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ZusammenfassungDiese Diplomarbeit beshäftigt sih mit der Frage, wie die optimalen Sätze füreinen Sprahkorpus für Unit Seletion Synthese aus einer groÿen Satzmenge(dem Textkorpus) ausgewählt werden können. Zur Beantwortung dieser Fragewird ein Algorithmus entwikelt und untersuht, der genau diese Auswahl vor-nimmt.Der Algorithmus ist ein gieriger Algorithmus, der bei jeder Iteration den Satzmit dem höhsten Wert auswählt. Dieser basiert auf demWert für die einzelnenLaute des Satzes, die durh einen Vektor mit phonetishen und prosodishenEigenshaften repräsentiert sind. Für die Berehnung eines Lautwerts spielendie zwei Gewihte �Häu�gkeit� und �Bedarf� eine groÿe Rolle. Das Häu�gkeits-gewiht spiegelt die Häu�gkeit der Eigenshaften eines Lautes im Textkorpuswider. Das Bedarfsgewiht dagegen legt fest, wie nötig die Lauteigenshaftenim Sprahkorpus gebrauht werden. Wird ein Satz ausgewählt und dessenLaute zum Sprahkorpus hinzugefügt, verringern sih die Bedarfsgewihte fürdie Eigenshaften aller hinzugefügten Laute.Der Algorithmus wird zunähst auf einem Englishen Korpus, der sowohlText als auh die entsprehenden Aufnahmen umfasst, im Rahmen des Wett-bewerbs �Blizzard Challenge� getestet. Von den besten Ergebnissen wird eineSatzmenge ausgewählt, aus der eine Stimme für den Wettbewerb gebaut wird.Für ausführlihere Tests werden zwei deutshe Textkorpora aus den Internet-ressouren Projekt Gutenberg (Gutenberg (2007)) und Wikipedia (Wikipedia(2007a)) erstellt. Die Korpora haben eine Gröÿe von 897.096 (Gutenberg) bzw.2.159.445 Sätzen (Wikipedia).Vor dem Hintergrund der Erfahrungen in der Blizzard Challenge, und auf-grund der Gröÿe der Korpora, wird der Algorithmus optimiert. Auÿerdem wirdeine Bewertung für die Satzqualität eingeführt, um Sätze, deren phonetisheTranskription zweifelhaft ist, auszushlieÿen.In einer �nalen Testreihe wird zunähst nah den optimalen Einstellungenfür die Parameter des Algorithmus gesuht. Weiterhin werden in der Testreihedie Auswirkung untershiedliher Korpusgröÿen auf das Ergebnis des Algorith-mus untersuht. Der letzte Test der Reihe zeigt shlieÿlih, dass eine gründliheVorauswahl des Textkorpus nötig ist, und wie diese erreiht werden kann.Die Implementierung des Algorithmus und weitere Programme, die für denBau eines Sprahkorpus hilfreih sind, werden als Teil des Sprahsynthesesys-tem OpenMary verö�entliht (Shröder and Trouvain (2003)).
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1 IntrodutionSpeeh Synthesis has ome a long way sine the �rst experiments with ar-ti�ial speeh were made. Two di�erent approahes an be distinguished:the signal-modeling approah and the onatenative approah. The signal-modeling approah reates the speeh by modifying or generating an aoustisignal. The onatenative approah glues together hunks of speeh from adatabase of speeh reordings, the speeh orpus. For both approahes, thereare various methods. This thesis onentrates only on unit seletion synthesis,a onatenative synthesis method.Conatenative synthesis used to su�er the problem of lak of omputingresoures. There was neither enough memory to store large speeh opora,nor enough omputing power to proess these orpora in aeptable time.Therefore, it was restrited to diphone synthesis.A diphone is a unit used often in speeh synthesis: it strethes from themiddle of one phone to the middle of the next phone. Diphones are more ap-propriate units for onatenative synthesis than phones, beause with diphonesthe individual units are glued together in the middle of a phone and not atthe phone boundary. The middle of a phone is thought to be the most �sta-ble� part of the phone with the least in�uene from the surrounding phones.Thus, gluing the units together at this point makes the resulting speeh soundsmoother.In diphone synthesis, the speeh orpus onsists only of diphones, spokenwith a very monotone voie. The resulting synthesis is very intelligible, butthe monotone intonation makes it sound more like a robot than like a human.With more omputing power, onatenative synthesis moved on to unit se-letion synthesis, where the orpus onsists of real sentenes, spoken naturally.The speeh units are often diphones, but an also be bigger (phrases) or smaller(halfphones). Units for synthesis are seleted aording to the two measures�target ost� and �join ost�. �Target ost� measures how well a unit mathesto the unit spei�ation derived from the text. It is based on the phonetiand prosodi properties of a unit. �Join ost� measures the smoothness of thetransition of a unit to the neighboring units in the speeh signal.The quality of unit seletion synthesis is muh higher in regard of naturalnessthan diphone synthesis. On the downside, this kind of synthesis is more likelyto have audible joints between units beause of the di�erent intonation and17



18 Optimal Design of a Speeh Database for Unit Seletion Synthesisstress of the units. This is exatly the reason why the orpus onsists only ofmonotone speeh in diphone synthesis.Another problem of unit seletion synthesis is the size of the speeh orpus:Although large orpora are now possible, from the omputing power point ofview, they are still problemati: Firstly, the reording of a large speeh orpustakes a lot of time and money: For good quality, a professional speaker hasto be hired and paid, and professional equipment and a reording room areneeded. Furthermore, during reording, every utterane has to be heked fororret pronuniation, and re-reorded, if neessary. This makes the reordingproess very slow.Also, the speeh orpus has to be divided into units. This is alled labeling,and an be done automatially - but the quality is, of ourse, muh better,when the unit boundaries are hand-orreted - whih also osts money. And,of ourse, the speeh synthesis program must be apable of handling a largeorpus e�iently.For these reasons, the size of a speeh orpus is an important fator toonsider when building a speeh synthesis voie. While it is, on the one hand,determined by the available resoures - that is money -, on the other hand,the purpose the voie is built for, what it should be apable of to synthesizelater on, also plays a role. If the voie will only be used in a limited domain- for example, train travel information or speaking lok - the set of sentenesthat will be synthesized with it might be limited. If the domain of the voie isgeneral, however, and the voie is expeted to be able to say everything witha reasonable quality, this raises the question of overage.What is overage? Coverage de�nes what kind of aousti realizations arepresent in a speeh orpus. The more di�erent aousti realizations, the betterthe synthesis, sine there are more hoies for a synthesis unit and the haneis higher that there are units that math well. Coverage an be regarded ondi�erent levels, like phone or diphone overage. Full diphone overage, forexample, means that the speeh orpus ontains all diphones that are needed.This is the desired state, beause missing diphones make the synthesis soundworse: A missing diphone has to be onstruted from two other diphones andresults in a potentially audible joint at the phone boundary.But in unit seletion, it is not enough to have full diphone overage. Toredue the possibility of audible joints, it is also desirable to have the same di-phone several times in di�erent prosodi realizations. For example, a diphonean be stressed or not, an be high-pithed or lower-pithed. However, on-struting a speeh orpus with full overage of prosodi variations is a di�ulttask, beause the number of prosodi variations is very high.But how is a speeh orpus onstruted anyway? The basi idea is to take1. Introdution



Optimal Design of a Speeh Database for Unit Seletion Synthesis 19a large set of sentenes from whih to selet a subset for reording. To avoidonfusion, the set of sentenes from whih sentenes are seleted is referredto as �text orpus� or �text database�, and the set of sentenes seleted forreording as �speeh orpus� or �speeh database�. The seletion of sentenesis done automatially with the help of a seletion algorithm.The goal of this thesis is to develop and implement suh an algorithm, tobe able to onstrut a speeh orpus with good overage. The performaneof the algorithm is assessed by applying it to an English text orpus and twoGerman text orpora.Chapter 2 presents previous work in the �eld of speeh orpus onstrution.It gives an overview over the �ndings of other researhers on the nature ofunit distribution and presents seletion algorithms used in other approahes.Against this bakground, the main features of the seletion algorithm are pre-sented in the last setion of this hapter.In hapter 3, the algorithm is desribed in more detail. Apart from theatual seletion proess, the de�nitions of units and overages used by thealgorithm are given. The hapter also desribes the implementation of thealgorithm.In the following hapter, hapter 4, the algorithm is applied on an alreadyreorded English speeh database, whih is used as text database in this on-text. From the resulting speeh orpus, a synthesis voie is built and evaluated.Based on these tests, the algorithm is re�ned. This is desribed in hap-ter 5. The hapter also douments the optimizations made to the algorithmfor handling larger text orpora and presents a method to remove unreliablesentenes from a text orpus.After that, hapter 6 desribes the building proess of two German textorpora.These orpora are used to assess the performane of the �nal implementationof the algorithm. These tests and their results are desribed in hapter 7.Chapter 8 desribes the sentene seletion tool that implements the algo-rithm developed in this thesis and is distributed as open soure ode togetherwith Mary (Shröder and Trouvain (2003)). Mary is an open-soure Text-to-Speeh System developed at the DFKI (German Researh Center for Arti�ialIntelligene) in Saarbrüken.Finally, hapter 9 gives a summary of the �ndings in the thesis.
1. Introdution





2 Related Work2.1 Unit DistributionIn this setion, the nature of unit distribution in a text database is investigated.In setion 2.1.1, the work of van Santen (1997) is presented, to give a �rst ideaof what kind of distribution an be expeted in a text database. After that, insetion 2.1.2, the peuliarities of suh a distribution are further spei�ed, basedon Möbius (2003). Setion 2.1.3 desribes Andersen and Hoequist (2003)'sapproah to handle the distribution.2.1.1 The nature of unit distributionVan Santen (1997) analyses the ombinatorial distribution of units in textdatabases. To this end, he transribes 250,000 sentenes from the AssoiatedPress Newswire Corpus into diphones. For eah diphone, he reates a ontex-tual vetor. This vetor ontains additional information about the diphone,suh as aent and position in the utterane. 222,678 di�erent types of ontextvetors are found in the sentenes.Based on this, the author measures the probability that the domain an beovered adequately. For this, he de�nes two sets of sentenes: the training andthe test set. The vetor types in the training set are taken as the de�nition ofthe aousti inventory of the domain. The test set is a set of random sentenesfrom the same domain. The question is: how big does the training set haveto be, to ensure a high probability that all vetors from the test set are in thetraining set?Van Santen (1997) �nds that the probability is only 0.03 when the trainingset ontains 25,000 di�erent vetor types. To reah a probability of 0.75, atraining set with more than 150,000 di�erent vetor types is needed. Giventhat these values are obtained with the test and the training set being fromthe same domain, van Santen predits that overage will be worse if the twosets are from di�erent domains. He onludes that a speeh database with agood overage of vetor types has to be very large - too large to be feasible.Van Santen (1997) also investigates the di�erenes of triphone and voab-ulary distributions in di�erent orpora. His results show that the di�erenes21



22 Optimal Design of a Speeh Database for Unit Seletion Synthesisare huge: For two di�erent text orpora (169,328 personal names and 347,857sentenes from Assoiated Press Newswire without proper names), 47.5% ofthe triphone types our in one orpus but not in the other. Also, for a num-ber of di�erent orpora, even the two most similar orpora (Assoiated PressNewswire from 1990 and 1991) only show a orrelation of 0.71. Thus, theauthor onludes that �In all domains investigated, it proved impossible to ob-tain either omplete overage or at least very high values of the overage index[...℄ using training databases of a pratially viable size.�(van Santen (1997),setion 5).2.1.2 LNRE distributionsThe overage problem is also desribed in Möbius (2003). Möbius haraterizesthe distribution of aousti units in a database as a LNRE (Large Number ofRare Events) distribution. LNRE distributions have the harateristi thatsome events our often, while the majority of events ours rarely. Sine thenumber of rare events is high, the probability that a rare event ours is high.Thus, just ignoring the rare events beause they are rare is likely to lead tosevere overage problems. Möbius suggests �... to inrease the overage of aspeeh database by arefully de�nining the linguisti and phoneti riteria thatthe database should meet� (Möbius (2003), setion 4).2.1.3 Handling LNRE distributionsAndersen and Hoequist (2003) argue that the LNRE distribution of onate-nation units an be handled by de�ning a hierarhy of prosodi features. Forexample, they state that stress has more in�uene on the realization of a phonethan position of a phone in a sentene, and thus should be treated as moreimportant. The division of the features into important and less importantfeatures is re�eted by dividing the de�nition of the overage of a speeh or-pus into �target overage� and �full overage�. �Target overage� ontains theombinations of those features that are most important to have in the speehdatabase, whereas �full overage� enloses all possible ombinations of all fea-tures. The authors state that �... with areful planning, target overage is notonly possible but also feasible with a surprisingly small set of properly raftedsentenes� (Andersen and Hoequist (2003), setion 2).An analysis of diphones in three di�erent Danish orpora leads the authors tothe onlusion that the diphones that only our between words add to someextent to the problem of LNRE: When only the diphones that our insidewords are taken into aount, the number of possible diphones is dereased,whih at the same time redues the number of rare diphones. Therefore,2. Related Work



Optimal Design of a Speeh Database for Unit Seletion Synthesis 23Andersen and Hoequist (2003) suggest that the fat that a diphone is eitherpart of a syllable or the bound of two syllables should be used in the hierarhyof features.2.2 Seletion AlgorithmsVarious algorithms have been used to selet sentenes for a speeh database.The algorithm used the most is the greedy algorithm. The paper of van San-ten and Buhsbaum (1997), desribed in setion 2.2.1, gives a good overviewof the basi greedy algorithm and some of its most ommon variants. Se-tion 2.2.2 disusses François and Boë�ard (2002), in whih the greedy algo-rithm is ompared to two other seletion algorithms. Setion 2.2.3 presentsthe work of Bozkurt et al. (2003). In this paper, a modi�ed greedy algorithmis desribed. Finally, in setion 2.2.4, Blak and Lenzo (2001) is desribed, inwhih aoustial measures are used as the basis for sentene seletion.2.2.1 Basi greedy algorithmVan Santen and Buhsbaum (1997) give a good introdution into the so-alledgreedy algorithm, the algorithm used most frequently in seletion tasks. Thebasi idea is that, at eah iteration, the algorithm selets the sentene whihmaximizes some sort of seletion riterion, until a stop riterion is reahed.The algorithm is alled greedy beause of the strategy of always seleting theloal optimum.In more detail: the algorithm starts with an empty set, the over set, whihhas to be �lled by the algorithm. The sentenes in the �lled over set then formthe speeh orpus. Furthermore, there is a set of sentenes (the text orpus)and another set ontaining the list of diphones for eah sentene. The goal is to�ll the over set with sentenes from the text orpus so that all diphone typesin the diphone set our at least one. At eah step of the greedy algorithm,the sentene with the best ount of unseen diphone types is removed fromthe text orpus and added to the over set. The algorithm ontinues until Nsentenes are in the over set.This basi algorithm an be varied to take into aount the frequeny of thediphones: diphones that our more frequently in the sentene set are seen asmore valuable than diphones that are rare, beause they will most probablybe needed more often in the synthesis than the rare ones.Another variant to inverse the frequenies of the units, so that rare unitsare onsidered more valuable than frequent units. The idea behind this isthat the more frequent units will end up in the over set anyway: Sine they2. Related Work



24 Optimal Design of a Speeh Database for Unit Seletion Synthesisare so frequent, they are likely to our in the sentenes ontaining the rareunits. This measure better aounts for the LNRE distribution of units. In vanSanten and Buhsbaum (1997), inversing the frequeny redues the number ofseleted sentenes needed to reah full overage by up to 10%.However, as already mentioned in hapter 1, units in unit seletion synthesisare not just plain old diphones, but an also be vetors ontaining phonetiand prosodi information. Of ourse, this representation greatly enlarges thenumber of possible units, sine every possible ombination of the vetor values(alled �features�) has to be taken into aount.Van Santen and Buhsbaum (1997) propose to redue this number by iden-tifying those features that have an e�et on eah other. As an example, theauthors give the e�et of position in a phrase on the duration of a vowel. Theombinations of those features that do not interat are ruled out, reduing thenumber of feature vetors that have to be overed.This approah is used in Shih and Ao (1994) to build a orpus for theirduration study of Mandarin Chinese. The text database used onsists of 15,630sentenes with 1,385,451 units. The authors take into aount 11 di�erentfeatures, as well as the two features unit identity and tone identity. Every unitis represented by 11 feature vetors, onsisting of the latter two features andone of the other 11 features. As a result,8,233 di�erent feature vetors areidenti�ed in the database. They ould be overed in a speeh orpus of just424 sentenes using the greedy seletion algorithm.2.2.2 Alternatives to the Greedy algorithmFrançois and Boë�ard (2002) analyze three di�erent heuristis of seletingsentenes for a speeh database: a greedy algorithm, a spitting algorithm anda pair-exhange algorithm.The greedy algorithm has been desribed above. In ontrast to that, thespitting algorithm works exatly the opposite way: Initially, all sentenes ofthe text orpus are in the over set. At eah step, the most useless sentene isremoved. This goes on until a stopping riterion is met.In the pair-exhange algorithm the over set is initially �lled with an arbi-trary set of sentenes from the text database. At eah step, a sentene from theover set is ompared with a sentene from the text database. The sentenewith the higher sore is stored in the over set and the sentene with the lowersore is put into the text database. This proess goes on until it is stopped.In ontrast to the other algorithms, the number of sentenes in the over setdoes not hange in the ourse of the algorithm.François and Boë�ard (2002) ompare the di�erent algorithms by runningthem eah over a text orpus of 3000 sentenes. Di�erent variations of the2. Related Work



Optimal Design of a Speeh Database for Unit Seletion Synthesis 25algorithms with di�erent seletion riteria for the sentenes are used. Theseletion riteria are based on the number of useful and useless unit types andinstanes in a sentene: A useful unit type is one that is needed in the overset, whereas a useless unit type is not needed. Unit instanes are useful if theirtype is useful and there are still instanes of the type needed in the over set,otherwise they are useless. The sentene length is also taken into aount.For omparing the results of the tests, François and Boë�ard measure thenumber of unit instanes, average sentene length and number of seleted sen-tenes of the resulting speeh orpora. The authors state that the organizationand balane of seletion riteria an greatly in�uene the result and the lengthof the seleted sentenes: From an average sentene length of 52.4 instanesin the text orpus, the average length of sentenes varies from 17.6 to 136.3instanes in the di�erent speeh orpora.From the results of the tests, the authors onlude that the performaneof greedy and spitting algorithm is equally good. They also state that bothguarantee full overage, whereas the pair-exhange algorithm does not and istoo time onsuming.François and Boë�ard (2002) furthermore state that the spitting algorithmis ostly in omparison to the greedy algorithm. The reason for this is thatonly a small part of the text database is seleted in the end. Beause thespitting algorithm starts with the full text database in over, a high numberof sentenes has to be removed, and a lot of iterations are needed. For thegreedy algorithm to ome to the same result, the number of iterations neededorresponds to the number of seleted sentenes.However, the authors onlude that the spitting algorithm is still useful,sine applying it to the result of the greedy algorithm enhanes the result:�The spitting algorithm removes up to 18.6% sentenes and 10.8% instanes.It does it rapidly, for us its utility is blatant� (François and Boë�ard (2002),setion 6.2).2.2.3 Modifying the greedy algorithmIn Bozkurt et al. (2003), a modi�ed version of the greedy algorithm is proposed:while the other approahes worked with a onrete de�nition of whih unitsare needed in the speeh orpus, in this approah the algorithm is aimed tomaximize the number of di�erent units.As in the other approahes, units are feature vetors with phoneti andprosodi features. Seletion is based on the sentene sore: for eah sentene,the sore is the normalized sum of the sores for the units of the sentene.Calulation of the unit sore is based on the instanes of the urrent unit inthe over set: For eah of them, a so-alled �MathSore� is omputed. The2. Related Work



26 Optimal Design of a Speeh Database for Unit Seletion SynthesisMathSore re�ets the similarity of the unit instane in the over set to theurrent unit: the lower the MathSore, the more similar the units. Sine theunits in the resulting speeh orpus have to be as di�erent as possible, higherMathSores are better. The lowest MathSore of all instanes of the urrentunit in the over set is taken as the sore of the urrent unit. If there are noinstanes of the unit in the over set yet, the unit sore is 1.The MathSore is omputed as follows1:
MatchScore = 1 −

N∑

n=1

w(n) ∗ F (n)

w(n) is the weight of feature n and F (n) ∈ {0, 1} is the mathing sore offeature n. F (n) = 1 if the values for that feature of the unit in the overset and the urrent unit math, and 0 otherwise. If there is more than onevalue for a feature and the values of the units math, F (n) is 1 divided by thenumber of values.Bozkurt et al. (2003) state that the advantage of the approah is that thenumber of features used is pratially not restrited, sine there is no de�nitionof what features are wanted in the resulting speeh orpus. Thus, the wholeproblem of unit distribution is ignored.The authors test the performane of their modi�ed greedy algorithm on twotext databases ontaining 2500 sentenes eah. For omparison, the standardgreedy algorithm optimizing for diphone overage is also applied to these textdatabases.In the tests, the feature vetors only onsist of the diphone feature and thefeature �phoneti ontext�, that is, the neighboring phones of the diphone.From the results, the authors onlude that the modi�ed greedy algorithmselets a phonetially riher orpus than the normal greedy algorithm.Alas, the modi�ed method has a high omputational load. Therefore, Boz-kurt et. al propose to ombine it with the standard greedy seletion: First,orpus size is redued with the normal greedy method, and then the modi�edmethod is applied to the results.They use this approah to build a Turkish speeh orpus: From a textorpus of 115,000 sentenes, 20,000 sentenes are seleted with the standardgreedy algorithm. Then the modi�ed method is used to selet 5,000 and 2,500sentenes, respetively, out of this redued text orpus.1from Bozkurt et al. (2003) 2. Related Work



Optimal Design of a Speeh Database for Unit Seletion Synthesis 272.2.4 Greedy seletion based on aousti modelsA ompletely di�erent usage of the greedy seletion algorithm for the reationof a speeh orpus is proposed by Blak and Lenzo (2001). Their idea is tobase the seletion of sentenes on aoustial measures.Their approah works as follows: The units of an existing speeh orpusare lustered aording to aousti similarity. Then, all sentenes of a textdatabase are synthesized with the voie built from the speeh orpus, and thenumber of uses of eah unit luster is ounted. Finally, the greedy algorithmis used to selet sentenes for a speeh orpus from the text database. Theseletion is based on the frequeny of use of the unit lusters.For the �rst step, Blak and Lenzo (2001) build a luster unit seletion voiefrom an existing speeh orpus. This is a unit seletion voie, but the synthesisunits are lustered aording to aousti similarity. The unit lusters are storedin the leaves of a deision tree, whih is used at runtime to selet a luster.Only the units in the seleted luster are taken into aount for the synthesis.The questions in the tree are phoneti features.The authors then proeed in synthesizing their whole text database. Thedatabase onsists of 19 novels from Projet Gutenberg2. During synthesis, thenumber of times a unit luster is used is ounted.The third step onsists of applying the greedy seletion algorithm to the textdatabase. The seletion riterion for the algorithm is the sum of the sore ofthe units of a sentene. The unit sore is obtained by traversing the deisiontree ontaining the lusters for eah unit. The sore is the frequeny of theluster reahed. If there is already an instane of the unit in the over set, theunit gets the sore 0.Blak and Lenzo (2001) apply the algorithm to their text database twotimes. At the �rst pass, 221 sentenes are seleted, and, at the seond pass,146 sentenes. Three di�erent speeh orpora are reated from these two sets:one for every set and one ombining the two sets. For assessing the quality ofthe speeh orpora, all seleted sentenes are synthesized with the luster unitseletion voie, and three voies are reated.The voies were evaluated via listening tests. The test sentenes are fromvarious domains: from novels, from another speeh database, from a ommu-niator appliation and from a sienti� paper. Not surprisingly, the voiewith the biggest orpus performs best. Also, the test sentenes from the storydomain get a higher rating better than those from the other domains.The authors point out that their method relies heavily on the speaker of theoriginal speeh database from whih the lusters are built, and that the seleted2Projet Gutenberg is an online olletion of out-of-opyright prose. More on this inhapter 6.2. Related Work



28 Optimal Design of a Speeh Database for Unit Seletion Synthesissentenes will be di�erent for eah speaker. This is supported by further testswith a di�erent speeh database. This is also the advantage of this method:sentene seletion does not rely on general text proessing methods, but isoptimized for individual speakers. The downside is the omputational loadand the e�ort needed.2.3 ConlusionThe work presented in this hapter gives an overview over the di�erent di-mensions to take into aount for the design of a speeh orpus. From thisbakground, general onsiderations about the struture of the seletion algo-rithm that is to be developed an be made.As shown in setion 2.1, the de�nition of the units is an important fator.On the one hand, the de�nition should aount for as many di�erent prosodivariations of diphones as possible. On the other hand, the LNRE distributionof the units restrits the number of prosodi properties that an be used. Inthe unit de�nition used in this thesis, explained in detail in setion 3.1, thereis only one feature with six di�erent values to over the most ommon prosodivariations.The presentation of di�erent seletion algorithms in setion 2.2 has shownthat the greedy algorithm is most appropriate for the task at hand. For thisalgorithm, the seletion riterion is the most important parameter to de�ne.The presented approahes based the seletion on a frequeny measure (vanSanten and Buhsbaum (1997), Blak and Lenzo (2001)), as well as on theunits that are already in the over (François and Boë�ard (2002), Bozkurtet al. (2003)). The seletion algorithm presented in this thesis takes bothmeasures into aount.

