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Abstract

The paper describes building of data-driven phonetic transcription rules for Slovak language based on manually transcribed training set of Slovak sentences which represents an alternative to the knowledge-based approach to orthoepic transcription in Slovak. The data-driven system was trained using the phonetically rich sentences from the SpeechDat-E Slovak speech database [1] with a new sentence-based pronunciation lexicon, and additional sentences with manually annotated pronunciation from a regional television broadcast corpus. The functionality of this new transcription system was then compared to the classical knowledge-based orthographic-to-orthoepic transcription system developed for the Kempelen 1.0 Slovak speech synthesizer. We tested both approaches with the same test set, where we achieved 99.73% correctness in orthographic to orthoepic conversion for classical knowledge-based approach and 97.70% for data-driven approach.

1. Introduction

Humans can generally pronounce a text reasonably well even if they have never seen it before. It is the ability that we wished to capture automatically in our orthographic-to-orthoepic transcription system.

Here we present a semi-automatic, data-driven approach, which produces reasonable letter-to-sound (LTS) rules. The objectives in the data-driven approach are:

a) creation of transcription models, which should learn the rules from the occurrence of phones in the learning set and 

b) achievement of generalization property of suggested model.

In order to evaluate the data-driven approach, we compared its functionality to that of the knowledge-based system, developed at our Department of Speech Synthesis and Analysis. We transcribed the same test set of sentences with both systems and compared the obtained results.

Our paper has the following structure. The chapter 2 describes the data-driven system. The chapter 3 introduces knowledge-based approach and chapter 4 evaluates both approaches. Finally, the chapter 5 discusses achieved results and points out future directions of our research.

2. Learning LTS rules from data

The process of building of LTS automatically, consists of the following stages:

· Assignments of allowed phonemes to each Slovak letter. These assignments were created manually, in order to facilitate automatic rule’s learning. Therefore the system is semi-automatic.

· Alignment of the transcription of the training set, where each letter had to have its respective transcription.

· Generalization of observed assignments in the test set.

Last two stages we describe in the following subchapters in detail.

2.1. Alignment

The process of data-driven letter-to-sound rules building is based on learning the relations between orthographic (-G) and orthoepic (-E) symbols from a training set. However, one letter (-G) could have (a) one-to-zero, (b) one-to-one or (c) one-to-more relation to the (-E) symbol. For (a) case “null” phonemes are assigned to the letters. We followed [2] and we named them epsilons.

For applying a learning algorithm, it is necessary to align orthoepic transcription with the same numbers of symbols, as the letters in its orthographic form have. This introduces a problem of scattering epsilons to the transcription. This is done by evaluating the probability of each possible G – E pair in the training set, and choosing such pairs, which give the most probable transcription of the whole sentence [2]. A cumulative table of all letter-to-phoneme numerous nesses was created and DTW (Dynamic time warping) algorithm was applied to align the letters with the phonemes in the sentence in order to achieve maximal probability of correct phonetic transcription of the sentence.

2.2. Generalization

Once we had successfully aligned the training data, generalization process had to take place. Generalization means that transcription module should be able to work well also with the unseen pairs of the training set. Classification and regression trees (CART) represent a method that suits well for solving this task. In spite of the fact they are not globally optimal because of greedy algorithm used during their building at each stage, they are simple, statistically motivated and results are easily readable. To build them we used wagon tool of Edinburgh Speech Tools, as was used in Festvox [3].

As a result, we got a tree for each Slovak letter, with letter name in the root and corresponding phonemes as its leaves. We merged all trees into one structure to define transcription rules. Figure 1 shows an example of the trees for “a”,“á” and “ä” letters. Transcription is then a simple tracing of the tree, according the context of the letter in the transcribed text. We used 4 previous and 4 following letters to build the trees. As we had to transcribe the whole sentences, we decided to use the underscore “_” to represent spaces between words. This way we captured the right transcription of beginnings and endings of the words, which depend on their neighbors.


Figure 1. The CART letter-to-sound rules. 3 CART trees, the rules for transcription of “a”, “á” and “ä” letters are shown. The first rule says, that if the letter “i” precedes the “a”, the “a” will be assigned an empty phoneme, because “ia” is transcribed as “I_^a” phoneme. Otherwise “a” is transcribed as “a”.
3. Knowledge based approach

The block of orthographic to orthoepic conversion based on the knowledge of the phonetic transcription rules in Slovak developed at the Department of Speech Synthesis and Analysis of the Institute of Informatics has a relatively long history. The oldest version dates to the late eighties, when Prof. Ábel Kráľ – a reputable Slovak phonetician – was the head of this department. The algorithms and rules, which he, together with Sachia Daržágín has implemented in the system, reflect the set of rules published in his book [4] on the Slovak pronunciation.

