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Abstract— This writing is made to explain the application of
Logic Gates in a Whistle Controlled Keychain ways of working.
Whistle controlled keychain is a keychain developed by some
industries for commercial use. The keychain have a unique feature
that applied the voice frequency-based recognition. The author will
model the circuit of the keychain by using Logic Gates.
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I. INTRODUCTION

Figure 1 Whistle Controlled Keychain

People nowadays are very creative and full of idea. A few
times ago, the author found a thing called Whistle Controller
Keychain in one of the author’s friend inventory. The usual
keychain we know is only used for ornament to our key, or to
make the key easy to hold. We usually forget the last time we
hold our key resulting the key lost. But, this Whistle Controller
Keychain have a very special feature. It will ring an alarm when
someone whistle around it. This special feature allow us to find
our lost key although we forget where we put it. This invention
is very creative and high-tech that it might be use to learn about
electrical circuit. You can see the whistle controlled keychain on
the figure above

Whistle is known for their high frequency. The author thought
that the inventor might use the voice frequency-based
recognition to develop such an invention. The study about voice
recognition is handled in Digital Signal Processing.

After we recognize the frequency of the sound, we have to
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decide whether the alarm of the keychain should be ring or not.
Therefore we should know the modelling of logic gates of the
keychain.

The author thinks that the idea of the invention is very
authentic and very useful. By using a simple voice recognition
and a circuit, the developer can make such a great invention. So,
through this writing she try to make and explain a model of logic
gates of the circuit inside the keychain. To model the circuit, the
author use Logic Gates and Karnaugh Method.

Il. BOOLEAN ALGEBRA, LOGIC GATES AND KARNAUGH
METHOD THEORIES

A. Boolean Algebra

Boolean algebra first studied by George Boole. It is the basic
science in switching theories and logic design. A Boolean
algebra consists of at least two elements that is 0 and 1, with the
operation AND with the symbol of ‘*’, operation OR with the
symbol of ‘+’, operation NOT with the symbol *’.

AND operations is used to obtain the Boolean product. The
AND operation function is similar to logic operation which
means the only “True” goal obtained from both “True” input,
wherein Boolean algebra case the input of element 1. To
understand the operation, see the following table of operation
AND.

AND (*) 0 1
0 0 0
1 0 1

Table 1 AND operation for two elements

Another operation used in Boolean algebra is OR. OR
operation is used to obtain the Boolean sum. Similar to OR logic
operation, which means we can obtain “True” goal by having at
least one “True” input. To understand the operation, see the
following table of operation OR.

OR (4) 0 1
0 0 1
1 1 1

Table 2 OR operation for two elements



The last operator used in Boolean algebra is NOT. NOT

operation is used to obtain the complement of the element. To
understand the operation, see the following table of operation
NOT.

NOT ()
0 1
1 0

Table 3 NOT operation for two elements

Boolean algebra hold the following axioms [1]:

1. ldempotent: x e x =xand X + X = X

2. Commutative: X ey=yexandx+y=y+Xx

3. Associative: xe(yez)=(Xey)ezandx+(y+z)=(x+

y)+z

4. Absorptive: x s (x +y) =xand X + (X ¢ y) = X

5. Distributive: x e (y+2) = (X y) + (X * 2)

6. Zero (null, smallest) and one (universal,

elements.

Boolean algebra can be expressed in two form, the minterm
or canonical product-of-sum form, and the maxterm or
canonical sum-of product form. To expressed the Boolean
algebra function in this form, we can ignore the dot symbol (*)
in the product operation for example when we have x * y we can
write xy. We also can ignore the parentheses of Boolean
products for example we have (xyz) we can write xyz. To
understand the minterm and maxterm function, see this
following equation.

largest)

F(x,y) =x"y +xy'
Equation 1 Maxterm form

F(x,y) = (x+y)(" +y)
Equation 2 Minterm form

In further explanation, there are a method called Karnaugh
Map. In each Karnaugh Map they hold a value of input. In
maxterm and minterm form, we usually write the switching
function as below.

F(x,vy) = X(value of input)
Equation 3 Maxterm form

F(x,y) = M(value of input)
Equation 4 Minterm form

B. Logic Gates

Logic gates is a method to draw a Boolean function into some
circuit of logic gates. The method help us to understand the way
of our devices work and to design how our device works.