2. Related Work



3 Preliminary AlgorithmThis hapter gives a �rst outline of the algorithm that was developed through-out the work on this thesis. The algorithm, a variant of the greedy algorithm,is desribed in detail in setion 3.2. Before that, setion 3.1 states what kindsof units were used as the basis of the seletion algorithm. Setion 3.3 desribesthe overage measures that were applied to measure the quality of the results.In setion 3.4, the details of the implementation of the algorithm are explained.Setion 3.5 summarizes the algorithm harateristis.While the ultimate goal is to run the algorithm on a large orpus, the versionof the algorithm desribed in this hapter was used only on a smaller orpus.Based on the results, amendments were made as desribed in setion 5. Thetests and results on this preliminary version are desribed in setion 4.3.1 The unitsUnits are de�ned as vetors onsisting of four features. For eah phone, thereis one feature vetor. The four features are phoneti identity, phoneti identityof the next phone, phone lass of the next phone and prosodi property of theurrent phone.As the preliminary algorithm is tested on English, the English phone set ofMary is used as phone de�nition. This phone set de�nes 41 di�erent phonesplus the zero phone. The zero phone is used to mark the end of a sentene.Thus, there are 41 ∗ 42 = 17221 di�erent possible diphones.The onept of phone lasses was introdued to redue the number of possiblediphones. The idea behind this is that the transitions in the middle of twodiphones are similar if the seond parts of the diphones are similar phones.For example, the transitions from a vowel to an alveolar onsonant will bethe same or very similar, no matter whih alveolar onsonant it is. However,they will be distint from the transitions of that vowel to a velar onsonant. Forthe onsonants, the plae of artiulation is more important for the transitionsthan the manner. The same is true for the vowels: the dimensions open-losedand front-bak are more important than rounding. In this manner, 21 phone1There are only 41 instead of 42 possible phones for the �rst half of a diphone, beause the�rst half an not be the zero phone. 29



30 Optimal Design of a Speeh Database for Unit Seletion Synthesislasses were de�ned, reduing the number of possible diphones from 1722 to
41 ∗ 21 = 861. The phone lasses for English are listed in appendix A.For the prosodi properties of a phone, six di�erent properties were de�ned:unstressed, stressed, pre-nulear aent, nulear aent, phrase �nal high andphrase �nal low. These features represent the most important prosodi varia-tions. Stress/no stress is determined by lexial stress. The aents and phrase�nal tones are omputed on the basis of ToBI preditions.3.2 The algorithmAn algorithm using greedy methods is used for sentene seletion. Three majorparameters interating with eah other in�uene the seletion of sentenes:

• Coverage de�nition: The de�nition of overage �xes what kinds ofunits are wanted in the �nal set. Two di�erent settings were used for thealgorithm.The �rst setting, simpleDiphones, de�nes the over as all ombinations ofthe three features phoneti identity, phoneti identity of the next phoneand prosodi property of the urrent phone. In other words, the sim-pleDiphones setting onsiders all diphones and their prosodi variations.For the seond setting, lusteredDiphones, all ombinations of the threefeatures phoneti identity, phone lass of the next phone and prosodiproperty of the urrent phone are onsidered. This way, the over isde�ned as all ombinations of lustered diphones and their prosodi vari-ations.
• Sentene sore: For eah unit token, a ertain sore determines how�useful� the token is for the seleted set. For eah sentene, the sore isthe sum of the sores of the units in this sentene divided by the numberof units.The sore of a unit token is basially the produt of two di�erent weights:frequeny weight and wanted weight. The frequeny weight re�ets thefrequeny of the unit type in the text orpus. The wanted weight de-termnines how muh a unit type is �wanted� in the speeh orpus. Theintuition is that if there is already a token of a partiular type in theover, the wanted weight should be lower than if there is no instane ofthe type in the over yet.These two weights are omputed for a unit token on all levels of theover: on the phone level (feature phone), the diphone level (features3. Preliminary Algorithm



Optimal Design of a Speeh Database for Unit Seletion Synthesis 31nextPhone and nextPhoneClass, respetively) and on the prosody level(feature prosody). The sum of the three produts is the sore of thetoken.Both weights an be set to a number of di�erent settings.For the frequeny weight, three settings are possible: 1 (whih means noonsideration of frequeny), relative frequeny (whih gives a preferenefor the more ommon units) or 1- relative frequeny (1minus for short,gives a preferene to the rarest units).For the wanted weight the variation of settings is high. On every level,the wanted weight an be set to a di�erent value. Thus, a high setting onthe phone level and lower settings on the two other levels would renderunit tokens that are unovered phones more useful than unit tokens thatare unovered prosodi variations of overed diphones. This way, thesettings an be optimized for phone, diphone or prosodi overage.The preferene for the di�erent levels is not so muh ontrolled by howhigh or low a value is for a level, but rather the relation between thevalues are important: Setting the weight to 10 on the phone level andto 1 on the diphone level makes new phones ten times more useful thannew diphones. The same e�et an be ahieved by setting the weight onthe phone level to 100 and on the diphone level to 10.An additional dimension is added by the setting for the derease of thewanted weight: Eah time a unit token is seleted for the over set,the wanted weight for this unit type is divided by a ertain number, tore�et the fat that we already have this type and do not neessarilywant another instane of it. The higher this number, the less useful it isto add unit types that are already represented in the over.Yet another dimension of the sentene sore is the sentene length: asentene that is longer or shorter than a ertain threshold value is giventhe sore 0, whih prevents it from being seleted. The reason for re-striting the sentene length is that too long or too short sentenes aredi�ult to reord, and more likely to be of worse quality.
• Seletion funtion: The seletion funtion determines the basis onwhih the next sentene is hosen. There a two possibilities: A simplefuntion is to selet the sentene whih has the most new units to addto the overage. In order not to favor long sentenes, the number of newunits has to be divided by the number of units in the sentene. A moreenhaned seletion funtion bases its seletion on the sentene sore.3. Preliminary Algorithm



32 Optimal Design of a Speeh Database for Unit Seletion SynthesisIn the preliminary algorithm, two seletion funtions are used: one basedon the highest sentene sore, and one based on both sentene sore andnumber of new units.The seletion funtion keeps seleting the best sentene until a stop ri-terion is reahed. In the �rst tests, the stop riterion is the total durationof the reordings of the seleted sentenes. The stop riterion is re�nedlater, in hapter 5.3.3 Measuring the orpus distributionCorpus distribution or overage indiates how many di�erent kind of unitsare in a orpus. Four main measures for overage will be used throughoutthis thesis: simple diphone, simple prosody, lustered diphone and lusteredprosody overage.Simple diphones overage measures how many di�erent ombinations ofphone and nextPhone are in the orpus. The value is alulated by dividing thenumber of ombinations in the over by the number of possible ombinations.Multiplying this value with one hundred gives the perentage.Similarly, lustered diphones overage measures the distribution of the om-binations of phone and nextPhoneClass.Simple prosody and lustered prosody overage are one step more spei�.They measure the number of di�erent ombinations of phone, nextPhone andprosody and phone, nextPhoneClass and prosody, respetively.For all four overage measures it holds true that it is unrealisti that allombinations will be in the text orpus, simply beause not all ombinationsmight our in the language. Therefore, none of the values is expeted to reah1.3.4 ImplementationThe algorithm was implemented in Java and was �t to be integrated into theMary system.To save resoures, most data was represented in low level data types likearrays and not in objets. Units, for example, are arrays onsisting of fourbytes.The sole exeption is the over set: it is represented as a tree. There is aover set for the simple diphone overage and one for the lustered diphoneoverage. Figure 3.1 is a shemati illustration of the simple diphone over set.3. Preliminary Algorithm



Optimal Design of a Speeh Database for Unit Seletion Synthesis 33It has three levels: phone, next phone and prosody. It works like a deisiontree for the units: On the phone level, for example, the byte value representingthe phone of a unit is at the same time the index of the daughter that repre-sents the phone. At the other levels, it works the same way. Therefore, thefeature vetor representing the units is at the same time the path down theoverage tree. Every node has its frequeny and wanted weight. They are set
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Figure 3.1: Shemati illustration of the overage set for simple diphones. Thevetors in the leaves illustrate whih feature vetors the leaves anrepresent. As this is the tree for simple diphones, the next phonelass feature (the third value) is not queried in the tree.to their initial values at the start of the algorithm. This works as follows: Oninitialization, the algorithm gets a list of �le names as well as the name of atext �le where the settings are de�ned. Eah of the �les in the list ontains theunits for one sentene. All �les are read and the appropriate units are storedin memory. Also, for every unit, the path down the tree de�ned by this unit isfollowed until a leaf is reahed. In every leaf, the number of units whose pathslead to that leaf is stored. This is taken as the total frequeny and is the basisof the frequeny measures. For the nodes higher up, the total frequeny is thesum of the frequenies of their hildren.3. Preliminary Algorithm



34 Optimal Design of a Speeh Database for Unit Seletion SynthesisAt runtime, alulating the sore for one unit is just a matter of walkingdown the tree and summing up the sores of the nodes passed by.3.5 SummaryIn this hapter the algorithm used for the initial experiments has been de-sribed. It is basially a greedy algorithm.The units are feature vetors onsisting of the four features phoneti identity,phoneti identity of the next phone, phone lass of the next phone and prosody.For seletion, however, only three features are taken into aount. This is eitherphone, nextPhone and prosody (simpleDiphones) or phone, nextPhoneClassand prosody (lusteredDiphones).Seletion is based on sentene sore and number of new units, respetively.Sentene sore is the normalized sum of unit sore, whih is de�ned as thesum of produts of frequeny weights and wanted weights for eah of the threefeatures of a unit. The wanted weight de�nes how muh a unit type is wantedin the speeh orpus and is dereased eah time an instane of that unit typeis added to the over set. The frequeny weight re�ets the frequeny of a unitin the text orpus.The overage of the seleted sentenes is measured with four di�erent mea-sures: As there are two de�nitions of diphones, namely simple (phone + nextphone) and lustered (phone + next phone lass), their overage has to beassessed separately. Additionally, the overage of the prosodi variations ofthe two kinds of diphones is measured.

3. Preliminary Algorithm



4 Testing the preliminaryalgorithmFor the tests of the algorithm desribed in setion 3, the data of the BlizzardChallenge 2007 was used.The Blizzard Challenge is a speeh synthesis ompetition: The partiipatingteams all get the same speeh database from whih they have to build a voiefor their system and synthesize a set of sentenes. The synthesized sentenesof all teams are evaluated with listening tests by the Blizzard Challenge orga-nizers. Sine all teams get the same data, the results of the evaluation are agood indiator of how good the system sounds in omparison to other systems.The Mary team took part in the hallenge for the seond time.This year, three voies were to be reated from the given speeh database:one from the full database (Voie A), one from the Arti subset of the database(Voie B) and one from a subset of the database that ould be hosen by theteams individually (Voie C). The task for Voie C was an exellent opportunityto test the algorithm.While the use of the Blizzard Challenge data restrits the seletion of text,the advantage is that all text is already reorded. Beause of this, a voie anbe built and tested diretly after seletion.Setion 4.1 details the properties of the Blizzard speeh database. In theourse of seleting sentenes to build voie C, the algorithm was applied to thedatabase 288 times with di�erent settings. This is desribed in setion 4.2. Insetion 4.3, the results of these tests are disussed.Several voies were built from the sentenes seleted by the algorithms. Oneof them was seleted to be submitted to the Blizzard Challenge as voie C. Theperformane of this voie in the hallenge is disussed in setion 4.4. Setion 4.5summarizes the �ndings in this hapter.4.1 Statistis of the orpus and expetationsThe Blizzard database onsists of 6579 sentenes (477 minutes of speeh, ap-proximately 8 hours). The speaker is male and the language Amerian English.Although it is - stritly speaking - a speeh database, the Blizzard database35



36 Optimal Design of a Speeh Database for Unit Seletion SynthesisBlizzard ArtiNumber of sentenes 5879 1030Average sentene length 48.16 units 35.36 unitsMaximum sentene length 183 units 73 unitsMinimum sentene length 4 units 7 unitsphone overage 100.00% 100.00%simple diphone overage 81.65% 77.12%simple prosody overage 53.50% 34.71%lustered diphone overage 86.30% 81.77%lustered prosody overage 60.65% 41.54%Table 4.1: Statistis of the Blizzard Corpus and the Arti Corpusis referred to as text database from now on to avoid onfusion. To get anidea of what an maximally be expeted of the algorithm, the statistis of thedatabase were omputed. The results are shown in table 4.1.The table shows that the text orpus does not have omplete overage. Asfor simple diphone overage, the Blizzard orpus overs 81.65% of the possiblediphones and 53.50% of all prosodi variations of the diphones. For lustereddiphones, the numbers are slightly better: 86.30% of the possible diphones and60.65% of the possible prosodi variations of the diphones are overed.The third olumn of the table shows the distribution of the Arti orpus, asubset of 1030 sentenes of the Blizzard orpus. As an be expeted, the dis-tribution of this smaller orpus is worse: Only 77.12% of the possible diphonesand 34.71% of the prosodi variations for these diphones are realized. Again,the numbers are better for lustered diphones. Here, 81.77% of the possiblediphones and 41.54% of the prosodi variations are overed.As an be seen from the table, only 5879 out of the 6579 sentenes of the fullBlizzard orpus are used. This is beause the problemati sentenes are sortedout. �Problemati�, in this ase, refers to sentenes ontaining words that arenot in the ditionary. Most of them are foreign words, mostly Japanese orSpanish. For these sentenes, the auray of the phoneti transription annot be guaranteed.The distributions of the Blizzard and the Arti orpus are the maximumand minimum of what the algorithm should ahieve. The expetation is, thatthe better the distribution of the resulting speeh orpus, the better the soundof the voie. Therefore, it an be expeted that a voie built from a speehorpus whih has a total duration (in terms of speeh reordings) of the samelength as the Arti orpus, but with a better distribution, sounds better than4. Testing the preliminary algorithm



Optimal Design of a Speeh Database for Unit Seletion Synthesis 37the voie build from the Arti orpus.The tests were also expeted to answer a question onerning the divisioninto simple and lustered diphones: good overage for simple diphones alsoguarantees good overage for lustered diphones. The question is if this is alsotrue the other way round: Does good lustered diphone overage also result ingood overage for simple diphones? The question is answered in setion 4.3.1.4.2 Testing setupAs the algorithm has a lot of parameters to tweak, the amount of tests on-duted was very high.Only the stop parameter of the seletion funtion was not altered, as it wasde�ned by the Blizzard Challenge rules. The total length of the reordings ofthe seleted sentenes should not be more than 2914 seonds. This is exatlythe length of the Arti orpus.The following list gives an overview of the di�erent settings used to test theseletion algorithm:
• Seletion funtions:- maximum usefulness seletion funtion: the funtion selets the sen-tene that is most useful- maximum usefulness and maximum number of new units seletion fun-tion: the funtion selets the sentene that is most useful and adds themost new units to the over set.
• overage settings:- simple diphones: units are prosodi variations of simple diphones (41 ∗

42 ∗ 6 = 10332 possible di�erent units)- lustered diphones: units are prosodi variations of lustered diphones(41 ∗ 21 ∗ 6 = 5166 possible di�erent units)
• frequeny weight settings:- do not onsider frequeny- relative frequeny- 1minus (1- relative frequeny)
• wantedWeight settings:- phone level 100; diphone level 10; prosody level 1: new phones are tentimes more useful than new diphones; and new diphones are ten timesmore useful than new prosodi variations- phone level 1; diphone level 1; prosody level 1: new phones, new di-phones and new prosodi variations are all equally useful4. Testing the preliminary algorithm



38 Optimal Design of a Speeh Database for Unit Seletion Synthesis- divide wanted weight by 10000, 1000, 100, 10 when an instane of aunit is seleted: the higher this number, the more useful unovered unitsompared to units already seen.
• sentene length settings:- do not onsider sentene length- minimum/maximum sentene length 10/150 units- minimum/maximum sentene length 10/170 unitsThe number of tests onduted amounts to 288.4.3 Results4.3.1 Parameter settingsThe performane of the algorithm depends heavily on the settings of the pa-rameters. The e�ets of the parameter's settings interat with eah other, sothat there is no ultimate setting for one parameter. Nevertheless, some generaltrends an be observed.As to the de�nition of the units: simple diphones as units generally maximizeboth simple diphone and lustered diphone overage, whereas the lustereddiphone units do not maximize the overage for simple diphones.Frequeny weights: Generally, both 1minus frequeny and no frequeny leadto a better distribution than relative frequeny. The former two often lead tovery similar results. One explanation for this ould be the unit distribution:Sine the frequeny is lose to 0 for most units, the 1minus frequeny is lose to1 for most units, too - whih is also the value they will get when the frequenyis not onsidered. The question is: is the 1minus frequeny useful at all, ifsimilar results an be ahieved without regarding the frequeny?The two di�erent settings of the wanted weights optimize for di�erent dis-tribution properties: Setting the wanted weights to 100/10/1 maximizes thediphone overage, whereas setting them to 1/1/1 maximizes the overage ofprosodi variations. However, for the prosodi variations, 100/10/1 is also agood measure. It would have been interesting to test the setting 1/10/100,but this is left over for the next round of tests.The setting of the value by whih the wanted weights are divided has verylittle in�uene. Often, the di�erenes are marginal. This indiates that thesettings are too similar. For 1000 and 10000, the results are often the same.The reason for this is probably that when a wanted weight is divided by oneof those two numbers, it is pratially out of ount, sine it is in any ase4. Testing the preliminary algorithm



Optimal Design of a Speeh Database for Unit Seletion Synthesis 39v1 v2 v6Number of sentenes 931 921 836Average sentene length 35.53 units 35.79 units 39.39 unitsMaximum sentene length 113 units 109 units 113 unitsMinimum sentene length 4 units 4 units 4 unitsphone overage 100.00% 100.00% 100.00%simple diphone overage 81.64% 79.15% 76.66%simple prosody overage 47.08% 47.53% 44.66%lustered diphone overage 86.30% 83.86% 86.30%lustered prosody overage 55.17% 55.59% 59.39%Table 4.2: Distributions of the three seleted voiessigni�antly smaller than the non-dereased wanted weights. Dividing thewanted weight by 10 often leads to worse results than the other three settings.In general, the seletion funtion onsidering only the usefulness of the sen-tene and not the number of new units leads to a better distribution. Theseletion funtion using usefulness and number of new units sometimes leadsto a better prosodi overage, but most of the time the results are worse forthis seletion funtion. Also, with the latter funtion, often the results are thesame for 1minus frequeny and no frequeny.The settings for the restrition of the sentene length do not make muh ofan impat. In general, setting no restrition on sentene length leads to betterresults. The two di�erent restritions on the sentene length often lead to thesame results - not surprising, beause they are very similar.4.3.2 Resulting VoiesBased on the test results, the resulting speeh orpora with the best distrib-utions are hosen to build test voies. It turned out that there is no settingwhih maximizes all four di�erent overage measures. Therefore, three di�er-ent voies are built: v1, v2 and v6. Their overage distributions are shown intable 4.2.The speeh orpus of voie v1 maximizes both simple diphone and lustereddiphone overage; those two overages are the same as for the text orpus.The speeh orpus of voie v2 maximizes only the prosody overage for simplediphones. The maximum of the text orpus (53.50%) an not be reahed, butthe perentage is higher than for the Arti orpus. The speeh orpus of voiev6 maximizes the overage of lustered diphones and lustered prosody. Again,4. Testing the preliminary algorithm