The basic parts of the system can be characterized as: 

· Text checking  (unknown characters, special characters, abbreviations, numeric characters etc.)

· Basic substitutions (simple transcription of characters to phoneme symbols)

· Czech characters transcription, as there are many Czech names in Slovakia

· Consonant fluxing

· Basic exceptions

· Voiced phonemes assimilation (when unvoiced consonants neighbors upon voiced consonants, sonorants or vowels)

Still there are many cases, when the Slovak language does not follow some of these rules. It also accepts new foreign words with specific ways of pronunciation into its vocabulary. It was so inevitable to build an extensive database of exceptions, which is systematically updated. The exceptions are defined either in a form of rules, or they are included in the exceptions vocabulary.

4. Results

For training and testing purposes we used the phonetically rich sentences from the SpeechDat-E Slovak speech database with a new, sentence-based pronunciation lexicon, and additional set of sentences with manually assigned pronunciation, taken from a regional broadcast television corpus. For the orthoepic form coding we used the last version of SAMPA for Slovak published in [5], slightly modified for our purpose.

We trained the data-driven system by a subset of 549 sentences (around 90% of the whole set), which consisted of 4194 words. The format of the resultant LTS rules is similar to the one shown in Figure 1. Subsequently, we evaluated the system on a subset of remaining 60 sentences (around 10% of whole set), which consists of 510 words. The same testing set was used also for classical knowledge-based system.
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Figure 2. Reconcilable error evaluation. Each category is represented by phoneme1 – phoneme2 pair, where the first phoneme was expected and the second was (badly) assigned.

Figure 2 shows the reconcilable error evaluation of both systems. As the data driven system produced much more errors, we listed them in additional table 1.

The testing set consisted of 2918 phonemes. The knowledge based system made 8 mistakes in the whole testing set, while the data driven system failed 67 times. So the probability of good transcription of the letters to right phonemes was 99,73% for classical approach and 97,70% for the automatic approach.

Table 1. Additional errors of data-driven system

	Type of error
	Number of errors
	Type of error
	Number of errors

	J\ ( c
	9
	Z ( S
	2

	c ( t
	8
	k ( g
	2

	r= ( r
	8
	f ( w
	1

	h\ ( x
	7
	ts ( dz
	1

	s ( z
	5
	G ( h\
	1

	l ( L
	2
	d ( J\
	1


5. Discussion

The concept of data driven system is similar to the one published in [2]. However, our system has improved some its features, such as a possibility to transcribe whole sentences, not just isolated words. Taking into account, that the LTS rules were created almost fully automatically and in only few days, our results seem to be promising. Also achieved successfulness 97,70% is better than 95,80% achieved for British English [2], even though we haven’t had any computer-usable version of dictionary of Slovak incorporated in the data-driven system. The whole work was done on several hundreds of sentences, which is too little in comparison to several thousands used for training of LTS rules in English and other world’s languages.

On the contrary, the extension of training data set isn’t the only way to improve the current LTS rules. The system is able to incorporate more features during the learning process, such as the position of stress of the transcribed word or syntax of the transcribed sentences. The punctuation had also been neglected during system building.

The results give us two main conclusions. The first is that data driven system for Slovak isn’t still good enough, in comparison with the classical knowledge based system. But in spite of this fact, there are surprisingly several areas, where both systems give absolutely disjoint results. Namely, they are ‘n ( J’ and ‘d ( t’ areas (the first four categories at Figure 2.). Where one system is much better for one direction, the second is much better for backward direction. This second conclusion shows us some promise that merging both systems could results in better orthographic-to-orthoepic transcription system for Slovak.

6. Acknowledgements

This research was supported by the Slovak Agency for Science VEGA, grant No.2/2087/22. 

7. References

[1] Pollak, P., Cernocky, J., Boudy, J., Choukri, K., Heuvel, H. van den, Vicsi, K., Virag, A., Siemund, R., Majewski, W., Sadowksi, J., Staroniewicz, P., Tropf, H., Kochanina, J., Ostrouchov, A., Rusko, M., Trnka, M.
”SpeechDat(E) - Eastern European Telephone Speech Databases.”, Proceedings LREC'2000 Satellite workshop XLDB - Very large Telephone Speech Databases, 29 May 2000, Athens, Greece, pp. 20-25. 

 [2] Black A.W., Lenzo K., Pagel W., “Issues in Building General Letter to Sound Rules“, ESCA Synthesis Workshop, Australia 1998.

[3] Black A.W. and K. Lenzo, “Building Synthetic Voices”, Carnegie Mellon University, http://festvox.org, 2003.

[4] Kráľ Á., „Pravidlá slovenskej výslovnosti“, Slovenské pedagogické nakladateľstvo, Bratislava, 1986.

