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Survey Overview



Some TTS not support Vietnamese: 

● iSpeech

● Watson_IBM

● Balabolka

● Vocalware

● Nuance TTS

● Naturalreaders

● Oddcast 



TTS support Vietnamese: 

● Vnspeak:   Android app

● Responsivevoice

● Google TTS  -  Google

● FPT.AI  -  FPT

● VBEE   -  BK Hanoi

● Azure TTS - Microsoft

● VTCC  -  Viettel

● eSpeak 

● Text2Voice – Fibo

● VOS  -  AIlab

● eSpeak 



General Review: 

TTS system Advantage Foible

VOS • Good in special cases with many rules
• Bad in containing English 

cases
• Bad in handle Abbreviations
• Bad in handling with numbers

VBEE • Quite similar to VOS, just different in rules 
for special case

• Southern Voice is limited
• Bad in handling with numbers

FPT.AI • Smooth and fluently voice • Can’t handle special cases

Google-Responsive • Good at multi-lingual handling
• Handling the majority of special cases

• Unnatural

Link: shorturl.at/muO58



Method



Update Rule

https://docs.google.com/document/d/1H_DB2JYk
4_8mLi8uoidceXR85cNZs31xlxjn2kNYWYM/edit?
usp=sharing

Not lowercase the input, distinguish 
upper and lower case when 
normalization

Reuse and add new rule to deal with 
number

https://docs.google.com/document/d/1H_DB2JYk4_8mLi8uoidceXR85cNZs31xlxjn2kNYWYM/edit?usp=sharing
https://docs.google.com/document/d/1H_DB2JYk4_8mLi8uoidceXR85cNZs31xlxjn2kNYWYM/edit?usp=sharing
https://docs.google.com/document/d/1H_DB2JYk4_8mLi8uoidceXR85cNZs31xlxjn2kNYWYM/edit?usp=sharing


Mathematics 

Timedate

Address-Code

Special Case 

4 kind of rules

Find and 

Replace



Special Case 

Special Case



Special Case Telephone 

● Must have 0 or + d {1,3} at the beginning and have formats like

○ International standard phone number:

■ +1 876 9 248 212      +972 3 52 23 161      +800 86 100 999

○ Vietnamese phone number pattern:

■ 0989.72.77.99           +84 989.72.77.99

○ USA phone number pattern:

■ +353 1 679 3958

● Hotline:

■ 19001288        1800.1288 



Special Case
Website

● Prefix https ftp hoặc www 

○ www.google.st | not match: http://.com

● Suffix is popular domain:

○ Com|au\.uk|co\.in|net|org|info|coop|int|co\.uk|org\.uk|ac\.uk|uk

○ docs.google.com/document

Pronounce each letter and character, ensuring integrity, don't read 
letter to sound like old VOS version
The word "com" reads the whole word to make it more natural
 

http://www.google.st


Special Case
Email

● Use common email rules

○ Spell each letter and symbol in English

○ “@” is read as symbol “a còng”
○ Dot and Slash: is sounded : “chấm” and “xuyệt”

○ If contain “gmail.com” =>  replace as “giy meo chấm com”

● Example

○ tripx.vn@gmail.com



Special Case
Football

Some number pattern: 

● Đội hình 4-2-3-2

● Tỉ số 12-0

● Hạ Thái 4-3

● U.22

Hypen-minus and Dot will not be spelled



Date & Time



Time & Date Time

● Suffix: am/pm

○ 12:34 AM 12:00 AM - 1:00 PM

● Signal of time: h/g

○ 12h 12h30 12h30 - 13h

● The validity of time

○ 22:30 but not 40:60

If "-" followed by captured regex will be read as “đến”

Add “giờ” to suitable places



Time & Date Date

● Typical pattern of the date month year

○ 5/12/2019 05.12.2019 5-12-2019

● Contain roman number

○ IV-2019 III/2019

● Prefix is a word of time

○ Ngày|sáng|trưa...chiều|tối|đêm|hôm...

