TTS Survey Report
Enhancing Arabic Speech Technology

with the world's most comprehensive Arabic lexicon

Abstract

The recent advances in deep learning and neural network technology have
dramatically improved speech technology [5]. Although the quality of Arabic speech
technology has been steadily improving, it still lags significantly behind the other
major languages, such as Chinese and English. CJKI's Comprehensive Arabic Full
Form Lexicon, or ArabLEX (1.2 billion entries) [1, 2], is the most comprehensive
Arabic computational lexicon ever created. This reports analyzes the significant
error rates in he leading TTS systems, and shows how ArabLEX can address these

shortcomings by dramatically enhancing the quality of both TTS and ASR.

1. Orthographical ambiguity
One reason that Arabic speech technology lags behind is that the Arabic script is highly
ambiguous. Words are often written as a string of consonants with no indication of vowels.

For example, 9315 can represent as many as seven pronunciations: kaatib, katibun,

katibin, kataba, katibi, katiba and katibu. Many other characteristics of the Arabic script
contribute to a high level of orthographic ambiguity, as described in Halpern's paper on

Arabic named entities [4].

The morphological complexity of such cliticized forms as Lc.e,.)l.glilg walikatibatihima, and

the absence of vowel diacritics, makes Arabic TTS especially challenging. That is,
determining the morphological composition of such forms, and the correct vowels for such

consonants as & in Lag3LsSJg often requires morphological, semantic and contextual

analysis which tax the capabilities of state-of-the-art speech technology.

2. Improving TTS accuracy
The extreme orthographic ambiguity of Arabic has led to unacceptably high error rates,

even by the TTS systems offered by major players such as Google, Apple and Microsoft.



Our institute has conducted a survey to determine the scope of this problem, some of the
results of which are reported in the Appendix. Surprisingly, we discovered that it is not
unusual for over 50%, and even 80%, of the words in a sentence to be mispronounced,
and that there is a trend for cliticized words to be incorrectly pronounced. For example, the

cliticized word f).dli%, correctly pronounced walilkatibina, is mispronounced as
OO

walilkatibayna.

As can be seen from the Appendix, the error rate of Arabic TTS is unacceptably high.
Such a high error rate would be unthinkable in the other major world languages. Another

issue is prosody (stress and intonation) and vowel neutralization (e.g. U na is written as a
long vowel in LT but is shortened in actual pronunciation to na). This is a complex issue,

described in detail in Halpern's paper on Arabic stress [3].

Speech synthesis, speech recognition and prosody in current Arabic speech technology
are, on the whole, inaccurate, unnatural and often unpleasant to the ear. The time has

come for developers to make serious efforts to make dramatic improvements.

3. Improving ASR accuracy
ArabLEX includes features specifically designed to support automatic speech recognition
(ASR). For speech synthesis (TTS), it is only necessary to generate one accurate

pronunciation. For example, ggs 'writers' in standard Arabic is pronounced katibdna, but

for ASR it is also necessary to recognize the less formal variant pronunciation katibdn

Similarly, the standard pronunciation of g,JS| '| write' is ‘aktubu, but the final vowel is often

omitted and it is pronounced ‘aktub.

The above alternatives are on a phonemic level. That is, the phoneme /na/ is being
replaced by the phoneme /n/ as a result of vowel omission. There are also variations on

the phonetic level; that is, certain phonemes have regional allophones. For example, z in
such words as Jwe jamalis pronounced [g€mel] in Egypt, [d3€mEl] in the Gulf region, and

[3EmEI] in the Levant. It is important top note that this does not refer to the local dialects in

those regions, but to a regional varieties of Modern Standard Arabic (MSA).


https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_fricative

Thus ArabLEX not only represents z in the standard IPA [d3] for TTS, it also lists the

regional [3] and [g] for ASR training. The goal is to enable the recognition of these

allophones, but not to generate them.

4. Benefits to speech technology

One of the key components for training speech technology systems is the pronunciation
dictionary. A major feature of ArabLEX is that it can serve as an extremely comprehensive

pronunciation dictionary.

ArabLEX not only maps all unvocalized forms (including all cliticized forms) to their
vocalized counterparts and to their lemmas, but also provides precise phonemic
transcriptions (CARS system) [4] and phonetic transcriptions (IPA) that includes precise
word stress and vowel neutralization for each entry. For example, in the IPA WEIIKE:
tibikume("), the stressed syllable is indicated by (') (U+0C28), while () (U+02D1) indicates
that the final € is neutralized vowel of optional half length. These features can help
developers significantly enhance the quality of Arabic TTS, and can be used in training

ASR systems to achieve higher recognition rates.

