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57 ABSTRACT 
A data transmission system for providing error protec 
tion of transmitted data words. The less significant bits 
of a data word are, by means of matrix multiplication, 
encoded into a first redundant proto-code word and the 
more significant bits are, by means of further matrix 
multiplication and delay by different word recurrence 
intervals encoded in a set of further redundant proto 
code words. A composite of the proto-code word is 
formed by means of a modulo-2-addition of code words, 
so that for the less significant data bits a block code is 
realized, while for the more significant data bits a con 
volutional encoding is realized. In the decoding, the 
more significant bits of the composite code word are 
decoded by means of Viterbi decoding, the Viterbi 
metric being determined from the deviation between 
the reconstructed contribution of the less significant bits 
to such code word and the actually received contribu 
tion of such bits to such code word. 

7 Claims, 3 Drawing Sheets 
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4,747,104 
1. 

DATA TRANSMISSION SYSTEM EMPLOYNGA 
COMBINATION OF BOCKENCOOING AND 
CONVOLUTION ENCOONG FOR ERROR 

PROTECTION 

BACKGROUND OF THE INVENTION 
The invention relates to a system for transmitting 

data words from a transmitting station to a receiving 
station, wherein redundancy bits are added for protec 
tion against bit errors arising in the transmission. With 
increasing bit rates, and generally noisy transmitting 
media, various error protection systems have been pro 
posed. 

DESCRIPTION OF THE RELATED ART 
An example of such a system is described in U.S. Pat. 

No. 4,312,070 to Coombes et al, which relates to a digi 
tal data processing system for use in a mobile trunked 
dispatch communication system. The system of the 
present invention is generally applicable to data com 
munication systems wherein communication between 
stations is subject to burst error phenomena, and each 
transmitted data word comprises more significant bits 
and less significant bits. In such situation a higher effec 
tive level of reliability can be attained if the more signif 
icant bits are better protected than the less significant 
bits. Such situation typically occurs in audio transmis 
sion, notably speech transmission, where errors in the 
less significant bits make the speech less agreeable or 
somewhat difficult to understand but an error in a more 
significant bit can easily make the speech completely 
uncomprehensible. The transmitting medium may be a 
broadcast medium, or also, for example, a data commu 
nication line, or a storage medium, such as magnetic 
tape. 
A burst refers to a series of channel bits wherein the 

error probability is relatively high. Outside a burst the 
error probability is relatively low, and the chance for an 
error to occur is usually independent of any other non 
burst errors. Therefore, these errors are called random 
errors. A burst, which is subject to a high error rate, is 
caused by only partially understood phenomena which 
during an interval of time degrade the channel reliabil 
ity, such as thunderstorms, or movement of the trans 
mitting or receiving station. Especially in mobile radio 
systems the presence of high-rise buildings also may 
influence the channel properties. The burst error rate 
may be for example, 101, the random error rate 10-3 
or less. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide 

improved encoding which, among other things, pro 
vides a high coding efficiency (high rate), allows for 
easy decoding, gives an increased protection level of 
more significant bits with respect to less significant bits 
in a data word, and furthermore allows for matching the 
error correction capability to the expected burst length. 
Such object is realized according to the invention by 

a system for transmitting data words each comprising a 
sequence of bits of successive significance levels, such 
system comprising a transmitting station and a receiver 
station interconnected by a transmitting medium, the 
transmitting station comprising an encoder system for 
encoding data words by means of redundancy bits. 
Such encoder system comprises a first encoder which 
by matrix multiplication block encodes a set of less 
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significant bits of each data word into a first proto 
codeword, and also a second encoder which by further 
matrix multiplication block encodes the remaining, 
more significant, bits of each data word into a set of n 
further proto-code words. The second encoder further 
comprises delay elements for imparting respective dif 
ferent delays to the further proto-code words relative to 
the recurrence times of successive data words, and also 
comprises modulo-two adding means for bitwise adding 
the first proto-code word and n further proto-code 
words, the latter being derived from as many different 
data words, thereby convolution encoding the more 
significant bits. The output of the modulo-two adding 
means is supplied to the transmitting medium for trans 
mission to the receiver station. 

In certain preferred embodiments the number n may 
be 3, and from each each data word the two most signif 
icant bits are encoded by what effectively is a convolu 
tional type encoding. It was found that in this way 
appreciable error protection could be obtained at only a 
limited cost of apparatus requirements. 
The invention also relates to a transmitter and a re 

ceiver for use in such systems. The error protection in a 
mobile radio system can be provided in both directions, 
i.e. from a mobile station to a fixed base station, and also 
in the reverse direction. However, in the latter situation, 
other factors can also increase the communication reli 
ability, such as increasing the power level transmitted 
or the antenna configuration. These two measures often 
are not feasible for applying to a mobile station. The 
decoding at the received is preferably effected by 
Viterbi decoding, which is a special kind of maximum 
likelihood decoding. The Viterbi metric denotes the 
total incured amount of deviation from the "true' solu 
tion, and which thus must be minimized. It is deter 
mined from the deviation between the reconstructed 
contribution stemming from the less significant bits of 
the code word, and the actually received contribution 
from those less significant bits. 

BRIEF DESCRIPTION OF THE FIGURES 

The invention is further explained by reference to the 
following Figures, in which: 
FIG. 1 is an elementry block diagram of an encoder 

system; 
FIGS. 2a-2d show a first set of code generator matri 

ces; 
FIGS. 3a-3b show a second set of code generator 

matrices; 
FIG. 4 is an elemntary block diagram of an en 

coder/decoder system; 
FIG. 5 is an elementary flow diagram of the decoding 

process. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT OF AN ENCODER SYSTEM 

In the following, only the encoding and decoding 
aspects of the system are considered. The remainder, 
such as modulating and demodulating the code bits to 
derive channel bits, the physical realization of the chan 
nels, the various fields of use of the invention besides 
mobile telephony, and the construction of the stations 
and their respective data processing subsystems are 
ignored, as not relating to the invention proper. FIG. 1 
is an elementary block diagram of an encoder system for 
a (9, 7) convolutional code. Input 20 receives the seven 
data bits of a data word in parallel. Element 22 is an 
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