Research report on phonetic and phonological analysof Khmer
Abstract

This report presents result of research on phoretit phonological analysis of Khmer as part of Khme
Text-To-Speech (TTS) project. The study includesedlt analysis of Khmer sounds, syllabification in
Khmer, stress analysis, intonation analysis anchglathange rules.

In phonetic analysis of Khmer sounds, we have ifiethtKhmer phonetic inventory with their assoaiati
features. The study of syllabification in Khmerde#&o the identification of a set of rules for abifying a
given word. The research on stress analysis in Kimexels that Khmer words have stress and at least
one stress on the last syllable. The location @fsst depends on number of syllables in the wor@dsyM
rules are identified for sound change in Khmer.

I. Introduction

The stream of speech is composed of two kinds dafnplogical units: Segmental sounds and
Suprasegmental sounds. Segmental sounds are thageaan be segmented into distinct, discrete pnits
such as vowels and consonant [9]. The featurepadch like variations of pitch, stress, and accardgs
called suprasegmental sounds. The naturalnese dfytithesized speech is largely characterized doy th
fact that how successfully the above mentioned plogical units i.e. both segmental and
suprasegmental features exists in the languagmedeled in the speech synthesizer.

The research is focused on identifying unique dtaristics of Khmer language in terms of phonetid a
phonology for developing our Khmer TTS system.

Few researches have been carried out in the litiguismain regarding Khmer phonetic and phonology.
The themes elaborated in these researches are Kdimems and Intonation. In the domain of Khmer
speech processing, a very little number of researetere reported. To our knowledge, there are two
lecturers at Institute of Technology of CambodieQ) who are doing their doctoral on this field: ame
Khmer Automatic Speech Recognition (ASR) and anatiheMultilingual ASR.

Il. Background

The Khmer language is the official language of Cadid. It is one of the main Autroasiatic languades.
is spoken in Cambodia, Vietnam, Thailand, USA, Eeaand Australia. The total number of Khmer
speakers is about 15.7 to 21.6 millions (2004) mc there are about 14.7 to 20.6 millions of rativ
speakers and about 1 million of second languagaksps.

The Khmer script, called aksaa khmae (“Khmer Ist)eris used to write the Khmer language. The
Khmer alphabet is descended from the Brahmi sofigincient India by way of the Pallava script, whic
was used in southern India and South East Asiangdhie 5th and 6th Centuries AD. The oldest dated
inscription in Khmer, found at Angkor Borei in Tak@rovince south of Phnom Penh, dates from 611
AD.



Structurally, the Khmer script has many featuresdmmon with other Brahmi-derived scripts, such as
Devanagari and Myanmar. Consonant characters beanhgrent vowel sound, with additional sign
placed before, above, below, and/or after the auasts to indicate a vowel other than the inheret o
The overall writing direction is from left to right

lll. Phonetic Analysis of Khmer Sounds

[1I.1. Phonemic Inventory

There are 21 phonemes of vowels (12 long phonemds9ashort phonemes), 10 diphthongs and 21
phonemes of consonants. Khmer doesn’t use tonaitasinThe air stream mechanism used is pulmonic

egressive. We use voicing contrast (voiceless,eegband aspirated). Hence [p], [b] and [ph] areedét
phonemes. Table below shows different places anmthareof articulation used by Khmer language.

Place
Bilabial | Labio-Dental | Alveolar | Palatal | Velar | Glottal
Manner

Stops p, b, P t, d, ¢t c, d Kk, K’

Nasals m n

Flaps r

Fricatives S h

Lateral |
Approximants
Approximants w J

Table 3-1Different places and manners of articulation usg&ibmer language

Consonants minimal pair:

Letter(s)' Feature Example word English
Representing o . IPA .
No. | Phoneme Description | in the language Translation
the Phoneme
Voiceless
1 p Bilabial Stop pa: father
Aspirated
Voiced Bilabial
2 b olced Bliabia ba: male (cow)
Stop




Unaspirate

Voiceless
Bilabial Stop
Unaspirated

pa

cloth

Voiceless
Alveolar Stop
Unaspirated

ta:

old man

Voiced
Alveolar Stop
Unaspirated

da:

stone

Voiceless
Alveolar Stop
Aspirated

say

Voiceles:
Palatal Stop
Unaspirated

ca:

yes (female)

Voiceles:
Palatal Stop
Aspirated

ca:

to fry

Voiceles:
Velar Stop
Unaspirated

ka:

to marry

10

Voiceles:
Velar Stop
Aspirated

k"a:

bad oder

Voiceles:
Glottal stop
Unaspirated

to saw

12

$$

Bilabial Nasil
Unaspirated

%

ma:

grand mother

13

Alveolar Nasal
Unaspirated

0

p't ah na:?
house which?

