Marking Scheme
SENARIO
In an industrial factory, a conveyor belt transports products through different processing stages. 
To maintain safety, prevent collisions, and detect jams, the system must continuously monitor the distance between an object on the conveyor and a fixed reference point.
An ultrasonic HC-SR04 sensor is mounted above the conveyor. When an object approaches, the system evaluates its distance and activates different LED indicators to represent the operational status.

A PIC16F877A microcontroller reads the distance from the ultrasonic sensor, displays the measured value and system status on a 16×2 LCD, and controls three LEDs that represent SAFE, WARNING, and DANGER conditions.
SYSTEM SPECIFACTIONS
1. A 12V DC source must be regulated to 5V using a 7805-voltage regulator. This regulated 5V powers the PIC16F877A, HC-SR04 ultrasonic sensor, LEDs, and LCD. 
2. An Ultrasonic Distance Sensor (HC-SR04) measures the distance to an object on the conveyor and outputs the time-of-flight pulse.
· Trigger pin connected to RB0.
· Echo pin connected to RB4.
3. Three LEDs connected to PORTC are used to communicate operational states:
Heater (RB0):
·  SAFE (Green LED – RC0)
·  Turns ON when the measured distance is greater than 50 cm.
·  Indicates the conveyor is clear and operating normally.
· WARNING (Yellow LED – RC1)
· Turns ON when distance is between 20 cm and 50 cm.
· Indicates that an object is approaching the inspection zone.
·  DANGER (Red LED – RC2)
·   Turns ON when distance is less than 20 cm.
·  Indicates a jam, collision risk, or object too close to the sensor.


4. A 16x2 LCD must display the operational status based on distance:
· “CONVEYOR NORMAL!” when distance > 50 cm
· “MOVEMENT NEARBY!” when 20–50 cm
· “INTRUDER ALERT!” when distance < 20 cm


Answer the Following 
(i) Design the following circuits with proper components and wiring:
(a) 12V to 5V Power Supply using 7805.                                                	 [10 Marks]
SOLUTION
[image: ]
· Correct use of 7805 voltage regulator (input, output, ground pins properly connected)								[2 Marks]
· Input capacitor (typically 0.1µF or 10µF) connected between input and ground									[1 Mark]
· Output capacitor (typically 0.1µF or 10µF) connected between output and ground								[1 Mark]
· Input voltage source correctly set to 12V DC			[1 Mark]
· Regulated 5V output successfully provided			[2 Marks]
· Correct grounding for all components				[1 Mark]
· Circuit layout clarity and completeness (no floating pins, labelled components)
										[2 Marks]
(b) Ultrasonic distance measurement circuit using HC-SR04 interfaced with PIC16F877A. 										[10 Marks]
SOLUTION
[image: A diagram of a circuit board

Description automatically generated]
· Correct 4-pin wiring: VCC, GND, TRIG (RB0), ECHO (RB4) 		[2 Marks]
· TRIG pin connected to PIC output (RB0) for generating 10 µs pulse 	[2 Marks]
· ECHO pin connected to PIC input (RB4) with proper signal routing 	[2 Marks]
· Stable 5V supply provided to VCC and proper grounding to GND 	[2 Marks]
· Clean layout and simulation-ready setup in Proteus.			[2 Marks]
(ii) Simulate and validate the above (i) said designed circuits:
(a) Show regulated 5V output from the power supply.			[5 Marks]

SOLUTION
[image: ]
										[5 Marks]



(b)	HC-SR04 ultrasonic sensor simulation showing varying distance outputs. [5 Marks]
SOLUTION
[image: A diagram of a device

Description automatically generated]
										[1.5 Marks]
[image: A screenshot of a computer

Description automatically generated]
										[1.5 Marks]
[image: A screenshot of a computer

Description automatically generated]
										[2 Marks]
(iii) Develop a single CCS C program to:
· Generate trigger pulse on RB0 for the ultrasonic sensor.
· Measure echo pulse on RB4 using Timer1 and calculate distance.
· Control three outputs (RC0 = SAFE, RC1 = WARNING, RC2 = DANGER) based on distance range.
· Display “CONVEYOR NORMAL!”, “MOVEMENT NEARBY!”, or “INTRUDER ALERT!” on LCD.	
										[30 Marks]
SOLUTIONS
 [image: A screenshot of a computer

Description automatically generated]
[image: A screenshot of a computer program

Description automatically generated]
[image: A screenshot of a computer program

Description automatically generated]
LCD Connections, Ultrasonic pins, LED Status				[2 Marks]
Threshold Values								[4 Marks]
Sending Triger Pulse								[2 Marks]
Measuring Echo pulse								[4 Marks]
Time ticks to Distance								[4 Marks]
Conditions for Distance and display status					[4 Marks]

