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	Hardware: In your discussion about inclusion of the Uno, I am uncertain if the alternatives considered were different variants of the Arduino board, such as the Mega, or a completely different microcontroller such as a picaxe. You could include in the hardware section the reasoning behind only taking a reading every 30 mins.  Not all servo motors allow for a full rotation, so make it clear what type of servo you intend to use and what alternatives to servos you could have considered. Wiring around the switch is odd, I cannot see how it is powered. 
Software: flowchart logically correct and correct symbols used. Good use of constants for pin names and fixed values in pseudocode but use the same convention for indentation as you would for actual code. Your reading from the button will be high or low rather than on and off. Reflect this in the pseudocode. Don't forget to use END FUNCTION to make it clear where a function ends. 
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	You have considered the effectiveness of C in the system and the potential this gives to portability of your system to an alternative platform.  You have evaluated the effectiveness of the system and considered some improvements.  The ability to allow users to set their own times using the real time clock you have suggested would make the system more useful, as the office staff could make these decisions as to when the blinds come up and down themselves, rather than fixed values being coded into the software.  You could even consider an app allowing the system to be remotely controlled with the addition of a WI-FI shield.
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	Good use of constants for naming pins and values that determine the responses from the system.  However, as the distance the blind needs to be from your top and bottom sonic sensor is the same, it would be more efficient to just use one variable.  The use of isDaylight also is good for readability, but again when thinking about the limited memory capacity of an embedded system, another example of an unnecessary variable.  You are also writing to the serial monitor, which is useful for testing, but not needed when the system is in operation.  Consider commenting this code out, as you may reuse this if you make any additional changes to the program.  You are continually sending signals to sonic sensors which are not needed.  You only need to read in from these sensors when the blind motor is turning, when it is stationary then sending signals when the servo is not moving will drain the power and is inefficient. In general comments are quite sparse, consider comments more fully in future. However, you have explained how the code functions in the report.   Good use of functions.  
Testing: you have considered tests in normal conditions. Make it clear that the system needed to be switched on for the testing. What would happen if you switched the system off whilst the blind motor is turning?
	50
	38

	
	
	

	5. Transferable Skills for Life and Professional Practice

	
	

	You have included a front page and contents page with clear section headings but should include page numbers in future. Meaningful section headings have been used, although in a report I would suggest not including the marks awarded in each section as part of the title.
	5
	2.5

	
	
	



	Assessment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	66.5%

	
	Up to 1 week late (40% Max)
	
	

	
	Over 1 week late (0%)
	
	




















HNC Electrical/Electronic Engineering & Instrumentation Engineering ​       
          
EMBEDDED SYSTEMS- Office Security Management System        
​    
​       
[image: ]

​







NAME: DYLAN MORGAN​       
       
           Student number: 2420534
      



Table of Contents
Introduction	3
Task 1 – Hardware Design [15 marks]	4
Task 2 – Software Design [15 marks]	8
Task 3 – Implementation [40 marks]	13
Task 4 – Testing [10 marks]	21
Task 5 – Discussion, Evaluation and Conclusions [15 marks]	23
Bibliography	24
Appendix	25

















[bookmark: _Toc198732183]Introduction 
[bookmark: _Int_JF0EGjak][bookmark: _Int_zSQAQRl1][bookmark: _Int_90IvAoZ2][bookmark: _Int_d5DBiDuI]This assignment will set out to design and construct an office security system. This system will control a set of blinds which will close when it gets dark and reopen when it becomes light. A microcontroller Arduino Uno, LDR (light dependent resistor), servo motor, ultra-sonic sensors and a slide switch will be used to achieve this. This system will be able to be activated/deactivated by the slide switch. I have chosen to add this addition to enable the user to save electricity during the day, to be activated once the office has been left in the evening and on weekends.



















[bookmark: _Toc198732184]Task 1 – Hardware Design [15 marks]
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.

Key Functionalities 
· The system must control blinds based on room light levels.
· It should have an ON/OFF switch to activate/De-activate the system.
· [bookmark: _Int_OdN8NxgP]LED should indicate the office light.
· A servo motor should move the blinds.
· An ultrasonic sensor should check the blind position.

