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() Define each of the following with respect to process control:

@ Dead time;
() error signal;
()  transient response.
(3 marks)

@) (@)  State two merits of using a stepper motor as an actuator;
@) A15°/step stepper motor is commanded to go 100 steps clockwise

(CW) and 30 steps counter clockwise (CCW) from a reference point.
Determine the motor’s final angle from the reference point.

(8 marks)
Draw ladder symbols for each of the following:
()  Normally Open (NO) input contact; :
(i)  Counter; L
(ili)  Timer.
(3 marks)

Figure 4 shows a diagram of a programmable logic controller (PLC) for controlling
two lamps L, and L, connected to the PLC output module ports OUT, and OUT,
respectively. Two extemal switches, SW, and SW, are connected to the PLC via input
ports INO and IN1. Lamp L, will light if both swilches are closed while lamp L, will
light if either of the switches is closed.

() Draw a truth table for the lamp control,
(i) Write a logic equation for the lamp control.
Gii)  Draw a ladder logic program for the lamp control.
(11 marks)
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() Wit tho aid of a dingeam, describe a pointio-mulipoint alam systom stating its merits
(6 marks)

| S, () State two distinguishing features of cach of the following types of industrial robots:

() genemlpurpose;
i ) special purpose.
H (4 marks)
H () St three methods of programming robots. (3 marks)

1 (@ Table 4 shows the commands of a robot programming language. Write a prograin to
irect a robot to pick an object from location A and drop it t location B following the
path of figure 5.
(13 marks)
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‘Table 4
Command __| Description

T._|OPEN Opens the Robot Gripper jaws

2._|CLOSE Closes the Robot Gripper jaws

3. |MOVE(xy) |Moves the Robot horizontally (x) and
vertically (y) mefres;

relative to present location
~x = negative horizontal
-y = negative vertical

4. |START Robot starts to move
5._|sToP Robot stops moving__
6. |END End of program
A
L7 object
s
|
" 250 IR I
I 1
1l
1
| s .
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Fig. 5
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Appendix A: Instruction Set of 8051 Microcontrolier
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SECTION A: MICROPROCESSOR SYSTEMS |

Ansver any THREE questions from this section.

I (@ Figure I shows ablock diagram of a microprocessor system.

110
RAM ROM BORTS J

Ms_ Aol DECODER

cPU LOGIC

Fig. 1

@) State three registers within the CPU and their functions. (6 marks)

(i) The chip enable signals from the decoder logic are defined by the following
Boolean expressions:

CEA =

CEB = A, .AA,

CEC = AgeAdy AnoAy-Agd AWK B K ALK

Determine the address ranges fot each of the following:

@  RAM; g
(i) ROM; 3
(i) VO poris.

(6 marks)

() ()  Differentiate between 2 T-state and a machine cycle.

(i) ~ Table 1 shows a program listing to generate a software delay. For a CPU clock
of frequency 4 mHz evaluate the delay ime. (8 marks)
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Table 1

Label Code T-states
) MVI C, 50D 7
ONE: DCRC 4
INZ ONE 107
RET 10

State a merit and a demerit of each of the following /0 techniques:

@  polied;
(i) interrupt controlled;
(i) direct memory access.

(6 marks)
Atable of data is stored in memory starting at location 2003H. The length of the table
(no. of bytes) is stored in location 2000H, With the aid of a flowchart, writea '
subroutine, SRCH, which finds the maximum and minimum data bytes in this table, On
return from search, location 2001H should contain the maximum value and location
2002H the minimum value. (8 marksy
Table 2, shows an 8085 microprocessor program:
@)  Determine the conteats of register HL at the end of the program execution.

(i) Translate the program instructions into 8085 machine code, starting at location

1800H.
(6 marks)

Table 2

LX1 H, 4080H

LX1 B,2010H

DADB

DADH

HLT

Describe each of the following microprocessor addressing modes, citing an example in
each case:

@) relative; £
(i) absolute; »
(i) indexed,

(6 marks)
26021302
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‘Write an assembly language program to solve the following cquation:
y=250/8
where x is an 8-bit number less than 10. (8 marks)
@ Explain the two commands used in stack operations.
(i) Using stack commands, write an assembly language program segment to
exchange the data betsween register pairs BC and DE.
(6 marks)

Figure 2 shows a block diagram of a MDS-ICE-profotype system.

Microprocessor
Development
System (MDS)

In-Circuit

Emulator
{144}

I

Profotype

Fig. 2

() Explain the need for the ICE board;

(i) List four software tools available in the MDS.
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Explain the functions of each of the following in microprocessor system development:

" @  EPROM programmer;

}
{ : ©
h 5 @
et
i
)
‘ ©
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(i) - UV eraser;
(i) Logic analyser; “
() multimeser.

g (8 marks)
State two merits and two demerits of a hardwired CPU control unit. (4 marks)
Outline the logical steps in tracing a fault in a microprocessor system.
S (8 marks)

Describe the procedure of testing each of the following faulfs in 8 microcomputer using
a multimeter:

() open-circuit in a resistor;

(i) d.cvoltage level ata test point. %
(6 marks)
@) Define each of the following types of interrapts:
(M) maskable;
) vectored.

{2 marks)

() The interrupt service routine (SR) for the maskable interrupt RST.S is stored
from location 2060 A timer output onnected to RST.S triggers the interrupt
‘which causes the ISR to read data from an Analogue to Digital Converter
(ADC) at port 26H, thea store it in memary location 2800H before returning

back to the main program.
Write an assembly language program for the ISR and show how it interacts with
the main program. (4 marks)
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SECTION B: MICROCONTROLLER TECHNOLOGY

Answer any TWO questions from this section.

6. (2  Figure3 (a) shows the Intel 8051 microcontroller block diagram and its pin assignment

is shown in figure 3(b).
Externat intermapts

bt

intervuptconteol] | ROH Ran

[Timer=0la— countar

] e

osc Bus

110 ports

Reod from RAN  Port0-Port3
e to RAN

0M/RAN Selact

“Address Latch Control

(@
. Fig. 3
() State the size of on-chip:

O  RAM:
m  ROM.

Serial -
o o Puy
Puct T1 PasE
WR Pascdae

R P39 1

out et XTa L2 St
o g

[£3)

(i) Match the pin names (or pin numbers) to the functions listed in table 3.

Table 3

(9 marks)

Function

Pin name (or pin number)

External interrupls
Counter inputs in timers
External oscillator
Hardware reset
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