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Recent advances in deep learning and neural network technology have
dramatically improved speech technology [5], but these improvements are not
uniform and some languages, due to their complexity, unfortunately lag behind.
Arabic is one such language, and although universally regarded as one of the
world's major languages, the quality of Arabic speech technology is still
significantly behind that of the other major languages such as Chinese,
Spanish, and English. This report analyzes errors in the Arabic TTS systems
for Google, Apple, and Microsoft, and explains how ArabLEX, CJKI's
Comprehensive Arabic Full Form Lexicon [1, 2], the most comprehensive
Arabic computational lexicon available, can serve as training lexicon to
address these shortcomings and enhance the quality of both text-to-speech
(TTS) and automatic speech recognition (ASR).

1. TTS accuracy

The extreme orthographic ambiguity of Arabic (see Appendix 2 for linguistic details) has
led to very high error rates in TTS systems, even those offered by major companies such
as Google, Apple, and Microsoft. We tested several of these TTS systems to determine
the scope of the problem and present some of the results in Appendix 1. We discovered
that it is not unusual for over 50% of the words in a sentence in these systems to be
mispronounced, and that there is a trend for cliticized words to be incorrectly pronounced.
For example, the cliticized word @&U;, correctly pronounced walilkatibina, is

mispronounced as walilkatibayna.

Another issue is prosody (stress and intonation) and vowel neutralization (e.g. U na is
written as a long vowel in L] but is shortened in actual pronunciation to na). This means
that the s in both L and i are pronounced long and short respectively, as it seems that

they should be, but in fact the long vowel in the former should be neutralized and both are



pronounced ya (the a indicates a shortened long vowel). Incorrect prosody means for
example pronouncing dw,x ‘school’ as madrasatu instead of the correct madrasatu. This
causes the Arabic to sound unnatural, like pronouncing nation with the stress on the last

syllable. This complex issue is described more fully in my paper on Arabic stress [3].

2. ASR accuracy

ArabLEX includes features specifically designed to support automatic speech recognition
(ASR). For speech synthesis (TTS), it is necessary to generate only one accurate
pronunciation. For example, Qs.fBlS ‘writers' in standard Arabic is pronounced katibdna, but
for ASR it is also necessary to recognize the less formal variant pronunciation katiban.
Similarly, the standard pronunciation of u.Sl '| write' is dktubu, but the final vowel is often

omitted and it is pronounced &Gktub.

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 Jw= jamal is pronounced [gémel] in Egypt, [d3€mEl] in the Gulf region,
and [zEmEl] in the Levant. It is important to note that this does not refer to the local dialects
in those regions, but to a regional varieties of Modern Standard Arabic (MSA) in those

regions.

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.

3. Comprehensive pronunciation dictionary

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

pronunciation dictionary as well as training lexicon.

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

training ASR systems to achieve higher recognition rates.

4. Conclusion

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

* Approximately 600 million entries, including millions of proper nouns.

* A/l combinations of proclitics, enclitics, and affixes.

* Tens of millions of orthographic variants.

* Exhaustive list of alternative pronunciations of identical unvocalized strings to
enable orthographical disambiguation (e.g. six alternatives for <Lilils).

* Highly accurate phonemic transcriptions for all wordforms (CARS).

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

Speech synthesis, speech recognition and prosody in current Arabic speech technology
are, on the whole, inaccurate, unnatural and often unpleasant to the ear. Although Arabic
is one of the most common languages in the world, Arabic speech technology has lagged
behind the other major world languages. This does a disservice to Arabic-speaking users,
not to mention the many millions of people around the world who are learning Arabic and

rely on speech tools to further their learning and communicative ability.
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Appendix 1: TTS TEST RESULTS

Below are the results of CJKI's tests comparing the TTS systems of Google, Apple (iOS)
and Microsoft (Bing). The Unvocalized field is the original Arabic text, the Vocalized field
indicates the correct pronunciation, and the CJKI field shows the pronunciation in CARS
phonemic transcription [4] contained in ArabLEX. 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.

Tables 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.

Table 1: Mispronounced Words in Composed Text

Google i0S Bing
Unvocalized Vocalized CJKI
(13%) (31%) (25%)
dde SJ& €adadu cadada cadada €addada
S s EIT Ikatibu Ikatibi Ikatibu Ikatibu
e k ma ma ma ma
J& JB qala gala gala gala
ol ‘Jl ’inna ’inna ’inna ’inna
s /5 ! - - - -y
clls_a: c _‘9,0; ha’uld’i ha’uld’i ha’uld’i ha’uld’i
ng.oJl ¢&>ﬁ Ihukkami Ihukkami Ihukkami lhukkama
S~ 9~ 0~
d.’ss,Lv.é.“a 4 s yafealunahu yafeallinahu yafeallinahu yafeallinahu
P o i f fi f
Zol) 251 Ikharij Ikharija Ikhariji Ikhariji
Jie Jio mithli mithii mithli mithla