Which house?
(question word)

Palatal Nas:i
Unaspirated

ka . a:

miss

11

Velar Nase
Unaspirated

a.

word used to ca
person

16

11

Voiceles:
Alveolar
fricative

Unaspirated

sa.

to roll

17

33

Voiceles:
Glottal
Fricative

ha:

to open (mouth)




Voicec
18 r Alveolar-Flaps | 5 ra train station
Unaspirated
Voicec
19 67 AIveoIar.theral 89 keij.la: sport
Approximant
Unaspirated
Voicec
Labiodental | to overtake
20 w . ; wa: .
Approximants (driving)
Unaspirated
Voicec
Palatal k h ia: very old
21 j << Approximants | = 7 ‘I”‘d can Ja 1 (ysed with old to
0 very
Unaspirated mean very)

Table 3-2Minimal pair of Khmer consonants

Vowels minimal pair:

In writing, Khmer consonants are divided into twowps or series: -series and -series. When a vowel
is attached to a consonant, the sound of the vdegnds on the group the consonant is in. Forriosta

consonant /k/ is in

the sound of the two words is /ka:/ andB /ki: /.

-groups and /k/ is in -groups. When we attach vow@lAo the two consonants

Letter(s)
Representing Minimal pair
the Phoneme
No | Phoneme Example word
i . P IPA English Translation
series| series| in the language
1 i @C | $8' /3C min/ mn mine / not
2 i @8 | 8/D ci: / ci: fertilizer / to be
3 @E <E /<F jtljt to pull down / slow
4 G@H|GH/GH I ta get styck or caught /
guestion word
5 Iy @] JK/ 1JL/ tru /tru: cage / chest
6 |u @M |JL/ 1IK/ tru: / tru chest / cage




sound of water squirting out
7 e @C JC /GJ crec/ cre:c | of a small hole / sound of
cricket crying
sound of cricket crying /
8 e G@ GJ /JC cre:c/crec | sound of water quirting out
of a small hole
O | @F IF/ 1 1E/ pce: /p sound of bell / breechcloth
10 | RY _ to close with a cork / to
0 @ cok/c:ok | oo
11 |, G@N|GB M ko' /K :o cow / to stir (soup)
12 " @>|6/> /6/ | /1 to drown / to haunt
13 " 6/ /6/> L /] to haunt / to drown
14 14 @AQ@P > ca /ca: to stab / to leave
15 |4 @A /> ca: /ca to leave / to stab
16 " @ > to blow(wind) / to peel
@ b /b (fruit)
17 " /> _ to peel (fruit) / to
b /b blow(wind)
18 @E | B/ 8§ — hard solid / to dry
19 @F |<F /<E jit/jt slow / to pull down
20 | G G /G 6 o he, she, they, one, someone /
< @ ke: / ke reputation
21 /G _ crop(of a bird) / he, she,
e |Q k:/ke they, one, someone
Table 3-3Minimal pair of Khmer monothong vowels
Diphthongs minimal pair:
Letter(s)
Representing Minimal pair
the Phoneme
No | Phoneme Example word in
i ) P IPA English Translation
series| series| the language
Lola Q@ Q 'R IC' pan/pen | draw-plate / skillful




get stuck or caught /

a G@H GHRGH |t :/ta: .
guestion word
3 _ M IR M _ to close with a cork / to
‘0 @ cok/c:0k | (houel
4 u: @S SRM ku: /K ‘o suitable / to stir (soup)
5> lao G@N G RGD ca:o/ co: thief / to rise (water, tide)
6 |. ca@Tl c@T GTRGU L. _ to drive (animal) / to get
: @ @ ki Tk stuck (ship)
7 caul cau GcTRrRGUIL. _ to drive (animal) / to get
@ @ ki Tk stuck (ship)
8 | @A %' R G$T' mi: n/ mi: n | to have / longan
9 |oa @A@> >R: woat / wi: t to beat (with a stick) / to
expand (the area)

10 a @A@p V>RVW p a /pi to wear / word
Table 3-4Minimal pair of Khmer diphthong vowels
[11.2. Acoustics Phonetics
[11.2.1 Acoustics Cues of Vowels
IPA F1 F2 F3 Duration
i 347.72 2622.6 4205.8 0.092
i: 420.58 2931.3 4114.8 0.102
e 449.36 2543.2 4525.8 0.087
e: 438.71 2386 4023.8 0.104
e 347.72 2313.2 4060.8 0.112
a 597.6 2079.9 3432.6 0.103

356.72 2524.6 4025.5 0.130
a 690.24 2172.6 3784.6 0.056
a 504.95 1727.9 2487.6 0.120




430.84 1839.1 2487.6 0.068
347.72 2258.6 3623.6 0.146
931.12 2432 3710.5 0.083
ce: 912.59 2487.6 3932.9 0.119
393.78 1987.3 40.81.1 0.196
875.54 2561.7 3284.3 0.047
727.3 2617.3 3377 0.182
u 493.31 2477 3769 0.028
u: 727.3 2394.9 3692 0.154
o] 542.01 1968.8 3526.2 0.066
o: 384.12 2003.8 3659.9 0.161
393.7 1394.4 2561.7 0.30
584.3 2622.6 2932.09| 0.347
o 393.8 941.5 2542.7 0.108
i 319.13 713.23 2483.4 0.22
a 438.71 1546.43 2221.45| 0.09
[ 347.72 1438.54 2158.03| 0.127
634.66 2138.23 2421.01| 0.163
616.13 1911.87 2174.34| 0.367
438.7 1751.76 2241.76| 0.302
430.84 1113.34 2462.23| 0.203
529.71 2345.98 3021.7 0.219

Table 3-5Acoustic cues of Khmer vowels




Other distinctive acoustic cues

Lip Rounding: We don’t use lip rounding to distingju vowels.
Tone: Khmer language is not a tonal language.