Required components and their function 
Arduino Uno
[bookmark: _Int_u8QElXl0][bookmark: _Int_1lR3BQvw][image: ]To control the office security management system, I will be using an Arduino Uno. I have chosen this due to its simplicity and versatility. The Arduino uno is a microcontroller board that reads inputs, processes them, and controls outputs. I chose to use the Arduino due to its simplicity, beginner friendliness and that it is used for small projects. 

LDR (Light Dependent Resistor)
[bookmark: _Int_cbhHBS6V][bookmark: _Int_6ciLbVxS][bookmark: _Int_2Vm69HQH]An LDR is a light sensitive component that changes its resistance based on the light level. This component will detect the light level in the office; this will decide whether the blinds need to be up or down. I chose the LDR as is used for systems where speed is not a priority. As the office system only needs to take a light reading every 30 minutes, the speed of something like a photo diode was not necessary. 
Servo motor
[image: ]The purpose of the servo motor will be to move the blinds up and down. A servo motor is a small motor that allows continuous movement in a single direction. A servo motor is the most practical choice as the blinds only need to move between two places (up/down).

Ultrasonic sensor (HC-SR04)
[bookmark: _Int_LxEIX3U3][image: ]An ultra-sonic sensor will be used to detect the position of the blinds (up or down). It measures distance by sending out a high-frequency sound wave and calculating how long it takes for the echo to return. The Trig pin sends an ultra-sonic pulse at 40kHz, and the Echo pin receives the signal. The Arduino will then use a calculation to determine the distance. The reason I have chosen the HC-SR04 is that they can detect blind position without physical contact or wear, whilst also being powered by the Arduino’s 5V pin.

Slide switch (for ON/OFF)
[image: ]The slide switch will be used to turn the security system on and off. I chose the slide switch as it is easily visible which position it is in, indicating if the system is on or off. Whereas a normal button would be hard to tell whether the system is on or off.

LED
[bookmark: _Int_EApTQAAX][bookmark: _Int_5jyxwcQq][bookmark: _Int_Vxgnx50B][bookmark: _Int_F9kLpb8O][bookmark: _Int_w3VwzOHS][bookmark: _Int_P9mlEXB5][bookmark: _Int_E4B1811z][image: ]The LED will be used to indicate when the office light is on. An LED is an electronic component that generates light when a voltage and current is passed through it. The LED has been chosen as it requires very little power and can be powered by the Arduinos 5V supply
Resistors 
[bookmark: _Int_NjAn3rS4][image: ]A resistor is a component that is used to limit the current in a circuit, specific resistors are used for applications based on the amount of current needed to be reduced. A 220Ω resistor will be used for the LED, this will limit the current to prevent it from burning out or overloading the pin. Next, a 10KΩ resistor will be used for the LDR to form a voltage divider to measure light intensity. Finally, another 10KΩ resistor will be used for the slide switch, this ensures a stable or LOW reading when the switch is not actively toggled. This 10KΩ resistor will pull down to GND.

Breadboard and jumper wires
To create the circuit, a breadboard and jumper wires will be used to assist the construction of the security system and establish connections between the components, I/O pins, power and ground. Due to the limited amount of ground and power connections on the Arduino Uno, power and ground connections are made to the board. From here each component can be powered and grounded from the breadboard.

See Appendix 1 for other components I considered and Appendix 4 for the component’s datasheets.









[image: A diagram of a circuit board

Description automatically generated][image: ]Below are the circuit designs I created for the office security systemCircuit schematic 
Breadboard layout

[bookmark: _Toc198732185]Task 2 – Software Design [15 marks]
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.  

Flow Chart
See Appendix 1 for the flow chart of the office security system.
Flow Chart Office Security System.pdf – PDF version














[image: ]Pseudo code
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[bookmark: _Toc198732186]Task 3 – Implementation [40 marks] 
 
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. 
 
 
[image: ]C programme
[image: ]
[image: ]
[image: ]
Above is the C code I have created for my office security system 





Global 
[image: A group of black and yellow text

AI-generated content may be incorrect.]The global section of the C programme is used to define all the constants, such as pin assignments, and global variables used throughout the programme. This keeps the code organised and easy to modify. I have used ‘#include <Servo.h>’ to include the library needed for servo control, this enables me to use the commands ‘.attach’, ‘.write()’ and ‘.detach()’. The ‘const int’ defines all pins and thresholds, the ‘LDR_PIN’ reads the light level, the ‘SWITCH_PIN’ enables the user to turn the system on/off. The ‘LIGHT_PIN’ controls the LED representing the office lights. Finally, the ‘SERVO_PIN’ controls the servo motor to operate the blinds.
[image: ]Next, there are four pins used by the ultra-sonic sensors, these are defined as TOP and BOTTOM, the TOP sensors detects if the blinds are open and the BOTTOM sensor detects if the blinds are closed