Olosxy)) QL;,;_QT lhajamati lhajamati Ihajamati Ihajamati
igsjﬂy] at_;g;_oi)}‘ﬁ Pilikturuniyyati Pilikturuniyyati  Tilikturuniyyati  Tilikturuniyyati
5 )Lb.ng 65; 9; wamutaradati wamutaridati wamutaridati wamutaradati
u-:b)lxﬁ-" &wjl_;:ﬁ Imuearidina Imuearidina Imuearidina Imuearidina
Q.“J.?BUl &_;Jy}lﬁ llajiTna llajiTna llgjiina llajiina
G A i f fi fi
M‘an e,,ol;;ﬁ leawAsimi leawAsimi leawAsimi leawAsimi
&ﬁ )ill Zt;..j);zﬁ Igharbiyyati Igharbiyyati Igharbiyyati Igharbiyyati
u.:.fls’ls\l)g @@; walilkatibina walilkatibayna |walilkatibayna | walilkatibina
O :,m mina mina mina mina
Oulouall ;{‘;‘_o_;.;:)‘la ssahafiyina ssahafiyina ssahafiyina ssahafiyina
oyl gf;_;ffl’ learabi learabi learabi learabi
zre éj.;: sarraha saraha saraha sarraha
QL /i, bi'anna bi'anna bi’anna bianna
gc.g.:.Lc ;.g.:l; ealayhim galayhim galayhim galayhim
QT UT an an an an
980 |)ii° : yakttibuwu yaktibuwu yaktibuwu yaktubuwu
e L; ma ma ma ma
d.:lob’ " K tumalfihi tamifihi tamfihi tumfihi
Ss.e.th- :“-@-:I-; ealayhim ealayhim galayhim galayhim
MJBLQJO Sl dam&iruhum  dam&irihim dama’irihim dama’iruhum




Table 2: Mispronounced Words in Extracted Text

Google iOS Bing
Unvocalized @ Vocalized CJKI
(80%) (90%) (70%)
OlgY) &g_;"’i "alikhwatu "al’akhawati *al’akhawatu ‘al’akhawatu
C.’Al:?j}laﬂ ulyg;.dl Imutazawwijatu  Imutazawwijati  Imutazawwijati | Imutazawwijatu
I ST i llati 14t 14t
393 :}féj ) rizqin ruzqin ruzqin ruzigna
s Ll (%, babinaun bibna'i bibna'i brabn&’a
oSl 583 falayiktibna falktibna falktibna falyaktibna
. °os_ ~ o,
MJLQ.«:' G'é-;’l-“‘*’T ‘ism&’ahum sma’ihim sma’ihim ‘asma’ahum
w9 wwg wasababa wasababa wasababa wasababa
4.:.0.5&4.:), MT [ttasammihu [ttasammithi [ttasammiihi ttasmiyati
Jel>)y Jel>y rajjaan raja’ raja’ raja’an
Table 3: Mispronounced Sentences in Composed Text
TTS Sentence Error %
die gl 3 wisledy plSodl V5o o JB L 3 sue
Unvocalized lsx” RWES VIRV EIN] d3yllasy aAg)ISJm Olasy]! )
Lcly.&.: gl‘mg.«]&gb o Oyl jubouall e u..u.)li.Ug Ao ,=l)
o25led eaude ddas
Joo )BT S cbglgm ;&yjn Jia Ol J6 L b C3TT 3ae
Vosalized colsdl 3 u.a.«plUl M,&JT oS)Lng @9,&1511 uLle
ocalize mo ¥ -
QT gﬁ.é;l.c Jb t).o u)sjl O.«.&.Oua{l /u.«.ulihg M)le
)Jlmo W.c d.J.m Lo
e€addada Ikatibu ma qala ’inna ha’uld’i Ihukkama
CUKI yafealUnahu fi Ikhariji mithla lhajamati l'ilikturuniyyati

wamutaradati Imuearidina llaji'ina fi lcawasimi Igharbiyyati.

walilkatibina mina ssahafiyina learabi sarraha bi'anna




€alayhim ’an yaktubuwu ma tumlihi ealayhim dama’iruhum

Google

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

yaktubuwu ma tumallihi ealayhim dama’iruhum

13%

i0S

Bing

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

yaktubuwu ma tamlihi ealayhim dama’irinim

cadada lkatibu ma qgala ’inna ha’uld’i Ihukkami
afealtnahu fi Ikhariji mithli Inajamati lilikturuniyyati
wamutaridati Imuearidina llajiina fi lcawasimi Igharbiyyati.
walilkatibayna mina ssahafiyina learabi saraha bi’anna

€alayhim "an yaktubuwu ma tamlihi ealayhim dama’irihim

Table 4: Mispronounced Sentences in Extracted Text

31%

25%

TTS

Sentence

Error %

Unvocalized

Vocalized

CJKI

Google

Gy padlowl eSS <Ll 08, W Olegyall SlssYl
l;l:?) 4.:&.«4.«.”

- o s _ - -2 __5 _
3

°e /°5°/01 - P /a’ o 5 © s - )
Cows pplowl 0S8 slul 08y W Slogall Cilgs Yl
|9l?) di.g.w.ﬁl

"alakhawatu Imutazawwijatu llati ruzigna bi'abna’a

falyaktubna "asma’ahum wasababa ttasmiyati raja’an

“alikhwatu Imutazawwijatu Iti rizgin babina’un falayiktibna

‘isma’ahum wasababa lttasammihu rajja’an

80%

iOS

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

sma’ihim wasababa lttasammihi raja’

90%

Bing

"alakhawatu Imutazawwijati llati razqin bibna’i falktibna

sma’ihim wasababa lttasammihi raja’

70%




Appendix 2: 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, g,,:le 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 LQ.QJLJ[SJg 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 L%.:L.:lib often requires morphological, semantic and contextual

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