40 Optimal Design of a Speeh Database for Unit Seletion Synthesisv1 v2 v6seletion funtion usefulness units+usefulness usefulnessonsider sentene length false false falsewanted weights 100/10/1 100/10/1 1/1/1divide wanted weights by 100 10000;1000 100frequeny settings 1minus 1minus;none 1minusTable 4.3: The algorithm settings for the three voiesthe overage of the lustered diphones is the same as in the text orpus, butthe lustered prosody overage is lower than in the full orpus(60.07%).4.3.3 Best settingsThe settings whih lead to the best distributions are shown in table 4.3. For allthree voies, the sentene length is not onsidered. This indiates that someimportant phones are in the sentenes that are ruled out when the sentenelength is restrited.For the speeh orpora of voies v1 and v6, the seletion funtion onsid-ering only the usefulness of a sentene is used, while the speeh orpus of v2is seleted with the seletion funtion onsidering usefulness and number ofnew units. This seletion funtion weakens the in�uene of the settings: Thedistribution of the speeh orpus of v2 an be reahed both by setting the fre-queny weight to �1minus� and by not onsidering the frequeny at all. It alsodoes not matter whether the wanted weight is divided by 1000 or by 10000.The wanted weight settings for the speeh orpora of voies v1 and v6 re�etthe general trend that 100/10/1 gives a preferene for diphones and 1/1/1 apreferene for prosody. The speeh orpus of voie v2 is also unusual in thisrespet.4.3.4 Quality of the seleted sentenesThe distribution statistis only show how many di�erent phones are in theseleted sentenes, but are no measure of the quality of the seleted sentenes.The sentene length an be an indiator for this: Very long sentenes areonsidered worse, beause reording longer sentenes is more error prone thanreording short sentenes. In the speeh orpus of voie v2, the majority ofthe sentenes has a length between 10 and 30 units, while in the speeh orpusof v6, the length of most of the sentenes varies between 10 and 40 units. The4. Testing the preliminary algorithm



Optimal Design of a Speeh Database for Unit Seletion Synthesis 41v6 Arti fullMOS 3.0 2.8 3.2similarity 2.9 3.3 3.7WER 0.200 0.203 0.103Table 4.4: Results of the three voies from the DFKI-team in the BlizzardChallenge 2007sentene length in the speeh orpus of v1 lies in between.Sine the sentenes are transribed automatially, it is very probable thatthere are transription errors in the seleted sentenes. When looking at thesentenes in the speeh orpora, some are very obvious. For example, thesentene �uh-uh.� is transribed as �22�. Unfortunately, this is a rare diphone,whih is why the sentene is inluded in the speeh orpora of all three voies.4.3.5 Informal listening testsTo deide whih of the voies is submitted to the Blizzard Challenge, informallistening tests are performed. For eah voie, 20 test sentenes are synthesized:10 from the news domain and 10 from the story domain (namely, the �rst 10sentenes of �Alie's Adventures in Wonderland�). The di�erenes between thevoies are minimal.In the end, voie v6 is hosen, beause it has the most natural intonationand sounds smoother than the others. In omparison, voie v1 sounds hoppyand unnatural. The sound of voie v2 is in between the other two. For allvoies, some obvious synthesis errors our in the test sentenes, but, from asubjetive point of view, the amount of errors is roughly the same for everyvoie.4.4 Results of the voie in the BlizzardChallengeTable 4.4 shows the results of voie v6 in the Blizzard Challenge in omparisonwith the results for the full voie (built from the whole Blizzard Corpus) andthe Arti voie.The following measures of synthesis quality are used1:1De�nitions are based on Wikipedia (2007), Wikipedia (2006) and Wikipedia (2007b)4. Testing the preliminary algorithm



42 Optimal Design of a Speeh Database for Unit Seletion Synthesis�MOS�, or Mean Opinion Sore, denotes the mean of the listeners opinionon the synthesized sentenes. The values range from 1 to 5, with 1 being thelowest sore and 5 the highest. There were two sets of tests in two di�erentdomains in whih the MOS was assessed: onversational domain and newsdomain. In the tests, the subjets had to rate the naturalness of the sentenes.�Similarity� means the similarity to the original speaker. This was ratedin tests where the subjets had four audio reordings of the original speakerand one synthesized utterane. The subjets had to deide if the synthesizedutterane sounded as if it was the same person as in the reordings. The salefor this rating ranges also from 1(totally di�erent person) to 5(exatly the sameperson). The values shown in the table are the mean of the subjet's opinions.Finally, �WER� (Word Error Rate) assesses how intelligible the synthetispeeh is. WER is omputed on the basis of the Levenshtein distane. Orig-inally, the Levenshtein distane is a measure for the distane between twowords: It is de�ned by the minimum number of substitutions, deletions andinsertions of haraters that have to be onduted to get from one word to an-other. Similarly, the Word Error Rate measures the distane of two sentenes:Word Error Rate for a sentene is the minimum number of substitutions, dele-tions and insertions of words that is needed to get to the �right� sentene(alled target sentene). The values of WER lie between 0 (no errors) and 1(everything wrong).To ompute the Word Error Rate, semantially unpreditable sentenes(SUS) were used. This means, that the sentenes are grammatially orret,but do not make any sense. A typial example is �The migratory laggards frozethe replete biz.�. The subjets had the task of listening to a synthesized SUSand write down the words they ould understand. The WER was omputedon the basis of the subjet's transriptions.The problem with this measure is that the test was also attended by non-native speakers of English. It is unlear how muh general problems of un-derstanding played into their judgments, espeially sine there are a numberof di�ult and unusual words in the sentenes. Therefore, the values shownin the table are only the mean of the results for the subjets that are nativespeakers.The table shows that, with respet to the mean opinion sore, v6 is atuallybetter than the Arti voie but worse than the full voie. This would bakup the assumption that a better distribution leads to better performane.However, regarding the other two measures, v6 does not perform better thanArti: The word error rates of Arti and v6 are approximately similar, andworse than for the full orpus. Also, v6 is judged less similar to the originalspeaker than the other two voies. 4. Testing the preliminary algorithm



Optimal Design of a Speeh Database for Unit Seletion Synthesis 43The results for the word error rate indiate that the overage of the twosmaller orpora was not enough to ensure an intelligibility as high as that ofthe full orpus. But the mean opinion sore indiates that this is not neessarilythe ruial fator for listeners.4.5 SummaryThis hapter has desribed how the algorithm presented in hapter 3 was usedto selet sentenes for a voie for the Blizzard Challenge. To this end, thealgorithm was applied to the provided text database 288 times with di�erentsettings. From the resulting speeh orpora, the three speeh orpora with thebest overages were used to build three voies. The best voie was identi�edwith the help of informal listening tests and submitted to the Blizzard Chal-lenge. In the hallenge, the voie performed better (in terms of mean opinionsore) than the voie built from the Arti subset of the voie database, andworse than the voie built from the full database.

4. Testing the preliminary algorithm





5 Re�ning the algorithmThe Blizzard Challenge was a good opportunity to test the algorithm and toenhane it, before it is applied to the German orpora. This hapter desribesthe onlusions drawn from these tests and how they a�et the algorithm.First of all, another frequeny measure is introdued in setion 5.1. Also,the stop riterion is rede�ned, as desribed in setion 5.2, sine the Blizzardstop riterion an not be used for the �nal tests. Setion 5.3 explains why oneof the two seletion funtions is dropped. Setion 5.4 desribes the hangesmade to the implementation of the algorithm. In addition to the enhanementof the algorithm, a hek for sentene redibility, desribed in setion 5.5, isintrodued before the proessing.5.1 FrequenyAs seen in the tests, the frequeny measures 1minus and no frequeny show avery similar performane. The original goal of promoting the rare units annot really be ahieved by the 1minus measure. Rather, it makes all units moreor less equal.Therefore, inverse frequeny is introdued as an additional frequeny mea-sure. Inverse frequeny is omputed by dividing 1 by the relative frequeny.This gives the desired boost to the seletion of rare units, sine the smalldi�erenes between the relative frequeny values are made signi�antly wider.One example to illustrate this: Rare unit a has a relative frequeny of 0.0005,whereas ommon unit b has a relative frequeny of 0.05. The 1minus frequenyis 0.9995 for unit a and 0.95 for unit b. The inverse frequeny is 2000 for unit aand only 20 for unit b. Thus, with inverse frequeny unit a is a hundred timesmore useful than unit b, while with 1minus frequeny, unit a is only about
1.052 times more useful than unit b.5.2 Stop riterionLittle attention has been paid to the stop riterion so far. The most obviousriterion is to stop when the maximum overage whih an be ahieved with45



46 Optimal Design of a Speeh Database for Unit Seletion Synthesisthe given orpus is reahed. Sine we have four overage measures, it is onlyappropriate to have four di�erent stop riteria; one for every overage measure.A restrition of the number of sentenes is also a useful stop riterion, sinethe reording of the data will be restrited to some number of sentenes.All stop riteria are used in the �nal tests.5.3 Seletion funtionAs pointed out in setions 4.3.1 and 4.3.3, the seletion funtion using bothusefulness and number of new units is di�ult to handle. Sine we do notknow how many new units a sentene will ontain, the number of new unitsis a fator hard to ontrol. It weakens the in�uene of the settings and thusmakes the seletion unpreditable.Therefore, this seletion funtion is dropped altogether and not used in the�nal algorithm.5.4 ImplementationThe basis of the implementation do not have to be hanged. Yet, somealterations have to be made to aount for the huge inrease of orpus size.Firstly, the representation and handling of features is optimized to allow formore sentenes to be kept in memory. Instead of using a separate byte arrayfor eah unit, all units of a sentene are stored in one array. Also, the readingof the feature �les is optimized for speed by using bu�ered methods.But there is still a limit to the number of sentenes that an be kept in mem-ory. Therefore, the implementation is altered, so that the sentenes are eitherread into memory when the program starts, or stay on hard disk throughoutthe run of the program and are read eah time they are needed. If they stayon disk, this slows down the seletion onsiderably.For example, if the algorithm is used to selet 500 out of 5000 sentenes, ittakes about 15 minutes when the sentenes stay on disk. When the sentenesare read into memory, it takes only 45 seonds1.The initialization of the algorithm takes a long time, beause the overage ofthe text orpus has to be omputed. Thus, after the �rst initialization, all theoverage data omputed in the initialization is saved in a binary �le on disk. Insubsequent runs of the algorithm, this initialization �le is read in - this speedsup the initialization phase. If the sentenes stay on disk, the aeleration of1The omputation was onduted on a 64-bit PC with Pentium 4 3.2 GHz CPU and 2 GBRAM 5. Re�ning the algorithm



Optimal Design of a Speeh Database for Unit Seletion Synthesis 47the initialization is very obvious. If they are read into memory, the speedup isnot so notieable, beause eah sentene has still to be loaded into memory.5.5 Unknown wordsIn order for the algorithm to work and produe meaningful results, one has tomake sure that the features of the sentenes are orret. Sentenes with po-tentially inorret features should not be taken into aount at all. Therefore,they should be removed from the text orpus before the algorithm is appliedto it.To get reliable features, the phoneti transriptions of the sentenes haveto be orret. In a Text-to-Speeh Synthesis System suh as Mary, words aretransribed by looking them up in a lexion. The lexion used for the Germantransription in this thesis is the Mary lexion for German. It ontains 137,565roots of words, whih an be expanded to 615,449 full words. Also, it ontainsabout 3,000 proper names.Although the lexion is quite large, it is lear that the lexion does notontain every possible word. If a word is not in the lexion, the transriptionis omputed with some heuristi. In Mary, ompound analysis and Angliismanalysis is used to obtain a transription. If this fails, so alled letter-to-soundrules are used. These are general rules that model the German pronuniation.The transriptions produed by them are generally not very reliable.English words are transribed with the English module, whih has only theoptions to use the English lexion or English letter-to-sound rules for tran-sription.The redibility of a sentene is based on the method used to obtain itsphoneti transription. For this, �rst of all, transription tags are introdued.The tags indiate with what kind of method a word was transribed.There are seven di�erent tags for German text:
• lexion: The word is in the lexion. This is the most redible transrip-tion.
• userdit: The word is in the lexion spei�ed by the user. Also redible.
• phonemiseDenglish: The word is an Angliism and is transribed bythe Denglish (=Deutsh+English) module. This implies either ut o� ofin�etions or ompound analysis. Is not as redible as the lexion.
• ompound: The word is a German ompound and was transribed withthe help of a ompound analysis. Not as redible as the lexion.5. Re�ning the algorithm



48 Optimal Design of a Speeh Database for Unit Seletion Synthesislexion 100userdit 100phonemisedenglish 50ompound 50foreign_en 50rules 10preproessed 10nothing 100Table 5.1: The redibility weights for the di�erent tags
• foreign_en: The word is an English word. Less redible than lexion,sine the word an be transribed either using the English lexion or theEnglish letter-to-sound rules and it is unknown whih method was used.
• rules: The word is transribed using letter-to-sound rules. Least rediblemethod.
• preproessed: The word was transribed by the preproessor. Also notvery redible.Additionally, the tag nothing is de�ned for words that have no transriptions,suh as puntuation. This tag is, of ourse, very redible.For eah tag, a weight that re�ets the redibility of transriptions taggedwith it is set. Eah unit gets the tag of the word that it is part of. Theredibility of the whole sentene is the sum of the redibility per unit dividedby the number of units.Table 5.1 shows the setting of the weights. With these settings, a sentenewill get the sore 100 if it is a hundred perent redible. If the redibility soreis below a ertain threshold, the sentene is onsidered not redible.Setion 6.2 desribes how this method is applied in the reation of the Ger-man orpora.5.6 SummaryIn this hapter, the modi�ations applied to the algorithm �rst desribed inhapter 3 are presented. They inorporate the results of the algorithm in theBlizzard Challenge and the larger amount of data to be proessed later on. Anew frequeny riterion - inverse frequeny - is introdued, as well as new stopriteria. These are based on the maximum overage to be ahieved and on the5. Re�ning the algorithm



Optimal Design of a Speeh Database for Unit Seletion Synthesis 49maximum number of sentenes to selet, respetively. The seletion funtiontaking into aount the number of new units is disarded. The implementationof the algorithm is optimized to ope with a larger set of sentenes. A hekof sentene redibility is introdued to redue the possibility of transriptionerrors.

5. Re�ning the algorithm





6 Building two German textorporaIn order to obtain more robust results about the performane of the algorithm,it has to be applied to a bigger text orpus than just 5879 sentenes. To thisend, two German text orpora are onstruted: one overs the story domainand the other one the ditionary domain.Setion 6.1 desribes the onsiderations taken in the design of the text or-pora. The next setion, 6.2, gives a desription of the reation proess of theorpora. Finally, in setion 6.3, the distribution statistis of the text orporaare shown.6.1 Design issuesGeneral design issues have to be settled prior to the building of the orpus.At �rst, the language: Although the �rst tests were onduted on an Englishorpus, the language of the orpora is German. The reason for this is that theywill be used in researh at the DFKI later on.The next onsideration regards the domain of the orpora: the originalidea was to build several orpora for di�erent domains in order to be able toompare test results for di�erent domains. However, this intention is hamperedby pratial issues: the orpora have to be freely available and also free forpotential future re-distribution.From these onsiderations, two German text soures in the Internet wereseleted: Gutenberg (Gutenberg (2007)) and Wikipedia (Wikipedia (2007a)).As mentioned in setion 2.2.4, Gutenberg is a website ontaining out-of-opyright books. The aim of Projet Gutenberg is to distribute them freely.As of April 17th 2007, 377 so-alled ebooks were available in German on theGutenberg homepage. The inventory onsists of stories, plays, poems andspeialized books. Most of them are more than 70 years old, making thelanguage of the ontent old-fashioned.Wikipedia is an open enylopedia in the Internet. Everyone an ontribute,write or modify entries. The ontent is released under the GNU Free Dou-mentation Liense (GFDL). As of 3rd of July 2007, there were 605,629 German51



52 Optimal Design of a Speeh Database for Unit Seletion Synthesisentries. The style of the texts is formal German.Beause the language of the text orpora hanges to German, the phone sethanges also. There are 61 phones plus the zero phone in the Mary phonesetfor German. Of these, 7 (ø, e, i, o, u, y, œ̃) are unused, beause they onlyappear in foreign words, and an be represented by their tensed versions (ø:,

e:, i:, o:, u:, y:, œ̃:). So, in the end there are 54 phones plus the zero phone.For the lustered diphones, phone lasses were de�ned on the same basis asthe English phone lasses, as desribed in setion 3.1. For German, 27 phonelasses are de�ned. They are listed in appendix B.6.2 Corpus buildingThis setion desribes the reation of the text orpora. The general proedureis as follows: First, the text is divided into sentenes. Then, unreliable sen-tenes are sorted out and, for eah sentene, the phoneti and prosodi featuresare omputed. The implementation of the neessary steps is done in Java andPerl. Mary is used throughout the implementation.6.2.1 Gutenberg orpusFirst of all, the ebooks were downloaded from the Gutenberg homepage withGNU wget. This is a program for retrieving �les via HTTP and similar pro-tools. The ebooks are available in several formats. For the urrent task, onlythe plain text versions are used.In the next step, the texts were split into sentenes. This was done with thehelp of Mary: The text was proessed paragraph by paragraph to get an xmlrepresentation of the text, inluding tags for sentene start and end. Eah ofthe sentenes was then broken down into individual phone units for whih the�ve features phoneti identity, phoneti identity of next unit, phone lass ofnext unit, prosodi type and redibility of the transription were omputed.The feature omputation was also done with Mary.An extra proessing step was introdued at the point were a word is lookedup in the lexion. As Gutenberg ontains some very old texts, the spellingis sometimes very old-fashioned: �ÿ� instead of �ss� and �th� instead of �t�are the most ommon manifestations. Therefore, if a word was not found inthe lexion, some simple normalization steps were taken to remove the old-fashioned spelling. Then the word was looked up again. If that seond lookupwas also unsuessful, the original version of the word was passed on to theother transription modules. 6. Building two German text orpora



Optimal Design of a Speeh Database for Unit Seletion Synthesis 53The �nal step in the reation of the orpus was to determine whih sentenesare redible. Thus, for eah sentene the redibility sore was omputed asdesribed in setion 5.5. The redibility threshold was set to 90. This removedabout one tenth of the sentenes in the orpus:There were quite a lot of sentenes in Latin, Greek, Frenh, Italian, Spanish,English or Old-English whih did not pass the redibility hek.Also, a lot of sentenes ontaining unusual names were de�ned as inredible.The names were mostly Greek (Aristoteles, Sokrates), Latin (Donatus, Virgil)or Frenh (Voltaire, Corneille).Furthermore, many old-fashioned phrases were deemed not redible: Forexample, the sentene Den eilften1 Abend( mittewohs, den 6. Mai) wardMiÿ Sara Sampson aufgeführet. would today be written like this: Am elftenAbend( Mittwohs, den 6. Mai) wurde Miss Sara Sampson aufgeführt. (Onthe eleventh evening (Wednesday, 6th of May), (the play) Miss Sara Sampsonwas performed.).Tables of ontents and other listings were also often deemed inredible.The examples show that the redibility hek has suessfully piked outunsuitable sentenes. The total size of the orpus shrank from 978,273 to897,096 sentenes.6.2.2 Wikipedia orpusThe Wikipedia enylopedia is too large to be downloaded with wget. Instead,a ompiled version in the form of one large xml �le was downloaded. Thesize of the unzipped �le was approximately 3.2 GB. It ontained all artiles,templates, image desriptions, and primary meta-pages that were part of theGerman version of the Wikipedia when the �le was arhived (27th of April,2007).The xml �le was then split into individual artiles. This step inluded theremoval of the xml struture. Eah artile was saved in its own �le. Thisresulted in 605,629 individual �les.In the next step, the artiles had to be onverted to plain text. This stepwas the most di�ult step, sine the artiles ontained not only Wikipediaommands, but also html ommands. The removal was done with regularexpressions.As done with the Gutenberg orpus, the artiles were then split into sen-tenes and their features were omputed with Mary. This was done in onestep.1This is atually a spelling mistake; it should be �elften�6. Building two German text orpora



54 Optimal Design of a Speeh Database for Unit Seletion SynthesisAlso in this step, inredible sentenes were removed. The threshold was setto 87. The following list gives an overview of the types of sentenes that wereremoved.
• sentenes with unknown ompounds: German is known for its high num-ber of ompounds: Pratially every word an be ombined with an-other in German. In partiular, the formal, written German used in theWikipedia ontains a lot of ompounds.An example for a sentene with problemati ompounds: Lohbrügge liegtam nördlihen Rand des Elbe Urstromtales im Regenshatten der Har-burger Berge. (Lohbrügge lies at the northern edge of the glaial valleyof the Elbe in the rain shadow of the Harburg mountains.): Urstrom-tales is analyzed as ompound, but Regenshatten is wrongly analyzedas Angliism (’Ke:-g@ns-tSE-t@n).
• sentenes with proper names: In the Wikipedia, there are a lot of arti-les about �lms, ators, mediine topis and loations ontaining foreignwords. The situation is not so problemati when English words are in-volved: Top Gun ist ein Spiel�lm aus dem Jahre 1986.(Top Gun is afeature �lm from 1986.): top is de�ned in the user ditionary, and gun isanalyzed as an English word; both are transribed orretly.But the transription of Ielandi names, for example, is of ourse un-reliable: Die alternativen Namensvorshläge Hnjúkabyggð, Tröllaskaga-byggð und Ægisbyggð konnten sih beim Wahlvolk niht durhsetzen.(The alternative suggestions Hnjúkabyggð, Tröllaskagabyggð und Ægis-byggð ould not beome aepted by the voters.). All three plae namesare transribed using rules: German letter-to-sound rules applied to Ie-landi words are very unlikely to produe the right transription.
• sentenes with unknown German proper names: Also, there are a lotof artiles about German loations: In Bitburg Erdorf zweigt die NimsSauertalbahn nah Bitburg(Stadt) ab, welhe ursprünglih über Irrel bisnah Igel führte. (In Bitburg Erdorf the Nims Sauertalbahn branhes o�to Bitburg(City), whih originally led to Igel over Irrel.). While Bitburgand Igel are atually in the lexion, Erdorf and Irrel are analyzed asompounds (PE5-’dO5f and I5-Ke:-PEl) and Nims is atually analyzed asEnglish word (nImz).
• sentenes in foreign languages: Sometimes there are whole sentenes ina foreign language in the Wikipedia, for example Nauru (Nauru bwiema,ngabena ma auwe.) or Chinese (Bù yuàn zuò núlì de rènmen! ).6. Building two German text orpora



Optimal Design of a Speeh Database for Unit Seletion Synthesis 55Gutenberg Wikipedia Wikipedia897096Number of sentenes 897096 2159445 897096Average sentene length 88.35 units 117.97 units 118.90 unitsMaximum sentene length 9450 units 18919 units 10766 unitsMinimum sentene length 1 unit 1 unit 1 unitphone overage 100.00% 100.00% 100.00%simple diphone overage 73.84% 80.84% 78.75%simple prosody overage 54.21% 63.81% 60.51%lustered diphone overage 75.03% 79.56% 77.92%lustered prosody overage 58.06% 65.08% 62.63%Table 6.1: Distribution of the Gutenberg orpus, the Wikipedia orpus and the�rst 897096 sentenes of the Wikipedia orpus
• sentenes with Wikipedia formatting: Some Wikipedia ommands slip-ped through the format removal in the previous step, leading to mean-ingless sentenes. Examples: { |lass = prettytable ! or thumb |right|Zentralasien mit Seidenstrasse Kysylkum (usbek.)The removal of unwanted sentenes took plae during the onstrution ofthe orpus. The number of rejeted sentenes was quite high: from 3,527,902sentenes, 1,368,453 were deemed unreliable, leading to a total number of2,159,445 sentenes.The whole building proess for the Wikipedia orpus took several weeks morethan the reation of the Gutenberg orpus. In the end, only approximatelyone third of the Wikipedia (the �rst 204,521 of the 605,629 artiles) was useddue to time onstraints.6.3 Corpora distributionTable 6.1 shows the distributions of the two text orpora. Additionally, thedistribution of the �rst 897,096 sentenes of the Wikipedia orpus is displayed,as this sub orpus will be used in the tests in hapter 7.The Wikipedia orpus is more than twie as large as the Gutenberg or-pus. It also ontains longer sentenes and has a higher diphone and prosodyoverage than the Gutenberg orpus. However, the di�erenes in overage ofabout 4-10% are not as large as one would expet given the di�erene in size.Interestingly, the overage of the �rst 897,096 sentenes of Wikipedia is stillbetter than the overage of the Gutenberg orpus.6. Building two German text orpora