· Including Adequate comments						[2 Marks]
· Variable Naming and Declaration: Considering the Ports from the question and declaring them.								[ 2 Marks]
· Code Optimization							[2 Marks]
· Code Structure and Readability: Marks for logical Flow and easy understandability
[2 Marks]
· Correctness and Functionality.						[2 Marks]
(iv) Simulate the complete system and demonstrate functionality by submitting clear screenshots showing the correct outputs for the responses on relays and LCD under cold and hot conditions.												[20 Marks]
[image: A computer screen shot of a circuit board
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· Functional output for SAFE condition (distance > 50 cm):
- Green LED (SAFE_LED on RC0) ON					[2 Marks]
- LCD displays: "CONVEYOR NORMAL!"				[2 Marks]
· Functional output for WARNING condition (20 cm ≤ distance ≤ 50 cm):
- Yellow LED (WARN_LED on RC1) ON 				[2 Marks]
- LCD displays: "MOVEMENT NEARBY!" 				[2 Marks]
· Functional output for DANGER condition (distance < 20 cm):
· Red LED (DANG_LED on RC2) ON 				[2 Marks]
· LCD displays: "INTRUDER ALERT!" 				[2 Marks]
· Clear and labelled screenshots showing all three states  		[4 Marks]
· Screenshot 1: ≈60 cm with Green LED ON and “CONVEYOR NORMAL!”
· Screenshot 2: ≈35 cm with Yellow LED ON and “MOVEMENT NEARBY!”
· Screenshot 3: ≈15 cm with Red LED ON and “INTRUDER ALERT!”
· Labels for sensor pins (TRIG/ECHO), LEDs, LCD, PIC pins, and supply
· Accuracy and presentation of the overall system (clear layout, correct logic, no floating connections, realistic behaviour)					[4 Marks]
- Neat wiring
- No floating pins
- Consistent logic
- Proper component placement (power, crystal, regulators)
(v) Answer the following theoretically
(a)  Explain the working principle of the HC-SR04 ultrasonic sensor with a neat diagram.										[10 Marks]

SOLUTION
[image: A diagram of a waveform

Description automatically generated]
											[3 Marks]
· MCU sends a 10 µs HIGH pulse on TRIG 					[1 Mark]	
·  sensor emits an 8-cycle burst of ultrasound at ~ 40 kHz.		[1 Mark]
· Sound travels through air, hits an object, and reflects.			[1 Mark]
· Sensor sets ECHO pin HIGH immediately after the burst; when echo returns, ECHO goes LOW. 										[1 Mark]
· The duration ECHO stayed HIGH = round-trip time of sound.		[1 Mark]
· Because the sound travels to the object and back, the /2 divides the round trip.
[1 Mark]
· Distance is calculated using formula:
			Distance = (Time of Flight × Speed of Sound) / 2
										[1 Mark]
(b) Describe the internal operation and need for a 7805-voltage regulator with a neat diagram. 										[10 Marks]
SOLUITION
· The voltage regulator has an unregulated dc input voltage Vi applied to one input terminal, a regulated output dc voltage Vo from a second terminal, and the third terminal connected to ground.						[2 Marks]
[image: fg15_02600]	[3 Marks]
· The 7812 is a fixed +12 V linear voltage regulator used to obtain a constant DC output.
An unregulated DC input voltage (Vi) higher than 12 V is applied to Pin 1 (IN).
· Capacitor C1 at the input filters ripples and noise from the incoming supply. Inside the 7812, an internal reference voltage and control circuit compare the output with the reference.										[1 Mark]
· Based on this comparison, the internal pass transistor adjusts automatically to maintain a steady 12 V output.									
· Pin 3 (GND) provides a reference ground for proper regulation.			[1 Mark]
· The regulated +12 V output (Vo) is taken from Pin 2 (OUT).				[1 Mark]
· Capacitor C2 at the output improves stability and reduces output voltage fluctuations.
												[1 Mark]
· The 7812 includes built-in protection against overcurrent, overheating, and short circuits.
												[1 Mark]
(vi)  Explain the functions of RS, RW, E, D0–D7, VSS, VDD and VEE in a 16x2 LCD module.													[10 Marks]
SOLUTION
· RS (Register Select):
· Selects between instruction register (RS = 0) and data register (RS = 1).
· Controls whether the input sent is a command or display data.
								[2 Marks]
· RW (Read/Write):
· Controls the direction of data.
· RW = 0 for write operations (from MCU to LCD),
· RW = 1 for read operations (from LCD to MCU).
								[2 Marks]
· E (Enable):
· Acts as a latch.
· On a high-to-low pulse, the LCD reads data from the data lines.
· Must be toggled each time data/command is sent.
								[2 Marks]
·  D0–D7 data pins – State their role in sending data or instructions; mention 4-bit/8-bit modes.							[2 Marks]
· VSS and VDD pins – Identify ground and positive supply terminals.
									 [1 Mark]
· VEE pin – Mention its use for adjusting display contrast.
									 [1 Mark]
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#include <16F877A.h>
#use delay(crystal=20000000)