[image: ][image: ]Finally, for the system to decide if the blinds need to be up/down, a threshold must be set, in this system the threshold is set to 100. This is done using the ‘LIGHT_THRESHOLD’ function. Then, distances must be set for the ultra-sonic sensors to decide if the blind limit has been met, this is set to 7cm. I chose this limit as in the real world I would expect the distance the blinds sit away from the sensor would be 5cm, but this gives an additional 2cm should the blinds experience any movement when in motion. The ‘blindServo’ function creates a servo object to control the motor.


Setup
[image: ]The purpose of the setup section of the programme is to initialise the systems components so they are ready to operate correctly when the programme starts. The first code entered is ‘Serial.begin(9600)’ this starts the serial communication enabling the status messages in the serial monitor. Next, the pin modes are set, these include INPUT for sensors and switches, and OUTPUT for the LED and ultra-sonic sensors TRIGs. Finaly, the ‘blindServo.attach(SERVO_PIN)’ code attaches the servo, so it is ready to move, the ‘blindServo.write(90)’ ensures there is no unpredictable behaviour from the motor, keeping it stopped. It then delays 3 seconds, before disconnecting it using ‘blindServo.detach()’ to prevent any unnecessary power usage and avoids any jittering by the servo motor.
Loop
The ‘loop()’ function runs continuously whilst the Arduino is powered, checking the light level within the office. It handles logic, inputs, outputs, and motor control. 

[image: A screenshot of a computer program

AI-generated content may be incorrect.]First, the system checks to see if it is turned on using the slide switch. If the switch is on ‘digitalRead(SWITCH_PIN) == HIGH’ the Arduino will skip this if statement. However, if the switch is off, the serial print will display the message ‘System OFF’ in the serial monitor. It then attaches the servo using blindServo.attach(SERVO_PIN). If the system has been off from the moment the system has been powered, the servo should not move as the ‘blindServo.write(90)’ has already moved it to the neutral starting position. However, if the system is switched off after 5 cycles, the code will leave the blinds in the current state. It then turns off the LED using the ‘digitalWrite(LIGHT_PIN, LOW)’ code and starts the loop over again detecting for the state of the switch.

[image: ][image: A screenshot of a computer code

AI-generated content may be incorrect.]The next stage of the ‘loop()’ is to read the light level using the LDR, daylight will be displayed if the light level is greater than the threshold of 100. It then takes readings from both ultra-sonic sensors to determine the position of the blinds. 
Then, I have used ‘Serial.println’ functions to display the system status, this displays the light level, whether it is Daylight/Darkness, the top and bottom ultra-sonic sensor distance in centimetres. This makes it easy for the user to know what the system is doing, especially when function checking and testing. See Appendix 7 for how the system status looks inside the Arduino IDE software
[image: A screen shot of a computer code

AI-generated content may be incorrect.]The ‘if(isDaylight)’ statement checks whether it is daytime based on the LDR reading and then performs action suitable for that condition. The Serial.println() sends a message to the serial monitor to indicate what the system is doing in response to the day light. Then the distance is read from the top ultrasonic sensor, if the blinds are not fully open (topDistance>threshold of 7cm), it triggers the servo to open them using ‘moveBlindsUp()’, finally it turns the office light off since it is daytime.
[image: A computer screen shot of a computer code

AI-generated content may be incorrect.]
The system uses the else function to determine that anything other than a daylight reading means darkness. It sends a Serial.println() to the serial monitor to say it is activating night mode. The system will determine the position of the blinds (if bottomDistance > threshold of 7cm), move the blinds down and turn on the light using the ‘digitalWrite(LIGHT_PIN, HIGH)’.

[image: ]A delay of 5 seconds using ‘delay(5000)’ is set for testing purposes only, for the real time office system, a reading would be taken every 30 minutes. 

Helper functions
[image: A screenshot of a computer program

AI-generated content may be incorrect.]I have added several helper functions to make the main body of code simpler. The first helper function enables the ultrasonic sensors to be measured in one line of code. It tells the sensor to send a pulse on its trig pin and measure how long it takes to bounce back on the echo pin. It then converts that time into a distance in centimetres. This is displayed in my main body of code as ‘readUltrasonicDistance(…)’.

