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Introduction

Pronunciation of geographical namese

e (Czech language is phonological
* Czech alphabet: 42 letters (incl. digraph ch), 36 phonemes (incl. diphthong ou)
* g, w, x—in words of foreign origin

* in advance — vowels with other diacritics (e.g. d, 6, ) or digraphs (e.g. cz, sz2)
also in words or geographical names of foreign origin may occur

* pronunciation of Czech exonyms — see later
e pronunciation of Czech words/names, however, may not be easy for
foreign language speakers
* pronunciation guides
e creating audio will be useful

e UNGEGN resolution VIII/11 (WG on the pronunciation)

* noting that a geographical name has both oral and written forms

* noting also that the transliteration of geographical names from the script of
one language into the script of another with or without diacritical marks, such
as romanization, does not normally provide a guide to the correct
pronunciation of such names by persons who are unacquainted with the
source language
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letter

IPA pronunciation

[a]
[a:]
[b]
[ts]
[tf]
[d]
[1]
[€]
[e:]
[€], [iel, [ne]
[f]
[g]
[h]
[x]
[z]
[i:]
il
[k]
(1
[m]
[n]
[n]
[o]
[o:]
[p]
[kvl, [k]
[r]
[r], [¥]
[s]
n
[t]
[c]
[u]
[u:]
[u:]
vl
[v]
[ks], [gz]
[z]
[i:]
[2]
[3]

appellative

alej
nameésti
bazina
cesta
mocal
dal

das
elektrarna
jméno
letisté, véz, mésto
fontana
garaz
hora
vrchol
plosina
uzemi
jeskyné
kopec
les

most
niZina
stran
ostrov
dém
potok
squat, tequila
rybnik
feka, kef
skala
skola
tunel
trat
ulice
udoli
dvar
voda
wolfram
textil, exonymum
mys
mlyn
zaliv
Zeleznice

geographical name in Czechia
As
Svata
Brno
Cirkvice
Caslav
Dacice
Dablice
Ejpovice
Hostinné
Prostéjov, Vétini, Kromériz
Frydlant
Grygov
Hlinsko
Chomutov
lvancice
Temelin
Jilemnice
Karvina
Lovosice
Manétin
Nachod
Plzen
Ostrava

Rokycany
Ricany, Pferov
Susice
Sumperk
Turnov

Trest

Unhost
Ujezd
Stodulky
Vlasim
(Gottwaldov)
Xaverov
Litomysl
Slany

Zdice

Zebrak

Czech exonym

Afrika
Asém
Bejrut
Curych
Censtochova
Dolomity
Drazdany
Emze
Kérala
Stétin, Osvétim, Sandomér
Falc
Ganga
Himalaj
Charbin
Indocina
Azizija
Janov
Kahira
Linec
Mazursko
Norimberk
Misen
Opoli
Grénsko
Petrohrad
(Macquarietiv ostrov)
Remes
Rim, Sibif
Savojsko
Sanghaj
Turin
Tan-san
Urumdi
Kathmandu
Dobrosul
Viden
Salwin
Luxor
Mykény
Ryn
Zaporozi
Zeneva



Pronunciation of geographical names

Creation of audio files

e 2 variants
* recording of human speech
* generating audio by Artificial intelligence (Al)

* choice of the low-cost variant because of limited financial resources

* author of the following described office’s project:
Michal ZIDEK, BA.

e-mail address: michal.zidek@cuzk.gov.cz
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Creation of audio files

Recording of human speech

Manual speech by microphone with following digital processing

e to have texts read by an expert native speaker with excellent
pronunciation according to the language rules of literary Czech

e to modify recordings appropriately in virtual sound studio
e to have recordings checked by an orthoepist

e to modify audio files appropriately once more

e to provide connection to data of the Names of the world IS

» laborious, and very difficult as for time consumption, technical and
financial aspects, at least 10 times slower process than with using
Al

» impractical for the project
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Creation of audio files

Generating by Artificial intelligence

Audio files created by existing Artificial intelligence platform

e automated conversion of toponyms to their sound forms according
to Czech literary pronunciation

* to prepare compressed audio files using an existing large language
model (LLM) of a selected Al platform with its own modificated
programmable authomatisation and with possibility of semi-
automated modification of pronunciation of problematic files

e to save output audio files on a local storage and to check
correctness of pronunciation. Then to edit pronunciation of
problematic names using a developed system of editable input text
files and re-generating audio files with the same Al model

e to connect files with data in the Names of the world IS as attributes
offered on the map
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Al audio files
Analyse

