample sketches for the UNO R3 can be found either in the "Examples” men in the Arduino IDE or in the
“Documentation section of the Arduino website [4].

4.4 Online Resources

Now that you have gone through the basics of what you can do with the board you can explore the endiess
possiilities it provides by checking exciting projects on Arduino Project Hub [5], the Arduino Library Reference (6]
and the oniine Arduino store (7] where you will be able to complement your board with sensors, actuators and
more.
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5.1 JANALOG

Pin_[Function  [Type Description

1 [NC NC Not connected

2 [IOREF 1OREF Reference for digital logic V - connected to 5V,
3 |Reset Reset Reset

PR Power +3V3 Power Rail

5 [wv Power +5V Power Rail

6 |aND Power Ground

) Power Ground

8 [N Power Voltage Input

) ‘Analog/GPIO ‘Analog input 0 /GPIO

10 [ ‘Analog/GPIO ‘Analog input 1 /GPIO
[ ‘Analog/GPIO ‘Analog input 2 /GPIO

12 |m ‘Analog/GPIO ‘Analog input 3 /GPIO

13 | A4/SDA ‘Analog input/i2C ‘Analog input 4/12C Data line
14| AsiscL ‘Analog input/i2C ‘Analog input 5/12C Clock line.
5.2 JDIGITAL

Pin__|[Function Type. Description

1 Do Digital/GPIO Digital pin 0/GPIO

2 D1 Digital/GPIO Digital pin 1/GPIO

3 D2 Digital/GPIO Digital pin 2/GPIO

4 [b3 Digital/GPIO Digital pin 3/GPIO

s D4 Digital/GPIO Digital pin 4/GPIO

6 D5 Digital/GPIO Digital pin 5/GPIO

7 D6 Digital/GPIO Digital pin 6/GPIO

8 o7 Digital/GPIO Digital pin 7/GPIO

9 D8 Digital/GPIO Digital pin 8/GPIO

10 |9 Digital/GPIO Digital pin 9/GPIO

11 |ss Digital 'SPI Chip Select

12 |mosi Digital 'SPI1 Main Out Secondary In
13 |miso Digital 'SPI Main In Secondary Out

14 sk Digital 'SP serial clock output

15 |GND Power Ground

16| AREF Digital ‘Analog reference voltage.

17 |AarsDa Digital ‘Analog input 4/12C Data line (duplicated)
18| AS/sDS Digital ‘Analog input 5/12C Clock ine (duplicated)
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5.3 Mechanical Information

5.4 Board Outline & Mounting Holes
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Data Sheet—Part #:BB-801 WHITE black lines

Dimensions:

Pitch: 2.54mm
Rated: 36V2A

Dimensions:84x53.3x6.3mm

400 tio poits with fourindependent common bus lines.

Interocked for farger projects

‘Square holes.

ABS plastc material and phosphor bronze ickel plated spring cps
‘Accepts a varely of wie sizes (20-29 AWG)

‘Completely reusable and no harmiul to person and environment

Applications

Tie Point Intelocking Soideress Breadboard makes prototyping with electonics easy. Use Jumper
Wires create electical connections without soldering. Popularly used for kinds of reated arduino
projects, oectronics earmings and educaton. s necessary for basi electionics.

yconoson ® WWW.KONDSON.COM
Electronics
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Ultrasonic Ranging Module HC - SR04

Product features:

Ultrasonic ranging module HC - SR04 provides 2cm - 400cm non-contact
measurement function, the ranging accuracy can reach to 3mm. The modules
includes ultrasonic transmitters, receiver and control circuit. The basic principle
of work:

(1) Using [0 trigger for at least 10us high level signal,

(2) The Module automatically sends eight 40 kHz and detect whether
there s a
pulse signal back.

(3) IF the signal back, through high level , time of high output 10 duration
is the time from sending ultrasonic to returning.
Test distance = (high level timexvelocity of sound (340M/S) / 2

Wire connecting direct as following:
5V Supply

« Trigger Pulse Input
 Echo Pulse Output

0V Ground

Electric Parameter

Working Voltage DC5V

Working Current 15mA

Working Frequency 40Hz

Max Range am

Min Range 2cm

MeasuringAngle 15 degree

Trigger Input Signal 10uS TTL puise

Echo Output Signal Input TTL lever signal and the range
in proportion

Dimension 45"20*15mm
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