// Include PIC16F877A microcontroller header file
// Use 20 MHz external crystal oscillator

Il —=~===mmmmmmmme LCD pin connections ----------------

#define LCD_RS_PIN PIN_D®
#define LCD_RW_PIN PIN_D1
#define LCD_ENABLE_PIN PIN_D2

#define LCD_DATA4 PIN_D3
#define LCD_DATAS PIN_D4
#define LCD_DATAG PIN_DS
#define LCD_DATA7 PIN_D6

#include <lecd.c>

#define TRIG_PIN  PIN_BO
#define ECHO_PIN  PIN_B4

Ultrasonic Sensor pins

// Register Select pin of LCD ? RD@

// Read/Write pin of LCD ? RD1

// Enable pin of LCD ? RD2

// LCD data line D4 ? RD3

// LCD data line DS ? RD4

// LCD data line D6 ? RDS

// LCD data line D7 ? RD6

// Include CCS LCD library (4-bit mode)

// Trigger pin of HC-SR@4 ? RB@ (output)
// Echo pin of HC-SR@4 ? RB4 (input)

Il —=~===mmmmmmmme LED status outputs ----------------

#define SAFE_LED PIN_CO
#define WARN_LED  PIN_C1
#define DANG_LED  PIN_C2

float dist;
unsigned int16 pulse;

set_tris_d(0xe0);
set_tris_b(0boee100ee) ;
set_tris_c(0x00);

lcd_init();

// Green LED (distance > 5@cm)
// Yellow LED (20-5@cm)
// Red LED (distance < 2@cm)

// Distance below 28cm ? Danger zone
// Distance between 20-5@cm ? Warning zone

// Variable to store calculated distance in centimeters
// variable to store echo pulse width (Timerl ticks)

// Set PORTD as output (LCD)
// Set RB4 as input (ECHO), rest RB@ as output (TRIG)
// Set PORTC as output (LEDs)

// Initialize the LCD display
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while(TRUE) // Infinite loop

{
Sl e
// 1) Send Trigger Pulse to Ultrasonic Sensor
1
output_low(TRIG_PIN); // Ensure trigger pin starts LOW
delay_us(2); // Wait 2 microseconds for stability
output_high(TRIG_PIN); // Raise TRIG pin HIGH ? start trigger
delay_us(10); // Keep HIGH for 1@ microseconds (HC-SR@4 requirement)
output_low(TRIG_PIN); // End trigger pulse
Sl =
// 2) Measure Echo Pulse Width using Timerl
17 -

while(!input(ECHO_PIN)); // Wait until the ECHO pin goes HIGH (start of echo)
setup_timer_1(T1_INTERNAL | T1_DIV_BY_1); // Start Timerl using internal clock, 1:1 prescaler

set_timer1(0 // Clear Timerl

while(input(ECHO_PIN)); // Keep counting while ECHO is HIGH

pulse = get_timerl(); // Read Timerl ? gives the pulse width in ticks
setup_timer_1(T1_DISABLED); // Stop Timerl

Sl e

// 3) Convert Timer Ticks to Distance (cm)

// Convert ticks to cm (constant derived for 2@MHz and HC-SRe4)

led_putc('\f'); // Clear LCD screen

17 --
// 4) Compare Distance & Display Status + LEDs
]/ --
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if(dist < DANGER_CM)

{
output_high(DANG_LED);
output_low(WARN_LED);
output_low(SAFE_LED);
lcd_putc("INTRUDER ALERT!™);

1

else if(dist < WARNING_CM)

{
output_low(DANG_LED);
output_high(WARN_LED);
output_low(SAFE_LED);
lcd_putc("MOVEMENT NEARBY!");

1

else

{
output_low(DANG_LED);
output_low(WARN_LED);
output_high(SAFE_LED);
lcd_putc("CONVEYOR NORMAL!™

}

delay_ms(200);
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If object is very close (<20cm)

