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Summary

In practical situations errors are often get introduced into code words that get 
transmitted from one point to another. Thus the need arises for these errors to 
be detected and corrected. Hamming codes are an effective way to add a error 
checking and correcting capacity to circuits without adding large amounts of 
redundancy,  both  to  code  words  and  circuits.  This  practical  explores  the 
circuitry used to detect errors in a distance-4 8-bit hamming code, by means of  
synthesizing  a  circuit  to  detect  1  bit  errors  and  their  positions,  as  well  as 
detecting two bit errors. It also illustrates the usefulness of combinational logic 
to decode confusing code words into simple and user friendly form. 
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Introduction

Problem Statement

During  transmission  of  digital  data  from one component  to  another  through 
some type of transmission media code words may become corrupted.This in 
turn causes errors in the output of a digital system. The challenge is to improve 
the integrity of transmitted digital data and to find a means to verify received 
data. In real time applications such a voice or video communication knowing 
that there is an error in the transmitted data is not simply enough as there is no 
time to request a resend. In these situations it is useful to have a system for 
correcting received data without referring back to the originally transmitted data. 

Problem Formulation

To investigate how the system of hamming codes can be used to detect errors 
in a received code word as well as the ability to correct erroneous code words.

Background
Hamming codes are a general method for constructing codes with a minimum 
distance of 3 or higher. Non code word words can be detected using parity 
groups. If we change one bit of a code word, in position j, then we change the 
parity of every group that contains the position j. since every information bit is 
contained in at least one group, at least one group has incorrect parity and the 
result is a non code word.

To design an error-correcting decoder, we first check all of the parity groups, if 
all have even parity then the received word contain no error. If at least one 
group has odd parity, then a single error has occurred. The pattern of groups 
that contain odd parity must match one of the columns in the parity check 
matrix; the corresponding bit position is assumed to contain the wrong value 
and is then complemented to correct the word. The required number of parity 
bits grows slowly with the width of the memory word.

Hamming codes offer a great advantage over other methods of error checking, 
namely that as the number of bits transmitted increase the number of parity bits 
remain relatively few. It also has advantages for systems where real-time action 
is required and there is not time for re-requesting data with errors. This is also 
beneficial in systems other than real-time by reducing errors and freeing up bus 
usage. 

(Reddy, 2011)(Wakerly, 2006)
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Design and Implementation

Approach 

In this Practical a combinational logic design is used to decode a received 8-bit  
minimum-distanc-4 hamming code containing four information bits. The result is 
then displayed on a 7-segment display indicating no error detected, a two bit  
error detected, or a one bit error detected and the position of the error.

Detailed Design and Implementation
We designed a hamming code error detector for a distance-4 8-bit hamming 
code defined by the following parity matrix 

1  0  0  0  0  1  1  1

H= 0  1  0  0  1  0  1  1

0  0  1  0  1  1  0  1

0  0  0  1  1  1  1  0

Figure 1 Parity matrix 

The first step in decoding a hamming codeword is checking the parity of four 
groups of bits in the code word. This is physically realized using xor gates. If the 
parity of a group is even the check will produce a “0” value and if the parity is 
odd it will produce a “1” value. Odd parity is associated with an error. The four 
results for the parity checks are the combined into a 4 bit codeword known as a 
syndrome vector. Syndrome vector code words are associated with particular 
errors as shown in table 1. This code word is decoded using combinational logic 
that is synthesized using truth tables, Karnaugh maps, and Boolean algebraic 
simplification. There are two approaches decoding the syndrome vector. One 
approach is to decode the syndrome vector into a 1-on code used to drive an 
array of  LED’s.  This indicates the position of  the error in  the code word by 
illuminating the corresponding LED, or  a  LED indicating no error,  or  a  LED 
indicating a two bit error. Another approach is to decode the syndrome vector 
into a four bit BCD code. This code is then used as the input to a 7-segment 
display driver. This will display the position of a one bit error in a more user  
friendly  way  on  a  seven  segment  display.  The  latter  approach  using  a  7-
segment display was used.
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Results and Discussion of Results

To check the parity of the code word input (according to fig. 1) the following 
circuit was designed with xor gates.

Figure 2 Parity check circuit
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Careful inspection of the output of the above parity check circuit and referral to  
a table of known code words can be used  to determine the meaning of the 
syndrome vector as shown in the center grouping of table 1. These meanings 
are then associated with the desired BCD codes that can be used by a driver 
circuit to display the results on a 7-segment display. 

Decoder ( syndrome to BCD code for 7-segment 
display)

  Bit 3 (A)

Bit 2 (B)

Bit 1 (C
)

Bit 0 (D
)

N
o. of 

errors

position

C
ode 3

C
ode 2

C
ode 1

C
ode 0

0 0 0 0 0 0 - 1 0 0 1

1 0 0 0 1 1 4 0 1 0 0

2 0 0 1 0 1 5 0 1 0 1

3 0 0 1 1 2 - 1 0 0 0

4 0 1 0 0 1 6 0 1 1 0

5 0 1 0 1 2 - 1 0 0 0

6 0 1 1 0 2 - 1 0 0 0

7 0 1 1 1 1 3 0 0 1 1

8 1 0 0 0 1 7 0 1 1 1

9 1 0 0 1 2 - 1 0 0 0

10 1 0 1 0 2 - 1 0 0 0

11 1 0 1 1 1 2 0 0 1 0

12 1 1 0 0 2 - 1 0 0 0

13 1 1 0 1 1 1 0 0 0 1

14 1 1 1 0 1 0 0 0 0 0

15 1 1 1 1 2 - 1 0 0 0
Table 1 Truth associating syndrome vector with actual meanings and BCD code.
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The circuit shown in figure 4 was synthesized using table 1, the Karnaugh maps 
shown in figure 3. The circuit is designed to use only AND, OR and NOT gates 
the following logic equations where derived from the Karnaugh maps:

Code 3 = A’B’C’D’ + ABC’D’ + A’BC’D + AB’C’D + A’B’CD + ABCD + A’BCD’ 

+ A’BCD’ + AB’CD’

= A’B’(C’D + CD’)  + AB(C’D’ + CD) + A’B(C’D+CD’) + AB’(C’D+CD’)

= (A’B’ + AB)(C’D’ + CD) + (A’B + AB’)(C’D + CD’)

Code 2 = (A + B + C + D)(D’ + B’)(A’ + D’)(B’ + C’)(A’ + C’)(C’ + D’)(A’ + B’)

Code 1 = (A + B)(A’ + B’)(C + D’)(C’ + D)

Code 0 = (A’ + C’)(D’ + B)(B’ + D)(A + B’ + C)

Figure 3 Karnaugh maps (1-cells or 0-cels indicated in blue) 
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Figure 4 Decoding circuit
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Conclusion

This  practical  clearly  illustrates  how hamming codes can be used to  detect 
errors. The concept of parity groups and checking parity is truly useful in adding 
error  checking  and  recovery  of  lost  data  without  adding  large  amounts  of 
redundancy to circuits  and code words.  It  also illustrates how combinational 
logic can be used to extract meaningful information from a seemingly random 
code, i.e. decode data. This greatly aids user friendliness. 
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