[5] Ivanecký J. and Nábělková M., “SAMPA Transcription and the Slovak Language”, Jazykovedný časopis, 53, 2002, No. 2, pp. 81 – 95.

…


 (a ((p.name is i) ((_epsilon_)) ((a))))


 (á ((a:)))


 (ä (({)))


…








_1120881584.xls
Graf1

		n - J		n - J

		J - n		J - n

		d - t		d - t

		t - d		t - d

		w - v		w - v

		extra phonemes		extra phonemes



Data driven

Knowledge based

8

0.25

0.25

4

6

0.25

0.25

2

2

1

3

1



Parciálne vyhodnotenie

		č. vety		# slov		OK slov		w <--> v		h\ <--> x		nE --> JE		c <--> t		s --> z		f --> w		ts --> tz		lI --> LI		lE --> LE		J\ <--> c		d --> t		r= --> r		Z --> S		dz --> dz z		k --> g		G --> h\		d --> J\		S --> SS

		1		6		6

		2		10		9		1

		3		8		5				1		1		1

		4		7		6						1

		5		9		6						1				1		1

		6		6		6

		7		8		7														1

		8		5		3						1										1

		9		9		8				1

		10		7		6																		1

		11		9		8																				1

		12		7		7

		13		6		5																						1

		14		6		5				1

		15		6		5																								1

		16		10		8		1																				1

		17		8		7								1

		18		6		5								1

		19		5		5

		20		9		8																						1

		21		9		7																				2

		22		9		8																										1

		23		8		5								1												1								1

		24		5		5

		25		6		6

		26		7		6																								1				1

		27		6		4																				1				1

		28		6		5								1

		29		10		7								1																1				1

		30		9		7								1												1

		31		10		10

		32		10		10

		33		5		4						1

		34		6		6

		35		5		5

		36		10		9																								1

		37		9		8				1

		38		7		7

		39		8		8

		40		5		5

		41		8		7								1

		42		10		10

		43		8		7				1

		44		8		7																								1

		45		5		5

		46		6		3				1						1																1

		47		8		7						1

		48		5		4																				1

		49		5		4																														1

		50		13		11																				1												1

		51		15		15

		52		15		12										2										1		1												1

		53		11		11

		54		16		14				1																		1								1

		55		16		14										1														1

		56		20		18																								1												1

		57		8		7						1

		58		9		9

		59		14		12						1																1

				497		434		2		7		8		8		5		1		1		1		1		9		6		8		2		3		2		1		1		1

				pomer		87.32%		úspešných slov

								w <--> v		h\ <--> x		nE --> JE		c <--> t		s --> z		f --> w		ts --> tz		lI --> LI		lE --> LE		J\ <--> c		d --> t		r= --> r		Z --> S		dz --> dz z		k --> g		G --> h\		d --> J\		S --> SS

						bad		2		7		8		8		5		1		1		1		1		9		6		8		2		3		2		1		1		1		67

		from terminal log				good		4		11

		from test file				good

																																bad		good

																								kategórie chýb				preložka "v"				3

																												koncové "ch"				8

																												Ja		SAV		Ja

																												n - J		J - n		d - t		t - d		w - v		extra phonemes

																										dd		8		0.25		6		0.25		2		3

																										kb		0.25		4		0.25		2		1		1

				Pozn: Zrejme by bolo vhodnejšie vyhodnotenie početnosti chýb, ako počty chýb





Parciálne vyhodnotenie

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



w <--> v

h\ <--> x

nE --> JE

c <--> t

s --> z

f --> w

ts --> tz

lI --> LI

lE --> LE

J\ <--> c

d --> t

r= --> r

Z --> S

dz --> dz z

k --> g

G --> h\

d --> J\

S --> SS

Kategórie chýb

Počet chýb

Chyby transkripcie na testovacej množine



Celkové vyhodnotenie

		



Data driven

Knowledge based



List3

		a		232				<-- testovacia množina

		b		41

		c		33

		d		67

		E		222

		E:		32

		J\		19

		J		68

		g		6

		h\		57

		I		165		iskra

		L		44

		l		49		laska

		U		77

		U:		34

		m		93

		N		3

		r		145

		z		71

		O		252

		v		114

		p		97

		ts		45

		tS		18

		t		109

		I:		91

		k		114

		x		33

		n		152

		a:		69

		O:		5

		I^_a		15

		I^_E		23

		I^_U		1

		U_^O		8

		I^_		23

		U^_		42

		dz		5

		dZ		0

		s		121

		S		22

		j		44

		f		14

		Z		24

		G		1

		w		5

		l=		3

		r=		10

		všetky		2918		67		zle

				Ja		97.70%		dobre transkribované fonémy na celej množine

				2918		8

						99.73%		dobre transkribované fonémy na celej množine





		