To summarize, ArabLEX can bring the following benefits to speech technology:

» Covers approximately 1.2 billion entries, including millions of proper nouns.

* Covers all combinations of proclitics and enclitics for inflected wordforms (mostly
verbs, nouns, adjectives and proper nouns).

* Tens of millions of orthographic variants for all wordforms.

* Provides an exhaustive list of alternative pronunciations of identical unvocalized
strings to enable orthographical disambiguation (e.g. six alternatives for clills).

* Future versions will provide 'importance flags' to help determine the most likely
alternative.

» Highly accurate phonemic transcriptions for all wordforms, including precise stress
and vowel neutralization

* Phonetic transcriptions (IPA) indicate the correct allophonic variants in context as

well as regional variants for ASR.


https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
https://en.wikipedia.org/wiki/Voiced_palato-alveolar_affricate
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APPENDIX: TTS SURVEY RESULTS

Below are the results of a survey conducted by CJKI (our institute) to compare the TTS
systems of Google, Apple (iPhone) and Microsoft (Bing), showing high error rates for all
three. The Unvocalized field is the original Arabic text, the Vocalized field indicates the
correct pronunciation, and the CJKI field shows the correct pronunciation in CARS
phonemic transcription [4]. The CARS transcriptions in these Google, iOS and Bing
columns indicate the actual pronunciation by the three TTS engines. Mispronunciations

are indicated in red, and the error rate is given in the column headers.

Table 1 and 3 are based on text composed for this survey, while tables 2 and 4 use a
sentence extracted from the web. (It is noteworthy that the error rate for the composed text
is actually much lower than for the extracted text.) Tables 1 and 3 compare the results on
a word-by-word basis, whereas tables 2 and 4 compare them on a sentence-by-sentence
basis, showing the context. The fact that the error rate is sometimes over 80% is surprising

and unacceptable to users.

Table 1: Mispronounced Words in Composed Text

Google iOS Bing CJKI
Unvocalized Vocalized
(13%) (31%) (25%) (0%)
dds 338 cadadu eadada cadada eaddada
S C—g&ﬁ Ikatibu Ikatibi Ikatibu Ikatibu
L L ma ma ma ma
JB J@ qala qala qala qala
dl L/)l ’inna ’inna ’inna ’inna
V3o s /9-6 ha'ul&’i ha'ul&’i ha'ul&’i ha'ul&’i
flg-"t” é&;’ﬁ [lhukkami [hukkami lhukkami Ihukkama
4—’9—12-9-’ 2351%;2.} yafeallnahu yafeallnahu yafeallnahu yafeallinahu
P G f f f
ol /@1337 Ikhariji Ikharija Ikhariji Ikhariji




o S| mithli mithli mithli mithla
Olog! 95-&&“ Ihajamti Ihajamti Ihajamiti Ihajamiti
3:.:.39)1&]}” @sﬁilg‘f Pilikturuniyyati Pilikturuniyyati | Pilikturuniyyati | Filikturuniyyati
5°)U°-°3 §53LL:>§ wamutaradati wamutaridati wamutaridati wamutaradati
utb)w' :)t-‘?g&ij]’ Imuearidina Imuegaridina Imuearidina Imuearidina
Q..ti?lUl :){dfgm llgjiina llajiina llajina llajina
P G f f f
Mls-ij‘ QJ?B—QT leawasimi leawasimi leawasimi leawasimi
&ﬁ)ij‘ é-:-jﬁ;ﬁ Igharbiyyati Igharbiyyati Igharbiyyati Igharbiyyati
uJ:J:Slg-Uﬁ :)*“-:-2&15 walilkatibina walilkatibayna |walilkatibayna |walilkatibina
OR :)vf mina mina mina mina
Ousdouall [w‘};ﬂaj' ssahafiyina ssahafiyina ssahafiyina ssahafiyina
9)—2” kf}-iﬁ learabi learabi learabi learabi
ce é;-b sarraha saraha saraha sarraha
ol /lg banna banna bianna bianna
M,J& ;ﬁ-gjla galayhim galayhim galayhim galayhim
OT °T ‘an ‘an ‘an ‘an
|9~&-’ ‘;f&/’ yaktubuwu yaktubuwu yaktubuwu yaktubuwu
L K ma ma ma ma
dde3 &5 | tumaini tamfihi tamfihi tumfihi
(5-6-;-15' @-@il; calayhim calayhim €alayhim calayhim
Q—“;M (ﬁ;jil;-*;’ dama’iruhum dama’irihim dama’irihim dama’iruhum