56 Optimal Design of a Speeh Database for Unit Seletion SynthesisIt athes the eye that the diphone and prosody overages are still far awayfrom 100%, even in the larger orpus. As it is likely that not all possibleombinations our in German, it an be assumed that the overage of theWikipedia orpus is near the maximum of what an be reahed, sine theorpus is so large.Figure 6.1 illustrates the distribution of simple diphones in the orpora.The y-axis shows the frequeny of a diphone type, and the x-axis the numberof types. As ould be expeted, the distributions show the harateristis ofLNRE distributions. In omparison, the Wikipedia orpus has a more even dis-tribution. This means, the Gutenberg orpus has a higher number of diphonesthat our only one.
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Figure 6.1: Diphone distribution in the Gutenberg orpus (top) and Wikipediaorpus (bottom). Diphones are sorted aording to frequeny.
6. Building two German text orpora



7 Final tests and resultsThis hapter desribes the tests onduted on the text orpora desribed inthe previous setion. Three main goals are pursued:Firstly, the goal was to �nd out the best settings for the algorithm - thesettings that yield the best overage. The appropriate tests and their resultsare desribed in setion 7.1.Then, the in�uene of the orpus size was examined to answer the questionof how big a database has to be to ensure good overage. The intuition isthat overage grows with database size. The tests onduted to answer thatquestion are disussed in setion 7.2.Finally, an example synthesis sript was produed and evaluated to showwhat the algorithm an ahieve. �Synthesis sript� in this ontext refers to theatual list of sentenes in a speeh orpus. This is desribed in setion 7.3.7.1 Finding the best settingsThe �rst goal of the tests is to �nd out the best settings for the four di�er-ent overage measures simple diphone, simple prosody, lustered diphone andlustered prosody overage. To ahieve this goal, the algorithm was appliedrepeatedly to the same text orpus with di�erent settings.In order to test all ombinations of settings, the algorithm had to be on-duted 961 times.Beause of this high number, only a small text orpus, onsisting of the �rst5,000 sentenes of the Gutenberg orpus, was used. The results were veri�edby repeating the tests on the �rst 5,000 sentenes of the Wikipedia orpus,thus raising the number of tests onduted to 96 ∗ 2 = 192.At eah pass, 500 sentenes were seleted and their overage was measured.Setion 7.1.1 desribes whih settings were used, and setion 7.1.2 disussesthe results of the tests.12 diphone de�nitions ∗ 4 frequeny settings ∗ 4 wanted weight settings ∗ 3 wanted weightderease settings = 96 57



58 Optimal Design of a Speeh Database for Unit Seletion Synthesis7.1.1 SettingsIn the following, the di�erent values that were assigned to the settings arelisted.First of all, there are the two settings for the unit de�nition: Simple Diphonesand Clustered Diphones.Then there are the four di�erent settings for the frequeny weight: none,normal, 1minus and inverse. With setting �none�, the sentene sore dependsentirely on the wanted weight. Setting �normal� gives a preferene for the mostfrequent units, while �1minus� gives a slight preferene for rare units. Setting�inverse� gives a very strong preferene for rare units.For the wanted weight, also four di�erent settings are hosen: 25/5/1 (phonelevel 25, diphone level 5, prosody level 1), 1/5/1, 1/5/25 and 1/1/1.With setting 25/5/1, new phones are 5 times more valuable than new di-phones and new diphones 5 times more valuable than new prosodi variations.This setting is expeted to result in a good diphone overage.Setting 1/5/1 is a variation of 25/5/1, and is expeted to perform similarly.The reasoning behind this expetation is the same as the one behind the pref-erene for rare units: there are �only� 54 phones (opposed to, for example,
54 ∗ 55 = 29702 simple diphones and 54 ∗ 55 ∗ 6 = 17820 prosodi variationsof simple diphones), and thus every phone has a high likelihood in ompari-son with simple diphones or simple prosodi variations. Beause of this, it isvery likely that the resulting speeh orpus will ontain all di�erent phones,although they are not expliitly seleted.Setting 1/5/25 gives a preferene to new prosodi variations over diphonesand new diphones over new phones. This setting is expeted to lead to a highprosodi overage.Setting 1/1/1 makes new phones, new diphones and new prosodi variationsequally valuable.Another parameter is the number by whih the wanted weight is dividedwhen a given unit is seleted. In the tests, three di�erent settings are triedout: 2, 5 and 1000.Dividing the wanted weight by 2 means that, after the �rst instane of a unittype is found, the balane of the weights still remains, sine both the weights1 and 5 and the weights 5 and 25 are di�erent by fator 5. This setting isexpeted to bene�t the seletion of several instanes of one unit type.Setting 5 is the setting that evens the weights of the levels. For example, to-gether with wanted weight setting 25/5/1, one a phone is seleted, its wantedweight value is redued to 5, and it is then as valuable as a new diphone.2Like the English diphones, the zero phone an not be the �rst half of a German diphone;therefore there are only 54 possibilities for the �rst half of a diphone7. Final tests and results



Optimal Design of a Speeh Database for Unit Seletion Synthesis 59# units wanted weight frequeny weight divide wantedweight bysimple 1 SD 25/5/1, 1/5/1 inverse 1000, 5diphones 2 CD 1/1/1 none, 1minus 23 1/5/25 normalsimple 1 SD no lear inverse 1000, 5prosody 2 CD best settings none, 1minus 23 normallustered 1 CD 25/5/1, 1/5/1 inverse 1000, 5diphones 2 SD 1/1/1 none, 1minus 23 1/5/25 normallustered 1 CD no lear inverse 1000, 5prosody 2 SD best settings none, 1minus 23 normalTable 7.1: Overview over the best settings for the algorithm, subdivided intothe four overage measures. �SD� means �simple diphones� and�CD� means �lustered diphones�Setting 1000 pratially redues the wanted weight of a unit type to zeroone an instane of a unit type is added to the over. This way, only unseenunit types an ontribute to the sentene sore.The sentene length parameter was not used in these tests, sine it reduesthe size of the database by an unknown number of sentenes.7.1.2 Results and DisussionThe detailed results of the tests are listed in appendix C. Table 7.1 gives anoverview sorted aording to the overage measures.In general, the use of simple diphone units leads to better results than lus-tered diphone units for both simple diphone overage and simple prosody ov-erage. Vie versa, lustered diphone units yield better results for lustereddiphone overage and lustered prosody overage.As for the di�erent frequeny measures, inverse frequeny is the lear winner.With inverse frequeny, the best results are ahieved for all four overagemeasures. On the other side, relative frequeny is the loser, as most of thebad results are produed with this measure. As in the �rst tests desribed insetion 4.3.1, 1minus frequeny and no frequeny perform relatively similar.Their performane is somewhere in the middle between inverse and normal7. Final tests and results



60 Optimal Design of a Speeh Database for Unit Seletion Synthesisfrequeny.In omparison with the frequeny, the impat of the settings of the wantedweight is less lear.The results for 25/5/1 and 1/5/1 are very similar; with inverse frequeny,results for both settings even are almost always the same. These two weightsseem to be the best settings for the wanted weight: the algorithm often pro-dues the best results with these two wanted weight settings and inverse fre-queny weight. Also, when these weights are ombined with the other fre-queny measures, often the results are the best results that an be ahievedwith that partiular frequeny weight.But at least for both prosody overage measures, the other two wantedweight settings are also important. Both settings sometimes outperform25/5/1 and 1/5/1. Performane of setting 1/1/1 is generally better than1/5/25, but there are a few exeptions.The number by whih the wanted weight is divided has the least in�ueneon the result of the seletion algorithm. Often dividing by 1000 and 5 leads tobetter results than dividing by 2.As for the individual overage measures, the best settings are not always thesame for the Gutenberg and the Wikipedia orpus. For simple diphone andlustered diphone overage, the results are very similar for both orpora. Theinverse frequeny measure is apparently the best setting, but only in ombi-nation with the wanted weights 25/5/1 and 1/5/1, respetively. Settings noneand 1minus are also relatively lose to the top, also in ombination with 25/5/1and 1/5/1. Then follows wanted weight setting 1/1/1. The ombination of fre-queny measure normal and wanted weight setting 1/5/25 is the worst settingfor diphone overage.The di�erenes between the two orpora manifest themselves best in thesimple prosody overage measure. For the Gutenberg orpus, wanted weightsetting 1/1/1 performs best, followed by 25/5/1 and 1/5/1, and �nally by1/5/25. In the results for the Wikipedia orpus, 1/5/1 and 25/5/1 are rankedtop, followed by 1/5/25 and then 1/1/1.Obviously, the prosodi overage is not that dependent on the wanted weight.The reason for this ould be the high number of prosodi variations: Beausethey are so many, it is likely that there are new prosodi variations in everysentene. To expliitly bene�t the seletion of new prosodi variations withthe help of the wanted weight seems not to be absolutely neessary.In ontrast to this, the in�uene of the frequeny weight is re�eted quitelearly by the results: all top-ranked results use the inverse frequeny measure.Then omes a mix of none and 1minus, and the low ranks are all oupied bythe normal frequeny measure. 7. Final tests and results



Optimal Design of a Speeh Database for Unit Seletion Synthesis 61This ranking of frequeny measures is not quite as lear in the results forlustered prosody overage. Similar to the results for the diphone overagemeasures, the inverse frequeny measure is best, but not in ombination withall wanted weight settings. Settings �none� and �1minus� are also relativelygood.However, regarding the wanted weight settings, the piture is as vague as inthe results for simple diphone overage. 1/1/1 and 1/5/25 seem to be the bestsettings for the Gutenberg orpus, while for the Wikipedia orpus, the othertwo settings also play a role.To sum up, the best settings to use for obtaining a good overage are �in-verse� for the frequeny setting, a wanted weight setting whih sets a prefereneto the �next phone� feature and �next phone lass� feature, respetively, and ahigh number by whih the wanted weight is divided.7.2 The in�uene of orpus sizeAs seen in setion 6.3, the Wikipedia orpus, more than twie the size of theGutenberg orpus, exeeds the overage of the Gutenberg orpus only by 4-10%. To investigate the relation between text orpus size and speeh orpusoverage, several tests were onduted with text orpora of di�erent sizes.First of all, it was tested how many sentenes are needed to maximize thepossible overage. This was tested for all four overage measures. For eahmeasure, the appropriate stop riterion was used: the algorithm stopped onethe maximum overage was reahed for the given overage measure.Related to this is the question if the overage of speeh orpora of the samesize orrelates to the size of the text orpora from whih they were seleted.The expetation is that this is the ase, sine a larger text database is likelyto have more variations.7.2.1 SetupThe tests were onduted on both German text orpora. The algorithmwas ap-plied on the �rst 10,000, 20,000, 50,000, 100,000, 200,000 and 500,000 sentenesof eah text orpus. Additionally, the tests were performed on all 897,096sentenes of the Gutenberg orpus and on the �rst 897,096 sentenes of theWikipedia orpus. They were not onduted on the full Wikipedia orpus,beause of time onstraints: it is not possible to store the whole Wikipediaorpus in memory, therefore the sentenes would have to be read from harddisk - whih makes the program muh slower.7. Final tests and results



62 Optimal Design of a Speeh Database for Unit Seletion SynthesisThe settings that performed best in the previous tests were used to ensure agood overage. These are the settings inverse frequeny, wanted weight 25/5/1and wanted weight divided by 1000. They are the best settings for the diphoneoverage and among the best settings for the prosody overage in the previoustests. Sine the di�erenes between the top results in the tests are marginalfor the prosody overage measures, the desribed settings are hosen over thereal best settings for better omparison.The algorithm was applied to eah of the text databases �ve times with dif-ferent stop riteria: In the �rst pass, the algorithm stopped after the maximumsimple diphone overage was reahed. In the seond pass, the stop riterionwas maximum simple prosody overage. This was repeated with the lustereddiphone and the lustered prosody overage stop riterion. In the �fth pass,the algorithm stopped after seleting 1000 sentenes.In the passes where simple diphone or simple prosody overage was the stopriterion, and in the pass stopping after 1000 sentenes, the units were simplediphones. In the two passes using lustered overage stop riteria, the unitswere lustered diphones.All in all, 70 passes of the algorithm were onduted.7.2.2 Results and DisussionFigures 7.1 and 7.2 illustrate the results of the tests.Figure 7.1 shows the overage of the resulting speeh orpora when thealgorithm is stopped after 1000 iterations. The x-axis denotes the size of thetext database from whih the sentenes are seleted. The y-axis shows theperentage of overage.Not surprisingly, the perentage of overage is rising with text database size.However, the graphs also �atten with inreasing database size. In the Guten-berg Corpus, all graphs exept the one for lustered diphones even delinewhen the text database is larger than 200,000 sentenes. In ontrast, in theplot for the Wikipedia orpus, the graphs are still rising at a text database sizeof 897,096 sentenes. This indiates that using a larger part of the Wikipediaorpus may lead to an even higher overage.Generally, it an be observed that the overage is higher when the Wikipediaorpus is used as seletion basis.Furthermore, the overage of prosodi variations is onsiderably lower thanthe overage of diphones. It also does not rise at the same extent as the diphoneoverage. Obviously, there are signi�antly more sentenes needed to raise theprosodi overage than to raise the diphone overage.In Figure 7.2, the number of sentenes that are needed to ahieve full ov-erage for eah of the four overage measures is illustrated. The x-axis again7. Final tests and results



Optimal Design of a Speeh Database for Unit Seletion Synthesis 63denotes the size of the text database and the y-axis denotes the size of thespeeh orpus after the stop riterion is reahed. Eah of the graphs in this
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Figure 7.1: Coverage after 1000 sentenes for sub orpora of di�erent sizesof Gutenberg (top) and Wikipedia (bottom) orpus. Solid linesdenote simple diphone overage, dashed lines lustered diphoneoverage, dotted lines simple prosody overage and the lines withdots and dashes lustered prosody overage.�gure orresponds to one of the four stop riteria simple diphones, simpleprosody, lustered diphones and lustered prosody.The number of sentenes needed inreases with text database size, but irreg-ularly. As ould be expeted, the most sentenes are needed when the simpleprosody stop riterion is used. This is followed by the simple diphone stopriterion. The two graphs for simple/lustered diphone and simple/lusteredprosody stop riterion, respetively, take a similar ourse, espeially in theWikipedia plot. Generally, the graphs for the prosody stop riteria are steeper.The graphs show that for the Gutenberg orpus there are more sentenes7. Final tests and results



64 Optimal Design of a Speeh Database for Unit Seletion Synthesisneeded to reah full overage. This is onsistent with the observation madeabove that the overage is lower when the 1000 sentenes are seleted from suborpora of the Gutenberg orpus and not from sub orpora of the Wikipediaorpus. The reason for this ould be that the sentenes in Wikipedia are longeron average (118.89 units in Wikipedia897096 versus 88.35 units in Gutenberg).Longer sentenes are bound to ontain more di�erent units; thus more om-binations an be overed with a long sentene than with a short sentene.

10000 20000 50000 100000 200000 500000 897096
0

1000

2000

3000

4000

Figure 7.2: Number of sentenes needed to ful�ll the di�erent stop riteria forsub orpora of di�erent sizes of Gutenberg (top) and Wikipedia(bottom) orpus. Solid lines denote simple diphone stop riterion,dashed lines lustered diphone stop riterion, dotted lines simpleprosody stop riterion and the lines with dots and dashes lusteredprosody stop riterion.As shown in the �gure, even for a text orpus of only 10,000 sentenes,about 1,500 sentenes are needed to reah full simple prosody overage. For7. Final tests and results



Optimal Design of a Speeh Database for Unit Seletion Synthesis 65a text orpus of 897,096 sentenes, 3,463 (Wikipedia) and 4,118 (Gutenberg)sentenes are needed. Depending on the available resoures, this is quite alarge number for a synthesis voie.Espeially the graphs of simple and lustered diphone overage in the Wiki-pedia plot are interesting: from 20,000 to 50,000 sentenes the overages es-alate, and then the inrease �attens. From a �rst glane one ould onludethat in the 30,000 sentenes that are added to the database, there are a lot ofnew diphones that have to be overed. But then the graphs for the prosodyoverage would show the same harateristis, sine new diphones also meannew prosodi variations.
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Figure 7.3: Coverage development for the text orpora seleted from the �rst20,000 and 50,000 sentenes of the Wikipedia orpus with stopriterion simple diphones. The dashed line and the solid line rep-resent simple prosody overage development for 20,000 and 50,000sentenes, respetively. The line with dots and dashes and the dot-ted line denotes simple diphone overage development for 20,000and 50,000 sentenes.The reason for the inrease beomes learer when looking at the developmentof overage in the over set. Figure 7.3 shows the overage development at theorresponding passes of the algorithm. The x-axis denotes the iterations of the7. Final tests and results



66 Optimal Design of a Speeh Database for Unit Seletion Synthesisalgorithm, while the y-axis denotes the overage reahed.After a steep rise in the �rst 500 iterations, the graphs for the prosodyoverage �atten slowly, while the graphs for the diphone overage �atten outextremely, until a state is reahed where the inrease is almost zero. This stageis reahed omparatively late for 20,000 sentenes, while for 50,000 sentenes,the graph shows a near zero growth for 1000 iterations.The ause for this is re�eted in the graphs for the prosody overage: Duringthe phase of the algorithm where the diphone overage graph is nearly �at,the prosody graph still shows signi�ant inrease. So, obviously, while thereare no new diphones added, new prosodi variations are added. This meansthat at this point in the algorithm, sentenes with new prosodi variations geta higher sore than sentenes with new diphones.A possible explanation for this is that, at the point in the algorithm whereonly a few diphones are still missing, it is unlikely that there is more thanone new diphone in a sentene. At the same time, there are still a lot of newprosodi variations, and, beause of their number, it is likely that a senteneontains more than one of them. Thus, the sentene with several new prosodivariations gets a higher sore than the sentene with one new diphone.7.3 Creation of example synthesis sriptsFor the reation of an example sript, the Wikipedia orpus was used. Se-tion 7.3.1 desribes the settings of the algorithm. In setion 7.3.2, the resultingsynthesis sript is desribed. Unfortunately, the sript falls short of the expe-tations, beause it ontains too many sentenes that are unpronouneable fora German speaker. The reasons for this are disussed in setion 7.3.3. As aresult, the text orpus is redued radially to inrease sentene quality. Thealgorithm is then applied to the redued orpus. The results of this pass aredisussed in setion 7.3.4.7.3.1 SetupThe example sript was produed by applying the algorithm to the �rst 897,096sentenes of the Wikipedia orpus. The parameter settings were the same asin the previous tests: units were simple diphones, wanted weights were setto 25/5/1 and divided by 1000, and the frequeny weight was set to inverse.For this test, seletion was stoped after 300 sentenes are seleted. Also, thesentene length was restrited: only sentenes with more than 10 or less than120 units were aepted. 7. Final tests and results



Optimal Design of a Speeh Database for Unit Seletion Synthesis 677.3.2 Results of the �rst passThe �rst pass of the algorithm produed disappointing results in terms ofsentene quality. A lot of the seleted sentenes an not be used for reording,beause they an not be pronouned by a German speaker.Many of the sentenes ontained foreign words or foreign proper names.Most striking were Chinese haraters and their transription into Roman let-ters(Pinyin), but a number of other languages is also represented.Examples for this are Bis heute aktiv ist die 1903 gegründete Brauerei inQ	ingda�o. (Until today, the brewery in Q	ingda�o, founded in 1903, is ative.)and Der Begri� Kohu rongorongo wird allgemein mit sprehendes Holz über-setzt. (The term Kohu rongorongo is generally translated with talking wood).Furthermore, a lot of unusual German terms an be found in the sentenes.These inlude onomatopoeias: Der häu�gste Ruf ist ein unverkennbares, rol-lendes zizigürrrr oder gürrrr. (The most ommon ry is an unmistakable,rolling zizigürrr or gürrrr.), and tehnial terms: Diese Methodik hat, soArendt, eine Nähe zur Sokratishen Mäeutik. (Aording to Arendt, this me-thodology is adjaent to the Sorati maieutis.).Moreover, some of the sentenes are not real sentenes. Either, some partsare missing, like in Der Begri� Maui existiert als (The term Maui exists as), orthey ontain Wikipedia format ommands: Er ist sehzehn Meter hoh. thumb|left |Auttiköngäs (It is 16 meters high. thumb |left |Auttiköngäs).These results all for the revision of the text orpus. This is done in thenext setion. The overage of this �rst sript is disussed in setion 7.3.4.7.3.3 Error analysis and resolutionIt is obvious from the sentenes listed in the previous setion, that the Wiki-pedia orpus ontains a number of sentenes that should never have passed bythe sentene redibility hek desribed in setion 5.5. The logial onlusionis that the redibility riteria used during the reation of the orpus werenot strit enough. A higher threshold or lower values for unsafe transriptionmethods would have been better.But this is only one aspet of the problem. Another aspet is an errorin the ategorization of the transription methods. Apparently, the method�nothing� has to be subdivided, sine the transription is not only missingfor puntuation, but also for words that an not be transribed at all - likewords in other alphabets. These words get a sore of 100, whih results in theorresponding sentene being rated muh more redible than it deserves.The only solution to these problems is to ompute the sentene redibilityanew for the whole 2,159,445 sentenes of the Wikipedia orpus. This time, to7. Final tests and results