I11.2.2. Acoustics Cues of Consonants
11.2.2.1. Stops

The average closure duration for stops is abdu9258seconds.
Specific place cues
0 Burst patterns
1. Bilabial: the burst is thin. The burst for otheagés are thicker. (Figure 3-1)
2. Alveolar: the burst is thicker than for the bildbiais thinner than for palatal and velar.
(Figure 3-2)
3. Palatal: the burst for this place is thicker thia one for bilabial and alveolar. It appears
only for high frequencies (Figure 3-3).
4. Velar: the burst for this place is thicker than tme for bilabial and alveolar. It is not like
palatal because it appears for almost all freqesn@tigure 3-4).
o Formant transitions for F1 and F2

1. Bilabial: F1 and F2 go down. (Figure 3-1)

2. Alveolar: F2 converges to 2000Hz. (Figure 3-2)

3. Palatal: F1 go down, F2 and F3 go up. (Figure 3-3)

4. Velar: F1 go down, F2 go up and F3 doesn't chamgdightly go down. (Figure 3-4)
Voicing contrasts: we have consonants that arerdifit in voiceless, voiced and aspirated. Let
see the case of /p/, /b/ an8//The pre-voicing for /b/ is 0.084508 seconds;akpiration for /Py
is 0.066355 seconds.

All stops pulmonic egressive.
Nasal stops: during the stop we can see noiserg-R25).
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Figure 3-1Spectrogram of [ipa] (Bilabial)
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Figure 3-3 Spectrogram of [ica] (Palatal)

{

Figure 3-4 Spectrogram of [ika] (Velar)



Figure 3-5Spectrogram of [ina] (Alveolar nasal)

111.2.2.2. Fricatives

We have only 2 fricatives: /s/ and /h/. For thettglofricative /h/, there are noises everywherdriuthe
consonant. (Figure 3-7)
For the alveolar fricative /s/ the cut-off frequgris about 3000Hz. (Figure 3-8)

Fricative duration intervocalicaly (between vowel§)118614 seconds
Khmer language doesn’t make voicing contrast.

Figure 3-7 Spectrogram of [iha] (Glottal fricative)

Figure 3-8 Spectrogram of [asi] (Alveolar fricative)



[11.2.2.3. Approximants

We have 2 approximants /w/ and /j/. They are simdahose of English. /w/ is like /u/ and /j/ ikd /i/.

Figure 3-9 Spectrogram of [awi]

Figure 3-10Spectrogram of [aji]

[11.2.2.4. Laterals
We have only one lateral /I/. To see its featutedenpare with the flap below.

The pattern appears directly after the vowel

/_A_\

Figure 3-11Spectrogram of [ila]



l11.2.2.5. Flaps/Taps
We have only one flap /r/.

The pattern doesn’t appear directly after the voitehkes a little time after the vowel.

Figure 3-12Spectrogram of [ira]

I11.3. Conclusion

We have identified phonemic inventory of Khmer. Tiseof diphones, which is one of the important
parts of diphone concatenation TTS system, camdsted using this inventory.

The identification of acoustic cues of vowels andsonants is very helpful for diphone splitting and
sound corpus tagging.

IV. Syllabification in Khmer

IV.1. Introduction

In one sense, a syllable is the smallest possinikeofi speech. Every utterance must contain at
least one syllable. It is convenient to talk of exge as being composed of segments such as
vowels and consonants, but these segments can dsvell only as aspects of syllable. A
syllable can also be divided for descriptive pugogo itsonsetandrhyme, as shown in the
following figure. The rhyming part of a syllable regists of the vowel and any consonants that
come after it — a fairly familiar notion. Any consmts before the rhyme form the onset of the
syllable. The rhyme of a syllable can be furthesidgd into thenucleus which is vocalic part,
and thecoda which consists of any final consonants.

Onse Rhyme
©)

Nucleu: Code

(V) (©



Figure 4-1 Syllable representatic

In Khmer language, the syllables are divided ing@ups: CV, CVC, CCV, CCVC, CCCV, and
CCCVC; as shown in the following examples:

Cv [k ] “neck”

CcvC [k ] “to scratch (the ground)”
ccv [d'm ] “cat”

CccvC [cb ] “clear”

CcCccv [sas.stri.ca:] “professor”

CCccvC [streh] “stress” (loan word)

There are not many syllables that are in the Vastgroups. The general form of Khmer syllable
can be written as: C(C)(C)V(C) which shows that thaximum number of constant cluster is
three and the number of the consonant after theel@weither one or zero. Moreover, the
general form shows that, in a syllable, there isast one consonant in the onset.

