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We address two issues in this paper : (1) How to derive a perceptual discon-
tinuity. function to determine the perceptually significant amount of discontinuity
between two candidate units, while (2) taking into account the constraints of pos-
sible prosodic modification (pitch/duration scaling using signal processing). Both
- the techniques are tested with the unit selection and synthesis modules and the
changes in voice quality and prosody are evaluated.
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Introduction

1 CHATR Speech Synthesis

Concatenative synthesis is Widely used in TTS to generate synthetic speech with high
quality and relatively natural-sounding prosody. Whatever the type of synthesis unit used,
(diphone, phoneme, etc.), a large speech database is usually needed to ensure the phonetic
and phonemic variation of the units in a rich variety of contexts. In the CHATR synthesis
system, unit selection finds the most appropriate phoneme sequence for an input text by
using a criterion of minimizing a) joint discontinuity and b) mismatch in target prosody.
However, in the current unit selection module, only an objective distance function is used,
and the pitch and duration are not modified to match the target prosody.

The waveform concatenation in CHATR can produce very high quality of output speech
by selecting appropriate units. However, since our database can not be infinite large to
cover all the combination of various phonetic units to be connected, we perceived discon-
tinuity at the unit boundaries. For prosody of output speech, we also encountered some
phrases with unnatual pitch accent due to imperfect unit selection. Considering the above
problems, we address two issues in this paper : (1) how to derive a perceptual discontinuity
function to determine the perceptually significant amount of discontinuity between two can-
didate units, while (2) taking into account the constraints of possible prosodic modification

(pitch/duration scaling using signal processing).
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2 % 1 & INTRODUCTION

2 Paper Structure

The structure of this report is arranged as follows: (1) constructing two kinds of percep-
tual discontinuity functions based on several perceptual experiments, one for V-V type of
unit connection and the other for V-U type. (2) modifying f0 contour of selected units to
partially or totally match target pitch contour by using PSOLA technique, discussions and

evaluations. (3) conclusions and future work.
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Detecting Discontinuity at Unit Boundaries

CHATR uses phoneme units as the basic unit for waveform concatenation. The disconti-
nuities between unit boundaries vary according to the phoneme type of phone units. But
for this paper, the unit boundaries are grouped into 2 main classes : {1) Vowel-to-Vowel
concatenation is the main source of perceived clipped sound in the synthesised speech, (2)

Vowel-to-Nasal consonants, /m/, /n/, and /N/.

1 V-V Unit Connection

In order to auto-detect the discontinuity of units, we need a measure for this. And
the measure should be consistent with the perceptual impression for discontinuity. Since
what we can get is only the acoustic features of units in run-time, in this paper, we try to
establish such a measure or function from acoustic features. The perceptual corresponding

to the acoustic features are obtained from several perceptual experiments.

1.1 Experiment Samples

In the current implementation of CHATR, there is a cost function to measure the joint
cost between unit boundaries based on acoustic features. But what we need is to establish a
perception-based model to quantitize the amount of discontinuity in perception. This kind
of model is not available. We try to generate it based on perceptual experiments. In this
section, the experiment related to V-V connection is discussed.

The most frequently occurred case in unit discontinuity is for Vowel-Vowel connection.

We generate data for the perceptual experiments from an ATR male database in Japanese
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4 % 2 & DETECTING DISCONTINUITY AT UNIT BOUNDARIES

with 503 sentences. The vowels in the middle of two triphones are connected together as
shown in Fig. 2.1. The formant trajectory of two units are considered as an important factor
to discontinuity perception. Finally, we collected samples such as /x-a-a-y/. [x-a-i-y/, /x-
a-e-y/, [x-i-a-y/, [x-i-i-y/, /x-0-1-y/, [x-u-e-y/, [x-u-u-y/ for the experiments.

Considering a target sequence /s-a-i-d/ as shown in Fig. 2.1, the V-V connection, /a-i/,
is realized by concatenating the center vowels of two triphones. The boundary discontinuity
of /a-i/ is affected by two triphone contexts and the acoustic features at the boundary. We
aim to establish a model to link the perceptual opinion score and the acoustic features of
the speech by performing a perceptual experiment.

