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Abstract 
This article provides information about how computer process voice and how 
machines understand it. This document contains information regarding: why do 
we need to recognize voice, what actions must a computer take to process voice, 
how is human speech built. 
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Introduction 
From the very beginning science, and especially its technical branch, 

aimed at creating a machine that would substitute a human being in all aspects of 
life. Nowadays, we may boldly claim that we are approaching the climax. There 
are machines that can copy various activities performed by people and helping 
them in different spheres of life, starting from popular and widely used PCs, 
machinery in factories and robots programmed to simulate human intelligence. 

We find it impossible to imagine how our life would look like without 
machines, computers and robots. Even such simple everyday activities as 
shopping may be done by use of so called intelligent refrigerators. Science-
fiction films have become facts. Simple robots, performing pre-programmed 
repetitive operations are reality and do not surprise anybody. People are much 
more ambitious than that. 

Fulfilling new tasks and solving new problems we come across new 
obstacles. So far, an important obstacle was computer subassemblies efficiency. 
Computing power and speed lagged behind and blocked technological progress. 
But this problem disappeared as quickly as it had appeared. We have just started 
talking about organic computers that are to be hundreds times faster, more 
efficient and better than other contemporary machines. However, there is a huge 
number of obstacles to be dealt with. 
Communication 

As it has been mentioned earlier, nowadays, technical problems are fairly 
easy to solve and are not true barriers. Now, it is time for software to try and 
keep up with hardware. Software acceleration can be divided into two major 
directions. 

The first one is communication between software and hardware i. e. using 
computer resources in the best possible way. More or less complicated operating 
memory, processor timesharing, disk access management algorithms etc. are 
used. 

The second direction that shall be discussed in his paper in greater detail is 
communication between external systems (especially people) with software. The 
machine-machine case seems similar to the first point as communication of this 
type uses the same hardware and software mechanisms. Therefore, it shall be 
omitted. Communication of man-machine type is more interesting. 

As it was mentioned in the introduction, we may soon have computers, for 
which speed and efficiency will not be a problem. Actually, it is not a big 
problem nowadays. Applications will run quickly and people (their speed, 
accuracy and faultlessness in interactions with software) will be the only one 
factor limiting speed. We possess devices (keyboards, mice, etc.) that feed 
information into the computer in a very precise way. We may claim that these 
devices are 100% accurate and only time plays the role e.g. if we input the word 
STRAT instead of START, we must lose a few seconds to correct the mistake. 
Naturally, a lot depends on skills a particular person has.  
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Coming back to the problem, one needs to elaborate such a method of 
inputting data that would be the fastest one – the accuracy criterion is obvious. 
One of the ideas is to professionally train every person in typewriting. A 
professional is believed to type 2 words per second. It is a very fast pace. But the 
question remains: Can we do it faster? 
Faster and faster 

Naturally, we can do it faster – we only need to find a reliable way. What 
would happen if we were able to speak to the computer? The speed of 
spontaneous talk is up to 4 words per second, and it is 2 times faster than 
inputting words using keyboard. In reality, the difference would be up to 10 
times as only few people can type fast. Processing speed and speed of the 
application’s reaction would increase a few times as we could use our free hands 
to carry out different tasks and processes. Attention must be paid to another 
important aspect – such a situation creates new opportunities for the 
handicapped. Different disabilities become irrelevant. People have equal 
opportunities regardless of disabilities. 

All in all, such software Gould be a Real breakthrough and a major 
achievement in IT industry. 
Do you understand me? 

Work on the application that would recognize speech have started a few 
years ago, and the first step was Digital Conversation System by David, Mathews 
and McDonald created in 1985. naturally, Microsoft is among the companies 
trying to find a reliable solution and it has implemented such a tool in Microsoft 
Word. The program can recognize speech in English. However, the error rate is 
too high for the tool to be applicable for professional purposes. 

Nowadays, there are a few applications more or less similar to the tool 
discussed above. The leader is: Dragon Naturally Speaking. One can realize the 
complexity of the problem once they know how much time is needed to solve it. 

Finally, speech recognition needs to be defined precisely. It is not only 
about inputting single words into the computer and making the computer 
recognize them e.g. “stop” – it is only partial success. The computer needs to 
‘understand’ the word pronounced, to perform a certain activity that the word 
denotes. Let's see how the whole procedure is realized, from uttering a command 
to its fulfilment. 

We shall use the Microsoft Office 2003 Standard Edition Trial, which is 
equipped with the Speech recognition option, to visualize the problem discussed 

Just a little theory before we start. 
We shall understand a 'phoneme' as a set of allophones that have the same 

function and do not result in differences of meaning within a given language. We 
shall understand a 'diaphone' as a unit of language that contains transient 
information from the middle of the quasi-stationary segments of a vowel- 
consonant or consonant-vowel pair. Such notions as a syllable and a word need 
not be defined.  
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We may use various techniques to recognize speech basing on one of the 
above mentioned parts of speech that have both advantages and disadvantages. 
Table 1 presents their characteristics in detail. 

 

 
Table 1. Parts of Speech 

Using each type of unit has both advantages and disadvantages. However, 
in reality, phonemes are used in the systems. 

A very important thing that must be taken into consideration is the 
language we use. Speech recognition systems are designed for a particular 
language. It is obvious as each language has its own unique grammar, syntax, 
relations and rules that need to be implemented for each language separately. 
Information about the way a given sentence is built, what elements may follow 
each word – such information are key elements that allow us proper 
understanding of the message. There has not been designed any software capable 
of 'understanding' Polish language. Therefore, we shall work in English. 