68 Optimal Design of a Speeh Database for Unit Seletion SynthesisWikipedia897096 reduedNumber of sentenes 897096 413401Average sentene length 118.89 units 63.60 unitsMaximum sentene length 10766 units 572 unitsMinimum sentene length 1 unit 1 unitphone overage 100,00% 98.15%simple diphone overage 78.75% 58.52%simple prosody overage 60.05% 40.11%lustered diphone overage 77.92% 60.01%lustered prosody overage 62.63% 44.96%Table 7.2: Statistis of �rst 897,096 sentenes of the Wikipedia orpus and ofthe redued Wikipedia orpusbe on the safe side, only words in the lexion and puntuations are deemed asreliable.The implementation was simpli�ed: Instead of omputing a sore for eahsentene, the sentene was rejeted instantly, when a transription methodother than �lexion� or �userdit� was used.This method, of ourse, greatly redues the size of the Wikipedia orpus:the resulting orpus ontains only 413,401 sentenes. Table 7.2 shows thestatistis of the redued orpus in omparison to the �rst 897,096 sentenes ofthe full orpus. The table shows that the redution in orpus size brings abouta signi�ant derease in overage: Diphone and prosody overage is about17-20% lower than in the full orpus. Phone overage also dereases slightly.The algorithm was applied to the redued text orpus with the same settingsas in the �rst try. The results are disussed in the next setion.7.3.4 Results of the seond passThe sentenes of the speeh orpus seleted from the redued text orpus arelisted in appendix D.The results show that the strit removal of unreliable sentenes was worth-while: All the problemati sentenes desribed in setion 7.3.2 have disap-peared. Only the problem of inomplete sentenes remains, rendering severalsentenes useless.However, the number of sentenes useful for reording has inreased signif-iantly: while for the �rst synthesis sript, about 200 of the 300 senteneswere useless, in the seond synthesis sript about 100 of the 300 sentenes are7. Final tests and results



Optimal Design of a Speeh Database for Unit Seletion Synthesis 69pass 1 pass 2Number of sentenes 300 300Average sentene length 66.64 units 43.01 unitsMaximum sentene length 120 units 120 unitsMinimum sentene length 10 units 10 unitsphone overage 100.00% 98.15%simple diphone overage 51.95% 43.84%simple prosody overage 20.92% 16.37%lustered diphone overage 58.78% 49.38%lustered prosody overage 27.94% 22.49%Table 7.3: Coverage of seleted sentenes of �rst and seond pass of the algo-rithmuseless.So the quality of the sentenes is all right now, but has the overage suf-fered? Table 7.3 shows the distribution of the two passes of the algorithm inomparison.In general, the overage is very low for both sets. The reason for this is thattoo few sentenes are seleted.Not surprisingly, the overage is worse for the seond pass than for the�rst. But the di�erene of the overages of the two sets is not as large as theoverage di�erenes of the two text databases from whih the sentenes areseleted: While the prosody and diphone overages are about 17-20% lower forthe redued text database than for the �rst 897,096 sentenes of the Wikipediaorpus, the di�erene between the two sripts is between 4 and 9%.The results show that distribution is not everything for a good speeh or-pus. The readability of the sentenes has to be onsidered as well. A balanebetween the two extremes presented here - a huge orpus with good overageand a lot of useless sentenes, and a small orpus with worse overage butmostly useful sentenes - has to be found in order to produe a good speehorpus.7.4 SummaryIn this hapter, extensive tests were performed with the algorithm on the twoGerman text orpora.The goal of the tests desribed in setion 7.1 is the searh for the best settingsof the algorithm. The results indiate that the inverse frequeny measure leads7. Final tests and results



70 Optimal Design of a Speeh Database for Unit Seletion Synthesisto the best distributions. As for the wanted weight settings, a preferene forthe diphone level gives good results for all overage measures. For the prosodyoverage measures, the setting of the wanted weight is not as important asthe setting of the frequeny weight. Setting the wanted weight to prefer newphones does not have muh in�uene on the results.In setion 7.2, the amount of sentenes needed to reah the maximum over-age for eah of the four measures with di�erent database sizes was examined.The results show that the number of sentenes needed rises with database size.They also show that this e�et diminishes with inreasing text database size.This indiates that there is a maximum size for a text database, after whihit is not useful to add new sentenes anymore.This is supported by the other tests onduted in this setion, In thesetests, the overage reahed when 1000 sentenes are seleted from databases ofdi�erent sizes was measured. As in the previous tests, the overage inreaseswith orpus size, but the rise gets very �at in the end.In setion 7.3, an example synthesis sript of 300 sentenes was built usingthe algorithm. The �rst try, using the �rst 897,096 sentenes of the Wikipediaorpus as the basis for seletion, led to disappointing results in terms of sen-tene quality. The analysis of the seleted sentenes led to the onlusion thatthe sentene redibility hek has to be striter.In onsequene, a redued Wikipedia orpus was built, with only those sen-tenes that onsisted entirely of words in the lexion. Building a synthesissript from this text orpus yielded a synthesis sript of muh higher quality.However, the overage of this sript is worse than the overage of the sriptwith bad sentene quality.

7. Final tests and results



8 Seletion toolsThe implementation of the algorithm used in this thesis is available as partof the Mary System. It omes with several other programs supporting thereation of a speeh orpus. The programs are written in Java or Perl and anbe started from the ommand line.Apart from the seletion program, whih is desribed in detail in setion 8.1,there is a program to build the text database, the basis for seletion. It isdesribed in setion 8.2. Furthermore, setion 8.3 desribes a program foranalyzing the results of the seletion program. Finally, there are two Perlprograms supporting the manual modi�ation of a synthesis sript. They arespei�ed in setion 8.4.8.1 Seletion ProgramThe seletion program selets sentenes from a text database aording tothe algorithm spei�ed in this thesis. It needs three basi arguments: list of�lenames, feature de�nition and stop riterion. The �lenames onstitute thetext orpus in the form of binary feature �les, whereas the feature de�nitionsupplies the basi information to read those feature �les. The stop riterionis variable: the algorithm an stop after a spei�ed number of sentenes isseleted, or after the maximum overage is reahed for one or more of thefour di�erent overage measures simple diphones, simple prosody, lustereddiphones and lustered prosody.When the program is started for the �rst time, it reads in all sentenes,builds the over sets to be �lled by the algorithm and omputes the overagestatistis of the text orpus. A �le ontaining all data needed for initializationof the program is stored on hard disk for subsequent runs. The text orpusstatistis are also stored on disk to make the information available to the user.The settings for the di�erent parameters of the algorithm are read from aon�guration �le during the initialization of the program.After the program has been initialized, the sentene seletion is started.During seletion, the progress of the program is printed to a log �le and, if inverbose mode, also to the ommand line.When the seletion is ompleted, several �les are written to disk. Firstly,71



72 Optimal Design of a Speeh Database for Unit Seletion Synthesisa �le ontaining the resulting speeh orpus in the form of a list of seletedfeature �les. From this �le, the synthesis sript, that is, the list of the atualsentenes of the orpus, an be reated with the program presented in se-tion 8.4. Seondly, the program reates a �le ontaining the settings of thepass and the overage of the speeh orpus - for all four overage measures andthe phone overage.Apart from these basi funtions, the seletion program o�ers two options toin�uene the seletion proess: it an be given a set of sentenes to inlude inthe over and another set of sentenes to exlude from seletion. This is useful,for example, for editing a synthesis sript. Setion 8.4 gives more details onthis.Another option of the seletion program is to ollet the settings and resultsof eah pass of the algorithm in one log �le. This log �le an be analyzed bythe analysis program desribed in setion 8.3.Finally, there is the option to log the development of overage during theseletion proess. The result is a �le ontaining a table with the phone, diphoneand prosody overage at every iteration of the algorithm. It an be used toonstrut a graph showing the overage development over time, suh as thegraph in �gure 7.38.2 Text database build programThe text database build program onstruts the text database for the seletionprogram out of a set of text �les. The program heavily depends on Mary: Forevery �le, the program uses Mary's text proessing modules for splitting thegiven text into sentenes. Then every sentene is heked for redibility, basedon the phoneti transription modules of Mary as desribed in setion 7.3.3:All sentenes ontaining words that were not transribed with the use of thelexion, the user lexion or the preproessing module are lassi�ed as unreli-able. Additionally, there is the option to relax this rule a bit by rating alsothe words transribed with the Denglish or the ompound module as redible.Unreliable sentenes are written to a log �le, whereas for the redible sen-tenes, Mary is used again to ompute the features for seletion. Featuresand appropriate sentene are then stored on hard disk. The program olletsthe �lenames of all redible feature �les in one �le. This list of sentenesonstitutes the text database and an be used by the seletion program.Due to format errors in the text, exeptions an our during the exeutionof the program, ausing it to abort. In order to avoid having to start theproessing from the �rst �le in the list again, the program keeps trak ofwhih �les have already been proessed. When it is restarted after a rash, it8. Seletion tools



Optimal Design of a Speeh Database for Unit Seletion Synthesis 73resumes proessing with the next �le in the list.8.3 Analysis programThe analysis program sorts the results of di�erent passes of the program. Theinput of the program onsists of one �le ontaining the results of all passes.This �le an be reated with the seletion program. The program produessix di�erent �les: One for eah of the four overage measures, one listing thepasses that led to the same results and one sorting the results aording tothe number of seleted sentenes. In the �les for the overage measures, theresults are sorted aording to the overage ahieved for the urrent measure.There are several modes of display for the results. In the full mode, settingsand results are printed to the output �les in every detail. In the justSettingsmode, only the settings are printed, whih makes the �les more readable.The program is useful to ompare the performane of di�erent settings ofthe algorithm. It was used for omparing the results of the tests in hapters 4and 7, and for produing the tables in appendix C.8.4 Sript programsThere are two sript programs: The �rst one produes a synthesis sript froma set of seleted feature �les. The seond one onverts the synthesis sriptinto two �les: one lists the feature �les of the useful sentenes and the otherone the feature �les of the useless sentenes. Whether a sentene is useful oruseless, is determined by the user.These programs are useful for manually orreting a synthesis sript. Thework �ow is as follows: From the list of feature �les seleted by the seletionprogram, a synthesis sript is reated with the �rst program. The user thenlooks over the sentenes and sorts out those that are not suitable for reording.Examples for unsuitable sentenes are sentenes that are not omplete, ontainambiguous words or words that are di�ult to pronoune. Using the seondsript program, the sript is divided into lists of good and bad feature �les.Now the seletion program is alled with the good feature �les to be inludedin the speeh orpus and the bad feature �les to be removed from the textdatabase prior to seletion. The program reates a new list of features whihan be onverted to a synthesis sript. This proess an be repeated until thesynthesis sript is ompleted.
8. Seletion tools





9 Summary and ConlusionIn this thesis, an algorithm for seleting sentenes for a speeh orpus has beenproposed, implemented and tested thoroughly. The algorithm is available aspart of the Mary Text-To-Speeh System. The system an be downloaded fromhttp://mary.dfki.de and is released as open soure.The algorithm is �rst desribed in hapter 3. It is a variant of the greedyalgorithm: At every iteration of the algorithm, the sentene with the highestsentene sore is seleted. In the �rst version of the algorithm, there was alsoa variant in whih the sentene with the highest sore and the highest numberof new units (normalized by sentene length) was seleted. This variant wasdropped in the �nal implementation, beause it proved to be too unreliable inthe �rst tests.For the omputation of sentene sore, the sore of the units in a sentene issummed up and divided by sentene length. There are two di�erent de�nitionsof a unit: simple diphone and lustered diphone. Simple diphone units on-sist of the three features �phone�, �next phone� and �prosody�. Analogous tothat, lustered diphones ontain the features �phone�, �next phone lass� and�prosody`�. A phone lass is a set of one or more phones that have a similarplae of artiulation, like, for example, alveolar onsonants. Phone lasses areused in order to redue the number of diphone ombinations.Unit sore is the sum of the sores of the features. For every feature value,the sore is the produt of frequeny weight and wanted weight. The frequenyweight re�ets the frequeny of the urrent value in the text database. Thereare four di�erent frequeny measures: relative frequeny, 1 minus relative fre-queny (1minus), 1 divided by relative frequeny (inverse frequeny), and 1(no frequeny). The wanted weight re�ets how muh a value is wanted in thespeeh orpus. It is dereased every time a unit with that value is added tothe speeh orpus.As desribed in hapter 4, the algorithm was �rst tested on the database ofthe Blizzard Challenge, an English database onsisting of text and appropriatereordings. Based on the results of the tests, the algorithm was optimized asdesribed in hapter 5. At the same time, from the results of the tests, the setof sentenes with the best distribution was hosen to build a voie, whih wasthen submitted to the Blizzard Challenge. In the hallenge, the mean opinionsore of this voie was worse than the voie built from the full database, but75



76 Optimal Design of a Speeh Database for Unit Seletion Synthesisbetter than the voie built from the Arti subset of the database.Apart from the optimization of the algorithm, hapter 5 also desribes thepreparations made to ope with the German text orpora that are desribedin hapter 6. Most notably, a sentene redibility hek is introdued to ruleout sentenes whose phoneti transriptions are questionable.Chapter 6 desribes the building proess of two German text orpora. Theywere built from Internet resoures: one of the orpora, alled the Guten-berg orpus, onsists of the German books of Projet Gutenberg (Gutenberg(2007)), the other one, Wikipedia orpus, onsists of artiles from the GermanWikipedia (Wikipedia (2007a)).Both text orpora were �rst downloaded and stored in text �les. Then these�les were divided into sentenes with the text proessing modules of Mary.For the Wikipedia orpus, major removal of formatting ommands had tobe performed. Unreliable sentenes were removed with the above mentionedsentene redibility hek and the unit features were omputed with the helpof Mary. The resulting orpora onsist of 897,096 sentenes (Gutenberg) and2,159,445 sentenes (Wikipedia), respetively.The orpora were used as a basis for further tests on the algorithm, desribedin hapter 7. First of all, the best settings for the algorithm were investigatedby applying the algorithm to the �rst 5000 sentenes of eah orpus with di�er-ent settings. At eah pass, 500 sentenes were seleted and their distributionmeasured.The results indiate that, for the wanted weight, weighting the features �nextphone� and �next phone lass�, respetively, 5 times higher than the prosodyfeature is a good setting for ahieving good diphone overage. For prosodioverage, there seems to be no ultimate best setting for the wanted weight.However, the performane of the algorithm is most dependent on the frequenyweight, with inverse frequeny being the best setting, and relative frequenythe worst.The seond round of tests entered on the topi of orpus size: How largedoes the text orpus have to be to ensure a good overage of the speeh or-pus? For answering this question, the tests were onduted on sub orpora ofdi�erent sizes of the Gutenberg and the Wikipedia orpus. The overage of1000 seleted sentenes was investigated, as well as the number of sentenesneeded for ahieving full overage.The results show that, although the ahievable overage of the speeh orpusrises with text orpus size, after the text orpus has exeeded a ertain size,the bene�t of adding more sentenes to the text orpus dereases. Also, thenumber of sentenes needed to ahieve full overage does not neessarily re�etthe real number of new unit types. 9. Summary and Conlusion



Optimal Design of a Speeh Database for Unit Seletion Synthesis 77Finally, hapter 7 also desribes the attempt to build a synthesis sript(the atual list of sentenes of a speeh orpus) from the Wikipedia orpus.The �rst attempt failed, beause there were too many unreliable sentenesin the resulting synthesis sript. The sentene redibility hek used duringthe reation of the orpus obviously was too lax. Therefore, the sentenes ofthe Wikipedia orpus are heked again more stritly, reduing the Wikipediaorpus from 2,159,445 to 413,401 sentenes. The synthesis sript seleted fromthe new text orpus is signi�antly more suitable for reording. The overageof the redued text orpus is about 17-20% lower than the overage of theWikipedia orpus, but the overage of the synthesis sript gained from thisorpus is only 4-9% lower than the overage of the sript obtained from thefull orpus.Chapter 8 desribes the implementation of the algorithm in the form thatit is available as part of Mary. In addition to the atual seletion program,several other programs are available as well. These programs an be used toreate a text database or to handle the results of the seletion. Thus, theyomprise a whole seletion toolkit.The question if the algorithm presented in this thesis is apable of seletingthe optimal speeh orpus is not easy to answer. First of all, the meaning ofthe term �optimal� in this ontext has to be further spei�ed. The optimalspeeh orpus has the maximum overage for all four overage measures. Atthe same time, the number of sentenes in the orpus is the minimum numberof sentenes needed to reah the maximum overage. Furthermore, the qualityof all sentenes is high enough for them to be reorded.Apart from the overage of the speeh orpus, those onditions are not easyto assess. It is not lear what the minimum number of sentenes needed is.The experiments with di�erent text orpora sizes in setion 7.2 show that theoverage attainable and the number of sentenes needed is di�erent for di�erenttext orpora.The quality of the sentenes in the speeh orpus is very dependent on thetext orpus. As the problemati sentenes that our in the example synthesissript desribed in setion 7.3 show, preseletion of the sentenes in the textorpus is very important. In addition to a riterion for sentene redibility,the texts from whih the orpus is built should be hosen with are. This way,undesirable sentenes like those removed by the sentene redibility hek insetion 6.2 an be ruled out from the beginning.So, for the evaluation of the algorithm, the overage measures are the mostimportant fator. The tests in hapter 7 show that the maximum overagean be ahieved with the algorithm. In partiular, the tests in setion 7.1 alsoshow that the performane of the algorithm depends heavily on the settings9. Summary and Conlusion



78 Optimal Design of a Speeh Database for Unit Seletion Synthesisof the parameters. There has to be a balane between frequeny weight andwanted weight to reah a good overage.However, setion 7.2 shows that the seletion is not always optimal. For somepasses of the algorithm, more sentenes than needed for maximum diphoneoverage were seleted, presumably beause new prosodi variations were ratedhigher than new diphones.Therefore, it might make sense to redue the speeh orpus produed by thealgorithm. This ould be done, for example, with the inverse greedy algorithmthat is desribed in François and Boë�ard (2002).All in all, it was shown that the presented algorithm is suitable for seletinga speeh orpus. With the seletion tools reated in this thesis, there nowexists a basis to reate a orpus for a synthesis voie with adequate overage.

9. Summary and Conlusion



BibliographyOve Andersen and Charles Hoequist. Keeping Rare Events Rare. In Proeed-ings Eurospeeh, Geneva, Switzerland, pages 1337�1340, 2003.Alan W. Blak and Kevin A. Lenzo. Optimal Data Seletion for Unit Se-letion Synthesis. In 4th ISCA Tutorial and Researh Workshop on SpeehSynthesis, Perthshire, Sotland, pages 63�67, 2001.Baris Bozkurt, Ozlem Ozturk, and Thierry Dutoit. Text Design for TTSSpeeh Corpus Building using a Modi�ed Greedy Seletion. In ProeedingsEurospeeh, Geneva, Switzerland, pages 277�280, 2003.Hélène François and Olivier Boë�ard. The Greedy Algorithm and its Applia-tion to the Constrution of a Continuous Speeh Database. In ProeedingsLREC, Las Palmas, Canary Islands, Spain, 2002.Jean-Lu Gauvain, Lori Lamel, and Maxine Eskénazi. Design Considerationsand Text Seletion for BREF, a large Frenh Read Corpus. In ProeedingsICSLP, Kobe, Japan,, pages 1097�1100, 1990.Projet Gutenberg. German Ebooks of Projet Gutenberg, 2007. URLhttp://www.gutenberg.org/browse/languages/de. Online; as of 17 thof April, 2007.John Kominek and Alan Blak. Cmu Arti databases for Speeh Synthesis.Tehnial report, CMU Language Tehnologies Institute, 2003.Bernd Möbius. Rare Events and Closed Domains - Two Deliate Coneptsin Speeh Synthesis. International Journal of Speeh Tehnology, 6:57�71,2003.Mar Shröder and Jürgen Trouvain. The German Text-To-Speeh SynthesisSystem MARY: A Tool for Researh, Development and Teahing. Interna-tional Journal of Speeh Tehnology, 6:365�377, 2003.Antje Shweitzer, Norbet Braunshweiler, Tanja Klankert, Bernd Möbius, andBettina Sauberlih. Restrited Unlimited Domain Synthesis. In ProeedingsEurospeeh, Geneva, Switzerland, pages 1321�1324, 2003. 79



80 Optimal Design of a Speeh Database for Unit Seletion SynthesisChilin Shih and Benjamin Ao. Duration Study for the AT&T Mandarin Text-To-Speeh System. In Seond ESCA/IEEE Workshop on Speeh Synthesis,New Paltz, NY, USA, pages 29�32, 1994.Jan P. H. van Santen and Adam L. Buhsbaum. Methods for Optimal TextSeletion. In Proeedings Eurospeeh, Rhodes, Greee, pages 553�556, 1997.Jan P.H. van Santen. Combinatorial Issues in Text-To-Speeh Synthesis. InProeedings Eurospeeh, Rhodes, Greee, pages 2507�2510, 1997.Wikipedia. Data Dump of German Wikipedia, 2007a. URLhttp://dumps.wikimedia.org/bakup-index.html. Online; dump from27 th of April, 2007.Wikipedia. Levenshtein Distane �Wikipedia, The Free Enylopedia, 2007b.URL http://en.wikipedia.org/w/index.php?title=Levenshtein_dis-tane&oldid=141557929. Online; version from 30th of June, 2007.Wikipedia. Mean Opinion Sore � Wikipedia, The Free Enylopedia, 2007.URL http://en.wikipedia.org/w/index.php?title=Mean_Opinion-_Sore&oldid=141369794. Online; version from 29th of June, 2007.Wikipedia. Word Error Rate � Wikipedia, The Free Enylopedia,2006. URL http://en.wikipedia.org/w/index.php?title=Word_error-_rate&oldid=85646701. Online; version from 4th of November, 2006.

