Per ceptual evaluation of the effect of mismatched Fujisaki model commands and
surfacetonein Sesotho

Lehlohonolo Mohasi, Hansjorg Mixdorff, Thomas Nieslet

! Department of Electrical & Electronic Engineeritupiversity of Stellenbosch, South Africa
2 Department of Computer Science and Media, Beuikdusity Berlin, Germany

| rohasi @un. ac. za,

Abstract

Sesotho is a tonal Southern Bantu language which soafar
received extremely little attention by the spees$earch community.
We consider tone modelling for Sesotho using thgs&ki model-
based analysis with a view to the development @éx-to-speech
(TTS) system. Fujisaki analysis can be used tacatd the tone
associated with a syllable, but it often differsenfr the surface tone
that would be available for TTS synthesis. We stigate instances in
which the surface tone differs from the tone intéidaby Fujisaki
analysis, and determine the effect of these discreips on speech
quality. The amplitude of Fujisaki tone commansisnanipulated to
match the surface tones, and the resulting resgizést speech
subsequently analysed by perceptual tests. Wetliadthe effect of
inserting tone commands at high surface tone dghails more severe
than matching the Fujisaki tone commands with lawfaze tone
syllables, in terms of naturalness. Furthermooenes discrepancies
can be attributed to errors in the surface torzastcription. However,
on average, all manipulations lead only to a mikbrddation in
speech quality. We conclude that the Fujisaki misla feasible way
to model tone in Sesotho even in the presencendfeld and under-
developed linguistic resources.
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1. Introduction

Accurate prosodic modelling
sounding text-to-speech (TTS) systems and can biead
by correct modelling of pitch in tonal languages. For
example, Ekpenyong et al. [1] found that the usetoofe
marking contributes significantly to the quality synthetic
Ibibio speech. In Sesotho, tone is not marked he t
orthography, but must be deduced by the processidice
tonal transcription. This relies on morphologicalalysis, a
tone-marked pronunciation dictionary, and a sebpél rules.
Each one of these three components can introduoesgefor
instance, Schadeberg [2] and Roux [3] have poictedthe
inconsistency of Sesotho tone-marked dictionaries.

The Fujisaki model is a tractable and powerful témi
prosody manipulation that has proven to be effectfor
modelling fundamental frequency (FO) contours. visidity
has been tested for several languages [4, 5, &oifle of
which are tonal languages such as Thai [8] and Midnd9].
It has been shown that the tone of a syllable earepresented
in the Fujisaki model as a tone command, which jsukse
indicating where the rising and falling of FO ocgur

Sesotho uses a register tone system with two tdnghs,
and low. The Fujisaki model and surface tonal gcaiption
have shown a strong agreement on the interpretafitone in
Sesotho sentences [10]. The purpose of this papeo
identify, investigate and perceptually evaluate sthacases
where the Fujisaki tone commands and surface taimeld do
not agree. We want to determine if the mismatdivéen the
actual FO realisations and the surface tones sdyialegrade
the prosodic quality.
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In modelling Sesotho prosody, certain phenomena bris
taken into consideration. Tone sandhi is a phagicid
change occurring in tonal languages, in which tooesur in
combination with other tones. It is present in ddles as
pointed out by Demuth [11], and is modelled by theface
tonal rules HTD (spreading of a lexical high tor® the
immediate right syllable) and IHTS (iterative spiie® of a
high tone to the end of a verb). Other tonal rutesvever, do
not model tone sandhi. Ekpenyong and Udoh [12]hasise
the importance of tone sandhi and its effect onaberall FO
contour in tone languages.

The Obligatory Contour Principle (OCP) is a phenonmeno
where adjacent identical tone elements are praubit
According to Yip [13], OCP violations can be avaldm a
variety of ways, such as tone deletion, blockingm®ading if
it leads to adjacency, or fusion between toneswdvder, OCP
in some cases is violable [13]. In Sesotho surfamel
transcription, OCP is observed via the RBD (dissowathe
immediate right branch of a multiply-linked higmtsyllable
if, and only if, there is a high tone syllable indiegely after
the target of the HTS rule), LBD (delinking the irdiate
preceding left branch of a multiply-linked high &ayllable if
it is preceded by a high tone syllable) and FR rfgting
syllables at the end of a phonological phrase frim
application of tonal rules) rules [14]. In contta®CP is not
fully observed by the Fujisaki analysis and thisevdent in
the production of prolonged tone commands instedd o
exclusively single-syllable tone commands. Pealaydés
observed when the FO peak corresponding to a loigbdt
syllable occurs in the following syllable [15, 13yyhile
anticipation is observed when a high tone is redlisn the
preceding syllable [16]. The former aspect is nfiedein the
surface tonal transcription via the HTS1, IHTS &id rules.
The latter feature is not modelled in surface twaascription.
Both are observed in the Fujisaki analysis.