When a word is uttered, the sound in the analogue form is input in the 
computer (in the sound card) by means of a microphone. Next, it is converted 
into digital form and then it reaches the application. Noise and disturbances must 
be removed. People can emit waves of a certain frequency and on the basis of the 
information the rest can be disregarded. The amount of information to be 
analyzed decreases substantially, which allows for the analysis in real time. 
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Signal is divided into intervals of one millisecond length (phonemes). Data in the 
form of a sequence of phonemes are subject to further analysis.  

First, we shall discuss ASR system (Automatic Speech Recognition which 
is to put uttered words together. It is not a simple process. During the analysis a 
lot of training information and data related to a given language. Training data is 
input when the program is launched for the first time and the user must read more 
than ten sentences. Pronunciation, voice acoustics and other voice parameters are 
checked. ASR module uses another part of the system. 

Then style of the meaning, acoustics of the voice are being checked and 
the like. NLU (Natural Language Understanding). It is responsible for supplying 
all kinds of information concerning syntax and grammar of a given language. To 
increase the probability a given word is recognized correctly, a dictionary is used 
to find the closest match. As a result, we obtain a word. This is not the end of the 
procedure, though. 

We are at a stage when single words are recognized. The above algorithm 
is simplified but it reflects the mechanism. Figure 1 presents this simplified 
scheme. 

The next stage is putting a whole sentence together. Generally, it is not 
possible to write the entire algorithm and present the whole problem using in 
mathematic form. In such applications, artificial neural networks are used. It is 
the only way that may help when a finite method for finding templates is not 
possible. If we restrict ourselves to single words and a given language -then it 
would be possible to work out an algorithmic method. But this does not solve the 
problem, and its application would be limited. 

Formation of sentences is not an easy process although it may seem so. 
Despite the fact that input is quite uncomplicated (it is worth emphasizing that 
over 90% of words are recognized correctly) we face many different problems. 
Just a few examples to illustrate the problems. 

After launching Word and Speech tool we pronounce the following 
utterances: 

• Ice cream 
• I scream 
• a b c d e f g h i j k l m n o p q r s t u v w x y z 
The first problem can be identified on the basis of the forst two 

utterances - this is the problem of different utterances that have identical 
pronunciation. It really demands a lot of effort to get them recognized correctly.  

Recognition of the alphabet seems to be the simpplest task. Three trials 
that were carried out with great deal of precisions proved the opposite. The 
results are presented below: 
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Figure 1. A simplified scheme of speech recognition procedure 

1. ABCDEFGH I JKLMNO the few are as the you RE the new banks wine 
see 

2. ABC the ETHIJKLM and all the few higher as Du page of the exploits 
the 

3. A E. C. D. E. H. I. N. and who are as TUEWXYZ 
First two approaches are unacceptable. For the last and the best trial, letters 

were pronounced with 1 second delay between each of them. Althouhg we still 
do not have the alphabet, it is worth paying attention to the way the letters are 
recognized "O P Q R S" – the machine mathced them with "and who are as". 
Identical pronunciation of R – are S – as as well as similar sounds when 
pronouncing O P Q – and who, in combination with syntactical and grammatical 
rules of the language in question as well as the fact that the expression “and who 
are” is undoubtedly a frequently repeated phrase, all that made the module 
responsible for recognition ( using mainly neural networks ) recognize the input 
signal in this particular way.  

Additional barrier may also be the fact that the test was carried out by a 
person whose natural language is Polish and not English. 

All in all, we will use keyboards for many years to come and they will not 
be useless before long. 

Inacurately recognized speech cannot be understood properly. 
Understanding means understanding the user’s intentions. Computers will not be 
able to have unrestricted conversations with people for a long time. When we 
speak about understanding we mean interpretation of uttered sequenced of words 
and taking appropriate actions. This task does not involve all the uttered words 
but selects key words that carry the message. 
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When we dictate a text that is written into the document and we utter a 
sentence: "Please write new line for me" Speech engine will recognize it and will 
write it down in the following way: 
Please right 
for me 

The lines above do not contain a mistake. It was not possible for me to 
utter the word "write" in such a way that would allow it to be recognized 
correctly although I tried a few times. The phrase <new line> was understood as 
a command and moved the cursor to a new line. This is the beginning of the idea 
of ‘understanding’ speech. Computers must be able to recognize a given phrase, 
understand context, find key words responsible for action and finally, perform 
the action. The example discussed above is extremely simplified. In other cases 
the rest of the text may be arguments for performing the operation e.g. "Open 
Mbank website, log into MBiznes account and transfer 1500zl to my wife's 
account". The operation that needs to be realized is transferring money, and the 
arguments are: "1500zł" (amount), and "wife” – recipient’s account number. It is 
obvious that the program must know wife's account number but it is a different 
story. 

Summary 

Speech recognition and especially understanding of speech is a very 
complex process and so far it works well for films. However, we are closer to the 
target. Compared with other types of applications we have a long way to go as 
the development in this field is rather slow. First experiments with speech took 
place about fifty years ago, And first speech recognition system for big machines 
that used a lot of time to analyze each single word ( the machine recognized 
about 5000 single English words) was invented in 1984. Today we have more 
opportunities to make use of. 

Hopefully, computers will answer "Bless you." when we sneeze before 
long. Today, sneezing is translated as: 
Billion million 
It is a fact! 
 



 