[image: ][image: A screen shot of a computer code

AI-generated content may be incorrect.]The final helper functions I have added are the ‘moveBlindsUp()/moveBlindsDown()’. The blind up function works by attaching the servo, then tells it to turn using ‘blindServo.write(0)’ for 15 seconds. Whilst doing this it is constantly checking to see if the top ultrasonic sensor distance is below or equal to the threshold of 7cm. The motor will stop and detach if either of the requirements are met. I have chosen 15 seconds for test purposes. However, if the ultrasonic sensor becomes faulty in the office, the motor will continuously spin until the load become too great and fail. This would damage the blinds, so the travel time would need to be timed in order to get this accurate value. This code has been duplicated and adapted for the moveBlindsDown() function but works the same way.

[image: ]


[bookmark: _Toc198732187]Task 4 – Testing [10 marks] 
 
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.  
[image: ] 
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20250509_155542000_iOS.MOV – System performance 

20250509_160027000_iOS.MOV – Serial monitor 




























[bookmark: _Toc198732188]Task 5 – Discussion, Evaluation and Conclusions [15 marks] 
 
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. 


[bookmark: _Int_7gNUMHJa]Overall, my office security system successfully uses C code and the arduino to detect ambient light, control a servo motor to move the blinds up or down based on the light level, automatically turns an LED (office light) on or off based on the light conditions, uses ultra sonic sensors to ensure blinds stop in the right position, and can be enabled or disabled via a slide switch. The C programming language allows low-level memory management, which is crucial for microcontrollers with limited resources like the arduino. A benefit of C is that code written for one platform such as the arduino, can be easily ported to others such as the STM32 with minimal changes.

A modification I believe would improve the system is to add a real time clock to differentiate between nighttime darkness and a cloudy day. This would stop the blinds from closing during daytime hours because it is overcast. Another feature I believe could be useful is to have a display screen such as an LCD to display the readings and messages from the serial monitor, to help the user know what status the system is currently in. To conclude, I believe my system has met the requirements of the brief, as well as going beyond to add a slide switch to activate/deactivate the system. The LDR works precisely to determine the light levels, ultrasonic sensors measure the distances to tell whether the blinds have fully closed/opened, as well as stopping the servo once this has been achieved. The system is ready to be used in the real world to solve the issues in the office. 





[bookmark: _Toc198732189]Bibliography 
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[bookmark: _Toc198732190]Appendix
1 – Component considerations
There are several other components that I considered. First, I was considering using a raspberry pi due to its Bluetooth abilities. It could mean an office worker could switch the system on and off from their phone, meaning the slide which would not be needed. I decided against this as it would add further complexity to the project, with it being a beginner project I wanted to keep it relatively simple. Another component I considered using was a DC motor, this is due to its high torque output, perfect for lifting and lowering the blinds in a controlled manner. However, a DC motor would need an external 5V 2A power supply. Therefore, I went with the continuous servo as I can power it from the Arduinos 5V supply. 















2 - Flow Chart
[image: ]
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[image: A white text on a white background

AI-generated content may be incorrect.]3 – Serial Monitor






4 - Datasheets
A000066-Arduino-datasheet-38879526.pdf – Arduino Uno 
HC-SR04 – Ultrasonic sensor 
POLOLU-2820.pdf – Servo motor 
Light dependent resistors – LDR
1498852.pdf – LED
Breadboard-friendly SPDT Slide Switch ID: 805 - : Adafruit Industries, Unique & fun DIY electronics and kits – Slide switch
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BEGIN
Include fibrary for servo
INITIALIZE constants:

LDR_PIN = A0
SWITCH_PIN =6
LIGHT_PIN=3
SERVO_PIN=4
TRIG_TOP =13
ECHO_TOP = 12
TRIG_BOTTOM = 10
ECHO_BOTTOM =9

LIGHT_THRESHOLD = 100
BLIND_TOP_DISTANCE =7
BLIND_BOTTOM_DISTANCE =7

SETUP:
Start serial communication at 9600 baud
Set LDR_PIN as INPUT
Set SWITCH_PIN as INPUT
Set LIGHT_PIN as OUTPUT
Set TRIG_TOP and TRIG_BOTTOM as OUTPUT
Set ECHO_TOP and ECHO_BOTTOM as INPUT
Attach servo to SERVO_PIN and set position to 90 (neutral)
Wait 3 seconds