Bibliography



A English phone lasseslass Sampa IPA0 0,_ 0,pause_labial b,m,p,w b,m,p,w_alveolar d,l,n,r,s,t,z d,l,n,r,s,t,z_palatal tS,DZ,S,j,Z tS,DZ,S,j,Z_labiodental f,v f,v_dental D,T D,T_velar g,k,N g,k,N_glottal h hv_i I,i I,iv_u U,u U,uv_o A,O A,Ov_E E Ev_EI EI EIv_V V 2v_� � @v_r= r= r=v_�U �U @Uv_OI OI OIv_{ { 0v_aU aU aUv_AI AI AITable A.1: The 21 phone lasses for English
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B German phone lasseslass Sampa IPA0 0,_,? 0,pause.P_labial b,m,p,w,pf b,m,p,w,pf_alveolar d,l,n,r,s,t,z d,l,n,r,s,t,z_palatal tS,S,j,Z tS,S,j,Z_labiodental f,v f,v_dental D,T D,T_velar g,k,N,C g,k,N,C_glottal h h_uvular x,K x,Kv_i i,i: i,i:v_u U,u,u: U,u,u:v_O O Ov_o o,o: o,o:v_E E,E: E,E:v_EI EI EIv_� � @v_aU AU aUv_6 6 6v_~ a~,e~,o~,9~ ã,ẽ,õ,œ̃v_a a,a: a,a:v_y y,Y y,Yv_2 2,2: ø,ø:v_e e,e: e,e:v_9 9 œv_OY OY OYv_Ya Ya Yav_aI aI aITable B.1: The 27 phone lasses for German
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C Results of the setting testsThe following tables show the results of the tests for the best settings. Eahsetting was tested with the �rst 5000 sentenes of the Gutenberg orpus andthe Wikipedia orpus, respetively. The ordering of the tables re�ets theresults for the di�erent settings. The best settings are at the top.In table C.1, the settings are ordered in respet to with whih setting thehighest simple diphone overage was ahieved. Analogously, table C.2 sorts thesettings aording to lustered diphone overage ahieved. Tables C.3 and C.4do the same for simple prosody overage and lustered prosody overage, re-spetively.Abbrevations:- SD/CD = units are simple/lustered diphones- inverse;minus1;none;normal = use inverse, minus1, none or normal fre-queny weight- 25/5/1 = wanted weights: phone level 25, diphone level 5, prosody level 1- 2;5;1000 = divide wanted weight by 2, 5 or 1000Best settings for simple diphone overageGutenberg WikipediaSettings Coverage Settings Coveragemax 0.43670 max 0.568301 SD;inverse;25/5/1;5 0.42997 1 SD;inverse;25/5/1;1000 0.557911 SD;inverse;25/5/1;1000 0.42997 1 SD;inverse;1/5/1;1000 0.557911 SD;inverse;1/5/1;5 0.42997 2 SD;inverse;25/5/1;5 0.55691 SD;inverse;1/5/1;1000 0.42997 2 SD;inverse;1/5/1;5 0.55692 SD;inverse;25/5/1;2 0.42727 3 SD;inverse;25/5/1;2 0.554882 SD;inverse;1/5/1;2 0.42727 3 SD;inverse;1/5/1;2 0.554883 SD;1minus;25/5/1;1000 0.41515 4 SD;none;1/5/1;1000 0.542764 SD;none;1/5/1;1000 0.41347 4 SD;1minus;1/5/1;1000 0.542765 SD;none;25/5/1;1000 0.41313 5 SD;1minus;25/5/1;1000 0.541416 SD;none;25/5/1;5 0.41279 6 SD;none;25/5/1;1000 0.541086 SD;none;1/5/1;5 0.41279 7 SD;none;25/5/1;5 0.539396 SD;1minus;1/5/1;1000 0.41279 8 SD;1minus;1/5/1;5 0.538057 SD;1minus;25/5/1;5 0.41111 9 SD;none;1/5/1;5 0.53737
85



86 Optimal Design of a Speeh Database for Unit Seletion SynthesisSettings Coverage Settings Coveragemax 0.43670 max 0.568308 SD;1minus;1/5/1;5 0.4101 9 SD;1minus;25/5/1;5 0.537379 SD;inverse;1/1/1;5 0.40875 10 SD;inverse;1/1/1;1000 0.5350210 SD;inverse;1/1/1;1000 0.40842 11 SD;inverse;1/1/1;5 0.5340111 SD;inverse;1/1/1;2 0.40741 12 SD;inverse;1/1/1;2 0.5309812 SD;1minus;25/5/1;2 0.40135 13 SD;1minus;25/5/1;2 0.5262612 SD;1minus;1/5/1;2 0.40135 14 SD;1minus;1/5/1;2 0.5252513 SD;none;25/5/1;2 0.40067 15 SD;none;25/5/1;2 0.5242413 SD;none;1/5/1;2 0.40067 16 CD;inverse;25/5/1;2 0.522914 CD;inverse;25/5/1;2 0.39596 16 CD;inverse;1/5/1;2 0.522914 CD;inverse;1/5/1;2 0.39596 17 SD;none;1/5/1;2 0.5222215 SD;inverse;1/5/25;5 0.39259 18 SD;inverse;1/5/25;1000 0.520216 SD;inverse;1/5/25;1000 0.39226 19 CD;inverse;25/5/1;5 0.5195317 SD;inverse;1/5/25;2 0.39192 19 CD;inverse;1/5/1;5 0.5195317 CD;inverse;25/5/1;5 0.39192 20 SD;inverse;1/5/25;5 0.5185217 CD;inverse;1/5/1;5 0.39192 21 SD;inverse;1/5/25;2 0.5171718 CD;inverse;25/5/1;1000 0.39057 21 CD;none;25/5/1;2 0.5171718 CD;inverse;1/5/1;1000 0.39057 21 CD;none;1/5/1;2 0.5171718 CD;inverse;1/1/1;5 0.39057 22 CD;1minus;25/5/1;2 0.5168419 CD;inverse;1/1/1;2 0.3899 23 CD;inverse;1/1/1;2 0.516519 CD;inverse;1/1/1;1000 0.3899 24 CD;1minus;25/5/1;5 0.5161620 CD;inverse;1/5/25;5 0.38687 24 CD;1minus;1/5/1;2 0.5161621 CD;inverse;1/5/25;2 0.38586 25 CD;1minus;1/5/1;5 0.5158222 CD;inverse;1/5/25;1000 0.38519 26 CD;inverse;25/5/1;1000 0.5154923 SD;1minus;1/1/1;5 0.38215 26 CD;inverse;1/5/1;1000 0.5154924 CD;none;1/5/1;2 0.38047 27 CD;none;25/5/1;5 0.5151525 SD;none;1/1/1;5 0.3798 27 CD;none;1/5/1;5 0.5151525 SD;1minus;1/1/1;1000 0.3798 28 CD;inverse;1/1/1;5 0.5127926 SD;none;1/1/1;2 0.37912 29 CD;1minus;1/5/1;1000 0.5124626 SD;1minus;1/1/1;2 0.37912 30 CD;none;25/5/1;1000 0.5121227 CD;none;25/5/1;5 0.37879 31 CD;inverse;1/1/1;1000 0.5117827 CD;none;25/5/1;1000 0.37879 32 CD;none;1/5/1;1000 0.510127 CD;1minus;25/5/1;5 0.37879 32 CD;inverse;1/5/25;2 0.510127 CD;1minus;25/5/1;1000 0.37879 33 CD;1minus;25/5/1;1000 0.5084228 CD;1minus;1/5/1;5 0.37845 34 CD;inverse;1/5/25;1000 0.5074129 SD;none;1/1/1;1000 0.37811 35 SD;1minus;1/1/1;1000 0.5070729 CD;none;1/5/1;5 0.37811 36 SD;1minus;1/1/1;5 0.5067329 CD;none;1/5/1;1000 0.37811 37 CD;inverse;1/5/25;5 0.5064
C. Results of the setting tests



Optimal Design of a Speeh Database for Unit Seletion Synthesis 87Settings Coverage Settings Coveragemax 0.43670 max 0.5683030 CD;1minus;1/5/1;2 0.37744 38 SD;none;1/1/1;5 0.5060631 CD;1minus;1/5/1;1000 0.37677 39 SD;none;1/1/1;1000 0.5026932 CD;none;25/5/1;2 0.37643 40 SD;none;1/1/1;2 0.4989933 CD;1minus;25/5/1;2 0.37576 41 CD;none;1/1/1;5 0.4969734 SD;1minus;1/5/25;2 0.36431 42 SD;1minus;1/1/1;2 0.496335 SD;1minus;1/5/25;1000 0.36364 43 CD;1minus;1/1/1;1000 0.4946136 SD;none;1/5/25;2 0.36296 44 CD;1minus;1/1/1;5 0.4942837 SD;none;1/5/25;5 0.36195 45 CD;none;1/1/1;1000 0.4939437 CD;1minus;1/1/1;5 0.36195 46 SD;none;1/5/25;1000 0.4882238 CD;none;1/1/1;2 0.36162 46 CD;1minus;1/1/1;2 0.4882239 SD;1minus;1/5/25;5 0.36094 47 SD;none;1/5/25;5 0.4878840 CD;none;1/1/1;5 0.36061 48 CD;none;1/1/1;2 0.4868740 CD;1minus;1/1/1;2 0.36061 49 SD;1minus;1/5/25;1000 0.486241 SD;none;1/5/25;1000 0.36027 50 SD;1minus;1/5/25;5 0.4858642 CD;none;1/1/1;1000 0.3596 51 CD;none;1/5/25;1000 0.4801343 CD;1minus;1/1/1;1000 0.35791 52 CD;1minus;1/5/25;1000 0.479844 SD;normal;25/5/1;1000 0.35623 53 SD;1minus;1/5/25;2 0.4791245 SD;normal;1/5/1;1000 0.35387 54 CD;none;1/5/25;2 0.4784546 CD;none;1/5/25;5 0.35152 54 CD;1minus;1/5/25;5 0.4784547 SD;normal;1/5/1;5 0.35118 55 SD;normal;25/5/1;1000 0.4781148 CD;none;1/5/25;2 0.35017 56 CD;none;1/5/25;5 0.4777849 CD;1minus;1/5/25;1000 0.34781 57 SD;none;1/5/25;2 0.4774450 CD;1minus;1/5/25;2 0.34714 57 SD;normal;25/5/1;5 0.4774451 CD;1minus;1/5/25;5 0.34613 58 SD;normal;1/5/1;5 0.4757652 CD;none;1/5/25;1000 0.34444 59 SD;normal;1/5/1;1000 0.4754253 SD;normal;25/5/1;5 0.34411 60 CD;1minus;1/5/25;2 0.4750854 CD;normal;1/5/1;1000 0.34209 61 CD;normal;25/5/1;5 0.4744155 CD;normal;25/5/1;1000 0.34141 62 CD;normal;25/5/1;1000 0.473456 CD;normal;25/5/1;5 0.33939 62 CD;normal;1/5/1;5 0.473457 CD;normal;1/5/1;2 0.3367 63 CD;normal;1/5/1;1000 0.4730658 SD;normal;25/5/1;2 0.33502 64 CD;normal;25/5/1;2 0.4646559 CD;normal;1/5/1;5 0.33468 65 SD;normal;25/5/1;2 0.4602760 CD;normal;25/5/1;2 0.33434 66 CD;normal;1/1/1;1000 0.4599361 SD;normal;1/5/1;2 0.33165 67 SD;normal;1/1/1;5 0.4575862 SD;normal;1/1/1;1000 0.32929 67 SD;normal;1/1/1;1000 0.4575863 SD;normal;1/1/1;5 0.3266 68 SD;normal;1/5/1;2 0.4572464 CD;normal;1/1/1;5 0.32424 69 CD;normal;1/5/1;2 0.4569
C. Results of the setting tests



88 Optimal Design of a Speeh Database for Unit Seletion SynthesisSettings Coverage Settings Coveragemax 0.43670 max 0.5683064 CD;normal;1/1/1;1000 0.32424 70 CD;normal;1/1/1;5 0.4508465 SD;normal;1/5/25;5 0.31818 71 CD;normal;1/1/1;2 0.446866 SD;normal;1/5/25;1000 0.31785 72 SD;normal;1/1/1;2 0.4461366 CD;normal;1/1/1;2 0.31785 73 CD;normal;1/5/25;1000 0.4451267 CD;normal;1/5/25;5 0.3165 74 SD;normal;1/5/25;5 0.4410868 CD;normal;1/5/25;1000 0.31515 75 CD;normal;1/5/25;5 0.4407469 SD;normal;1/1/1;2 0.31448 76 SD;normal;1/5/25;1000 0.4393970 CD;normal;1/5/25;2 0.30976 77 CD;normal;1/5/25;2 0.436771 SD;normal;1/5/25;2 0.30135 78 SD;normal;1/5/25;2 0.43064Table C.1: Best settings for simple diphone overageBest settings for lustered diphone overageGutenberg WikipediaSettings Coverage Settings Coveragemax 0.47531 max 0.599451 CD;inverse;25/5/1;5 0.47531 1 CD;inverse;25/5/1;5 0.599451 CD;inverse;25/5/1;1000 0.47531 1 CD;inverse;25/5/1;1000 0.599451 CD;inverse;1/5/1;5 0.47531 1 CD;inverse;1/5/1;5 0.599451 CD;inverse;1/5/1;1000 0.47531 1 CD;inverse;1/5/1;1000 0.599452 CD;inverse;25/5/1;2 0.47394 2 CD;inverse;25/5/1;2 0.598772 CD;inverse;1/5/1;2 0.47394 2 CD;inverse;1/5/1;2 0.598773 CD;none;25/5/1;1000 0.47325 3 SD;inverse;25/5/1;5 0.596023 CD;1minus;25/5/1;1000 0.47325 3 SD;inverse;25/5/1;1000 0.596024 CD;none;1/5/1;1000 0.47257 3 SD;inverse;1/5/1;5 0.596025 CD;1minus;1/5/1;1000 0.47188 3 SD;inverse;1/5/1;1000 0.596026 CD;inverse;1/1/1;5 0.47119 4 SD;inverse;25/5/1;2 0.595346 CD;inverse;1/1/1;1000 0.47119 4 SD;inverse;1/5/1;2 0.595346 CD;1minus;25/5/1;5 0.47119 4 CD;1minus;1/5/1;1000 0.595347 SD;inverse;25/5/1;5 0.47051 5 CD;none;1/5/1;1000 0.594657 SD;inverse;1/5/1;5 0.47051 5 CD;1minus;25/5/1;5 0.594658 SD;inverse;25/5/1;1000 0.46982 6 CD;none;25/5/1;1000 0.593968 SD;inverse;1/5/1;1000 0.46982 6 CD;inverse;1/1/1;5 0.593968 CD;none;25/5/1;5 0.46982 7 CD;inverse;1/1/1;1000 0.593288 CD;none;1/5/1;5 0.46982 7 CD;1minus;25/5/1;1000 0.593288 CD;1minus;1/5/1;5 0.46982 7 CD;1minus;1/5/1;5 0.593289 CD;inverse;1/1/1;2 0.46914 8 CD;none;25/5/1;5 0.59259
C. Results of the setting tests



Optimal Design of a Speeh Database for Unit Seletion Synthesis 89Settings Coverage Settings Coveragemax 0.47531 max 0.5994510 SD;inverse;25/5/1;2 0.46845 8 CD;none;1/5/1;5 0.5925910 SD;inverse;1/5/1;2 0.46845 9 CD;inverse;1/1/1;2 0.5919111 CD;inverse;1/5/25;5 0.46502 10 CD;none;25/5/1;2 0.5884811 CD;inverse;1/5/25;1000 0.46502 11 CD;none;1/5/1;2 0.5877912 CD;none;1/5/1;2 0.46365 12 CD;1minus;25/5/1;2 0.5871113 CD;inverse;1/5/25;2 0.46296 12 CD;1minus;1/5/1;2 0.5871113 CD;1minus;25/5/1;2 0.46296 13 CD;inverse;1/5/25;2 0.5836814 CD;none;25/5/1;2 0.46228 13 CD;inverse;1/5/25;1000 0.5836814 CD;1minus;1/5/1;2 0.46228 14 CD;inverse;1/5/25;5 0.5829915 SD;none;1/5/1;1000 0.46022 15 SD;1minus;1/5/1;1000 0.5795616 SD;none;25/5/1;1000 0.45885 16 SD;1minus;25/5/1;1000 0.5788817 SD;1minus;1/5/1;1000 0.45816 17 SD;none;1/5/1;1000 0.5781918 SD;none;1/5/1;5 0.45748 18 SD;none;25/5/1;1000 0.577519 SD;1minus;25/5/1;1000 0.45679 19 SD;none;25/5/1;5 0.5761320 SD;none;25/5/1;5 0.4561 19 SD;inverse;1/1/1;1000 0.5761321 SD;1minus;25/5/1;5 0.45542 20 SD;1minus;1/5/1;5 0.5754522 SD;1minus;1/5/1;5 0.45405 21 SD;inverse;1/1/1;5 0.5747623 SD;inverse;1/1/1;2 0.45199 22 SD;none;1/5/1;5 0.572723 SD;inverse;1/1/1;5 0.45199 22 SD;1minus;25/5/1;5 0.572724 SD;inverse;1/1/1;1000 0.4513 23 SD;inverse;1/1/1;2 0.5713325 SD;none;25/5/1;2 0.4465 24 CD;none;1/1/1;1000 0.5665325 SD;1minus;1/5/1;2 0.4465 24 CD;1minus;1/1/1;1000 0.5665325 CD;1minus;1/1/1;5 0.4465 25 SD;1minus;25/5/1;2 0.5644726 SD;1minus;25/5/1;2 0.44513 25 CD;none;1/1/1;5 0.5644726 CD;none;1/1/1;1000 0.44513 26 CD;1minus;1/1/1;5 0.5637927 SD;none;1/5/1;2 0.44444 27 SD;none;25/5/1;2 0.563127 CD;1minus;1/1/1;1000 0.44444 27 SD;1minus;1/5/1;2 0.563128 CD;none;1/1/1;5 0.44307 28 SD;inverse;1/5/25;1000 0.5617329 SD;inverse;1/5/25;5 0.4417 29 SD;none;1/5/1;2 0.5603630 SD;inverse;1/5/25;2 0.44102 29 SD;inverse;1/5/25;5 0.5603630 SD;inverse;1/5/25;1000 0.44102 30 SD;inverse;1/5/25;2 0.5569331 CD;none;1/1/1;2 0.43896 31 CD;none;1/1/1;2 0.548732 CD;1minus;1/1/1;2 0.4369 32 CD;1minus;1/1/1;2 0.5473333 SD;1minus;1/1/1;5 0.43278 33 SD;none;1/1/1;5 0.5459534 SD;none;1/1/1;5 0.4321 33 SD;1minus;1/1/1;5 0.5459535 SD;1minus;1/1/1;1000 0.43073 34 SD;1minus;1/1/1;1000 0.5452736 SD;none;1/1/1;1000 0.43004 35 CD;none;1/5/25;1000 0.54321
C. Results of the setting tests



90 Optimal Design of a Speeh Database for Unit Seletion SynthesisSettings Coverage Settings Coveragemax 0.47531 max 0.5994537 CD;normal;25/5/1;1000 0.42867 36 CD;normal;25/5/1;1000 0.5411538 CD;normal;1/5/1;1000 0.42798 36 CD;1minus;1/5/25;5 0.5411539 CD;none;1/5/25;5 0.42661 36 CD;1minus;1/5/25;1000 0.5411540 SD;1minus;1/1/1;2 0.42524 37 CD;normal;1/5/1;1000 0.5404741 SD;none;1/1/1;2 0.42318 38 CD;none;1/5/25;5 0.5397841 CD;1minus;1/5/25;1000 0.42318 39 SD;none;1/1/1;2 0.5390942 CD;none;1/5/25;1000 0.42181 40 SD;none;1/1/1;1000 0.5384143 CD;1minus;1/5/25;5 0.42112 41 CD;normal;1/5/1;5 0.5377244 CD;1minus;1/5/25;2 0.42044 42 CD;normal;25/5/1;5 0.5356745 CD;normal;25/5/1;5 0.41975 43 SD;1minus;1/1/1;2 0.5336146 SD;1minus;1/5/25;1000 0.41838 44 CD;none;1/5/25;2 0.5315546 CD;none;1/5/25;2 0.41838 45 CD;1minus;1/5/25;2 0.5288147 SD;1minus;1/5/25;2 0.41495 46 SD;none;1/5/25;1000 0.5260648 SD;none;1/5/25;5 0.41358 47 SD;none;1/5/25;5 0.5253848 SD;none;1/5/25;1000 0.41358 48 SD;1minus;1/5/25;1000 0.5212649 SD;1minus;1/5/25;5 0.41289 48 CD;normal;1/1/1;1000 0.5212649 CD;normal;1/5/1;5 0.41289 49 SD;1minus;1/5/25;5 0.519250 SD;none;1/5/25;2 0.41152 50 SD;1minus;1/5/25;2 0.5185251 SD;normal;25/5/1;1000 0.40741 51 SD;none;1/5/25;2 0.514452 SD;normal;1/5/1;1000 0.40604 51 CD;normal;25/5/1;2 0.514453 SD;normal;1/5/1;5 0.40329 52 SD;normal;25/5/1;5 0.5130354 CD;normal;25/5/1;2 0.39918 52 SD;normal;25/5/1;1000 0.5130354 CD;normal;1/1/1;1000 0.39918 53 SD;normal;1/5/1;5 0.5109755 CD;normal;1/5/1;2 0.39849 53 SD;normal;1/5/1;1000 0.5109756 SD;normal;25/5/1;5 0.39506 54 CD;normal;1/5/1;2 0.5102957 CD;normal;1/1/1;5 0.393 55 CD;normal;1/1/1;5 0.5068658 SD;normal;25/5/1;2 0.38889 56 SD;normal;1/1/1;5 0.495259 SD;normal;1/1/1;1000 0.38203 57 CD;normal;1/1/1;2 0.4945160 SD;normal;1/5/1;2 0.38134 58 SD;normal;25/5/1;2 0.4938361 CD;normal;1/5/25;1000 0.38066 58 CD;normal;1/5/25;1000 0.4938362 SD;normal;1/1/1;5 0.37929 59 SD;normal;1/5/1;2 0.4910863 CD;normal;1/5/25;5 0.37723 60 SD;normal;1/1/1;1000 0.4897164 CD;normal;1/1/1;2 0.37311 61 CD;normal;1/5/25;5 0.485665 SD;normal;1/5/25;1000 0.37174 62 SD;normal;1/1/1;2 0.4814866 SD;normal;1/5/25;5 0.37037 63 SD;normal;1/5/25;1000 0.4801167 CD;normal;1/5/25;2 0.36968 64 CD;normal;1/5/25;2 0.4794268 SD;normal;1/1/1;2 0.36557 65 SD;normal;1/5/25;5 0.47599
C. Results of the setting tests



Optimal Design of a Speeh Database for Unit Seletion Synthesis 91Settings Coverage Settings Coveragemax 0.47531 max 0.5994569 SD;normal;1/5/25;2 0.35528 66 SD;normal;1/5/25;2 0.46571Table C.2: Best settings for lustered diphone overageBest settings for simple prosody overageGutenberg WikipediaSettings Coverage Settings Coveragemax 0.25387 max 0.348151 SD;inverse;1/1/1;5 0.18541 1 SD;inverse;1/5/1;1000 0.277782 SD;inverse;1/1/1;1000 0.18524 2 SD;inverse;25/5/1;1000 0.277613 SD;inverse;25/5/1;5 0.18496 3 SD;inverse;1/5/1;5 0.277333 SD;inverse;1/5/1;5 0.18496 4 SD;inverse;25/5/1;5 0.277164 SD;inverse;25/5/1;2 0.18485 5 SD;inverse;1/5/25;5 0.275814 SD;inverse;1/5/1;2 0.18485 6 SD;inverse;1/5/25;1000 0.275765 SD;inverse;1/1/1;2 0.18468 7 SD;inverse;1/5/25;2 0.27576 CD;inverse;1/1/1;5 0.18429 7 SD;inverse;1/5/1;2 0.27577 CD;inverse;1/1/1;1000 0.18401 8 SD;inverse;25/5/1;2 0.275658 SD;inverse;25/5/1;1000 0.18384 9 SD;inverse;1/1/1;1000 0.274868 SD;inverse;1/5/1;1000 0.18384 10 SD;inverse;1/1/1;5 0.27489 CD;inverse;1/5/25;5 0.18378 11 SD;inverse;1/1/1;2 0.2744710 CD;inverse;25/5/1;1000 0.18367 12 CD;inverse;1/1/1;5 0.2718910 CD;inverse;1/5/1;1000 0.18367 13 CD;inverse;1/1/1;2 0.2717211 CD;inverse;25/5/1;5 0.18356 14 CD;inverse;1/5/25;2 0.2711611 CD;inverse;1/5/1;5 0.18356 15 CD;inverse;25/5/1;1000 0.2709312 SD;inverse;1/5/25;1000 0.18345 15 CD;inverse;1/5/1;1000 0.2709312 CD;inverse;1/1/1;2 0.18345 16 CD;inverse;25/5/1;5 0.2707113 CD;inverse;1/5/25;1000 0.18339 16 CD;inverse;1/5/1;5 0.2707114 SD;inverse;1/5/25;5 0.18328 17 CD;inverse;1/1/1;1000 0.2705915 CD;inverse;1/5/25;2 0.18305 18 CD;inverse;1/5/1;2 0.2700316 CD;inverse;25/5/1;2 0.183 19 CD;inverse;25/5/1;2 0.2699216 CD;inverse;1/5/1;2 0.183 20 CD;inverse;1/5/25;5 0.2697517 SD;inverse;1/5/25;2 0.18266 20 CD;inverse;1/5/25;1000 0.2697518 SD;1minus;1/1/1;1000 0.17323 21 SD;1minus;1/1/1;1000 0.2684619 SD;1minus;25/5/1;2 0.17318 22 SD;none;1/1/1;5 0.2677320 SD;none;1/5/1;5 0.17273 23 SD;none;1/5/25;1000 0.2676221 SD;none;1/1/1;5 0.17262 23 SD;1minus;1/1/1;5 0.2676222 SD;none;1/5/1;2 0.172 24 SD;none;1/1/1;1000 0.267
C. Results of the setting tests