Boolean function can be drawn into a form we called Logic
Gates. Each operation has a specific shape of the gates. The left
side of the gates contains all the input of the operation, and the
right side of the gates represent the output of the operation. See
the following figure to of the gates for each operation.
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Figure 2 Logic Gates of Basic Operator[1]

In logic gates, there are 3 operator derivate from the basic
operator. There are NAND, NOR, and XOR. NAND operator.
NAND operator works using AND operator and NOT operator.
So we have to operate the elements of 0 and 1 with AND
operator, and then we complement the result of the operation.
The procedure of the operation NAND also applied in NOR
operation. The NOR operation proceed to OR operation then we
complement the result with NOT operation.

XOR operation is a little bit different from the other two. The
XOR operation works like logic operation that state the input
have to be unique or different from one another. To understand
the operation, see the following table of operation XOR.

XOR (+) 0 1
0 0 1
1 1 0

Table 4 XOR operation for two elements

The gates of the operation is a little bit different from the basic
one. See the following figure to of the gates for each operation.
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Figure 3 Logic Gates of Derivative Operator[1]



C. Karnaugh Method

Karnaugh method is a method of representing the function of
either sum-of-product form or product-of-sum form in a table.
The table is called Karnaugh Map. This representative make us
easier to minimize or simplify the Boolean function. The
Karanaugh Map is constructed from all the possibilities input
and the result of the truth table of the problem. After filling the
table with the result of the truth table, we can simplify the
Boolean function by generalizing the 1’s pattern into one
function. For example we have the Boolean function of w’x’yz
+ w’xyz. The Karnaugh Map of the Boolean function should be
constructed in the following table.

Wx/yz 00 01 11 10
00 0 0 1 0
01 0 0 1 0
11 0 0 0 0
10 0 0 0 0

Table 5 Example of Karnaugh Map

Based on the Karnaugh Map, we can see that there are 2
blocks located near from one another in the fourth column.
Based on the Karnaugh Method, we can generalize the row 00
and 01 of wx into the w because when the x value 0 or 1, it
produce the same result. So, the Boolean function simplified
into w'yz.

1. WHISTLE CONTROLLED KEYCHAIN PROBLEM

A. Scope of Problem

Whistle controlled keychain is an invention these day that
require a voice frequency-based recognition. Explanation about
the voice recognition can we get in the study of Digital Signal
Processing. The voice that recognized will be converted from
analog quantifier to digital quantifier using VVoice over IP. This
process hold a very important process because the next step
which is the executing step is dependent to this phase.

In this writing, the author will try to explain more about the
circuit of the keychain, which is the application of Karnaugh
Map and Logic Gates. In this writing, the author will represent
the modelling of the logic gates of the keychain way of working.

Unfortunately, the lack of knowledge of the author might
make this writing is not relatable to the real event. The problem
the author tried to explain is in the scope of the application of
logic gates in the Whistle Controlled Keychain.

Every electrical devices contains a circuit that define how the
device work. In this case, the keychain have a circuit that
determine whether the alarm rings or not. The input of the circuit
is the digital frequency converted from the analog quantifier of
voice. The output of the circuit is the digital signal 0 or 1, where
0 means the alarm isn’t ringing, while 1 means the alarm is
ringing. The output will change only if the voice is recognized
as whistle or the user pressed the button that stop the alarm from
ringing. The ringing of the alarm is determined from the output.
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B. Whistle Frequency Estimation

Some college student from an institute of technology did a
research about the human whistle detection and frequency
estimation. Because the human whistles are vary in frequency,
they did some research based on 20 sample randomly selected.
From their paper, the human whistle is investigated by time-
frequency analysis.

Based on their conclusion, human whistle frequency range to
be 500-5000 Hz. This range is quite high considering the normal
sensitive frequency human can hear is in range 1000-4000Hz.
From this conclusion, we can estimate the range of frequency
we want to apply in our circuit is in range 0-8000 Hz.