The table below presents a list of possible constonluster which will be important for the
syllabification:

Consonant cluster Example

pd Q [pd o] “to change”

p't (¢ [p"ti:] “a type of edible plant”
p'd 06> [p" 1] “to provide”

p'c = > pc ] “to defeat”

p'k X Pk ] “flower”

p'n Y [p"num] “mountain”

p" {1> [p" oa] “to hatch”




p ] “to face up”

p's A "s “market”

P i [ w] “street”

pr QJ [ r K] “small river”

P ‘fa P ] “syllable”

tb b6> [ ] “small mill”

t'k as t"k

t"m c {

t'n i i

t" 1 [t" o] “to moan”

t'w G [t"w ] “to do”

' _ [t"a:] “clear (water)”
tr JL [tr ] “a kind of fishing instrument”
' Wiy [t"ju: ] “coal”

cp Ge) " ] “t0”

cb b> [cb ] “law”

cd GO cdao] “ingot (of gold)”
ck Q. [c"ka: ] “dog”

c'm c [c"ma:] “cat”




chn

Y : [c"nam] “year”
¢’ 16> [c" 1] “to wonder”
c'w Gd  [cwe: ] “left”
hl h HY 1 H 2 n
c 8 [c"i:] to crush with the fingers
cr GJ [cre] “oblique”
k'p el>  [K'pu ] “tall”
kb b6 [Kba:l] “head”
h
Kt 0 k't ] “pan”
kd o> [kdan] “dear”
K'c = [k"cej] “borrow”
K" \ [k" um] “I (first person singular)”
' amn “goose”
k | [k an]
K'w il 6 K'w 1] “to tend (animal)”
K's Qg [k"sa:] “rope”
N K [K"li:] “billiard ball”
kr QJ kr ] “bed”
K we> [k ] “wind”
mp’ h$ p'ej] “twenty”
mt G$(1  [mte:s] “chili”
md % < [mdaij] “mother”




mc

% 1: [mcas] ‘owner”
mk %K [mka ] “otaheite apple”
mK’ %/ [mk"a: ] “one side”
mn W [mn ] “one person”
m $CH: [me m ] “coquettish”
h$ [m aj] “one day”
ms G$k [msaw] “powder”
ml $ [mlu] “betel (leaf)”
mr GJ$ [mric] “pepper”
mj $/ GT [mja: .t ] “moreover”
mh $ly [mhob] “food”
Sp le [sp ] “tooth of a gear wheel”
sb Glb/ [sbao] “sack”
st 227/ [st ] “falcon”
sd D > [sd ] “to listen”
sk X > [sk ] “to intercept”
sm 2 [sma:] “shoulder”
sn .4 [sn ] “crossbow”
S G2 [s ] “motionless because of illness
S “to boil”

G2 [s ]




sw < [sw ] “mango”

sl 2 > [slap] “to die”

sr m2 [sr ] “alcohol”

Sj 1" $ [sjam] “Siem (Thailand)”
k'm Gt [k"ma:oc] “ghost”

kn GYH [K'na:j] “pillow”

Ip Gre lp ] “oumpkin”

Ib 60€ [Ibej] “famous”

Ik 6a* [k k.nag] “when”

Ik" Gp'  [K" ] “theater”

Im 6c$ [Im m] “suitable”

' 6]/> ] “stupid”

Iw ol w ] “kind of fig tree”
Ih 6l [lho ] “papaya”

Table 4-1: All possible set of consonant clusters with 2 corsds in Khmer language

Most of Khmer words contain only one syllable amdyaa little number of words has more than
one syllable. This makes a general conclusion t#iamer is a mono-syllable language.
Generally, Khmer words contain at most four syksblThe words with more than four syllables
are usually words from Bali and Sanskrit. Below examples of words which have different

number of syllables ranging from one to six.

1 syllable  :[kba:l] “head”, [fhnejk] “eyes”
2 syllables  :[c .ka}] “chin”, [kr :c :k] “nail”

3 syllables [ m.ba.me]“n amoment’, [Kja:.d m.rej] “scorpion”

4 syllables [ m.pl.

m.p :c] “firefly”




5syllables  : fta.n n.ta.ra .sa] “rank’, [sa .k Lv t. tiq laj] “university”

6 syllables  :[wi ca..r na k tha:] “editorial”

IV.2. Syllabification rules

For words with one syllable, there is no problemaayning syllabification. For words with more
than one syllable, a window is defined. To detglitble boundary in a word, we scan the word
from left to right using the window which we wileéine shortly. In Khmer language, four forms
of window are identified. They are: CVCV..., ...CVCCV..., ...CVCCCV..., and
...CVCCCCV.... Thus the syllabification should be defilbased on each of these forms.

A general rules:
(1) When two identical consonants appear next to edodr,oone of them is considered as
coda of the previous syllable and another is ooftte next syllable.
(2) The onset contains at least one consonant.
(3) The maximum number of consonant found in the oissthiree.
(4) The coda contains at most one consonant.
(5) If the nucleus is a short vowel, then the coda rmastain one consonant.