2. Datapreparation

The following sections describe the compilatioregaration,
annotation, and selection of the data on whicheogperiments
are based.

2.1. Experimental data

Our data is drawn from a corpus that is based @etaof
weather forecast bulletins obtained from the wedblieeau in
Lesotho. The corpus comprises a total of 256 sertewith
an average of 23 words per sentence, and a tofl ofinutes
of speech. The original audio data had a poorasitmnoise
ratio, making it unsuitable for use in TTS develgmtn For
this reason, the sentences were re-recorded brshauthor,
who is a female native speaker of Sesotho. Rewprdias
performed in a quiet studio environment using agdar
membrane SHURE KSM32SL microphone. All recordings
were made at a sampling rate of 48kHz.



For tone modelling in African tonal languages, ihieh
tone is not indicated by the orthography, an atbari that
predicts the tonal labels of syllables in a word jsrerequisite
[17]. As a starting point, we compiled a suitalolemain
dictionary for weather forecasts using two publishene-
marked dictionaries — a Sesotho dictionary by Des§lf et al.
[18], and a Northern Sotho dictionary by Kriel avah Wyk
[19]. The dictionaries contain lexical tones fack word.

Next, the sentences in our corpus were annotatéld wi
underlying tones from the dictionary. From thisdarlying
tone transcription, a surface tone transcriptios deduced by
means of a morphological analysis as well as thaltoules
described in [14].

On completion of the surface tonal transcriptiohe t
sentences were annotated at word and syllableslay&hg
Praat [20]. FO values were extracted at a stepOofis and
inspected for errors. The FO tracks were subsdtyuen
decomposed into their Fujisaki model componentsyappan
automatic method originally developed for Germari][2
Initial experiments in [22] had shown that the ltmmes in the
critical words of the minimal pairs could be moddllwith
good accuracy without employing negative tone comisa
Consequently, high tones were associated with Fijisme
commands with positive amplitude, while low tonesdmo
associated tone command (i.e. zero amplitude).

2.2. Selection of mismatched syllables

First we selected from our data cases in which je#&ki tone
command corresponds to one or more low surfacestome
general, the Fujisaki tone command spanned morne dina
syllable. Table 1 classifies the pattern of swefaones
associated with each such tone command. Each uoface
tone indicates a discrepancy. With this in miné, selected
cases in which a Fujisaki tone command coincidet ame or
more low surface tones. In total, 63 such cases veelated
from our data.

We also considered cases in which a high surfate was
not accompanied by a Fujisaki tone command. Exesnpf 1,
2, 3 and 4-syllable sequences with high surfacesdsut no
corresponding Fujisaki tone command were identifredhe
data, and are listed in Table 2. In total, 64 socabkes were
isolated from our data.

Table 1: Instances in which Fujisaki tone commands corredpian
low surface tones (FHSL).

Surface tone pattern Number of | Number of
syllables cases

Alternating, e.g. LHLHL >2 40

Low surface tone labels only, e.g. >1 7

LLL

Any other combination, e.g. LHHL >2 16

TOTAL 63

Table 2: Instances in which high surface tones do not cpues to
Fujisaki tone commands (FLSH).

Number of syllables Number of cases
1 26
2 22
3 13
4 3
TOTAL 64

3. Pitch contour modifications

In the previous section, two types of mismatchdsvéen the
Fujisaki model and the surface tone labels weratified. In
this section, these mismatches are ‘“resolved” bipeei
inserting or removing the Fujisaki tone commandider to
match the predicted surface tones.

3.1. Case FHSL: High Fujisaki tone associated with
low surfacetone

For cases in which the Fujisaki tone command cdegtiwith
a syllable with a low surface tone, the amplitudehe tone

command was set to zero. Figure 1 illustrates this
modification.
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Figure 1: Modifying Fujisaki tone commands to coincide wiitv Isurface
tone syllables. The top panel shows an origingrahce with surface tone
patterns in the following order: HL, LHHL, LHL, HHHHLH, HLH, and
LHH. The bottom panel illustrates a change in @attafter modification.
The phrase reads “Boemo ba leholimo ba matsatsabeta tlang ho ...”
— “The weather in the next two days'...