○ Hôm 5.12 sáng 5.12 - 6.12

Add “ngày” “tháng” “năm” to suitable positions

Check the validity of date and time -> not 20-20-60



Time & Date
Date

● Month

○ Tháng 12/2019

● Date from to

○ Từ 5-31/12

○ Ngày 5/12 - 31/12

● Month from to

○ Từ 7-12/2019

○ Tháng 7.2019 - 9.2019



Mathematics



Mathematics Floating Point | Normal Number

● Floating point is comma

○ 10,5 -10,5

○ 1.000.000,5 1.324.599

● Floating point is dot

○ 1,000,000 1200,000,000 1209,012,375,558

○ 12.5 12

Floating point is replaced by “phẩy”

Integer Part is read as Normal Number and discard frontier zero

Fractional Part:  2,05 => hai phẩy không năm 



Mathematics Unit of 
Measurement

● Unit is alphabetic:

○ Normal Number + {Alphabetic}

○ Normal Number + {Alphabetic} / {Alphabetic}

Check if match {Alphabetic} is in BaseUnit Mapping

● Unit is symbol

○ Normal Number + symbol

Check if match “symbol” is in CurrencyUnit Mapping



Mathematics
Unit of 

Measurement

Example:

● 100 kg/ha kg and ha in Dict 100 ki lô gam trên héc ta

● 160.000-180.000 đồng/kg.

The Limit:

● 12A 12 am pe  OR (lớp) 12 a

=> Context for unit

● The “/” is replaced by “trên”

● If {Alphabetic} is not in Dict => return the origin matching

● Distinguish upper and lower case Unit:   kb and kB



Mathematics Roman Number

● Just consider Uppercase is able to be Roman number:

○ Lần thứ VI AND lần thứ vi

● Consider alphabet of Roman is [X,I,V], 

○ XVII AND  MV (1005)

● Check valid:

○ romanA -> decimal -> romanB   =>   compare A=B?

○ IVX



Address - Code



Address

Political Division

Street

Office

● Kp|q|p|h|tx|tp|x

○ KP.3 H.Bình Chánh Q.7

● đường|số|số nhà|nhà|địa chỉ|tọa 

lạc|xã|thôn|ấp|khu phố|căn hộ|cư xá|Đ/c

○ Căn hộ C03.09 ấp 5A

○ “/” is replaced by “xuyệt”

● phòng|lớp|đơn vị

○ Lớp 12a3 phòng F203

○ “/” is not read



Address Codenumber

● Match All other cases contain numbers

● Some cases to deal with

○ 12A-7 : “-” is not spelled

○ B007 : read each zero

○ S-600 : Read continuous number string

○ lần/m2 : In case of there is continuous letter string in dict, keep it

○ C100045: If length of continuous number string > 4 , spell each number

○ TIM9+ : If totally Uppercase, spell each letter

○ 6λ : Case includes special character | symbol

○ .I86, :  Trim character



Update 
Dictionary

After run all rules, String just 
contain letters, space and 
special character

Run over each token to check if 
it is readable then mapping if 
necessary



Popular

Dictionary: Vietnamese syllable 

● Includes 7698 syllable

● Words that the current backend can 

support

● The future can be extended with 

further   

○ Đăk Lăk does not exist



Symbol - Special characters

Teen Code - Slang - Lingo

Abbreviations

Mapping



Abbreviations

● Acronyms: Mapping with origin phrase
○ NSƯT GDĐT LĐ-TB&XH

● Initialisms:  
○ STEM UNESCO

● Spell each letter (not phonemes)
○ SJC, PNJ, VNG, FBI, AFF

○ Skip it in this step and consider as unknown

Build Initialisms from:

● Total uppercase words
● Not appear in Acronyms Dict and not be an acronyms (case: some acronyms have not listed in Dict yet)
● Appears many times. Threshold Frequency is in discuss



The way Google read Acronyms

● Uppercase: replace with origin phrase

● Lowercase: read as unknown words

bhyt vs BHYT

ktx vs KTX   

=> Limit misunderstandings when not sure                 



Teencode - Slang - Lingo

● Add more than 300 Slang to Teencode Mapping (366)

H’Hen Niê H'Mông

● Total Uppercase Teencode will not be mapped:

BYT TRC

● Add some Lingo that not appear in Popular Dict (Backend can not read)

Đăk -> Đắc Lăk -> Lắc

● Difference style for the same word:
Hoá - Hóa thuỷ - thủy tuỳ - tùy



Symbol - Special Character

● Split letters and symbols

Ex:   đi &chơi (check  rule)=> đi & chơi (check dict)=> đi và chơi

● Punctuation

○ “.” “!” “:” “?”
○ “,” “;” “/”

