Medical Instrumentations Techniques Engineering
Al-Rasheed University College
Second Level

Digital Techniques

Lecture O3

Prepared by: Ass. Prof. Dr. Rasha Thabit

Teacher: Dr. Suhail Najm



BINARY CODES

This lecture presents the method of expressing decimal
numbers using binary coded decimal (BCD). The lecture also
presents the basics of Gray code and ASCII code.

Lecture objectives

At the end of this lecture, the student should be able to:

1- Convert decimal numbers to BCD.
2- Convert from BCD to decimal.
3- Convert binary to Gray code and vice versa.

4- Know the basics of ASCII codes.



BCD Basics

If each digit of a decimal number 1s represented by its binary

equivalent, this produces a code called binary-coded-decimal

(BCD). Since a decimal digit can be as large as 9, 4-bits are

required to code each digit. The table below shows each

decimal digit and its binary equivalent.

Decimal

BCD

0000

0001

0010

0011

0100

0101

0110

0111

1000

1001




Conversion of decimal to BCD and vice versa

To convert the decimal number to BCD, the equivalent of

each decimal number is taken from the above table.

Example: Convert the decimal numbers (35)10, (980,
(170)10, (2469)10to BCD.

Decimal number | BCD

35 0011 0101
98 1001 1000
170 0001 0111 0000

2469 001001000110 1001




Example: Convert the BCD codes to decimal (10000110)a,
(001101010001)2, (1001010001110000),

BCD Decimal number
1000 0110 86

0011 0101 0001 351

1001 0100 0111 0000 9470




Shaft Position Encoders

Change between bits in microseconds from MSB to LSB.



Gray code basics

Gray code 1s unweighted and is not an arithmetic code; that
1s, there are no specific weights assigned to the bit positions.
The important feature of the gray code is that it exhibits only

a single bit change from one code word to the next in

sequence.
Decimal Binary Gray Code Decimal Binary Gray Code
0 L) Q000 8 1000 1100
1 0001 0001 9 1001 1101
2 0010 0011 10 1010 1111
i 0011 0010 11 1011 1110
4 0100 0110 12 1100 1010
5 0101 0111 13 1101 1011
b 0110 0101 14 1110 1001
7 0111 0100 15 1111 1000




Cornversion of binary to Gray code
The steps are as follows:

1. The most significant bit (left-most) i the Gray code 1s the

same as the corresponding MSB 1n the binary number.

2. Going from left to right, add each adjacent pair of binary

code bits to get the next Gray code bit. Discard carries.

Example: Convert the binary number (10110): to Gray code.
|—+—0 ] —+ — ] - () Binary

I | I 0 | Ciray



Conversion of Gray code to binary

The steps are as follows:

1. The most significant bit (left-most) in the binary code is

the same as the corresponding bit in the Gray code.

2. Add each binary code bit generated to the Gray code bit in

the next adjacent position. Discard carries.

Example: Convert the Gray code (11011) to binary number.
1 | 0 I | Gray
L +7 Lo+ |
I 0 0 I 0 Binary



ASCII code basics

ASCII 15 the abbreviation for American Standard Code for
Information Interchange. Pronounced “askee.,” ASCII is a
universally accepted alphanumeric code used in most
computers and other electronic equipment. Most computer
keyboards are standardized with the ASCII. When you enter
a letter, a number, or control command, the corresponding
ASCIT code goes into the computer. ASCII has 128
characters and symbols represented by a 7-bit binary code.
Actually, ASCII can be considered an 8-bit code with the
MSB always 0. This 8-bit code 1s 00 through 7F in
hexadecimal. The first thirty-two ASCII characters are
nongraphic commands that are never printed or displayed
and are used only for control purposes. The following table
presents the ASCII codes for different numbers, characters,

symbols, and commands.



Decimal - Binary - Octal - Hex — ASCII

Conversion Chart
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Exercise (Lecture 03)

Answer the following questions:

Convert (10011101), to Gray code.

Convert Gray code 10101111 to binary.

How many bits are there in the ASCII code and what
is the value of the MSB.

Determine the ASCII codes and their related

hexadecimal numbers for your first name.