(6) All these consonants/  n j w/ cannot be the first consonant ofthsster.

(7) Consider ...GQVCs..., if C, is one of the nasal consonants/ n m/, then €must be
coda of that syllable.

i. Form ... CVCCCCV ...

We can find syllable boundary of this form basedrole (3) presented above. Thus the
...CVCCCCV... will be syllabified into ...CVC.CCCV... Hers an example of the words

of this form:
[sahstra:ca:] “professor” [sah.straca]
[sa skret] “Sanskrit” [sa: .skret]
ii. Form ...CVCV...

We can find syllable boundary of this form basedrole (2) presented above. Hence, the
form ...CVCV... will be syllabified into ...CV.CV... Herera some examples of the words
of this form:

[k :k :] “sediment” [k .k ‘]



[k :i:] “ob” [k = 1]

iii. Form ...CVCCV...

Possible syllabifications of this form are: ...CV.CCVand ...CVC.CV...Usually, we can
apply the general rules to syllabify most of theagthat have this form.

We have noted that in Khmer language there aresasilgle set of consonant that can be
clustered as shown ifable 4-1 So, if the CC can be a consonant cluster, therC@ will

be the onset of the next syllable i.e. the syllahtfon of this form is ...CV.CCV... else the
syllabification is ...CVC.CV...

Examples:
(5) [capd : ] “pull out” [cap.d : ]
6)  [si: wp" w] “book” [si w.p" w]
(7 [k : mi: h] “golden bracelet” [k : .mi: h]
[kambet] “knife” [kam.bet]

(Valid consonant clusters)

[k :K"'w :K] “dirty” [k k'w :K]
[netra:] “eyes” [ne.tra:]
[pi:pru s] “because” [pi:.pru s]

(Invalid consonant clusters)
(5) [Ketk" :m] “try” [k"et.k" :m]

[d :kk"em] “decorative plant” [d :k.k"em]

iv. Form ...CVCCCV...

Possible syllabifications of this form are: ...CV.CZC and ...CVC.CCV... By using the
general rules, we can syllabify some of the wordsose form is ...CVCCCV...
Additionally, we can use the possible set of clistgeconsonant shown ihable 4-1 So, if
the CCC is one of thegstr, skr/, then the syllabification must be ...CV.CCCV... Eltdee
syllabification must be ...CVC.CCV...

Examples:



(2) [ :ostra:li:] “australia” [ o.stra:.lic]
[kamgla: ] “gun” [kam.gla: ]

IV.3. Conclusion

Many words with deferent number of syllables hagerbanalyzed and we have found rules necessary to
detect syllabification boundary of Khmer words. Tast has not yet done to determine accuracy stthe
rules. We will do the accuracy test in the nextggha

V. Stress Analysis

V.1. Introduction

A stressed syllable is usually produced by pushimage air out of the lungs in on syllable
relative to others. A stressed syllable thus hasatgr respiratory energy than neighboring
unstressed syllables. It may also have an increa$&ryngeal activity. Stress can always be
defined in terms of something a speaker does irpaneof an utterance relative to another [1].

It is difficult to define stress from a listenepsint of view. A stressed syllable is often, but no
always, louder than an unstressed syllable. Isisally, but not always, on a higher pitch. Then
most reliable thing for a listener to detect istthatressed syllable frequently has a longer vowel
than that some vowel would be if it were unstres8ed this does not mean that all long vowels
are necessary stressed [1].

In this section we will talk about how to detece thtress in Khmer language and what are the
properties for Khmer stress. The stress in Khmeguage basically depends on the syllables
which have a longer vowel. There would have moenthne stress in a word but mostly of

Khmer worlds are stressed on the last syllable&}.found that in Khmer language there is not
only one stress on the last syllable but also berstsyllables.

V.2. Stress for Khmer language

Khmer language is similar to French language reggrdtress. Words always receive stress at
the last syllable [2]. For example, in French laagge, the words “travailler [tra.vgg] (to work),

desirable [de.zi.rabl] (preferable)” and in Khmer laage, the words 8 [ci:. ta:]

(grandfather)rI [ w. pok] (father)”.

In some longer words, it might seem as if thersngge than one stress in the single word. For
example, the word JDJC< [pr .ci: .prej] (populary M6Z Mp< [tu:.lum.tu:.li: j]

(large)”, we see that the first word is stressedh@nsecond syllable “cit and the third syllable



“prej” and the second word, it is stressed on theosd syllable “lum” and the fourth syllable
“liz j".

It is not easy to detect stressed syllables invtbed from the point of view of the listener. In
Khmer language the detection of stressed syllahléise word is based on the vowel’s duration
of the stressed syllable and the unstressed sgllabl

In general we found that vowel in unstressed sidlab about 0.1 ms shorter than the one in
stressed syllable.