Detach the servo

LOOP.
Read systemOn from SWITCH_PIN




image11.png
IF systemOn is OFF THEN
Print "System OFF"
Attach servo and move to 90 (stop)
Wait 0.5 seconds
Detach servo
Turn OFF LIGHT_PIN
Wait 1 second / For test purposes

RETURN to start of loop

Read lightLevel from LDR_PIN
SetisDaylight = lightLevel > LIGHT_THRESHOLD

Measure topDistance using top ultrasonic sensor

Measure bottomDistance using bottom ultrasonic sensor

PRINT current system status (ight level, isDaylight,
IF isDaylight THEN
PRINT "Day mode: opening blinds, turning OFF lights"
IF topDistance > BLIND_TOP_DISTANCE THEN
CALL moveBiindsUp()
ENDIF
Turn OFF LIGHT_PIN
ELSE
PRINT “Night mode: closing blinds, turning ON lights"
IF bottomDistance > BLIND_BOTTOM_DISTANCE THEN
CALL moveBiindsDown()
ENDIF
Tum ON LIGHT_PIN

istances)




image12.png
ENDIF

Wait 5 seconds

END LOOP

FUNCTION readUltrasonicDistance(trigPin, echoPin):
Send LOW on trigPin
Wait 2 microseconds
Send HIGH on trigPin
Wait 10 microseconds
Send LOW on trigPin
Measure duration of HIGH pulse on echoPin (max 30 ms)

RETURN distance = (duration < 0.034)/ 2

FUNCTION moveBlindsUp()
PRINT "Moving blinds UP._"
Attach servo
Wiite servo to 0 degrees (open)

Start timer

WHILE less than 15 seconds elapsed:
Measure topDistance
IF topDistance < BLIND_TOP_DISTANCE THEN
BREAK
ENDIF
END WHILE




image13.png
Wiite servo to 90 degrees (stop)
Wait 0.1 seconds

Detach sevo

FUNCTION moveBlindsDown():
PRINT "Moving blinds DOWN..."

Attach servo

Wiite servo to 180 degrees (close)
Start timer

WHILE less than 15 seconds elapsed:
Measure bottomDistance
IF bottomDistance < BLIND_BOTTOM_DISTANCE THEN
BREAK
ENDIF
END WHILE

Wiite servo to 90 degrees (stop)
Wait 0.1 seconds

Detach sevo

END




image14.png
#include <Servo.h>

// === Pin Definitions
const int LDR PIN = A0}

const int SWITCH PIN = 6;
const int LIGHT_PIN
const int SERVO_PIN

const int TRIG_TOP = 13;
const int ECHO_TOP = 12;

const int TRIG BOTTOM = 10;
const int ECHO_BOTTOM = 9;

// === Thresholds and Constants
const int LIGHT_THRESHOLD = 100;
const int BLIND_TOP_DISTANCE = 7;
const int BLIND_BOTTON DISTANCE

Servo blindservo;

void setup() {

Serial.begin(9600); // Initislize

pinfiode(LDR_PIN, INPUT);
pinflode(SHITCH_PIN, INPUT);
pinflode(LIGHT_PIN, OUTPUT);

pinfiode(TRIG_TOP, OUTPUT);
pinflode(ECHO_TOP, INPUT);

pinliode(TRIG_BOTTOM, OUTPUT);
pinode(ECHO_BOTTOM, INPUT);

7
7
7
7

7
7
7
7

7
7
7

serial

Light sensor (LDR)
Slide switch
office light (LED)
Servo motor

Top ultrasonic sensor - Trig
Top ultrasonic sensor - Echo

Bottom ultrasonic sensor - Trig
Bottom ultrasonic sensor - Echo

Threshold for daylight detection
Distance for blinds fully open
Distance for blinds fully closed

communication
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blindServo.attach(SERVO_PIN);

blindservo.write(90); // Neutral position

delay(3000);

blindservo.detach(); // Stop servo signal
}

void loop() {
bool systemon = digitalRead(SWITCH_PIN) == HIGH;

if (!systemon) {
Serial.println("System OFF");

blindServo.attach(SERVO_PIN);

blindservo.write(9e); // send stop signal
delay(5ee); // Let it stabilize
blindservo.detach(); // Then detach

digitalwrite(LIGHT_PIN, LOW);
delay(1000);
return;