92 Optimal Design of a Speeh Database for Unit Seletion SynthesisSettings Coverage Settings Coveragemax 0.25387 max 0.3481523 SD;none;25/5/1;5 0.17189 25 SD;1minus;1/5/25;1000 0.2667224 SD;1minus;1/5/1;2 0.17172 26 SD;1minus;1/5/25;5 0.2664425 SD;none;25/5/1;2 0.17155 27 SD;none;1/5/25;5 0.2656626 SD;1minus;25/5/1;5 0.17144 28 SD;none;1/1/1;2 0.2655427 SD;none;1/1/1;1000 0.17138 29 SD;none;25/5/1;5 0.2649328 SD;none;1/5/25;2 0.17121 30 SD;1minus;25/5/1;5 0.2643129 SD;1minus;1/5/25;1000 0.1711 31 SD;1minus;1/1/1;2 0.2639230 SD;none;1/1/1;2 0.17104 32 SD;1minus;1/5/1;5 0.2636430 SD;1minus;1/1/1;2 0.17104 33 SD;none;1/5/1;5 0.263330 SD;1minus;1/1/1;5 0.17104 34 SD;1minus;1/5/25;2 0.2624631 SD;none;25/5/1;1000 0.17071 35 SD;1minus;1/5/1;1000 0.2623532 SD;1minus;25/5/1;1000 0.17048 36 SD;none;1/5/25;2 0.2621232 SD;1minus;1/5/1;5 0.17048 37 SD;1minus;25/5/1;2 0.2617833 SD;1minus;1/5/25;2 0.16992 38 CD;none;25/5/1;5 0.2615634 SD;1minus;1/5/25;5 0.16942 39 CD;1minus;1/5/1;5 0.261535 SD;none;1/5/1;1000 0.16925 40 CD;1minus;25/5/1;5 0.2612836 SD;none;1/5/25;5 0.16891 41 SD;1minus;1/5/1;2 0.2610537 SD;none;1/5/25;1000 0.16846 42 CD;none;1/5/1;5 0.2608938 SD;1minus;1/5/1;1000 0.16779 43 SD;none;1/5/1;1000 0.2604939 CD;1minus;25/5/1;5 0.1674 43 CD;none;25/5/1;1000 0.2604940 CD;none;25/5/1;5 0.16689 44 SD;none;25/5/1;2 0.2603341 CD;none;1/5/1;5 0.16655 44 SD;none;25/5/1;1000 0.2603342 CD;none;1/5/1;2 0.16633 45 CD;1minus;1/5/1;1000 0.2602743 CD;none;25/5/1;1000 0.16611 46 CD;1minus;1/1/1;5 0.2598244 CD;1minus;1/5/1;5 0.16582 47 SD;none;1/5/1;2 0.2597145 CD;1minus;25/5/1;1000 0.16554 47 SD;1minus;25/5/1;1000 0.2597146 CD;none;1/5/1;1000 0.16515 48 CD;none;1/1/1;5 0.2596546 CD;1minus;1/5/1;1000 0.16515 49 CD;none;1/5/1;1000 0.2594847 CD;1minus;1/5/1;2 0.16453 50 CD;1minus;25/5/1;1000 0.2593248 CD;none;25/5/1;2 0.1642 51 CD;1minus;1/1/1;1000 0.2590349 CD;1minus;25/5/1;2 0.16414 52 CD;1minus;1/5/1;2 0.2587550 CD;1minus;1/1/1;5 0.16403 53 CD;none;25/5/1;2 0.2583151 CD;1minus;1/1/1;2 0.16324 54 CD;1minus;25/5/1;2 0.2578652 CD;none;1/1/1;5 0.16218 55 CD;none;1/5/1;2 0.257853 CD;none;1/1/1;1000 0.16145 55 CD;none;1/1/1;1000 0.257854 CD;none;1/5/25;5 0.16134 56 CD;1minus;1/1/1;2 0.257355 CD;none;1/1/1;2 0.16117 57 CD;none;1/5/25;5 0.25629
C. Results of the setting tests



Optimal Design of a Speeh Database for Unit Seletion Synthesis 93Settings Coverage Settings Coveragemax 0.25387 max 0.3481556 CD;none;1/5/25;2 0.16038 58 CD;none;1/1/1;2 0.2558957 CD;1minus;1/5/25;2 0.1601 59 CD;1minus;1/5/25;2 0.2551658 CD;1minus;1/5/25;5 0.16004 60 CD;1minus;1/5/25;1000 0.2550559 CD;1minus;1/5/25;1000 0.15999 61 CD;none;1/5/25;2 0.2549460 CD;1minus;1/1/1;1000 0.15937 62 CD;1minus;1/5/25;5 0.2546661 CD;none;1/5/25;1000 0.15735 63 CD;none;1/5/25;1000 0.2529262 SD;normal;1/5/1;5 0.14607 64 SD;normal;25/5/1;5 0.242263 SD;normal;1/1/1;5 0.14568 65 SD;normal;1/5/1;5 0.2395664 SD;normal;1/1/1;1000 0.14461 66 SD;normal;1/1/1;5 0.2383865 SD;normal;1/5/1;1000 0.14439 67 SD;normal;25/5/1;1000 0.2380566 SD;normal;25/5/1;1000 0.14433 68 CD;normal;1/1/1;1000 0.2377167 CD;normal;1/1/1;5 0.14416 69 CD;normal;25/5/1;2 0.2374368 CD;normal;25/5/1;1000 0.144 69 CD;normal;25/5/1;1000 0.2374369 CD;normal;1/5/1;2 0.14377 70 SD;normal;1/1/1;1000 0.2371570 SD;normal;25/5/1;5 0.14343 71 SD;normal;1/5/1;1000 0.2369271 CD;normal;1/5/1;1000 0.14327 72 CD;normal;1/5/1;5 0.2365972 CD;normal;25/5/1;2 0.1431 73 SD;normal;1/5/1;2 0.2359773 SD;normal;1/5/25;1000 0.14304 74 CD;normal;1/5/1;1000 0.2355874 SD;normal;25/5/1;2 0.14282 75 SD;normal;25/5/1;2 0.2355275 CD;normal;1/5/1;5 0.14237 76 CD;normal;25/5/1;5 0.2353576 SD;normal;1/5/1;2 0.14231 77 CD;normal;1/1/1;5 0.235377 SD;normal;1/5/25;5 0.14226 78 CD;normal;1/5/25;5 0.2346878 CD;normal;25/5/1;5 0.14198 79 SD;normal;1/5/25;1000 0.2337879 CD;normal;1/1/1;1000 0.14074 80 SD;normal;1/5/25;5 0.2333980 CD;normal;1/5/25;5 0.13945 81 CD;normal;1/5/1;2 0.2318281 SD;normal;1/1/1;2 0.13906 82 CD;normal;1/5/25;1000 0.2316582 CD;normal;1/1/1;2 0.139 83 SD;normal;1/1/1;2 0.230783 CD;normal;1/5/25;1000 0.13855 84 CD;normal;1/1/1;2 0.2290184 CD;normal;1/5/25;2 0.13614 85 CD;normal;1/5/25;2 0.2276785 SD;normal;1/5/25;2 0.13311 86 SD;normal;1/5/25;2 0.22323Table C.3: Best settings for simple prosody overageBest settings for lustered prosody overageGutenberg WikipediaSettings Coverage Settings Coveragemax 0.30647 max 0.40043
C. Results of the setting tests



94 Optimal Design of a Speeh Database for Unit Seletion SynthesisSettings Coverage Settings Coveragemax 0.30647 max 0.400431 CD;inverse;1/1/1;1000 0.26692 1 CD;inverse;1/1/1;5 0.354252 CD;inverse;1/1/1;5 0.2668 2 CD;inverse;25/5/1;1000 0.353683 CD;inverse;1/5/25;5 0.26669 2 CD;inverse;1/5/1;1000 0.353684 CD;inverse;1/5/25;1000 0.26623 3 CD;inverse;1/5/25;2 0.353345 CD;inverse;25/5/1;1000 0.26497 4 CD;inverse;1/5/25;5 0.353115 CD;inverse;1/5/1;1000 0.26497 4 CD;inverse;1/1/1;1000 0.353116 CD;inverse;25/5/1;5 0.26417 5 CD;inverse;1/5/25;1000 0.352656 CD;inverse;1/5/1;5 0.26417 6 CD;inverse;25/5/1;5 0.352197 CD;inverse;1/1/1;2 0.26383 6 CD;inverse;1/5/1;5 0.352198 CD;inverse;1/5/25;2 0.2636 6 CD;inverse;1/1/1;2 0.352199 CD;inverse;25/5/1;2 0.26052 7 CD;inverse;1/5/1;2 0.348659 CD;inverse;1/5/1;2 0.26052 8 CD;inverse;25/5/1;2 0.3485410 CD;1minus;1/1/1;5 0.24508 9 CD;none;25/5/1;1000 0.3435111 CD;1minus;25/5/1;5 0.24451 10 CD;1minus;1/1/1;1000 0.3423612 CD;none;25/5/1;1000 0.24417 11 CD;1minus;1/5/1;5 0.3422513 CD;none;25/5/1;5 0.24406 12 CD;1minus;1/1/1;5 0.3421414 CD;none;1/5/1;5 0.24383 13 CD;none;1/1/1;5 0.3420214 CD;1minus;25/5/1;1000 0.24383 14 CD;none;25/5/1;5 0.3419115 CD;1minus;1/5/25;1000 0.24303 15 CD;none;1/5/1;1000 0.3417916 CD;1minus;1/5/1;1000 0.24291 15 CD;1minus;1/5/1;1000 0.3417917 CD;none;1/5/1;1000 0.2428 16 CD;1minus;25/5/1;5 0.3415618 CD;1minus;1/5/1;5 0.24246 16 CD;1minus;25/5/1;1000 0.3415619 CD;none;1/1/1;5 0.24234 17 CD;none;1/1/1;1000 0.3412219 CD;none;1/1/1;1000 0.24234 18 CD;none;1/5/1;5 0.3407620 CD;none;1/5/25;5 0.24166 19 CD;1minus;1/5/25;1000 0.3392821 CD;1minus;1/5/25;5 0.24097 20 SD;inverse;1/5/1;1000 0.3383622 CD;1minus;1/1/1;1000 0.2404 21 CD;none;1/5/25;1000 0.3382523 SD;inverse;25/5/1;5 0.24017 22 SD;inverse;25/5/1;1000 0.3381323 SD;inverse;1/5/1;5 0.24017 23 SD;inverse;1/5/1;5 0.3377924 SD;inverse;1/1/1;1000 0.24005 24 SD;inverse;25/5/1;5 0.3375625 SD;inverse;1/1/1;2 0.23994 25 SD;inverse;25/5/1;2 0.3368825 SD;inverse;1/1/1;5 0.23994 25 SD;inverse;1/5/1;2 0.3368826 CD;none;1/5/1;2 0.23971 25 CD;none;1/5/25;5 0.3368827 CD;1minus;25/5/1;2 0.2396 26 CD;1minus;1/5/25;5 0.3365328 SD;inverse;25/5/1;2 0.23937 27 SD;inverse;1/5/25;1000 0.3351628 SD;inverse;1/5/1;2 0.23937 28 SD;inverse;1/5/25;5 0.3348229 CD;1minus;1/1/1;2 0.23868 29 SD;inverse;1/5/25;2 0.33471
C. Results of the setting tests



Optimal Design of a Speeh Database for Unit Seletion Synthesis 95Settings Coverage Settings Coveragemax 0.30647 max 0.4004330 SD;inverse;25/5/1;1000 0.23857 30 SD;inverse;1/1/1;5 0.3341330 SD;inverse;1/5/1;1000 0.23857 31 SD;inverse;1/1/1;1000 0.3340231 CD;none;1/5/25;1000 0.23811 32 CD;1minus;1/5/1;2 0.3337932 SD;inverse;1/5/25;1000 0.23777 33 CD;none;25/5/1;2 0.3335633 CD;1minus;1/5/1;2 0.23765 34 CD;1minus;25/5/1;2 0.3333334 CD;none;25/5/1;2 0.23754 35 SD;inverse;1/1/1;2 0.3327635 SD;inverse;1/5/25;5 0.2372 36 CD;1minus;1/1/1;2 0.3324236 CD;none;1/1/1;2 0.23685 37 CD;none;1/5/1;2 0.3321937 SD;inverse;1/5/25;2 0.23663 38 CD;none;1/1/1;2 0.3317338 CD;1minus;1/5/25;2 0.23594 39 CD;none;1/5/25;2 0.3304839 CD;none;1/5/25;2 0.23514 40 CD;1minus;1/5/25;2 0.3295640 SD;1minus;25/5/1;2 0.22611 41 SD;none;1/1/1;5 0.3223641 SD;1minus;1/1/1;1000 0.22577 41 SD;1minus;1/1/1;5 0.3223642 SD;none;1/5/1;5 0.22554 42 SD;1minus;25/5/1;5 0.3220243 SD;none;1/1/1;5 0.22485 42 SD;1minus;1/1/1;1000 0.3220243 SD;none;1/1/1;1000 0.22485 43 SD;none;25/5/1;5 0.321944 SD;1minus;25/5/1;5 0.22474 44 SD;none;1/1/1;1000 0.3215645 SD;1minus;1/5/1;2 0.22451 45 SD;none;1/5/25;1000 0.3206446 SD;none;25/5/1;5 0.22428 46 SD;none;1/1/1;2 0.3204246 SD;1minus;1/5/25;1000 0.22428 46 SD;1minus;1/5/1;5 0.3204247 SD;none;25/5/1;2 0.22394 47 SD;none;1/5/1;5 0.3200748 SD;1minus;1/1/1;5 0.22382 48 SD;1minus;1/5/1;1000 0.3198449 SD;1minus;1/5/1;5 0.22371 49 SD;1minus;1/5/25;1000 0.3196250 SD;1minus;1/1/1;2 0.22359 50 SD;none;1/5/25;5 0.3192751 SD;none;25/5/1;1000 0.22348 51 SD;1minus;1/1/1;2 0.3183651 SD;none;1/5/1;2 0.22348 52 SD;1minus;1/5/25;5 0.3182452 SD;none;1/5/25;2 0.22337 53 SD;1minus;25/5/1;2 0.3180253 SD;none;1/1/1;2 0.22325 54 SD;none;25/5/1;1000 0.3177954 SD;1minus;1/5/25;2 0.22279 55 SD;1minus;1/5/1;2 0.3176755 SD;1minus;25/5/1;1000 0.22176 56 SD;none;1/5/1;1000 0.3174456 SD;1minus;1/5/25;5 0.22165 57 SD;none;25/5/1;2 0.3172257 SD;none;1/5/25;5 0.22062 58 SD;1minus;1/5/25;2 0.3167658 SD;none;1/5/1;1000 0.22051 59 SD;none;1/5/1;2 0.3165359 SD;none;1/5/25;1000 0.22039 60 SD;1minus;25/5/1;1000 0.3156160 SD;1minus;1/5/1;1000 0.21959 61 SD;none;1/5/25;2 0.3151661 CD;normal;25/5/1;1000 0.21776 62 CD;normal;1/1/1;1000 0.3140162 CD;normal;1/5/1;1000 0.21674 63 CD;normal;25/5/1;1000 0.3131
C. Results of the setting tests



96 Optimal Design of a Speeh Database for Unit Seletion SynthesisSettings Coverage Settings Coveragemax 0.30647 max 0.4004363 CD;normal;1/1/1;1000 0.21239 64 CD;normal;1/5/1;1000 0.3102464 CD;normal;1/5/25;1000 0.21045 65 CD;normal;1/5/1;5 0.3080765 CD;normal;25/5/1;5 0.20953 66 CD;normal;1/1/1;5 0.3053366 CD;normal;1/1/1;5 0.20919 67 CD;normal;1/5/25;1000 0.3047667 CD;normal;1/5/1;5 0.20908 68 CD;normal;25/5/1;5 0.304368 CD;normal;1/5/1;2 0.20439 69 CD;normal;25/5/1;2 0.301169 CD;normal;25/5/1;2 0.20336 70 CD;normal;1/5/25;5 0.300370 CD;normal;1/5/25;5 0.20302 71 CD;normal;1/5/1;2 0.295571 SD;normal;1/5/1;5 0.19627 72 SD;normal;25/5/1;5 0.2950472 SD;normal;25/5/1;1000 0.19593 73 SD;normal;1/5/1;5 0.2936773 CD;normal;1/1/1;2 0.19422 74 SD;normal;1/5/1;1000 0.2910474 SD;normal;1/5/1;1000 0.19399 75 SD;normal;25/5/1;1000 0.2908175 SD;normal;1/1/1;5 0.19364 76 SD;normal;1/1/1;5 0.2898976 SD;normal;25/5/1;5 0.19353 77 CD;normal;1/1/1;2 0.2896777 SD;normal;1/1/1;1000 0.19227 78 SD;normal;1/1/1;1000 0.2885278 SD;normal;25/5/1;2 0.19216 79 SD;normal;1/5/1;2 0.2872779 SD;normal;1/5/25;1000 0.19079 80 SD;normal;25/5/1;2 0.2870480 CD;normal;1/5/25;2 0.19044 81 CD;normal;1/5/25;2 0.2865881 SD;normal;1/5/1;2 0.19021 82 SD;normal;1/5/25;1000 0.2861282 SD;normal;1/5/25;5 0.18816 83 SD;normal;1/5/25;5 0.2840683 SD;normal;1/1/1;2 0.18599 84 SD;normal;1/1/1;2 0.2806484 SD;normal;1/5/25;2 0.1789 85 SD;normal;1/5/25;2 0.27229Table C.4: Best settings for lustered prosody overage

C. Results of the setting tests



D Synthesis SriptsID Sentenedewiki11769_2 deutsh: auh Wojwodina;dewiki143733_1 Tiengen bezeihnetdewiki172112_5 Refrain Refraindewiki122796_4 Armand hatte noh zwei Shwestern.dewiki101097_16 Die Hauptrolle übernahm Je�rey Wright.dewiki160596_41 sein Nahfolger wurde George Russell.dewiki603747_23 Das ist genau Russells Paradoxon.dewiki77166_3 Im Hintergrund die Stadt Coswig.dewiki164808_1 Kommissär heiÿt so viel wie-dewiki64713_2 Tshüÿ hat seinen Ursprung im Französishen.dewiki185579_41 dabei werden die Beine abwehselnd gegrätsht).dewiki632556_5 Jean selbst war der Groÿvater des Königs Franz.dewiki75573_19 ( Mein Name ist Timothy.dewiki146201_19 Der Senator billigt die Deutsh P�iht auf Shulhöfen.dewiki203675_4 Nah der Shule erlernte er den Beruf des Drehers.dewiki628876_4 Laurene J.dewiki183828_4 Bluetooth nutzen.dewiki170031_14 Am Sokel be�ndet sih auh ein Porträt Johann Duves.dewiki107113_5 Man spriht deswegen von einem Zero Knowledge Protokoll.dewiki103779_13 Unter anderem gründete er eine deutsh hinesishe Shule.dewiki71434_5 Faye Dunaway war zweimal verheiratet.dewiki22137_9 Den Preis nahm stellvertretend Fr. Jean Marie entgegen.dewiki155696_56 Am Ende der Saison jedoh verletzte er sih erneut shwer.dewiki106121_9 Die Ein�üsse sind nun indianish beziehungsweise vom Reggae her kommend.dewiki179523_28 Carmen wartet verliebt auf José.dewiki63056_1 Der Begri� Variant bezeihnetdewiki127475_1 Siehe auh Mannequin.dewiki95788_5 Um aus Java eine native Methode aufzurufen, muss diesezunähst als" native" deklariert werden.dewiki184699_380 bei Jean Jaques Rousseau);dewiki958_296 Danton war am 10. Juli aus dem Ausshuss abberufen worden. 97