Vowel | Words Fnstressed | stressed
Syllable(ms) Syllable(ms)
@Aa:] | 0  [ka:. i](ob)/ [ka:(cup)
@B]j] 89 [kg. la:](sport) cBthmej](new) 0.071 0.122
G@e:] |G Jre..r ]/ G [ka.re](sqare) 0.139 0.258
O] 8 [ci.. ta:](granfather) /w 8 [ba . ci:] 0.913 0.112
(list)

In fluent speech, vowel in unstressed syllable Igismreduced to / and the coda in that same
syllable, if it exists, is deleted.

Examples:
G$ a.re:m (ice cream) .rexm
1J0%$ ckri: m (war) CKri: - m
GIT:Gw icw.p" w
P " w
(book)

Zp> um.loap (hobby) . loap



ZG' um.ngg (free) . neg

. Word of one syllable:

The word which only contains one syllable has stmsitself. For example:
!Il | 1] #$ Om uln a J
%$3!& ah “house.

. Word of two syllables:

The word which contains two syllables, the stressn the last syllable of the word. For
example: &:.re’ % " $ N "# % ‘m
“firstly” " $:

. Word of three syllables:

The word which contains three syllables can be mbioation of two words of one
syllable and two syllables or only one word witheth syllables.

For the former case (combination of two words), dtress is determined by the stress in
the constituent words. For example:

t m.r : “filter” + no:m “urine” t m.r : .no:m“kidney”
m.b | “salt” + mte:h “pepper” m. b |. mte:h “salt mixed with pepper”
ko:l “base” + kum.nt*idea” ko:dl.kum.nt “idea”

For the latter case (single word), the stressesoarghe first and last syllable. For
example: .wi. "'’ a .nu .woat “pratice”, . &

. Word of four syllables:

The word containing four syllables has stresseghensecond and last syllable. For
example: m.pl. m.pec “firefly” $% kru:l o “kind of gray and black
bird”.

The word contains more than 4 syllables:

The word contain more than four syllables are #& words or it is taken frof8ali. The
stresses are on every two syllable in the word2i%e 4", 6" ... syllable. If the number of
syllables is odd, the last syllable is also strés$@r examplesa:.k l.wi. thji: .laj
“university”, sa:k L.p": .wu:.pa.ni.j .kam “globalization”



V.3. Conclusion

Every word of Khmer language has at least onestethe last syllable. Word with one syllable
has stress. Khmer word is monosyllable word. Thedwath two or more than three syllables
has stresses on every two syllable and the lalstbéylalways gets stress. For word with three
syllables the stresses are on the first and the sidable. Finally, for word which is the
combination of other words, the stresses are ifletitbased on the constituent words.

VI. Intonation Analysis
VI.1. Introduction

The intonation is for expressing different emotiook the speaker felling, for example:
excitement, anger, suspicion, fear, sad, sarcasiphasis, speaking rate...etc. The intonation is
defined as the pitch movement in spoken utteraridesintonation contour is defined as the rise
and fall of pitch throughout the utterance [3].

The intonation is depending on the type of sentenitgoes up and down to make the sentence
and its sense more comprehensible. For exampleguéstion should go up at the end of the

sentence so the listeners understand well thatatquestion. If every sentence is pronounced in
the same way, it is difficult to know that it isqaestion or normal sentence. Sometime it could
be boring to listen to a talk which the intonatismot well used.

This part focus on the intonation of Khmer sentspncsuch as declarative, question,
interrogation...etc. We do not research on the irttonawith the difference felling of the
speaker.

VI.2. Intonation for Khmer language

There are several types of sentences in Khmer &gegwsuch as declaration, exclamatory,
interrogative, imperative, and parenthesis. Thatise shows about how the intonations of these
sentences are produced.

VI.2.1. Declaration

I. Sentence with one rhythm:

K" om | ti si: w.ph w




I buy book
“I buy a book.”

K" om|mn ¢ .ban| te
| not want no
| don’t want to get it.

ii. Sentence with more than one rhythm:

cun.pi .ka: km’puc.ci: n miin s kK"md: .nic

Immobility Cambodian will have  hope always

Cambodian immobility will always have the hopes.

V1.2.2. Exclamatory

i. Sentence with one rhythm:

kdaw | nah

hot too
It's too hot!

ii. Sentence with more than one rhythm:

si: w.ph yf nih {la] nah
book this expensive very
This book is very expansive!

VI1.2.3. Interrogative

i. Full doubt question: It is semilar to yes-no quasin english language.

|07 tw le  kmp ’sa:om te ?

you want go play Kampongsom no
Do you want to go to Khmpongsome?

jul te ?
you understand no
Do you understand?



ii. Question with some doubt:

t'w : [ka: pon.mamn % mu:j| a.tt? bamn ponman ?
You do work howmany day a week get how much
How many days do you work per week? How much doar

VI1.2.4. Imperative

c:oll m:k!
come in
Come in!

cup tr |[n haj!

Stop there
Stop there!

VI1.2.5. Open and close sentences

i. Close sentence:

c :olm :k k_:on I
come in child
Come in boy!

ii. Open sentence:

ma.ntcup tr h haj !
Manith stop there
Manith stop there!

