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In an industrial automation system, a safety controller

monitors five binary input signals:
- A, B— Mode selection bits

C,D- Sensor condition indicators
e E — Emergency enable signal

The controller activates a critical safety output F only for
specific combinations of these inputs to prevent equipment
damage and ensure operator safety. Due to hardware
limitations, the designer wants the logic to be implemented
using the minimum number of logic gates, thereby
reducing cost, power consumption, and propagation delay.
During testing, it was observed that the safety output 15/- )

| F=1 for the following decimal input combinations
(where inputs are ordered as A, B, C, D, E)

F(A,B,C,D,E) = zm(u.z.qr.ﬁ.?.ia,._w.zz.za,z5.23.29)
Minimize the given Boolean function so that it can be
implemented using the fewest possible logic gates.

Write the minimized Boolean expression in:
(ﬁ}u Simplified SOP (Sum of Products) form (S marks

() Simplified POS (Product of Sums) f.

(C}”f)raw the logic gate implem ‘.. Lic

\ \minimizcd SOP expression {5
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internally “—TI"IL‘:;U”[H cach decimal Chg][ ((}—9) Uﬂing a 4-bit

weighted code with positional weights 3, 4, 2, and 1.

However, the display module of the machine operates

using a self-complementing 4-bit weighted code with

weights 2, 4, 2, and 1, as it simplifies error detection and

correction during transmission to the display. To ensure

compatibility between the processing unit and thé display

unit, f Fumbinatinnal logic circuit is required that converts

the digit from the input weighted representation (8-4-2-1)

to the uuq?ut welghted representation (2-4-2-1). Consider

tl?e f?llnwmg requirements for designing a combinational g

circuit:

« Assume that only valid decimal digits (0 to 9)-are

applied at the input. : .

« The input is provided as four binary signals:

» A,B,C,D (with weights 8, 4, 2, 1 respectively).

E « The output should be four binary signals: W, X, Y, Z
(with weights 2, 4, 2, 1 respectively).

e Treat all unused input combinations as don’t-care
conditions.

Draw the combinational logic circuit that performs the

required code conversion using logic gates. |

' / /ﬂ smart digital billing machine used in a retail store

An industrial fault-blocking controller supervises a
machine and decides, whether it should be blocked from

operation (F = 0) under ynsafe or abnormal conditions.
The controller monitors four binary signals:

An industrial fault-blocking controller supervises a
machine and decides whether it should be blocked from

operation (F = 0) under unsafe or abnormal conditions.
The controller monitors four binary signals:

Variable | . Logicl
A Main power supply is ON
B ,_——Powaﬁmﬂgencystop is released
3 C Operating temperature is within safe 15
limit
D Safety enclosure door is closed

The output F = 1 indicates operation permitted, while F =0
indicates operation blocked. The controller blocks the
machine (F = 0) under the following unsafe input
combinations: '

« Emergency stop released but temperature unsafe
e Emergency stop released, temperature unsafe, door

closed. : .
e Emergency stop released, temperature safe, doo

o Power ON while emergency stop engagec
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» Power ON, emergency stop enga ged, doc

The following input combinations never arise du e to|
hardware enforcement and supervisory control, and | -
therefore the output of this controller is irrelevant for these
| states:

| Complete shutdown / maintenan}e state.

* Emergency stop engaged while all other safety signals
active (physically impossible).

* All systems active; control transferred to higher-level
controller.

(a) Minimize the function using the Quine-McCluskey
procedure. (10 Marks)
(b) Draw the logic circuit using basic Gates. (5 Marks).

'Design a combinational circuit with three inputs x, y and z
and the 3 outputs, A, B, and C. When the binary input is 0, |
1, 2 or 3 the binary output is one greater than the input. 5
When the binary input is 4, 5, 6 or 7, the binary output is
one less than the input.
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