}

int lightLevel = analogRead(LDR_PIN);
bool isbaylight = lightLevel > LIGHT_THRESHOLD;

long topDistance = readultrasonicDistance(TRIG_TOP, ECHO_TOP);
long bottomDistance = readultrasonicDistance(TRIG_BOTTOM, ECHO_BOTTOM);

// === Serial Monitoring Output ===
serial.println(": SYSTEM STATUS =:
serial.print("Light level: ");

sSerial.println(lightLevel);
serial.print("Detected: ");
Serial.println(isDaylight ? "Daylight" : "Darkness");

serial.print("Top blind distance: ");
Serial.print(topDistance);
serial.println(™ cm");

Serial.print("sBottom blind distance: ");
Serial.print(bottomDistance);
serial.println(" cm");

if (isbaylight) {




image16.png
Serial.println("Day mode: opening blinds, turning OFF lights.”);
1F (topbistance > BLIND_TOP_DISTANCE) {
moveBLindsup();
3
digitalurite (LIGHT_PIN, LoW);
Telse {
Serial.println("Night node: closing blinds, turning ON lights.");
1F (bottombistance > BLIND_BOTTON DISTANCE) {
‘movealindsboun();
3
digitalurite (LIGT_PIN, HIGH);
¥

Serial.printla(
delay(s060); // Delay before next cycle

Distance Reading Function
long readultrasonicoistance(int trigein, int echopin) {
digitalurite(trigpin, LOW);
delaynicroseconds(2);
digitalurite(trigPin, HIGH);
delaymicroseconds(16);
digitalurite(trigpin, LOW);

Long duration = pulseIn(echopin, HIGH, 30080); // 36ms tineout
return duration * 0.034 / 2;

Blinds control Functions

void moveBlindsup() {
Serial.println(“Moving blinds UP.
blindservo. attach(SERVO_PIN)
blindservo.urite(8);

unsigned long startrine = millis();
while (nillis() - startTise < 15608) {

long toppistance ~ readultrasonicDistance(TRIG_TOP, ECHO_TOP);

1F (topbistance <= BLIND_TOP_DISTANCE) {

break;

3
¥
blindservo.urite(90); // Stop movenent
delay(100);
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blindservo. detach();
3

Void moveslindsoown() {
Serial.println(“Moving blinds bONN.
blindservo. attach(SERVO_PIN)
blindservo.urite(180);

unsigned long startrine = millis();
while (nillis() - startTise < 15600) {
long bottonDistance ~ readultrasonicoistance(TRIG_BOTTON, ECHO_BOTTON);
1F (bottombistance <~ BLIND_BOTTON DISTANCE) {
break;
3
¥

blindservo.urite(90); // Stop movenent
delay(100);
blindservo. detach();
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const
const
const

const

int LDR_PIN = A@;
int SWITCH_PIN = 6;

int LIGHT_PIN = 3;
4;

int SERVO_PIN
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const
const
const

const

int TRIG_TOP = 13;
int ECHO_TOP = 12;
int TRIG_BOTTOM = 10;
int ECHO_BOTTOM = 9;
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Servo blindServo;
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const int LIGHT_THRESHOLD = 100;
const int BLIND_TOP_DISTANCE = 7;
const int BLIND_BOTTOM_DISTANCE = 7;
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void setup() {
Serial.begin(9668); // Initialize serial communication

pinMode(LDR_PIN, INPUT);
pinMode(SWITCH_PIN, INPUT);
pinMode(LIGHT_PIN, OUTPUT);

pinMode(TRIG_TOP, OUTPUT);
pinMode(ECHO_TOP, INPUT);

pinMode(TRIG_BOTTOH, OUTPUT);
pinMode(ECHO_BOTTOH, INPUT);

blindservo.attach(SERVO_PIN) ;
blindservo.urite(90); // Neutral position
delay(3000);

blindservo.detach(); // Stop servo signal
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bool systemon = digitalRead(SWITCH_PIN)

HIGH;

if (Isystemon) {
Serial.println("System OFF");

blindServo.attach(SERVO_PIN);
blindServo.urite(90);

delay(500);
blindServo.detach();

digitalWrite(LIGHT PIN, LOW);
delay(1000);

return;
N
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Serial
Serial
Serial
Serial

Serial

Serial.