VI.2.6. Parentesis

i mn m:kte taim _om sma:n pi:.pth koat mn s ov srLJI Klu: n
He  maybe not come a$ guess because he do not have gootl heat
He maybe does not come, | guess, because hewgetibt

VI.3. Conclusion



The intonation can change the stress on any worthénphrase. In Khmer language, the
intonation is normally goes down at the end of skatence except, the interrogative with full
doubt question and exclamatory which goes up a¢tigeof the sentence.

VII. Sound Change Rules
VII.1. Introduction

Sound change includes any processes of languaggeliaat affect pronunciation (phonetic change) or
word structures (phonemic change). Sound changeaasist of the replacement of one speech sound
(or, more generally, one phonetic feature) by amgtthe complete loss of the affected sound, aarelr)

even the introduction of a new sound in a placeratiieere previously was none. Sound changes can be
environmentally conditioned, meaning that the cleaimy question only occurs in a defined sound
environment, whereas in other environments the spwech sound is not affected by the change.

Sound change is assumed to be usually regularhwhigans that it is expected to apply mechanically
whenever its structural condition is met, irrespectof any non-phonological factors (such as the
meaning of the words affected). On the other handnd changes can sometimes be sporadic, affecting
only one particular word or a few words, withouy@eeming regularity [4].

In this section, we will present sound change rufe&hmer that we have identified. We use “.” to
represent syllable boundary and “#” word bound¥ve. also use brace “{, }" to represent alternatiee i
{a, b} represents a or b.

VII.2. Sound Change Rules
1. Final obstruent devoicing: voiced obstruent in $fifable coda or at the end of a word becomes

voiceless. In Khmer, there are only 2 voicelesssonants which have their voiced counterparts:
[p] and [t] and their voiced counterparts [b] addl |

b p/_{,#

d t/ _{. #

[+voice] [-voice]

cab cap ‘to catch’
m .kod m .kot ‘crown’

2. Final obstruent unaspirating: aspirated obstruenthé syllable coda or at the end of a word
becomes unaspirated. In Khmer, there are only del@és unaspirated consonants that have their
voiceless aspirated counterparts: [p, t, c] andafid their aspirated counterpart, [, ¢ and

[k". Note that [€] never occurs in the syllable coda.

h

t t/ {., #
p" pl_{., #
K" ki _{,#

[+spread] [-spread]



pr :.ma:f pr :.ma:t ‘to look down’
rum.lo:g' rum.lo:p ‘to rape’
muk' muk ‘face’

Initial obstruent devoicing: voiced obstruent at tieginning of consonant cluster in the onset
becomes voiceless.

b p/{,#} C

d t/{,#_C

[+voice] [-voice]

bra: pra: ‘to use’

bd :o pd :o ‘to change’
b :on p :on ‘younger’

bl n pln p'ln ‘to rob’
(With rule number 4 below: ph p'l n)

We have only one word in which [d] is at the begiignof the consonant cluster.
dbet tbet ‘because of’

Initial obstruent aspirating: unaspirated obstriphat the beginning of the consonant cluster in
the onset followed by the consonants [k, n, jJlpbgcomes aspirated.

p P {, #_{k,n,j 1}
[-apirated] [+aspirated]

pkol p'kol ‘a type of plant with small yellow flowers’

pn : p'n : ‘the Phnong, a Mon-Khmer of north-eastern Camégodi
pjuh pljuh ‘tempest’

pluk p'luk ‘cremator’

Initial obstruent aspirating: unaspirated obstrigrt the beginning of the consonant cluster in
the onset followed by the consonants [ n, m, lpwfj] becomes aspirated.

t "/ {, #_{n, m, 1, w,j}

[-apirated] [+aspirated]

da: m.tna:ot da: m.t'na:ot ‘palm tree’
tma:t t'ma:t ‘vulture’
tlok t"lok ‘clown’

twi: twi: ‘door’

ni:.tja:.nu .k :ol ni..ta:.nu .k :ol ‘legitimate’



6.

10.

Initial obstruent aspirating: unaspirated obstrjkhat the beginning of the consonant cluster in
the onset followed by the consonants [ m, w, ib] &r [I] becomes aspirated.

k KL, # {m, w, t, s, n, [}

[-apirated] [+aspirated]

kme: #broh K'me: #broh ‘little boy’
kwa:en K'wa:en ‘intelligent’

kt :m Kt :m ‘a kind of tree’
ksat K'sat ‘king’

kno K'no in’

kla K'la ‘strong’

Initial obstruent aspirating: unaspirated obstriehét the beginning of the consonant cluster in
the onset followed by the consonants [n] or [w]draes aspirated.

c 1L # {n, w}

[-apirated] [+aspirated]

cnaj c'naj ‘to polish gems’
d m.l ;0 #cwi d m.l :0 #dWwi ‘a kind of sweet potato’

Initial obstruent unaspirating: aspirated obstripfjtat the beginning of the consonant cluster in
the onset followed by the consonants [d] drifecomes unaspirated.

P’ p/{, #_{d }
[+taspirated] [-aspirated]

p'dac pdac ‘to cut off’
p" a: p a: ‘to postpone’

Initial obstruent unaspirating: aspirated obstriefjtat the beginning of the consonant cluster in
the onset followed by the consonantsjecomes unaspirated.