The total number of samples are 120 and sampled in 12 kHz, quatitized in 16-bit. The
samples are evaluated by 5 listeners with headphone to judge the degree of discontinuity of
units. MOS values are obtained after the experiments :

2: very good
1: good

0: normal
-1: bad

-2: very bad

After the MOS values obtained, we must consider the factors from which the MOS
values can be predicted. For the each boundary sides of the two units to be connected, the
following factors are computed: cepstrum distance, F0.D = log F0W —logF0®, PWR.D =
logPWRY — logPWR™ and f0,, :
0= J0 (2.1)

O'fo

f025:

where f0. oo denotes the f0 mean and std of the phoneme, respectively, and f0,, is the
larger value of two joint phones. The f0.; is selected as the higher one from the connected

two units.

1.2 Decision Tree for MOS Prediction

Before constructing the MOS prediction model, the MOS values are normalized using

variance of MOS from five listeners so that some outliers are stripped out. This normalization
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Target Phone Sequence s a 1 d

Ist  Triphone s —al+1

20d  Triphone a~x[i+ d
o41+d
u+i+ d
e—i +d
i4i+d

2.1: Description of triphone concatenation.

results in 95 samples to establish a prediction model.

Then a decision tree is made to predict the MOS value from acoustic factors : f0dist,
pwrdist, f0zs, cepdist. The tree obtained from 95 samples is represented as : equation :
MOS - (cepdist + f0dist + pwrdist + f0,,)

Nodes: 16
Residual mean deviance (RMD): 0.22 (18 / 84)

Distribution of RMD:
Min 1st Qu Median Mean 3rd Qu Max

-0.85 -0.36 0.04 0 0.32  0.88

Ly (yi — 5:)°
N — number of nodes

REMD =

(2.2)

wher N 1s total number of samples. y; is an observation value. §; is the predicted MOS
value.

A section of the tree is shown in Fig. 2.2 (resolution at the leaves of the tree is sacrificed
to provide a visual cue of split importance). |

It 1s shown in the figure that cepdist is the most important factor to perception of V-V
connection.

Using the training data, an open test has been carried out and the result is shown in Fig.
2.3. The correlation coefficient is 0.79.

For the open test, 10 samples selected from 95 data as the test data and using the rest
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cepdist<0.47
f0zs<1.32
fOdist<-0.1
— -0
0|zgepdi§g<0.26 8
R R <-1.46 0zs51.44

7 wrdis
10zs<£1.62
(J.s f0zs;J,4J.3s 094 ob1-0ls3

{0dist<0.3
pwrdigt<-0.4 cepdigi<0.94

0!
<3.0
-al21 :_“%’*—b L wrdist<4.13
08057092 olof

pwrdist<1.1 -0.83-0.2

2.2: Dendrogram of the regression tree for prediction of MOS (node value).

MOS
0.5

0.0

-05

15 -1.0 05 10 15

0.5 0.0
Predict Value

2.3: Relationship between MOS and the predicted value by the regression tree for the

train data.

to train a decision tree, the tree is then used to predict MOS values of 10 samples. This
operation is repeated 9 times for the whole data and the final result is shown in Fig. 2.4.

The correlation coefficient 1s 0.61.

2 Vowel-Nasal Connection

In the same way, we investigate the vowel-nasal case.

2.1 Experiment Samples

Besides V-V connection, we need to consider discontinuity between vowel and voiced

consonants, since they have a quite different formant structure compared to the vowels. For
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MOS
00 05 1.0

-0.5

-1.0

-1.5 -1.0 1.0 1.5

05 0.0 05
Predict  Value

2.4: Relationship between MOS and the predicted value by the regression tree for the
test data.

Japanese, we use /m/, /n/, and nasal vowel /N/ in this paper. There are two categories of
data in the perception experiment, the first one is connection between /a/ and /'N’ + '#’/

and the second one is connection between /a/ and /'m’ + ’0’/, as shown in Figs. 2.5 and

2.6.

Target Phone Sequence = s a N #

Ist  Triphone + i
s-afm

2nd Triphone o-|N+#

2.5: Description of /s-a : N-#/ concatenation.