● Check symbol
○ ε (ép si lon) ϵ (thuộc) ζ (de ta)
○ η (ê ta) θ (thê ta) ι (i ô ta)



● Tokenize with special character

GD-ĐT NQ/TW

● Tokenize with space

Ê-kíp Ra-đi-ô

Combine two way:   Tokenize with space first, if the token is unknown, 
then tokenize with special character

Tokenize Problem



Unknown Token  

Not appear in any 

Dictionaries, 

English       

Proper Noun



The way Google read unknown word

● Uppercase: Spell each letter in English

● Lowercase:  
○ Include vowel: -> keep ->letter to sound

○ Not Include:  Spell each letter in English (sometimes Vietnamese)    

bytero vs BYTERO (letter to sound và spell each letter)

ubndta vs UBNDTA (VI vs EN spell)

khtnm vs KHTNM  (EN vs EN spell)                    



Apply for VOS

● Lowercase: 

○ If containing vowels: Not change | cut down

○ Not containing vowels: Spell each as Vietnamese letter

● Uppercase:  

○ Spell each as English letter (not phonemes)                           

MVC => em vi si  not  mờ vờ cờ



Experiment



Programming
Languages



Language Comparison: 

Python

C++

Perl



https://www.researchgate.net/publication/5600272_A_comparison_of_common_programming_languages_used_in_bioinformatics

A comparison of common programming 

languages used in bioinformatics 

Holds the DNA sequences in memory, performs different computing 
tasks on the sequences (text mining or text parsing)

https://www.researchgate.net/publication/5600272_A_comparison_of_common_programming_languages_used_in_bioinformatics


https://www.researchgate.net/publication/5600272_A_comparison_of_common_programming_languages_used_in_bioinformatics

Neighbor-Joining tree construction algorithm Sellers algorithm

BLAST parsing

https://www.researchgate.net/publication/5600272_A_comparison_of_common_programming_languages_used_in_bioinformatics


https://www.researchgate.net/publication/5600272_A_comparison_of_common_programming_languages_used_in_bioinformatics

Similar with TTS front-end

BLAST parsing

Compare to C, when C++ standard 
libraries (ie. character strings) 
were used, the performances tended 
to slightly deteriorate

Tokenization was twice as fast as regular expressions for parsing the same 
BLAST file, but it took more time to write the program using tokens

https://www.researchgate.net/publication/5600272_A_comparison_of_common_programming_languages_used_in_bioinformatics


https://www.researchgate.net/publication/5600272_A_comparison_of_common_programming_languages_used_in_bioinformatics

Number of lines for 
each algorithm 

Perl :a unique statement 
can be used to detect a 
pattern

C has the highest number 
line of code, especially in 
Parser

https://www.researchgate.net/publication/5600272_A_comparison_of_common_programming_languages_used_in_bioinformatics


https://www.researchgate.net/publication/5600272_A_comparison_of_common_programming_languages_used_in_bioinformatics

Memory usage 

Perl is use for string 
manipulation but it need 
too much space to store 
the sequences in memory

https://www.researchgate.net/publication/5600272_A_comparison_of_common_programming_languages_used_in_bioinformatics


● Python and Perl are often called script languages and 

suitable for web scripting, parsing

● C and C++ are fully compiled languages, suitable for 

system-intensive tasks.

Usage



Programing Language of some TTS system

● Festival Speech Synthesis System of U.Edinburgh in C++ less portable ,more robust,                  

● Flite (festival-lite) of CMU: C library but it can be used from a C++

● Hts_engine use for Jtalk, Sinsy written in C++ and C

● eSpeak written in C

● ResponsiveVoice (Web Speech API Specification ) in Javascript

https://stackoverflow.com/questions/13052980/high-quality-open-source-text-to-speech-tts-engines-written-in-c

https://stackoverflow.com/questions/13052980/high-quality-open-source-text-to-speech-tts-engines-written-in-c


● Cross-Platform Deployment

● Fast running time

● Reuse the source code of VOS 2.0

● Not support Unicode natively (could use ICULIB instead)

● Steeper learning curve compared to Python

● Use less memory than Perl

Problem if use festival https://stackoverflow.com/questions/13052980/high-quality-open-source-text-to-speech-tts-engines-written-in-c

Language: C++

https://stackoverflow.com/questions/13052980/high-quality-open-source-text-to-speech-tts-engines-written-in-c


Libraries

● ICU4C (version 64.2)
● Standard Template Library



ICU4C Library

● Opensource.
● Well-documented, robust and reliable.
● Supporting Unicode String (including Vietnamese).
● Regular Expression for Unicode.