98 Optimal Design of a Speeh Database for Unit Seletion SynthesisID Sentenedewiki99185_20 Aus dieser Ehe ging Paul Gauguin hervor.dewiki89558_9 Arpeggiodewiki616626_20 / x: Sie zeigen den rehten Arm und das rehte Bein /das war alles/ äh/...dewiki112040_43 Beker, Jörg;dewiki70696_78 über Bluetooth kann man eine Verbindung zu anderen Geräten herstellen.dewiki627166_2 †11. September neunzehn Hundert neunzig bei Alzey) war ein deutsher Jurist.dewiki64018_19 zwei Tausend drei wurde er von Königin Elizabeth. zum Ritter geshlagen.dewiki63890_13 Die Aromen der ersten Speise wirken shon vom Teller aus auf den Gourmet.dewiki70043_4 In der Republik Saha sind ihre Rehte durh besondere Gesetze geshützt.dewiki182281_2 So bekommt man shnell einen überblik, in welhem Terrain man sih be�ndet.dewiki17538_3 Jedes Jahr im November �ndet ein Gipfeltre�en der ASEAN Staaten statt.dewiki120883_19 Auf Deutsh sind;dewiki88524_12 In diesem Sinne hielten Elizabeth Taylor und George Mihael kurze Ansprahen.dewiki626890_24 Satin Lux Farbe entspriht dem Lux Kaninhen.dewiki95676_69 Die letzte Szene der Handlung zeigt Andrzej noh shwah, aber genesendim Zimmer des Arztes.dewiki73484_12 Im gleihen Jahr wurde das erste Solo Album produziert: Fair And Square.dewiki61114_16 Dadurh kann sie stra� gespannt werden und hält selbst böigem Wind stand.dewiki164008_13 George sprah �ieÿend deutsh.dewiki775_11 eins von John Cage.dewiki117974_6 Weitere Bands dieses Sub Genres waren;dewiki92170_9 Pfuhl, Stahl, stehlen, stöhnen;dewiki157827_1 Göggingen ist der Name folgender Orte:dewiki155613_19 Um dies zu tun reiht die Zeit loker aus, die der Spieler benötigtum seinen Einsatz aus dem Portemonnaie zu holen.dewiki194417_1 Mittweida istdewiki9886_28 Demgegenüber gab sih der Punk illusionslos und setzteauf o�ene Ablehnung der Gesellshaft.dewiki68589_16 George hatte unterdessen sein Studium abgeshlossen undarbeitete auf einer Ranh.dewiki66269_3 Sie war von der Auÿenwelt shwer zugänglih und gilt alsdie ärmste Provinz Chinas.dewiki627583_1 Gouvernementdewiki70748_4 Um die Mitte des Jahrhunderts kam es deswegen zu Auseinandersetzungenmit den Einheimishen( natives).dewiki62182_1 Tahymeter steht für:dewiki8185_26 Bluetooth gilt nur dann niht mehr als siher, wenn der Code zu kurzgewählt ist( etwa vier;
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Optimal Design of a Speeh Database for Unit Seletion Synthesis 99ID Sentenedewiki187174_7 In der Spitze hatte sie sehs Tausend Abonnementen.dewiki155079_22 Die Instrumente wirken ungleih, aber stets genial, je später, desto individueller.dewiki141108_7 Im Club treten bekannte und auf.dewiki621562_18 Jane Fonda wurde im Jahr 1990 für die Goldene Himbeere nominiert.dewiki82780_1 Radio China International(;dewiki122909_10 Pjotr Tshaikowski war einer der ersten Komponisten,der dieses Instrument auh im Orhester einsetzte.dewiki68000_24 Beispiel: Hui!dewiki10885_41 b den Phonemen/ b /( Erbe) und / p /( Erbse), oder v den Phonemen/ f/( Vater) und/ v/( Vulkan).dewiki127724_6 Im 16. Jahrhundert wurde dieser Name noh Xavier geshrieben,aber, später ausgesprohen.dewiki617807_21 Dort verletzt er Cynthia mit einem Messer shwer.dewiki95676_63 Sie suht den Mediziner auf und möhte von ihm wissen,ob Andrzej leben oder sterben wird.dewiki116201_4 Noh heute sieht man Queen Elizabeth. bei feierlihen Anlässenmit der königlihen Kutshe vorfahren.dewiki12319_14 Jahrhundert monophthongiert( während er im Bairishenund im Alemannishen bis heute auftritt).dewiki3135_53 ( Königin Elizabeths Shlüssel.).dewiki64177_111 Darunter war erstmals auh ein Rundfunk Journalist.dewiki160892_30 es ist die Enterprise...dewiki990_45 Der Freitag hat seinen Namen ebenfalls von der Göttin.dewiki93967_8 Siehe auh: Snobdewiki8562_196 Framework.dewiki143816_20 Jean-Claude van Damme ist zum fünften Mal verheiratet.dewiki92950_30 Nur einen Monat später heiratete er seine jetzige FrauEstelle Cruy�, eine Nihte von Johan Cruy�.dewiki130391_22 Durh ihn lernte er Paul Gauguin kennen.dewiki629466_3 An der Seite von Jean Rihard spielt sie dessen Frau Christine,die sih zeitweise in einen Panther verwandelt.dewiki192010_35 Diese Ablehnung überwand Audrey Rihards durh ihre stetige Arbeit.dewiki10282_7 ( deutsh:" Helft Mir!").dewiki77953_1 Freia istdewiki187258_10 Alain Robert: Mit nakten Händen.dewiki608072_16 Shlieÿlih wurde es von Simon and Shuster publiziert.dewiki634513_7 Zwerg Seepferdhen werden nur zwei Zentimeter lang.dewiki170944_3 Der Club spielte von Beginn an in der ersten rumänishen Liga
D. Synthesis Sripts



100 Optimal Design of a Speeh Database for Unit Seletion SynthesisID Senteneund änderte sein Namen ein Jahr später in( Central Armee Sport Club).dewiki115341_1 Prinz Johann von Frankreih( frz. Jean de Berry;dewiki203248_5 An ein bestimmtes Material ist Satin niht gebunden.dewiki102353_1 Bayreuther Festspieledewiki86527_68 Die ausshlüpfenden Jungen erfahren keine Metamorphose;dewiki19829_121 Ein Jüngling musste der Familie der zukünftigen Frau Pferde geben.dewiki195007_20 ( Anekdote Heinz Damian, Club Kassier).dewiki607080_5 mit Paul Rutherford und John Stevens).dewiki18981_4 Der native Name der Sprahe ist( oder) für die geshriebene Spraheund sehzig( oder) für die gesprohene Sprahe.dewiki171706_20 Ein Jahr später wurde das Vorwerk in eine Erbpaht umgewandeltund Johann George Jahn wurde der erste Pähter.dewiki445_23 Die Prähistorie, also die Vorgeshihte, umfasst den Zeitraumvom Beginn der Menshwerdung bis zur Einführung der Shrift.dewiki148930_2 Wow) ist ein Tre�en nordamerikanisher Indianer.dewiki195224_8 Der Sitz des Ministerium war in Strausberg bei Berlin.dewiki84501_1 Der Begri� Jus bezeihnet:dewiki154662_21 And Bak verö�entliht.dewiki204005_10 Das Libretto shrieb Samuel Humphreys.dewiki110783_4 Lampions werden gern bei Festlihkeiten auÿer Haus verwendet.dewiki73816_109 Im Untergeshoss hat der traditionsreihe Club zu Bremen seine Räume,er ist hervorgegangen aus der Gesellshaft Museum.dewiki63131_41 bis zum Jahr 2000 hatte Madrid aht Champions League Titel( sehzehn Punkte) und zwei UEFA Pokal Titel( zwei Punkte) gewonnen.dewiki113592_21 Nah der Gründung der Tshehoslowakei kümmerte sih der ausprivaten Mitteln �nanzierte Klub Tshehisher Touristen um das Bauwerk.dewiki138708_44 Für das Bellen muss der Kehlkopf jedoh relativ groÿ sein.dewiki82957_42 Alternierende Verse werden auh als jambish oder trohäish bezeihnet.dewiki182796_5 Turner war auÿerdem Wegbereiter für die klassishe Soul Musik, die erin der Ike and Tina Turner Revue einem groÿen Publikum darbot.dewiki8392_7 bei Dolmetsh).dewiki175161_41 Einige weitere Szenen wurden geshnitten, um die Handlung zu stra�en( auf eine Dauer von ira 113 Min./ PAL)dewiki19853_17 Im Jahr darauf wurde sein Sohn Jean geboren.dewiki8726_1 Der Begri� Hai bezeihnet: Siehe auh: Heydewiki60040_65 Er hat es sih zur Aufgabe gemaht Roy an die Spitze zu bringen.dewiki95676_68 Er versihert, dass Andrzej keine Chane auf ein überleben hatund sterben wird, dabei beruft er sih auf Gott als seinen Zeugen.
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Optimal Design of a Speeh Database for Unit Seletion Synthesis 101ID Sentenedewiki623791_7 Er war verheiratet mit Rouge Akermann.dewiki89591_9 Das ebenfalls weit verbreite S / Protokoll verwendet dagegen Zerti�kateund ist deshalb grundsätzlih niht kompatibel zu.dewiki9503_48 Siehe Tahometer.dewiki178778_11 Die Lieder haben oft komplexere Struktur als das typisheStrophe Refrain Shema.dewiki75238_1 Der Begri� Teamwork bezeihnetdewiki61392_50 Populär in den Städten ist der Reggae.dewiki183478_15 Ferner glaubte man seitens der Regierung Informationen über eine angebliheVershiebung deutsher Truppen in Rihtung Tshehoslowakei zu haben.dewiki107250_42 Die Ernte kam sehr früh heim.dewiki108230_16 Zudem steht bereits die Roadmap für die Version vier fest.dewiki96189_30 League zu gehen.dewiki168852_6 Der amerikanishe Arhitekt Rihard Meier hat einen lihten, o�enen Baumit zwei groÿen Sälen, zwei Kabinetten und einem Souterrain gesha�en.dewiki9950_1 Gateway istdewiki81290_1 Moroder ist der Name vondewiki83121_22 In gröÿter Bedrängnis Chinas Volk.dewiki193114_1 Jeremias.dewiki5262_4 auf Pfählen).dewiki22768_23 Champions League Sieger 2001;dewiki72304_23 Die kreative Leistung Jil Sanders ist unbestritten.dewiki153573_22 Und ih dann so:" Dankeshön.dewiki602642_10 Für und sollen in Zukunft native Treiber zur Verfügung gestellt werden.dewiki5699_5 Ein jüdisher Witz de�niert und illustriert zugleih Chuzpe so:dewiki174015_117 O�en gelassen wird die Frage, ob nun auh Ron und Hermine ein Paar sind.dewiki17363_70 Wenig später übernahm der Deutshe Fuÿball Bund() die Regel aus Bayern,kurz darauf folgten die Europäishe Fuÿball Union( UEFA) undder Weltverband FIFA.dewiki8185_35 Jedoh muss der Angreifer die Bluetooth Adresseeines verbunden Bluetooth Moduls kennen.dewiki70410_8 Zuletzt arbeitete er als Pförtner.dewiki127180_2 Siehe Enveloppe( Mathematik).dewiki9435_15 Alain Prost dürfte in die F1 Geshihte als der Rennfahrer eingehen,der wie kaum ein zweiter den Typus des Analytikers hinterdem Lenkrad verkörperte.dewiki188434_50 ( Refrain:) Seid stolz!dewiki92344_33 Bluetooth wird kommen, daran besteht bei vielen Herstellern
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102 Optimal Design of a Speeh Database for Unit Seletion SynthesisID Sentenekaum noh ein Zweifel.dewiki117447_70 Sie ist auÿerhalb Chinas kaum bekannt.dewiki612260_3 Der Titel des Stükes wird im französishen Originalmit einem" m" geshrieben( Dom Juan);dewiki13667_11 Der Canan galt als wild, anstöÿig und obszön.dewiki164659_10 Der nähste Bahnhof be�ndet sih in Pasewalk.dewiki2610_11 Ab Lyon �ieÿt er von Nord nah Süd.dewiki19415_1 Ilja Mihailowitsh Frank( russish;dewiki70784_52 Peter Pihler, Akkordeon;dewiki107113_6 Insbesondere ist das Protokoll perfekt zero knowledge.dewiki69741_19 Sie können sehr gut klettern, hoh springen und passendurh alle Löher, durh die auh ihr Kopf passt;dewiki16865_54 Berühmt sind die vielen alten Gobelin Wandteppihe,die in einigen Räumen hängen.dewiki75249_58 grus( Westliher Kranih) and Grus g.dewiki88850_19 George Green, Hermann Grassmann).dewiki97064_7 zwei Tausend zwei zog er sih in den Ruhestand zurük.dewiki203514_35 Elizabeth von Arnim kehrte mit ihren fünf Kindernnah Groÿbritannien zurük.dewiki2893_89 Auf Chinesish heiÿt Struwwelpeter übrigens-;dewiki63789_3 Auh unter Mahête bekannt.dewiki627735_21 Nah seinem Rüktritt zog sih Wright aus der Politik zurük.dewiki605295_4 Anshlieÿend erhält jeder Spieler pro Chip eine Karte.dewiki96930_2 Die Stadt Höhstadt selbst ist kein Mitglied der.dewiki187751_42 Zudem sollen 3D Objekte wie Bäume und Steineüber das Terrain verteilt werden können.dewiki21197_187 Ebenfalls von Bedeutung ist der Queen Elizabeth Park.dewiki114825_5 Damit war es der erste wirtshaftlih nutzbare synthetishe Kautshuk.dewiki13921_16 Die Änderung hat das Forum Train Europe() beshlossen, dem auhdie Bahnen im deutshsprahigen Raum gehören.dewiki188235_15 Sie hatten drei Kinder Elizabeth Rose, Rihard und Robert.dewiki84703_3 Er trat auh unter dem Pseudonym Bjarne auf.dewiki164787_19 Mike P�üger nahm seinen Platz ein.dewiki65298_27 Dabei handelte es sih um eine deutsh tshehishe Koproduktion.dewiki106572_5 Siehe auh: Blei(,)- oxiddewiki61818_55 Viele hielten ihn shliht für' einen blöden Maho'.dewiki176283_6 Ein wöhentlihes Engagement im Club folgte.dewiki635286_18 Die Hauptrolle spielte Sean Connery nah zwölf Jahren Pause von der Rolle.
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Optimal Design of a Speeh Database for Unit Seletion Synthesis 103ID Sentenedewiki610654_35 Simon soll immer Klaras Freund bleiben.dewiki16082_7 für einzelne Herren ist ein Club Besuh am teuersten.dewiki1847_7 Hohdeutsh Niederdeutshdewiki522_33 Sein Stil war neu und galt in weit über das wissenshaftliheMilieu hinausgehenden Kreisen als spektakulär.dewiki636619_18 Er verlässt den Club mit Liz.dewiki74042_5 Botanik und Paläontologie.dewiki2240_13 vergleihe hierzu Chinesishes Orakel.dewiki102613_85 ( dt. jetzt oder nie;dewiki162886_11 Es existieren zwei Fisherei Betriebe und eine blühendesCharter Fisherei Geshäft.dewiki953_228 statt des a kann ein ä stehen.dewiki11584_141 Der Putsh misslang.dewiki199973_20 Es klirrten die Beher, es jauhzten die Kneht;dewiki630620_11 Im Jahre 1504 stand noh eine Kapelle auf einerzum Dorf gehörenden Wiese and der Elster.dewiki4939_69 vor George Luas'.dewiki626200_6 Eine Version des Symbols wird als Trademark von der Firmadewiki96308_15 Das Saisonziel ist die Quali�kation für einen internationalen Wettbewerb.dewiki11311_29 ltd., Singapur;dewiki187524_169 drei anknüpft.dewiki74303_10 Franiso Javierdewiki162208_10 Gerald Allen and Norbert J.dewiki627765_3 Meister wurde der Deutshe Rugby Club Hannover( Hannover).dewiki118737_21 Im Gesamtklassement wurde er Fünfter.dewiki9834_71 Ihnen ist der Freitag gewidmet.dewiki84097_4 Noahs Arhe soll hier gelandet sein.dewiki134726_11 Bis dahin wurde die Straÿe meistens erst ab P�ngsten geräumt.dewiki16953_3 Gehört zu den Olympiern.dewiki96296_5 Konkret sind dies Berufe im medizinish p�egerishen, im sozialenund auh im künstlerishen Bereih.dewiki179523_66 Carmen bleibt mit José zurük.dewiki148635_52 Luftballons werden in untershiedlihen Bereihen undzu untershiedlihen Zweken eingesetzt.dewiki131127_6 Für die shulisher Weiterbildung sorgt das am Ort ansässige Lyon College.dewiki1898_299 de da null de da null de da null;dewiki363_42 Danah stieg Charles noh einmal selbst alleine auf.dewiki18793_23 Auf Betreiben des späteren Paul. ernannte Paul.
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104 Optimal Design of a Speeh Database for Unit Seletion SynthesisID Sentenedewiki92562_9 Vergleihbar ist auh das Bauernfrühstük.dewiki8649_21 Es ist Ebbe auf dem Konto, Die Staatskasse zeigt Ebbe.dewiki135192_10 Matthew J.dewiki180887_1 À point( frz.)( auh english oder rosa;dewiki67271_39 Im gleihen Jahr brahte er das Album I Am What I Am heraus, dassih mehr als eine Million mal verkaufte und mit Platin ausgezeihnet wurde.dewiki623591_77 Auh über das anstehende amerikanishe Remake.dewiki176927_15 Yale, zwei Tausend vierdewiki105805_19 Einige Shüler gründen diesen Club neu.dewiki105314_8 Josef Pröll ist der Ne�e von Erwin Pröll.dewiki109825_11 Aber auh aus Vertrag kann jemand ersatzp�ihtig werden.dewiki624619_13 Nah ihrer Heirat wurde Henriette Mitglied der.dewiki1012_30 Chopin bemühte sih zunähst, weiter auf dem Klavier unterrihtet zu werden.dewiki14485_39 Einer, der die Damen mit viel Takt anquatsht.'dewiki132782_18 Diese verursahten ein Verkehrshaos im Stadtzentrum.dewiki110810_27 Freitag stürzte Fette mit Rükendekung der Metall undwurde neuer Vorsitzender des.dewiki191731_2 Die Idee zur Serie hatte Christopher Crowe.dewiki610255_14 Shon bald wird Justine anonym verlegt.dewiki127819_25 Sie waren die erfolgreihsten Trainer der" Irons".dewiki73079_17 Durh ihn wurde ein groÿer Teil Chinas für diewestlihe Wissenshaft ershlossen.dewiki156424_9 Für die Rolle der Judy erhielt sie eine Osar Nominierung.dewiki134725_1 Als Vertrag von Oslo werden vershiedene Abkommen bezeihnet,die in der Stadt Oslo geshlossen wurden:dewiki68649_27 Es sollte die Antwort des auf den Beat Club der sein.dewiki166833_65 Es waren die Obere Pforte wie die Untere Pforte.dewiki607624_8 Noh im selben Jahr erfolgte seine Habilitation für das Fah Neurohirurgie.dewiki12444_26 Dieses Milieu zog Banditen aller Art geradezu magish an.dewiki604129_1 Henriette steht für:dewiki80149_8 Er systematisierte die Resultate von George Boole.dewiki140148_1 Der Berliner Fuÿball Club Viktoria ein;dewiki10944_60 Diese Lieder sind gewöhnlih mit" ö" oder"( ö)" gekennzeihnet.dewiki124481_2 Sie liegt nördlih von Lörrah.dewiki126222_6 Zu seinen Lehrern zählten Shostakowitsh und Prokofjew.dewiki199777_17 Seine Kanzlei betreut unter anderem Guantánamo Häftlinge.dewiki165616_45 Kliker sind kugelförmige, geshli�ene Ahate.dewiki111713_8 bei Bluetooth, und W verwendet.
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Optimal Design of a Speeh Database for Unit Seletion Synthesis 105ID Sentenedewiki636336_1 George Taylor ist der Name vondewiki131892_221 Vier Alleen führen geradeaus auf den Pavillon zu.dewiki186577_105 Sein Plan, sih Rheine Untertan zu mahen, gelingt.dewiki125393_9 Jaques Beker ist der Vater des französishen Regisseurs Jean Beker.dewiki621266_3 Verheiratet war er mit Cathrine, geb. Shram.dewiki5515_113 Dieser führt in der Regel zu Aids de�nierenden Erkrankungen( Klassi�kation C, siehe Aids).dewiki118630_1 Als Punh bezeihnet mandewiki65832_1 George Clinton ist der Name folgender Personen:dewiki81576_10 Bis dato führte er auh das Gesamtklassement an.dewiki153142_2 Herausgeber ist der Verein für Sprahp�ege ein().dewiki615797_5 Sein Ritter Titel der Loge war" Leonardo da Vini".dewiki191346_11 er unterstützte allerdings mit Überzeugung Roosevelts Politik des New Deal.dewiki100291_11 m ü) noh in einer Entfernung von vierzehn;dewiki195232_16 Darauf hin verlieh man ihm am 2. März s.dewiki68911_9 So fotogra�erte sie zum Beispiel Charles Darwin.dewiki138226_28 ( Das Bild ist übrigens geradezu genial...dewiki202874_8 Im selben Jahr heiratete er Anna Hausmann.dewiki189504_2 Ferner ist Train die Bezeihnung fürdewiki6508_41 Neun Monate nah Titus' Geburt starb Saskia.dewiki8171_2 Im Jargon lautet die Abkürzung dafür.dewiki132121_5 Beer, Hans de Beer, Hans dedewiki198181_7 Ohne diese kann man auh von einer Hommage sprehen.dewiki157283_1 Georges J.dewiki12067_11 Sie blieb über zwei Tausend Jahre lang ungelöst.dewiki176107_13 Auÿerdem fehlt auh die native Unterstützungder nähsten Internet Protokoll Generation sehs.dewiki136567_4 Polyester und Satin).dewiki15563_28 Auÿerdem ist er Mitglied der Sahbuh Jury der Süddeutshen Zeitung.dewiki142187_13 Zuletzt war Müller im Dahau.dewiki71652_2 Das Image passt auh auf eine Mini.dewiki605237_22 Der Maharadsha lässt ihn von seinen Tigern zer�eishen.dewiki172195_16 Er hat eine jüngere Shwester, Diane.dewiki122333_1 Artikel zur Geshihte Chinas hier einordnen.dewiki607602_1 Topos( der, Plural Topoi;dewiki203225_16 Sein ebenfalls im Jahr zwei Tausend verö�entlihtes Album Wow!dewiki167749_25 b gleih b and;dewiki20027_3 Sie wird dann Bridge oder Bridge genannt.
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106 Optimal Design of a Speeh Database for Unit Seletion SynthesisID Sentenedewiki5869_138 Sein zehntes Triptyhon, Amazonen, blieb unvollendet.dewiki174106_24 Wie geplant bombardieren sie Tokio und gehen dann auf Kurs Rihtung China.dewiki98708_15 Regie: Xavier Koller.dewiki10960_27 Pfauen sind polygame Vögel.dewiki602416_23 Weiterhin be�ndet sih dort ein Kanal Bassin.dewiki120584_90 Ergebnisse stets aus uruguayisher Sihtdewiki168032_7 Die Renonen( Fühse) tragen ein Band in grün weiÿgrün.dewiki188541_1 Joe Armstrong(;dewiki318_18 Bill Murray hat sehs Kinder aus zwei Ehen mit Margaret Kellyund seiner derzeitigen Frau Jennifer Butler.dewiki156341_15 Daraufhin beshlossen die Amerikaner, sih nah Fort Georgezurükzuziehen, sahen sih aber eingeshlossen.dewiki628959_10 Noh galt er als Experte für die Landwirtshaft undnoh unterstütze er Chrushtshow.dewiki14789_18 Da China seine Ansprühe auf den Raum niht aufgegeben hat,betrahtet es diesen formellen Akt als illegal.dewiki169675_3 Sie liegt an der Nahe.dewiki338_251 Nahdem er aufhört zu dribbeln und noh in der Bewegung;dewiki113578_53 Er wurde entlarvt und ausgepeitsht.dewiki631205_14 Anstelle des Thun�shs kann auh Lahs verwendet werden.dewiki81574_26 Mit der auf Eduards.dewiki133569_23 Ih wollte wieder in Rihtung Pforte gehen.Table D.1: Synthesis sript

D. Synthesis Sripts