When the Fujisaki tone command corresponded to a
sequence of syllables with both high and low s@fanes, the
amplitude of the tone command was set to zero forlyow
surface tone syllables. The onseand/or offsetttimes were
unchanged for high surface tone syllables. Irotler cases,

t; and § coincided with syllable boundaries. The optimal
alignment of tone command onsets and offsets appeabe
language-dependent [8, 23], and its determinatimrSesotho
remains the subject of ongoing work.

3.2. Case FLSH: High surface tone associated with
low Fujisaki tone

In the case of high surface tone syllables withFojisaki tone
command, tone commands with average amplitude were
inserted and;tand t were set to syllable boundaries. Sixty-
four modified phrases were generated, in line Witble 2.
Figure 2 illustrates an example of the modificatiasnere the

top panel shows the original utterance, and theéobhotone
displays the prosodic group generated (indicated byunded
rectangle) to coincide with high surface tone magki
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Figure 2:Inserting a tone command. The top panel indicatesquence
of two high surface tone syllables, be™ and I"hwib Fujisaki tone
command. In the bottom panel, a tone commandedated for these
syllables. The partial phrase reads “ho tla leballteholi...” — “the sky
will be expected ..."

4. Perceptual Evaluation

Perceptual evaluation of the modified phrases veaset! out
by twenty-one Sesotho speakers (7 females, 14 jnaldl

subjects are native Sesotho speakers from Lesaetimb,are
students at the University of Stellenbosch. Thedifecation
of the data and the evaluation process are detadkxiv.

4.1. Data

For each group in Section 3.1, modifications werpliad to

the Fujisaki tone commands, after which the uttegawas
resynthesized using the PSOLA-based Praat
ManipulationEditor (20) [19]. Tone commands whiakere
inserted in Section 3.2 were also resynthesized Bimilar
manner. The resulting phrases were collected éocgptual
testing.

Table 3: Data used for perceptual evaluation
Modification Modified Unmodified Total
phrases phrases
FHSL: Fujisaki tone 63 6 69
command removed
FLSH: Fujisaki tone 64 6 70
command inserted

The data for evaluation included a number of unffiedi
phrases to serve as a baseline. Table 3 givesiaary of the
data for the two modifications and groups.

4.2. The evaluation process

DMDX [24] was used to perform all perceptual eviéils.
Subjects listened to the utterances in a quiet rasing a
headset. Evaluation of the data was based onirgy ratale
intended to reflect naturalness, as shown in Figur&ubjects
were asked to rate each individual audio file aditgy to this
scale.

An informal SUS intelligibility test [25] of the nutified
phrases was also performed. Words from the mallified
unmodified phrases were randomly selected to form
semantically unpredictable sentences (Table 4 SEmtences

generated were each five words long. These weea th
resynthesised and the listener requested to irdighat they
heard. Due to time constraints, this was perforimgdnly
one native Sesotho speaker.

[ 1 ] Sounds like a mother—tongue speaker

Sounds almost like a mother—tongue speaker

Disturbingly unnatural speech, hard to understand
n Don’t know
Figure 3:The rating scale used for perceptual evaluation.

Table 4:Data used for the SUS intelligibility test.

FHSL FLSH Unmodified
Number of words 106 115 108
Number of sentences 21 23 22
5. Results

Phrases rated with an 8 (“Don’t know") were exclddem
the following analysis. In other cases, averageresc
according to the scale in Figure 3 have been cersid

Figure 4 illustrates the overall average percepseales
resulting from the two types of modification debed in
Section 3. Unmodified phrases are perceived tomost
natural, although interestingly they were usually awarded a
score of “1”. The figure also shows that, on ageraemoval
of a Fujisaki tone command is slightly less detrta¢ to
perceived quality than the insertion of a tone camdh
However, even in the latter case, the perceivedesijust
above 2, neighbouring “almost mother tongue”.
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Figure 4: Overall average perceptual scores for FHSL and FLSH
modifications. Vertical bars denote 95% confideimtervals.

From the FHSL data described in Table 1, we isdlae
subset consisting of cases where a Fujisaki tomem@nd was
associated with a sequence of between 1 and 3 loface
tone syllables. This data is summarised in Tableviile
Figure 5 shows the corresponding results of thegqpeual
evaluation. For each case, the Fujisaki tone camdma
amplitude was set to zero for one, two, or threeseoutive
syllables. The results show that 1 and 2 syllaidelifications
are rated similarly. Although 3-syllable modifiats show
larger degradation, the reliability of this averagdow due to
the small number of samples (4).