Advantages:

e very low costs — labor costs (salaries) + low cost of using a virtual platform (about 3 CZK
/0.12 EUR /45 HUF per month)

e ability to create 1,000 audio files in 5 minutes

e if incorrect pronunciation by Al, it is possible to correct it quickly and precisely, and re-
generate new audio files

e using automatically correct literary Czech without dialectal/vernacular and other
nuances in pronunciation

e easy connection of files to names in the Names of the world 1S
e generating of very small files in high quality and universal format (usually 10-20 kB)
e the system is largely developed and immediately applicable

Disadvantages:
e demanding for primary training of staff and creating the system on a virtual platform
e necessity of manual control of reading/listening all files

e necessity of semi-automated correction of pronunciation in cases of sets of names with
problematic pronunciation (e.g. Czech exonyms) within which the Al model makes a
higher error rate in contrary to common speech (language) (12 % versus 2 %)

e variability and instability of current comercial Al platforms caused by their
contemporary intensive development
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Al audio files

Technical aspects
TTS1 project

Google Cloud Platform (GC)

e this Al platform has the lowest error rates in pronunciations in standard language and very low costs including
an opening credit

® possibility of use of pre-prepared modules and GC infrastructure without necessity to create a local supportive
architecture for Al

* excellent documentation of the platform and support of users by both a live (personal) assistant and a virtual
Al one (Gemini)

TTS1 = Text-to-speech algorithm

® Text-to-speech, as a basic element of our project, is a function (lightweight application) written in the Python
3.12 programming language and set to the GC Cloud environment. This function is able to take a text file as an
input, then to connect to the GC application programming interface Text-To-Speech API that enables an access
of the application to conversion of a text to speech with using naturally (human) sounded voice

® The input file is created by an export from our database (named ,,Ndzvoslovi“, = Toponymy) and by
manipulation with the script for Windows Power Shell to the format required by the application

® The input file contains two (text) strings in each raw. Each raw corresponds to one toponym. The first string is
used as a file name, the second one for creating of the sound. Possibility to modify the second string in a text
editor enables to correct pronunciation and yet save the original file name so that it corresponds exactly to the
toponym to which is pronunciation related. Then, MP3 audio files are outputs.

®  For the Czech language, the TTS model cs-CZ-Wavenet-B was tested

* trained on Czech data/words to learn specifics of our language, but still problems in pronunciation of
unusual words (e.g. geographical names, exonyms) can occur
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database
NAZAVOSLOVI
(nomenclature)
PostgreSQL

EXONYMS - SIMPLIFIED SYSTEM AND DATA FLO!

= name =file name = URL

input file.b¢t
(UTF-8)

GCSDK CLI
(file dowload)

folder

mp3 output

CUZK environment

WEB APP
JMENA SVETA

SCRIPT.ps1
Power Shell 7

FINAL
DIRECTORY

script (Python)

folder *

EXONYMS_MP3
“f‘?ld"fi'. ’scll’i'pt‘ :
—>ro_ CORRECT —P§ AUDIO_OUT.py
Python 3.12

Platform Google Cloud {GC)

Google Cloud Run

Google Cloud Shell

Python 3.12 (command tool)




Al audio files
Use for Czech exonyms

Al audio files for Czech exonyms:

project of Czech Office for Surveying, Mapping and Cadastre (CUZK)
* realized by the Secretariat of CCGN

initiative — UNGEGN proposal to participate in creating data for
World Geographical Names database (now in inicial phase)

* https://unstats.un.org/unsd/geoinfo/geonames/

experimental use for standardized Czech exonyms on the Names of
the world web application (i.e. omitting their variants)

* around 2650 exonyms (or, more concretely, forms of exonyms)
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Application Names of the world

List of Czech exonyms

https://ags.cuzk.cz/jmenasveta/ (Czech)

https://ags.cuzk.cz/jmenasveta/#en (English)
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Czech Exonym Index
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Application Names of the world

Audio file as an attribute of an exonym

exonym: Budapest

Czech Exonym Index (1 v X

) Play Name

Name: Budapest

Variant name: -

Archaic name: -

’ Official name: Budapest [hun]
Territory: HU

Object: sidlo

Latitude: 47°30" N ~
Longitude: 19°05"E | '

Origin of name: vznik spojenim mést Budin a Pest; slovansky puvod, \

I buda = staveni a pest = pec, jeskyné

Note: -

Feature ID: 363

-

udapest
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Application Names of the world