○ Basic regular expression operators

○ Case Insensitive Matching and other flags



Project Structure



Folder

● Dict/ 
○  Dictionary files

● Mapping/ 
○  Mapping files

● RegexRule/ 
○  Regular Expression Rules



Files

● Input.txt 
○ Regular text

● Output.txt 
○ Normalized text

● Main.cpp 
○ Main processing

● SpecialCase.*, DateTime.*,...
○ Rule Processing

● ICUMapping.*, ICUReadFile.*, ... 
○ Helper functions using ICU4C 



Rule Processing



void loadPatterns(...) {
    // Load Regex from files
}

UnicodeString normalizeText(...) {
    // Process regular text and return normalized text
    // using this rule
}

UnicodeString stringForReplace(...) {
    // Processing the text matched by regex.
}



Test and Statistics



News Corpus

Crawled from
                                                                                

1/2018 – now

Source: 

 9 online newspapers



News

● Total: 6.308.173 sentences

● Not Standardized: 3.740.507 sentences                     



Sentences Distribution

[653545, 386444, 103218, 634974, 177287, 167162, 157202, 481566, 979109]



● Special case: website, phone, football, email

● Math: measure, digit, roman

● Initialism: total uppercase but not in English 

or Acronyms

● Proper: Uppercase first letter, not in dictionary

Insights

● Special Case is just 0.2%

● Most of the Timedate cases are the 

publication date of the news

● English accounts for 40 percent

● Acronyms Upper and Lower problem



Random Test

60 tricky test cases
           

To compare TTS systems                 

100 need-normalized case
                                                                        

Use as baseline to improve

500 random in practical contexts 

Random test



Category Current VOS Targets Achieved

Mathematic (6) 50% 66.6% 83.3%

Address (5) 20% 80% 100% (5/5)

Time-Date (15) 73.3% 93.3% 100% (15/15)

Special Case - Measure Unit (15) 66.6% 93.3% 100% (15/15)

Teen Code (5) 20% 100% 80% (4/5)

Acronym (12) 41.6% 100% 100% (12/12)

Upper-lowercase (2) 50% 100% 100%

Cross language 20%

Proper Noun 20%

*This is just a survey result on a sample of 60 tests: 
https://docs.google.com/spreadsheets/d/1aXQqJYxlvDwSCUPM4BLiuy3rQUhhdpCSy_Frut-nBlM/edit#gid=0

https://docs.google.com/spreadsheets/d/1aXQqJYxlvDwSCUPM4BLiuy3rQUhhdpCSy_Frut-nBlM/edit#gid=0


53.3% -> 96.6%
● Total 60 test case
● Not include:

○ Normal sentences
○ Cross Language
○  Proper Noun

● 11 remaining cases: 
○ Mathematics 

○ Context check => Need statistics from 1GB News



Some test cases

● USB wifi hãng TP LINK

● số điện thoại 1800.8098

● trong khoảng thời gian 9h-12h30

● tương đương 1n ≈ 0,1kg)

● Khí H2S còn gọi là khí Hidro Sunfua Hóa lỏng ở 60°C

● Buôn Ma Thuột (Đăk Lăk)

● giá từ 500 triệu đến 1 tỷ đồng/sào

● cả Tấn Sinh (1m83) và Thành Chung (1m80) đều là mẫu trung vệ

Test cases from News are being used to improve Rules and expand Dictionany



100 Random case Needs to be standardized

Details: https://drive.google.com/file/d/1Wg7-hBa0sHluCfPA1BO9ePKzSRU5-o1R/view

https://drive.google.com/file/d/1Wg7-hBa0sHluCfPA1BO9ePKzSRU5-o1R/view


60% -> 97%
● Total 100 test case
● Not include:

○ Normal sentences
○ Cross Language
○  Proper Noun

● 11 remaining cases: 
○ Wrong mapping acronyms 
○ Cannot cover some units
○ Context check => Need statistics from 1GB News