Table 5: Instances in which Fujisaki tone commands corredpon
to consecutive low surface tone syllables.

Consecutive low tone syllables| Number of cases
1 20
2 8
3 4
TOTAL 32
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Figure 5: Average perceptual scores when removing the Fujisak
tone command associated with 1, 2, and 3 consecutw
surface tones. Vertical bars denote 95% confidemtezevals.

Figure 6 shows a similar analysis for the FLSH data
described in Table 2. The results are similaossnumber of

syllables.
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Figure 6: Average perceptual scores when inserting Fujisaket
commands for 1, 2, 3, and 4 consecutive high serfmne
syllables. Vertical bars denote 95% confidencerirats.

Table 6 shows the results from the informal ing#iility
test described in Section 4.2. The intelligibiktyore is based
on the number of words identified correctly in eaemtence.
Sentences composed of unmodified words have thleekig
intelligibility score, with the lowest score obtaih for FHSL
modifications. Removal of the Fujisaki tone command
therefore appears to have a much higher detrimeffiedt on
intelligibility than its insertion.

Table 6:Intelligibility scores for FHSL, FLSH, and unmodii

utterances.
Modification Intelligibility Score [%]
FHSL 38.1
FLSH 60.9
Unmodified 77.3

Finally, each of the 127 mismatches described inegal
and 2 was considered individually in order to deiae the
source of the discrepancy. Tables 7 and 8 destirdeesults
of this investigation. The totals exceed the valimeTables 1
and 2 because each mismatch can be due to moreottean
factor.

The tables show that tone sandhi, OCP and peak detay
major contributors of mismatches, while incorreitidnary
entries are less so. One phenomenon not yet taken
consideration in the deployment of both methodsoisnstep,
which will be explored in future work.

Figure 7 illustrates the perceptual score due te th
mismatch effect by each phenomenon on naturaln@ssrall,
the discrepancies where the Fujisaki tone commamrd w
inserted significantly affect naturalness than wilee tone
command was removed.

Table 7: Mismatches in the FHSL case

Description Number of instances
Tone sandhi is observed by the Fujisaki analysis 33

but not by the relevant surface tonal rules.

Surface tone transcription observes OCP put 38

Fujisaki analysis does not.

Peak delay is observed by the Fujisaki analysis 18

but not by the relevant surface tone transcriptjon
rules. (The FR rule observes peak delay only|for
relative verbs and for ultimate syllables whose
lexical tone is high.)

Anticipation is observed by the Fujisaki analysis 19
but it is not modelled by the surface tone
transcription rules.

Incorrect dictionary tone 10
Unresolved 5
TOTAL 123

Table 8: Mismatches in the FLSH case

Description Number of instances
Tone sandhi is observed by the surface tgnal 40
transcription but not by the Fujisaki analysis.

OCP is violated in the surface tonal transcription 38

by adjacent high-tone syllables, but not violated
by the Fujisaki analysis.

The Fujisaki analysis does not observe peak 23
delay while the surface tonal transcription doek.

Incorrect dictionary tone 18

Unresolved 5

TOTAL 124
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Figure 7:Sources of mismatch between surface tone and kujsae
commands, and their effect on naturalness. TSne &andhi, PD =
peak delay, ANT = anticipation, DICT = incorrect®in dictionary,
and UNRES = unresolved cas

6. Conclusions

When considering TTS for a very poorly resourced
language, such as Sesotho, the reliance of impedsources,
including dictionaries, morphological analyses &gl rules,
is inescapable. In this paper we have performgerxents
to determine the effect of these mismatches ormpéreeived
quality or resynthesized speech. We find that raljethe
modifications applied to “rectify” the mismatch teanly to
mild degradation in the perceived quality of theesgh. From
this we conclude that Sesotho TTS based on thesdkiji
model for tonal and prosodic modelling is feasileleen when
based on imprecise resources. An analysis of dbecss of
the discrepancies indicates scores of error andntibgh can
be gained by the improvement of the surface tcamestription
process.

Acknowledgements - This work was supported in part by the National
Research Foundation of South Africa (grant UID ®)92by a DFG
International collaboration grant (Mi 625/16-1),dahy Telkom South Africa.
Opinions expressed and conclusions arrived atharsetof the authors and are
not necessarily to be attributed to the sponsors.



[25] Benoit, C., Grice, M. and Hazan, Vhe SUS test: A method for
the assessment of text-to-speech intelligibiliipgiSemantically

Unpredicatable SentenceSpeech Communication, Vol. 18, pp.
7. References 381-392, 1996.

