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General Instructions =~ = o o o

1.
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ook

Read all instructions carefully before answering the quéstions. "

This question: papet consists of Four (4) questions in SECTION A [70 Marks] and two (2)

questions [30 Marks} 1n SECTION Bon Flve (5) pages

Answer ALL Questlons

The answer to each question should commence from a new page:
This is a Closed Book Test (CBT).

Answers 9hould be in dcar handwutmg,

Do not use Red colom pens

Special Instructions |

When Vou w11te any Assembly Language Program (ALP), you need to pr0v1de appropriate |

commcntq whele necessary. Full marks will only be given to correct programs with

comments

questlom in thls paper. Do not attach it to the answer script.

State your assumptions (if any) clearly.
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Section A
Answer all questions [70 Marks]

Automatic Car Washing System (ACWS)

The. Automatic Car Washing System (ACWS) is'an 8051 microcontroller-based automated solution designed
to clean vehicle exteriors through sequential operations. The system integrates mechanical, electrical, and
electronic components to execute a fully automated washing process. It supports vehicles weighing up to 2000
kg and follows a structured five-stage workflow including entering/parking:the vehicle. e

The ACWS operates as a.drive-through system divided into distinct stages. A vehicle first enters the parking
bay, where sensor S1 detects its presence and initiates the process. The conveyor belt, controlled by a PWM-
driven motor (M) at 25% duty cycle, moves the vehicle forward after a 5-second delay.

You are required to analyse and design the ACWS (Figuré l) according to the given requirements.
Washing Process

1. Pre-Wash Phase
A movable spray mechanism travels bidirectionally (front-to-back and back-to-front) to coat the
vehicle evenly Solenoid valves, Vs (soap spray) and Vw1 (water rinse) activate sequentlally, with
Vwl operating for 15 seconds first to loosen dirt and then Vs for 15 seconds soap spray on the car.

2. Méchidnical Brushing
Three motors scrub the vehicle, M1, M2 (left and right vertical brushes) and M3 (top brush).
Brushes operate at 120 RPM, controlled by motor dI‘lVClS Actwatmn occurs: only thn sensor §2
conﬁrms th(, velncle S pregence n tlns stagc ’

3, 'High-Pressu-re Rinsim
Fixed spray nozzles (Vw2).deliver a high-pressure rinse for 10 seconds to remove residual soap and
debms.

4, Drym0 Cycle ,
Movable air blowers operate at 75% PWM duty cycle, adjustable based on vehlcle size. The
blowers run-for 15 seconds or until sensor S4 detects the vehicle’s exit, ensuring complete water
removal. '

For safety and monitoring, there are their status indicators, ‘which provide real-time feedback where green
lamps show normal operation, ycllow shows the state transition, and rcd shows the emcroency/fault (e.g.,
conveyor halt, motor stall)’ B e s

In case of an Emergency, t there is a stop button to immediately stop all operations in the system. After the stop
button is pressed, manual override via a Lcypad allows conveyor reversal/forward motion to take the vehicle
out from the bay.

The 8051 microcontroller coordinates all stages using sensor inputs (S1-84) to activate components only when
the vehicle is correctly positioned. Safety interlocks prevent unintended brushes or spray activation. The
pressure of spray nozzles (e.g., water pressure < 60 PSI) is maintained.
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Figure 1: Typical Process view of the ACWS
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State all the assumptions clearly (if any) when answering questions.

[Q1] For the proposed mechanism, identify suitable sensors and actuators to detect the following and
draw simple block/interfacing diagrams for each to explain your methodology.

- (1) To detect vehicle presence at- four stages (S1-S4): SRR - [03 Marks]

(11) To monitor spray nozzle pressures. [03 Marks]

/ (iif)To ensure vehicle weight does not exceed 2000K g. [03 Marks]
! - (iv)To.move spray nozzles forward and backward within the X-Y area only. -
ST : : [03 Marks] '

[Q2]

(1) Analyse the given specifications/parameters: related to the operations/processes of the ACWS
| and then prepare a table of resources/features and conditions/constraints required to design

the ACWS, .
“‘-,\(Table should contain Processes, Sub—OperationsQ Parameters, Conditions, Resources,
Feature Required of 8051 microcontrollers, and Comments). v [04 Marks]

(1) Draw, the external view of the system, i.e., a diagram that shows the inputs/sensors and the
outputs/actuators of the system - [10 Marks] -
(111) Identify:the subunits/sub-modules:of the system and draw the-interconnected block diagram -
of the system using the central controller and other required interfacing devices.

[07 Marks]
(iv)Draw an Interfacing diagram to show the:8051-port-connections. - =ooe [07 Marks]
[Q3] Draw flowchart(s) to represent the alcorithm of the ACWS operations. [15 Marks]

[Q4] Write assembly language programs (ALP) to perform the above task (i.e., Q3). Clearly show
the assembly language routines with comments reldted to the ﬂowcharts drawn in the above
Q3. S ' - [15 Marks]
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Section B

Answer all questions [30 Marks]

[Q5] s
(a) A temperature sensor outputs an analogue voltage between 0V and 5V, represeiting a
temperature range of 0°C to 100°C. You need to display the temperature on an LCD..

Draw a block diagram showing how to interface the temperature sensor to the 8051 *

microcontrollers, including any necessary ADC. Specify the ADC resolution needed for a
temperature resolution of 1°C. : :
[TMarks]

(b) Write an interrupt service routine (ISR) that increments a software counter representing.
seconds (SS). When the-ss counter reaches 60, it should reset to 0 and increment the
minutes counter (SM). Similarly, handle minutes and hours. Store the hours, minutes;
and seconds in internal RAM locations 30H, 31H, and 32H, respectively. o

[8 marks]

[Q6] .
' (a) You. are desig gjnmgj a system to log data from a sensor to a computer via serial CO]THl]UIlILElthD
- Write'an assembly language program to contmuously transmit the value stored in register R7
“to'the computer at a baud rate of 9600 bps. Assume a crystal frequency of 1 1.0592 MHz. Use
8 data- blts 1 %top bl'[ and no parity. Include comments.
C ‘ - [07 Marks’] :

(b) A COﬁVCyO] sYétQm ié controlled using a stepper motor w1th a step angle of 1.8° (in full stLp
mode) and an 8051 mlcroconu oller. The sy@tem should work as follows '

o then Sensox I: (Lonnectcd to Pl O) detects an object, the motor should rotate clockw1sc
by 50 steps. - - - , : .
- ®  If Sensor 2 (u)nn@ctcd to Pl l) detects an obstructlon the motor shou]d Stop-
: "unmuhatdy - . ~
‘= " When the systcm is 1d € (not detectmg any ObJGCtS or obstruc‘uons) a "System Ready
S LI:D (connectud to P2 O) should be turned on. . ~ S

Draw a ﬂowchah to show Lho,f_w this process can be implement'ed.: s

[08 Marks]

END
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