Audio file as an attribute of an exonym

exonym: Ostrihom

Index c¢eskych exonym [ v X

&) Prehrat jméno @% Priblizit na

Jméno: Ostrihom
Variantni jméno: -
Zastaralé jméno: -
Oficialni jméno: Esztergom [hun]

Uzemi: HU

Objekt: sidlo

Zemépisna 3itka: 47°48" N ﬁ ~
Zemépisna délka: 18°45'E

Pavod jména: snad ze slovanského ostergti = ochranit, ostfihat, \
stfici; hrad strezil slovanskou hranici pred Avary

Poznamka: -

Feature ID: 156%4

Stﬁho Vvsehrad
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Application Names of the world

Samples of audio files for exonyms

Examples of correctly pronounced Czech exonyms:

Viden (Wien; Vienna) = -
Stétin (Szczecin) o -
Velkopolsko (Wielkopolska)
Drazdany (Dresden)
Zahreb (Zagreb) “ -
Lublan (Ljubljana) = -

Sofie (Sofija / Codus; Sofia) = -

Lvov (Lviv / NlbsiB) = -

Bélehrad (Beograd / beorpag; Belgrade) «
Sedmihradsko (Ardeal, Erdély; Transylvania) = -
Dalmacie (Dalmacija; Dalmatia)
Pafiz (Paris) ™ :

Himalaj (Himalaya) = -
Amazonsky destny prales (Amazon rainforest)

:

NS

O
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Application Names of the world

Examples of incorrectly pronounced names

Examples of incorrectly pronounced Czech exonyms:

e Chibiny (XubuHbi; Khibiny Mts.)
* then the audio text modified to: ,,Chy Bb‘y ny“

e Cmunt (Gmind)
e _cmmunt” E NS

o Citagaon (Chlttagong / Chattogram / G&B3IT¥)

« Cita- gaonn”

o Cchung-éching (Chongging /& ) IS
e ,C-chungcchink” (then edited in the editoPAudacity)

e Ghazna (Gazni/ ~.¢; Ghazni)

NS

* ,Ga-Ha-zna“ (edit) = : N
e Gotsky pruplav (Gota kanal; Géta Canal)
*© ,Yét-sky pruplav” «f - IS

e Cusima (Tsushima / X} 5§; ,Tsusima“) * -
e Iskr (Iskar /Mckbp; ,,0 Is-kr” edit) €
*  Kypr (Kypros /Kompog, Kibris, Cyprus, ,,Kyppr ) N 3
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Application Names of the world

Modifications of an input name text
Examples of modifications of audio texts for correct or better pronunciation

exonym text | modified text

Aara | Adra
Abu Simbel | Abu Simbbelll
Benghazi | Benghhazi

Cchajdamska panev |
Tzchchhajdamska panev

Cjin | C'jjynn (edit)

Dzadida | DZzadyda

Freiberska Mulda | Frajberrskda Mulda
Glognice | Gloggnice

Gvalijar | Ggvaalijar

Hadzar | Hadzarr

Champlainovo jezero | Samplénovo jezero
Chartim | Charrtulim

Chiemgauské Alpy | Kymmgauské Alpy
Chiva | chy-va

Kafarnaum | Kaffar naum

Kasaj | 0 Kassaj (edit)

Kesong | Kessong

Kjusu | KjulGsul

Kuang-tung | 0 kuann-ktunk (edit)

Kuej-Cou | ghuej ¢ou

Méghalaj | Meég — haalaj

Licov | O -- Ly-Cov (edit)

LodZ | O -- Loc (edit)

Manipur | manypurr

Pa-an | Pa—ahnn

S‘Cchuanska panev | Se'-- -- ¢éch-uanska
panev (edit)

Susy | SGUssy

Svaty Gothard | Svaty Gott-t -- -- harrttt
(edit)

Sot Melrhir | Sott Melrrhhhirr

Tésin | 0 -- -- TéSiin (edit)

Théra |Ta -- -- Heéra (edit)

Trebusany | O -- -- Ttrrebusany (edit)

Zahoti | Zahoty

Zmud' | 0 -- -- ZmuT (edit)
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Al audio files

Pronunciation of Czech exonyms

many Czech exonyms is based on source endonyms or contain
proper names (geographical names or anthroponyms) with
different pronunciation, not corresponding to Czech orthoepic rules

e pronunciation of non-Czech sounds is ,Czech(ic)ized”

about 85 % of exonyms should be pronounced according to Czech
e although if some of them have unusual orthography
* Baskicko, Kurily, DZidda, Chartum, Gilbertovy ostrovy, Sin-tiang, ...
about 15 % of exonyms (over 400 ones) — less or more significant
deviation from the Czech rules