Red LED ON

Yellow LED OFF

Green LED OFF

Display danger message

If object is at medium distance (20-58cm)

Red LED OFF

Yellow LED ON

Green LED OFF

Display warning message

safe distance (>50cm)
Red LED OFF
Yellow LED OFF

Green LED ON
Display safe message

small delay for stability




image10.png
X1
e
C3 CRYSTAL ——C4 U3
22pf
= 13- oscucuan RBO/INT
0SC2/CLKOUT RB1
22| RA0/ANO Fame S5
] RAT/ANT RB4 EMDT6L
—2+| RA2IAN2/VREF-/CVREF RB5
— —25 RAJANGIVREF+ RB6/PGC
= 2 RadrTocki/c10UT RB7/PGD
—L= Ras/AN4/SS/C20UT RV1
3 __ RCOIT10SOIT1CKI °
u2 —{ REO/ANSRD  RC1/T10SI/CCP2
305 o] REVANSWR RC2/CCP1
RE2/AN7/CS RC3/SCK/SCL 25883885
| =5 o RC4/SDI/SDA o
—T 151 ¢ Vi Vo 9 - MCLRIVpp/THV RC5/SDO SEEE RN
) 2 RCE/TXICK 4 11
yoav c & = RC7/RX/DT
1
of —=C2 RDOPSPO (=19
= " 10uf RD1/PSP1 (=25
n u RD2/PSP2 2
RD3/PSP3 22
RD4/PSP4 2
4 RDS/PSPS (2%
RD6/PSP6
=30
RD7/PSPT
PICTGFE77A
e, 20 30
»
R4 R2 R5
220 220 220 L
D3 D1 D4
LED-GREEN LED-GRE! LED-RED
= =





image11.png
X1
[] D []
—C3 CRYSTAL ——C4 U3
22pt 22pt N
u = S osciicLkIN RBO/INT
0SC2/CLKOUT RB1
RAO/ANO RBG/PRGBAi S5
RA1/AN1 RB4 EMDT6L
RA2/AN2/VREF-/CVREF RB5
— RAJ/ANI/VREF+ RB6/PGC [5o>
< RA4/TOCKI/C1OUT RB7/PGD ]
RAS/AN4/SS/C20UT RV1
__ RCOIT10SOIT1CKI °
u2 REO/ANS/RD  RC1/T10SI/CCP2
e RE1/ANG/WR RC2/CCP1
RE2/AN7/CS RC3/SCK/SCL 25883885
1 =) i RC4/SDI/SDA LR
—T 151 ¢ Vi Vo 9 - MCLRIVpp/THV RC5/SDO SEEE RN
T ) RCBITX/CK Tt T
yoav c % = RC7/RX/DT
) =19
o RDOPSPO [
u 10uf RD1/PSP1 20
] RD2IPSP2 |2
RD3/PSP3 |22
RD4/PSP4 (20
4 o RDS/PSPS (2
RDG/PSPS (=
RD7/PSP7
T PIC16F877A
1O 20 3O
] ] ]
R4 R2 R5
220 220 220

D3 D1 D4
LED-GREEN LED-YELL LED-RED





image12.png
£ AT

== CRYSTAL ——C4 us
22pt 22pt N
u = ] OSC1/CLKIN RBO/INT
0SC2/CLKOUT RB1
RAO/ANO RBS/PRGBAi S5
RA1/AN1 RB4 EMDT6L
RA2/AN2/VREF-/CVREF RB5
— RAJ/ANI/VREF+ RB6/PGC
< RA4/TOCKI/C1OUT RB7/PGD
RAS/AN4/SS/C20UT RV1
__ RCOT10SO/T1CKI
u2 REO/ANS/RD  RC1/T10SI/CCP2 Sfe——
e RE1/ANG/WR RC2/CCP1
RE2/AN7/CS RC3/SCK/SCL 22885
1 =) RC4/SDI/SDA ok
— 81 ¢ Vi vo < MCLRIVpp/THV RC5/SDO BN R
) 2 RCB/TX/CK ]
Vv L c1 % = RC7/RX/DT
1
of —=C2 RDOPSPO (=19
= » 10uf RD1/PSP1 20
» ] RD2IPSP2 |2
RD3/PSP3 |22
RD4/PSP4 (20
i o RDS/PSPS (2
RD6/PSP6
=30
RD7/PSP7
PIC16F877A
10O 20 30
] ] ]
R4 R2 R5
220 220 220

D3 D1

D4
LED-GREEN LED-GRE! LED-RED





image13.png
Receiver

reflected wave

Transmitter original wave





image14.jpeg