IV. LOGIC GATES MODELLING OF WHISTLE
CONTROLLED KEYCHAIN

A. Karnaugh Map Implementation

The estimation of the frequency range we got before, we can
determine there are 4 input of element 0 or 1 for our logic gates.
The range of frequency (0-8000Hz) can be separated into 16
partition. The value of range 0-499 Hz is 0, range 500-1000 H is
1, 1001-1500 Hz is 2, 1501-2000 Hz is 3, 2001-2500 Hz is 4,
2501-3000 Hz is 5, 3001-3500 Hz is 6, 3501-4000 Hz is 7, 4001-
4500 Hz is 8, 4501-5000 Hz is 9, 5001-5500 Hz is 10, 5501-
6000 Hz is 11, 6001-6500 Hz is 12, 6501-7000 Hz is 13, 7001-
7500 Hz is 14, 7501-8000 Hz is 15. This partition is just an
example and it might be different in other range of frequency
held.

As we know, the whistle’s frequency estimated in range 500-
5000 Hz. Therefore, we can make a truth table of the frequency
range, with the value of 1 until 9 filled with element 1 as the
output, and the rest filled with element 0. See the following table
to see the result of the truth table.

N w X y z Alarm
0 0 0 0 0 0
1 0 0 0 1 1
2 0 0 1 0 1
3 0 0 1 1 1
4 0 1 0 0 1
5 0 1 0 1 1
6 0 1 1 0 1
7 0 1 1 1 1
8 1 0 0 0 1
9 1 0 0 1 1
10 1 0 1 0 0
11 1 0 1 1 0
12 1 1 0 0 0
13 1 1 0 1 0
14 1 1 1 0 0
15 1 1 1 1 0

Table 6 Truth Table of Whistle Controlled Keychain

We have 4 input. There are w, X, y and z as digital input. From



the truth table, we can fill the Karnaugh Map below with the
result of the truth table. We divide the input into two part, the
wx and yz. Therefore the column and row valued between 00,
01, 10, and 11. As we can see from the truth table above, the
Karnaugh Map constructed can be seen in the following table.

Wx/yz 00 01 11 10
00 0 1 1 1
01 1 1 1 1
11 0 0 0 0
10 1 1 0 0

Table 7 Karnaugh Map of Whistle Controlled Keychain

The function formed from the Karnaugh Map is as below.
Flw,x,y,z) =w'x'y'z4+w'x'yz+ wx'yz' + w'xy'z’
+wixy'z+wxyz+w'xyz +wx'y'z'
+ wx'y'z

Equation 5 Boolean Function of Device before Minimization

As we can see, the function is not the simplest form, so we
have to minimize the function using Karnaugh Method. See the
following table to know the minimize form of the Karnaugh
Map.

wx/yz 00 01 11 10
00 0 1 1 1
oo [[ 1 1 1 L1 |
11 0 0 0 0
10 1 1 0 0

Table 8 Minimization of the Karnaugh Map

The minimization of the Karnaugh Map is done by
generalizing the 1’s input into one function. Generalizing the 1’s
can be done if the number of 1’s located near to one another is
2, 4, 8 or 16. As we look in table 8, the 1’s grouped or
generalized into 4 function. The first one is the four 1’s located
in column 3 and 4. Because the output is 1 when the y valued 0
or 1, and when the x valued 0 or 1, we can generalized the
function into w’z. The next minimization is located in column 4
and 5. Because the output is 1 when the x valued 0 or 1, and
when the value of z is 0 or 1, we can generalized the function
into w’y. The next minimization is located in row 3, column 2
and 5. Because the output is 1 when the value of y is either O or
1, we can generalized the function into w’xz’. The last

Makalah IF2120 Matematika Diskrit — Sem. | Tahun 2017/2018

minimization is located in the fifth row. Because the output is 1
when the value of z is 0 or 1, we can generalized the function
into wx'y’. Therefore the minimization of the function can be
written as below.

Fw,x,y,z) =w'z+w'y + w'xz' + wx'y'

Equation 6 Boolean Function in The Simplest Form

B. Logic Gates Modelling

As we know, from the previous part, we have determined the
Boolean function of Whistle Controlled Keychain. The function
formed in the sum-of-product form or the maxterm form. There
are 4 products of the variable, and at the end all of them are
summed.