Target Phone Sequence: s a m o

1st  Triphone + i

s—am
2nd Triphone u-

2.6: Description of /s-a : m-o/ concatenation.

The same database MHT 1s used and 73 samples are generated. Five listener evaluated

the discontinuity perception with MOS values.
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2.2 Decision Tree for MOS Prediction

A decision tree is made to predict the MOS value from acoustic factors : f0dist, pwrdist,
fOzs, cepdist. The tree obtained from 72 samples is represented as : Equation : MOS j-
(cepdist + fOdist + pwrdist + f0.,)

Nodes of tree: 11
Residual mean deviance (RMD): 0.15 = 9.27 / 61

Distribution of residual:
Min 1st Qu Median Mean 3rd Qu Max
-1.1 -0.24 -0.01 0 0.19 1.13

Figure 2.7 shows the decision tree for the V-N case.

f025<1.08
f0dist<0.5 PWIdigt<510
-0’ T0dist0.77
| 3 gy e
cepdigt<1.46 ok 0dlist<0.68
1028<4-0.53 9 )
< -
ope bRRR  [EElA
-0.22
0.82 -0.08

2.7: Dendrogram of the regression tree for prediction of MOS (node value).

For the training data, the predicted result of a close-test is shown in Fig. 2.8, and the

correlation coefficient is 0.88. The correlation coefficient of an open test is 0.73.
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0.5

MOS Value
0.0

-0.5

-1.0

15 -0 05 00 05 10
Predicted MOS Value
2.8: Relationship between MOS and the predicted value by the regression tree for the

train data.
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Modifying Chatr FO Pattern with PSOLA

Concatenative synthesis speech usually has two kinds of discontinuity: (1) Discontinuity at
unit joint boundaries, which has been stated in the previous chapter. (2) Prosodic mismatch
between unit and target f0 pattern, which will be explained in this chapter.

The technology to modify f0 pattern used this chapter is divided into three categories:
(1) partial modification with {0 slope detection, (2) partial modification with DP search, (3)

point-to-point {0 modification to target f0 pattern. All the tree methods will be described

in the following sections.

1 Partial Modification with f0 Slope Detection

An example is given in Fig. 3.1 to show the target {0 pattern and unit f0 of CHATR
speech. The difference between unit f0 and target f0 could be the course of wrong accent in
the output speech.

The philosophy of partial f0 modification is to maintain natural quality of most part of
units and use PSOLA to correct fO values of those mora units which causing wrong accent
type in their corresponding accent phrases. For Japanese, we perform partial f0 modification
based on mor units, while in English, syllable structure is used. Then an objective criterion
to detect the above “partial” mora units is needed. Here, a slope detection based measure
1s used because it is simple and efficient. -

The flowchar of the approach is given in Fig. 3.2.
10
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3.1: Target 10 and unit {0 of Chatr.

Text Input
l

Text analysis & grapheme to phoneme

J

Prosody Prediction (duration, f0, power)

l

Unit Selection

!
Partial {0 Modification

l
Output Speech

3.2: The flowchart with the proposed method.
1.1 Objective Criterion of f0 Slope Detection

We try to detect mora pair with wrong f0 slope compared with its predicted {0 partner.

The function could be the following equation:

Zogfoslops + (5up

Zogfoslops + 6doum, (31)

foslope_range = {

bup = F(PhTcomm, ACCeomm, P 0Sphr) (3.2)

p
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5down = g(PhrcommaAcccommaPosphr) . (33)

where Phre,mm : phrase command, Acc.omm @ accent command, Posy,, @ position in the

phrase.

But we can not get these values from current prosody module in Chatr. In the current
experiment, Oup, 04own are set by manual. It can be improved only if we perform some
perceptual experiments.

A more detailed description of this method is shown in Fig. 3.3. After detecting the
mora pair (m;_, m;) whose {0 slope needs to be modified, we also need to know which mora
should be repaired. Current approach is to modify the mora with f0 lower than average;0

of units, otherwise modify m;.