500 Random case

Details: https://drive.google.com/file/d/1x1Uhu8oNaCj-Ql8SXoNt3td8VysWG__q/view

480/500

https://drive.google.com/file/d/1x1Uhu8oNaCj-Ql8SXoNt3td8VysWG__q/view


Failed Test Cases

Details: https://drive.google.com/file/d/1ntWycuAOF5728-tRSor8NCcrL39CfxNO/view

Main reasion

● Wrong mapping acronyms

● Wrong Roman Numbers

After fix: 497/500 remain 3 case

● tàu BĐ 94005 TS

● tòa nhà Keangnam Landmark72 

● Toyota Hilux 2.8 G 4x4 AT MLM

https://drive.google.com/file/d/1ntWycuAOF5728-tRSor8NCcrL39CfxNO/view


Future Work



Context for 
Ambiguous Cases

● Context for each Rule
● Context for Unit

○ Nhân dân tệ - Yên

● Context for Acronyms
● Context for upper-lowercase



Classification
● 10/2019
● 10.2019
● 10-2019
● 10,2019

Mathematics Address-Code

Timedate



Acronyms

There should be two kind of acronyms in this dictionary: 

● Need to replace with full meaning phrase:  

○  blv -> Bình luận viên ;   btc -> ban tổ chức/bộ tài chính/bitcoin

● Need to keep to spell each letter: 

○ MV, *WHO, WTO -> vê kép tê ô

● We know exactly they are acronyms, to distinct with unidentified words



Some Acronyms in VOS:

● pq, qx, hc, gl, nm, đk, qv

Improve:

● Acronyms Dict much contain Upper and Lower

● An Acronyms may have more than one 

meaning (have different context):

○ STT, BTC, ĐK...

● Update context for lowercase acronyms

66 Acronyms in lowercase 

from News 1Gb



Improve:

● Based on the existing Acronyms, filter out words that appear frequently 

in statistics 

○ 1438 words / 3603 total acronyms

=>    Limit misunderstandings

● Acronym Option

○ Mapping with full Acronym

○ Filter out shorter than 3 letter that unknown 



● File news 12GB from on Github
○ https://github.com/binhvq/news-corpus

○ 14.896.998 articles

● Mapping for English letter problem:
○ O, J, G

○ There is no Vietnamese transliteration

○ When to spell Vietnamese when to spell in English

https://github.com/binhvq/news-corpus


English English accounts for 40% of 

sentences need to be normalized.



● Special case: website, phone, football, email

● Math: measure, digit, roman

● Initialism: total uppercase but not in English 

or Acronyms

● Proper: Uppercase first letter, not in dictionary

Insights

● Special Case is just 0.2%

● Most of the Timedate cases are the 

publication date of the news

● English accounts for 40 percent

● Acronyms Upper and Lower problem



How Amazon Polly works with these case:
● Particular words, such as company names, 
● Acronyms
● Foreign words
● Neologisms (e.g., “ROTFL”, “C’est la vie”)

Use custom lexicons to customize the pronunciation of Nguyen

https://aws.amazon.com/polly/features/

https://aws.amazon.com/polly/features/


Phonetic pronunciation for specific text

Computer-readable phonetic script https://en.wikipedia.org/wiki/X-SAMPA

https://en.wikipedia.org/wiki/X-SAMPA


Cross Language (English)

● Popular English: 

○ Singapore->sin ga bo

● With other words:  (have meaning and available in Language Dictionary)

Other languages IPA Việt 7600 âm 

This is not totally standards

Understand ->  ən.dɜː.ˈstænd



Link download IPAhttps://sourceforge.net/projects/free-english-to-ipa-database/
App can speech IPA https://play.google.com/store/apps/details?id=com.hoardingsinc.pronunroid

8752 words

https://sourceforge.net/projects/free-english-to-ipa-database/
https://play.google.com/store/apps/details?id=com.hoardingsinc.pronunroid


Sticky Phrase
● In website:

○ thegioididong.com

● In email:
○ nguyenvana@gmail.com

https://github.com/coccoc/coccoc-tokenizer

https://github.com/coccoc/coccoc-tokenizer


Machine Learning 
Approach 



NSW Normalization

● Currently used by Google TTS

● Normalization of non-standard words (R Sproat et al. 2001)

● Supervised Learning 

○ Hand-labeled dataset for English and Russian

○ Vietnamese?



Thanks for listening