Therefore, we draw the 4 product gates or AND gates. After
that we draw the input and output line. If the input is
complement of a variable, we draw the NOT gates before the
AND gates. The first step of the modelling can be seen in the
figure below.
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Figure 4 Logic Gates of Whistle Controlled Keychain Part A

In figure 4, the first AND gates is the product of w’z. As we
can see, input w meets the NOT gates, and the product w’ meet
the AND gates. The input z meet the AND gates. Therefore the
product of the AND gates is w 'z.

The second AND gates is the product of w’y. As we can see,
input w meets the NOT gates, and the product y’ meet the AND
gates. The input y meet the AND gates. Therefore the product of
the AND gatesisw'y.

The third AND gates is the product of w’xz’. As we can see,
input w meets the NOT gates, input z meets the NOT gates and
the product w’ and z” meet the AND gates. The input x meet the
AND gates. Therefore the product of the AND gates is w’xz".

The last AND gates is the product of wx’y’. As we can see,
input x meets the NOT gates, input y meets the NOT gates and



the product x” and y’ meet the AND gates. The input w meet the
AND gates. Therefore the product of the AND gates is wx'y’.

The next step of modelling the logic gates is draw the sum
gates or the OR gates. The output of the AND gates is sum in
the OR gates. The second step of the modelling of logic gates
can be seen in the figure below.

1
=, W2 + w0y WAz wxy’

£

Figure 5 Logic Gates of Whistle Controlled Keychain Part B

In figure 5, the OR gates get input w’z, w’y, w’xz’, wx'y’.
The input is the product of the previous gates. After meeting the
OR gates, the output of the gates are the boolean function of the
Whistle Controller Keychain. To see the whole logic gates
model, see the figure below.

Y=ty

Figure 6 Logic Gates of Whistle Controlled Keychain Whole
Part

E. Example of Executing the Logic Gates

For example the Whistle Controlled Keychain recognized a
voice in frequency of 1000 Hz. As we know, this frequency
should be recognized as whistle. And the keychain should ring
the alarm. The voice will be converted to digital quantifier, and
as in our modelling, the digital value of the frequency is 0001.
The digital value of wis 0, x is 0,y is 0, and z is 1.

Now we go through the logic gates with the input. In the first
AND gates, we know that w’ valued 1, and so w’z valued 1. In
the second AND gates, we know that w’ valued 1 and so w'’y
values 0. In the third AND gates, we know that w’ valued 1, z’
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U
W' +10'y+ wxe e wxy'

valued 0, and so w’xz’ valued 0. In the last AND gates, we know
that x” valued 1, y’ valued 1, and so wx'y’ valued O.

After the AND gates, we got the input 1, 0, 0, 0. Meeting the
OR gates, we can determined that the output is 1, because there
is at least one 1’s. And so the output of the input 0001 is 1 which
means the alarm of the Keychain ring.

Another example is the rejected or the output O one. For
example the Whistle Controlled Keychain recognize a voice of
frequency 6000 Hz. Relating to our range, the digital frequency
of 6000 Hz is 1011. The digital value of wis 1, x is 0, y is 1, and
zis 1.

Now we go through the logic gates with the input. In the first
AND gates, we know that w’ valued 0, and so w’z valued 0. In
the second AND gates, we know that w’ valued 0 and so w'y
values 0. In the third AND gates, we know that w’ valued 1, z’
valued 0, and so w’xz’ valued 0. In the last AND gates, we know
that x” valued 1, y’ valued 0, and so wx 'y’ valued O.

After the AND gates, we got the input 0, 0, 0, 0. Meeting the
OR gates, we can determined that the output is 0, because there
are no 1’s. And so the output of the input 1011 is 0 which means
the alarm of the Keychain didn’t ring.

This modelling help us to understand the inner circuit of the
Whistle Controlled Keychain pretty well.

V. CONCLUSION

In every electrical devices, there are circuit that formed by
using the theory of Logic Gates. We can make a model of any
devices with any kind of input (analog or digital) by using this
theory. This theory help us to understand the way our devices
work and design our electrical devices circuit.

To model the logic gates, we have to understand how the
devices work, and so we can determined the truth table of the
way of the device work. And then we can construct the
Karnaugh Map from the truth table and we can get the simplest
Boolean function of the Karnaugh Map, and we can draw the
model of the Logic Gates.
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