* source of uncertainty for Al how to pronounce correctly
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Al audio files
Sources of incorrect pronunciations

Examples:

di, ti, ni — pronounced as palatalized in Czech, but not in many exonyms
(usually of non-Slavic origin — Adize, Guvahdti, Manipur, Arktida, Arkddie, ...)
diphthongs — ai [aj] or [aji]?, ia [ja] or [ija]?, ei [e]] or [a]], ou [ou] or [u] or
[u:]?, etc. (Piava, Tokio, Hodeida, Pattaya, ...)
* necessity to pronounce with a glottal stop [?] in some words/names (Pireus, Lakhnad,
Zailijsky Alatau)
consonant groups with a letter h

e aspiration in most of Asian languages or Arabic (dh, th, gh, kh, bh, ch, ...) (Bhopdl,
Dzodhpur, Hurghada)

« different pronunciation in names of English or Greek names (th above all)
* [6] =1t], [s], [f], [th] in Czech pronunciation (e.g. Bathurstiv ostrov); [6] = [z], [d], [dz]

other —[y] = [g], [gh], [ch] in Czech; [q] = [k]; [w] = [v], [u];
(2] (schwa) = [e], [@], [r]; [=:] = [€], [er], [ér]; ...
uncertainty of pronunciation of some letters

* ccfts, k, s, ¢/tf, ...], ch [ch/x, ¢/tf, 8/], k, ...], g [g, dZ/d3, i/3, j, ch/x, ...],
jlj, d2/d3, 2/3, x, ...], s [s, z, ...], ...

more pronunciation options for several Czech exonyms for reasons above
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Al audio files

Problems with pronunciation of Czech exonyms

* about 12 % of Czech exonyms was considered as with innacurate pronunciation by Al
* more than it was expected, but still in such extent that is possible to correct wrong outputs
* formula - Word Error Rate (WER) containing substituions (S), deletions (D), insertions (l) and total

number of words (N) in a reference text SiD4I
WER (%) = (T) x 100

* apparent distortion of sound, merging phonemes to non-articulated sounds, lengthening of vowels (in
some cases this may seems like pronunciation with accent)

* for our needs — cathegories of gross errors and other errors were added in the fraction numerator
* then about 30 % of them was in cathegory of gross errors

Difficulties for pronunciation by Al:

* short names — Sfax, ...

* names with letter r (or F) - Iskr, Kran, Kris, Sers, ...

* Czech exonyms from Arabic or Asian countries with endonyms in non-Roman script

* aspirated consonants — often pronounced without letter/sound h

* unusual consonants groups in names of China, Korea, South or Southeast Asia (cch, pch, ¢j, ...) (Cching-
chaj, Cjintwin), hyphenation in exonyms (Jang-c*-tiang, Pa-an)

* problems with declension in names with a Roman numeral — zemé krale Frederika IX

* common tendences to pronounce on basis of English language

*  Atlas (mt. range) [eetlas] — frequent word in language corpuses
*  but: Vysoky Atlas — pronounced correctly in Czech
* digraph ch like [¢/tS] — Chartum (maybe because of ¢ in the middle of the name, atypical for Czech)
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Vision for the future

To continue in the project development:

e publish the other sound data as one of attributes of toponyms in the map
of the Names of the world application
* names of the states and their territorial parts (nearly 900 names), names of seas
and international territories (about 2600 names but many of them contain
endonymic components)
* publish sound data for names from Geonames database on the Geoportal
CUZK (over 300,000 names in the territory of Czechia)

* planto complete in 2032

e improve pronunciations of audio outputs using new added support for
SSML (Speech Synthesis Markup Language) with GC language model (with
possibility of adding instructions for speech synthesis, including
pronunciation, accent, intonation and pauses which permit more accurate
conversion of text to the Czech language for names problematic in
pronunciation, too

e Use audio files and data for voice search; it means it would be possible to
search for geographical names on a map by pronouncing/speaking a
search name to a microphone of headphones, mobile telephone, tablet,
laptop, ...
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Thank You for Your attention

Mgr. David MICHALEC
Geographer

Z U Secretariat of CCGN
Land Survey Office

Pod sidlistém 1800/9
182 00 Prague, CZECHIA

e-mail address: david.michalec@cuzk.gov.cz

Zemémeéricky urad, Pod sidlistém 1800/9, Praha 8
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