Table 2: Mispronounced Words in Extracted Text

Google iOS Bing CJKI
Unvocalized | Vocalized
(80%) (90%) (70%) (0%)

“l s S -< %%

Sl S9N alikhwatu "alakhawati ‘aPakhawatu | ’aPakhawatu
- NP | . e e -
UL?S)-‘-“J' UL’?&)—‘—O-” Imutazawwijatu | Imutazawwijati  |Imutazawwijati | Imutazawwijatu

W W it llati llati llati
w“ . 8.8
EBY) O rizqin razqin razqin ruzigna
oL bl | babinaun bibn#'i bibn#’i biabni’a
. < o3& %

OwSls eSS | falayiktibna falktibna falktibna falyaktibna
MSLQ-«J g;-jegl-g-:" Yisma’ahum sma’ihim sma&’ihim ‘asma’ahum
e C—‘L:@ wasababa wasababa wasababa wasababa
wl ‘:119-‘“-‘” [ttasammihu [ttasammithi [ttasammihi ttasmiyati
Jel> HES rajja’an raja’ raja’ rajd’an
Table 3: Mispronounced Sentences in Composed Text

TTS Sentence Error %
J=e @L&Jl =S dgl=dy 5L§oJl V5o ol JB Lo LS due
?—'0192” = i W o)yl 85ylnaog 49y SIV Slasmy]!
Unvocalized = - - - ) - * . -
Mﬁl&b %J,c a3
e gl 5T 4 &slmds AT Vo ) IUB s ColsTT 558
o olsT 8 Gae T & w)yleadl 855L0a45 4 593801 Clezgl
Vocalized S e et o 3F oL T e T a2 T T e 0%
|9_¢.‘2S.3 Ol @_QIJJ.C QLE cre &:)).9.” L}.:;.epuan O QA:.}&LE c/ttpgﬂ
palad qgle 4l
CJKI . - .t s N . 0%
J caddada Ikatibu ma qala ’inna ha’ul®’i lhukkdma °
yafealUnahu fi Ikhariji mithla Ihajamati l'ilikturuniyyati
wamutaradati Imuearidina llaji'ina fi leawasimi Igharbiyyati.
walilkatibina mina ssahafiyina learabi sarraha bi'anna




galayhim ’an yaktubuwu ma tumlihi ealayhim dama’iruhum

Google

cadadu lkatibu ma gala ’inna ha’uld’i Ihukkami yafealinahu
fi Ikhariji mithli lhajamati l'ilikturuniyyati wamutaradati
Imuearidina llajiina fi lcawasimi Igharbiyyati. walilkatibina
mina ssahafiyina learabi sarraha bi’anna calayhim "an

yaktubuwu ma tumallihi ealayhim dama’iruhum

13%

iOS

cadada lkatibi ma qala ’inna ha’uld’i Ihukkami yafeallnahu
fi Ikharija mithli lhajamati lilikturuniyyati wamutaridati
Imuearidina llajiina fi lecawasimi Igharbiyyati. walilkatibayna
mina ssahafiyina learabi saraha bi’anna €alayhim ’an

yaktubuwu ma tamlihi ealayhim dama’irinim

31%

Bing

cadada lkatibu ma gala ’inna ha’uld’i Ihukkami afeallnahu
fi Ikhariji mithli Inajamati l'ilikturuniyyati wamutaridati
Imuearidina llajiina fi leawasimi Igharbiyyati. walilkatibayna
mina ssahafiyina learabi saraha bi’anna €alayhim ’an

yaktubuwu ma tamlihi ealayhim dama’irinim

25%

Table 4: Mispronounced Sentences in Extracted Text

TTS

Sentence

Error %

Unvocalized

g odlomal 5SS Lol 585 W) Slegziall Gl Yl
|;L?) W|

Vocalized

o ~ Eor

oo e e 0% . 082 8% _ oF - & AR AIPE P e AP
Co ey el ol O 388 BLSL 5-85) T Slzoaad] SIssl
g g " - = -~ @2
HESPWORI]

0%

CJKI

"alakhawatu Imutazawwijatu l1ati ruzigna bi'abna’a

falyaktubna ’asma’ahum wasababa ttasmiyati raja’an

0%

Google

“alikhwatu Imutazawwijatu Iti rizqin babina’un falayiktibna

‘isma’ahum wasdababa Ittasammihu rajja’an

\80%

iOS

"al’akhawati Imutazawwijati llati razqgin bibn&’i falktibna

sma&’ihim wasababa Ittasammihi raja’

90%

Bing

"alakhawatu Imutazawwijati llati razqin bibna’i falktibna

70%
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