Serial

Serial

Serial.

Serial

Serial

.println(
.print(“Light level: ");
.println(lightLevel);
.print("Detected: ");
.println(isDaylight ? “Daylight"

SYSTEM STATUS

print(*Top blind distance

.print(topDistance);

.println(" cm");

print(“Bottom blind distance:

.print(bottomDistance);

.println(" cm");

“Darkness”);
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int lightlLevel = analogRead(LDR_PIN);
bool isDaylight = lightLevel > LIGHT THRESHOLD;

long topDistance = readUltrasonicDistance(TRIG_TOP, ECHO_TOP);
long bottomDistance = readUltrasonicDistance(TRIG_BOTTOM, ECHO_BOTTOM);
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if (isDaylight) {
Serial.println("Day mode: opening blinds, turning OFF lights.");
if (topDistance > BLIND_TOP_DISTANCE) {
moveBlindsUp() ;

}
digitalWrite(LIGHT PIN, LOW);
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else {
Serial.println("Night mode: closing blinds, turning ON lights.");
if (bottomDistance > BLIND_BOTTOM DISTANCE) {

moveBlindsDown();

}
digitalWrite(LIGHT PIN, HIGH)
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delay(5000);
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Distance Reading Function
long peadultrasonichistance(int rigpin, int echoin) {
digitalurite(trigpin, LOW):
delayicroseconds(2):
digitalurite(trigPin, HIGH):
delaylicroseconds(16);
digitalurite(trigpin, LOW):

long duration = pylseln(echoPin, HIGH, 3066@); // 30ms timeout
return duration * 0.634 / 2
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void moveBlindsbown() {

Serial.println("Moving blinds DOKN.
blindservo.attach(SERVO_PIN);
blindservo.urite(186);

unsigned long startTime - millisQ:
while (pillis() - startlime < 15000) {
long bottomDistance = readyltrasonicDistance(TRIG_BOTTOM, ECHO_BOTTOM);
if (bottomDistance <= BLIND_BOTTOM DISTANCE) {

blindservo.urite(98); // Stop movement

delay(100);
blindservo.detach():
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Blinds Control Functions

Void moveBlindsp() {
Serial.println("Moving blinds UP..."):
blindservo.attach(SERVO_PIN);
blindservo.urite(8);

unsigned long startTime - millisQ:
while (pillis() - startlime < 15000) {
long topDistance = readultrasonicRistance(TRIG_TOP, ECHO_TOP);

if (topDistance <= BLIND_TOP_DISTANCE) {
break

blindservo.urite(98); // Stop movement

delay(100);
blindservo.detach():
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Test Test Inputs Expected Outputs Actual | Issues
Number Outputs
1 What happens when Switch in OFF Nothing happens, message displayed | As expected | N/A
the switch s in the OFF position in the serial monitor “System OFF"
position from power
wp?
2 Light Detection Test LDR reading When the room is ight, the LDR | As expected | N/A
should read >100 and display
“Daylight”
When the room is dark, The LDR
should read <100 and display
“Darkness”
3 LDR reading and Top | The moveBlindsUp()is triggered. the | As expected |  N/A
ultrasonic sensor | servo should spin clockwise until the
echo reading distance from the ultra-sonic sensor is
less than or equal to 7cm, LED should
turn OFF.
4 Blinds Closing Test | LDRreadingand | The moveBlindsDown() is triggered, | As expected | N/A
Bottom ultrasonic | the servo should spin anticlockwise
sensor reading until the distance from the bottom
ultrasonic sensor is less than or equal
to7, LED should turn ON
5 Serial Monitor Output | Run system with Texpect the following prints inthe | As expected | N/A

Test

serial monitor open

serial monitor: light level, top/bottom
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during daylight and
darkness.

distances, system status, and current
mode

Failsafe Timeout Test

LDR reading, allow
both ultrasonic
sensors to read

greater than Tem

The servo motor should run for 15

seconds maximum; the serial should

print timeout data and there should be
infinite movement.

As expected

NIA
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Light level: 47
Detected: Darkness

SYSTEM STATUS

Top blind distance: 3 cm

Sottom blind distance:

183 em

Night mode: closing blinds, turning ON lights.

Moving blinds DOWN...