[1] Ekpenyong, M.E. et alStatisitical parametric speech synthesis
for Ibibio. Speech Communication, Vol. 56, pp. 243-251, 2014.

[2] Schadeberg, TTone in South African Bantu languagédsurnal
of African Languages and Linguistics, Vol. 3, ppr51180,
1981.

[3] Roux, J. On the perception and descriptiottook in the Sotho
and Nguni languages. Kaji Shigeki [edRroceedings of the
symposium  cross-linguistic studies of tonal phenm@me
Historical Development, Phonetics of Tone and Dpsive
Studies.Tokyo : Tokyo University of Foreign Studies, ILCAA,
2003.

[4] Narusawa, et alA method for automatic extraction of model
parameters from fundamental frequency contours peesh.
Orlando, Florida, USA : Proceedings of ICASSP, 2002

[5] Rossi, P.S., Palmieri, F., and Cutugnolriversion of FO model
for natural-sounding speech synthesldong Kong, China:
Proceedings of IEEE ICASSP, 2003.

[6] Moberg, M. & Parssnen, KComparing CART and Fujisaki
intonation models for synthesis of US-English naniara,
Japan : Proceedings of Speech Prosody, 2004.

[71 Aguero, P.D.Automatic analysis and synthesis of Fujisaki's
intonation model for TTara, Japan : Proceedings of Speech
Prosody, 2004.

[8] Mixdorff, H., Luksaneeyanawin, S., Fujisaki, & Charnvivit,

P. Perception of tone and vowel quantity in Th8ienver,
Colorado, USA : Proceedings of ICSLP, 2002.

[9] Mixdorff, H., Hu, Y. & Chen, G.Towards the automatic
extraction of Fujisaki model parameters for MandaiGeneva,
Switzerland : Proceedings of Eurospeech, 2003.

[10] Mohasi, L., Mixdorff, H. & Niesler, T.Characterisation of
prosodic groups in Sesotho using the Fujisaki matt®irnal of
Chinese Linguistics Monograph, 2013.

[11] Demuth, Klissues in the acquisition of the Sesotho tonakgyst
Journal of Child Language, Vol. 20, pp. 275-30193.9

[12] Ekpenyong, M.E. and Udoh, E-telligent prosody modelling:
A framework for tone language synthesis.

[13] Yip, M. Tone.Cambridge University Press, 2002.

[14] Khoali, B.T. A Sesotho Tonal Gramm&hD ThesisUniversity
of lllinois at Urbana-Champaign, 1991.

[15] Myers, STone association and FO timing in Chichev@udies
in African Linguistics, Vol. 28 (2), pp. 215-23999.

[16] Hyman, L.M. Universals of tone rules: 30 yedater. Thomas
and Gussenhoven, Carlos Riad [ed}pological Studies in
Word and Sentence Prosodifouton de Gruyter, Vol. 1, pp. 1-
34, 2007.

[17] Louw, J.A., Davel, M. & Barnard, EA general-purpose isiZulu
speech synthesizeBouth African Journal of African Languages,
Vol. 25, pp. 92-100, 2005.

[18] Du Plessis, J.A. et alweetalige Woordeboek Afrikaans-Suid-
Sotho Kaapstad : Via Afrika Bpk, 1974.

[19] Kriel, T.J. & van Wyk, E.B.Pukuntsu Woordeboek Noord
Sotho-Afrikaans4th. Pretoria : Van Schaik, 1989.

[20] Boersma, FPraat - A system for doing phonetics by computer
9/10, Glot International, Vol. 5, pp. 341-345, 2001

[21] Mixdorff, H. Intonation Patterns of German Model-based
Quantitative Analysis and Synthesis of FO ContoBh Thesis.
TU Dresden, 1998.

[22] Mohasi, L., Mixdorff, H. & Niesler, TAn acoustic analysis of
tone in SesothoHong Kong, China: Proceedings of ICPhS
XVII, 2011.

[23] Mixdorff, H. and Barbosa, P.AAlignment of intonational events
is German and Brazilian Portuguese - a quantitatstedy
Shanghai, China : Proceedings of Speech Prosodg, 20

[24] Foster, K.I. & Foster, J.MMDX: A Windows display program
with millisecond accuracy.Behavior Research Methods,
Instruments, and Computers: A Journal of the Psyoimic
Society, Inc, Vol. 35 (1), pp. 116-124, 2003.