AS

~

|
v < slope "

i slope

down

‘\ S L Acc_comm

Phrase_comm )

time

3.3: Detection of “partial” mora units.

1.2 Examples
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2 Partial Modification with DP Search

The second method to improve prosody of CHATR output speech is to use a MOS
decision tree and DP search within reasonable f0 modification range of PSOLA.

The basic idea of this approach is illustrated in Fig. 3.6. Here the f0 modification range
is set to 20%. Any unit {0 is supposed to be modified within this range and several discrete
values in the range become f0 candidates of the unit. Then DP is used to find the best path
through these candidates to minimize a predefined cost of the path.

The cost function consists two parts : (1) a quality cost introduced by PSOLA, named
psola_cost, (2) a prosody cost means goodness of {0 pattern of the underlying phrase, which is
measured by a MOS decision tree, named prosody_cost. They are explained in the following
subsections.

Therefore, DP search 1s employed to minimize the following cost function:

cost = psola_cost * weight + prosody_cost (3.4)

min_cost = min cost (3.5)
’L‘:I,N‘M



14

% 3 # MODIFYING CHATR F0 PATTERN WITH PSOLA

180 200 220 240 260 280 300

20 30 40 50
Target Pich  Pattern

150 200 250

a}

a-o

150 200 250 300

30 40 50
Unit  Pitch Pattern

K35 »5H, BESADWINTHEEZLTCWS L, JIEPORELRHS T TF7a, Fr77

k(jﬁﬂ( g& i Lf:o

where weight is used to take the balance between prosody and quality.

2.1 PSOLA Cost

The relationship between f0 modification rate and quality degradation is appropriated

by y = az®. where z means maximum {0 modification rate by PSOLA (£0.25). y means

quality degradation caused by f0 modification(MOS_cost), which is the PSOLA cost. « is

the coefficient.

2.2 Prosody Mismatch Cost

Prosody mismatch cost is assumed to be a perception-related value obtained by experi-

ments (refer to TR — [T — 0276). The acoustic features used are :

109510p€iyrge; = 108 fOEes — 108 f0iprges (3.6)

logslope,,;, = log FOLE —log fOL, (3.7)
SV logslopeiy, ger — logslopel )2

Logslopeissance = \/ 1 (logslope; get gslope,.;;) (3.8)

N -1
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/\ — target f0

1208 — . -
1108 — . e —_ f0 modification
—_— \‘/ range
100% -:-//__\)—
508 —% —_ '
803 — _Tv . — unitf0 (100%)
MORA width of — — modified 0
notch

3.6: Searching the best path with PSOLA candidates and DP.

4

logslopef;mget — logslope;, .| (3.9)

Delta = max
1=1,M

where IV is number of mora in the phrase.

From several experiments of evaluating prosody perception in MOS values, we got a
decision tree to predict the prosody mismatch cost from the above acoustic features. Figure
3.8 gives an illustration of the decision tree.

All the details of implementing this technique in CHATR system has been described in

(TR — IT — 0276).

3 Point-to-Point f0 Modification

Unlike the methods described in the previews sections, this section describes an approach
of modifying f0 pitch-synchronously. Since the partial modification of f0 pattern usually
modifies some parts of the selected units to maintain the voice quality and the limited f0
modification rate by PSOLA, prosody of the output speech could include some units which
result in unnatural prosody. Although there exists a tradeofl between prosody and voice
quality when using signal processing in f0 pattern, point-to-point f0 modification provide a
powerful method to test the quality and prosody.

An example of the method is shown in Fig. 3.9.
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AY MOS cost

3.7: PSOLA degradation score of {0 modification. (after X. Marumoto, W. Ding , and N.

Campbell, 1998)

accent=all factor::Logslope,Delta Residual=0.3339

Deita<(y242789
1242789,

Delta<0{ 131104 Lagslope0. 125666

0.502000

Logslope<0,098512 Deita<0}365519 Delta<| 417388

Logsiope<0.139743 Lt £0.798436
-0.125400 0.469400 -0,845000 -0.973600

~0.420900 -0.001357 -0.739300 -0.044200

3.8: The decision tree used in Chatr.
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POINT-TO-POINT FO MODIFICATION
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