" cl/{,#_

[+taspirated] [-aspirated]

c"en cen ‘to be cooked’

o c ‘bone’

[s] in the syllable coda or at the end of a wordhanged to [h].
S hi_{,#

das dah ‘to wake someone up’

cas cah ‘old’



11.[K] in the syllable coda or at the end of a wordqaded by [, , a, :, :, a,e, ,i,i]or
[ @ is changedto].

k I{, ,a : a,e, ,i,i, a{, #
k k k ‘to book’
p" k p" ‘mud’
prak pra  ‘money
k Kk k : ‘to freeze’
r.l:k r:.l: ‘wave (water)’
K'a:k K'a: ‘to spit’
k +.KMekk :.k"ak k ke k :.k'a ‘unorganizetl
ba .ca:.n k ba .ca:..n ‘a kind of dessert
tr ..ci k tr :.ci ‘ear’
i: k#kra:oj i: #kra:oj ‘to turn back’
r ak ra ‘shallow

For Khmers Kampuchea-Krom (indigenous ethnic Khmarority living in southern Vietham),
this rule is not applied. They pronounce the fllkhhs [k] not [].

12. [K] in the syllable coda or at the end of a wordqaded byd:, €] or [a:g is changed tod].
k c/{e:; e, ae} {, #

ce:k ce.c ‘banana’
cra: n#pek cra: n#pe:c  ‘too much’
ca:ek ca.ec ‘to divide’

13.[ ]in the syllable coda or at the end of a word pded by [e:g;, :, i:] or [a:€ is changed to

[ ]
[{e:; e, :i,ae}{,#}

pre: pre: ‘oil

ke: ke: ‘to sleep’
W w: ‘long’
mi: mi:  ‘aunt’

ka:e ka:e ‘angle’



14. r-deletion: [r] in the syllable coda is deleted

r g/ {, #
da:r da: ‘to walk’
ka:r ka: ‘to marry’

15. m-deletion: [m] at the beginning of consonant @ust the coda preceded by [a] and followed by
[ ]is deleted.

m @la_{., #}
pram pra  ‘dry season’
cram cra ‘bank (river)’

16. Consonant at the end of consonant cluster in tha deleted.

C g/c {,#
pe:ij pe:t ‘medical doctor’
br :.p nt" br .p n ‘wife’

This rule can apply several times.
sastr sast sas ‘science’

Note that rule 15 must be applied before this rule.

17.[i] in close syllable is changed tq||

i | _C{., #}
kit kt ‘to think’
cit ct ‘near’

But in Siem Reap province, north-west of Cambotlizs rule is not applied. People in Siem
Reap pronounce the above words as [kit] (to thamg [cit] (near).

18. [e] in close syllable is changed tq.[

e I _C{., #}
ken kn ‘to grind’
cet ct ‘to slice’

We have found onlgne word in which /e/ in close syllable does nairae to //:
*k Kl k K'la k k" k k'a ‘unorganized’



All the above rules can be applied in any orderaschany times as possible except rules 15 and
16 which are to be applied in this order: rule it&t fand then rule 16. The output of one rule is
taken as the input of another rule.

Example:
bre: ‘oil’
Rule (13) bre: bre: Rule (3 bre: pre:
Rule (3) bre: pre: Rule (13) pre: pre:
bran ‘dry seasor
Rule (3 bran pran Rule (15 bran bra
Rule (15 pran pra Rule (3 bre pra

Forbram ‘dry season’, if we apply rule 16 before ruleitl&ill give incorrect result:
*Rule (16) bram bram

VII.3. Conclusion

Many rules have been identified for sound changEhmer. These rules can be apply several
times and in any order except rule 15 and 16 whia to respect this order: rule 15 first and
then rule 16. It is important to know some rules tlmose who learn foreign languages like
English or French. If they understand these rullesy can pronounce quickly and correctly
words in these foreign languages. For exampleuleethat changes /s/ to /h/ if it is in the coda.
In Khmer /s/ in the coda is always pronounced &asSh if they are not aware of this rule, they
will also apply this rule for these foreign langeag.e. they will pronouncédis/ as /beih/ “base”.

VIIl. Results and conclusion

The fundamental approach of our Khmer TTS systemliphone concatenation. The study of
Khmer phonemic inventory leads to the identificatmf a list of diphonesThe identification of
acoustic cues of vowels and consonants is venfidlr diphone splitting and sound corpus tagging.

From the research on syllabification of Khmer wor@set of rules have been defined to predict
syllable boundary of a given word. The accuracthete rules will be tested in the next phase.

Research on stress analysis in Khmer has foundKtimaer word has stress. For words with one
or two syllables, we have only one stress and #tishe last syllable. For words with three
syllables, stresses are on the first and lastdglla=or words with more than three syllables,



stresses are on every two syllabl&%(2"...) and the last syllable is also stressed. Fards/o
which are combination of other words, stressed defined based on the stresses of the
constituent words.

Many rules have been identified to do sound changehmer. These rules can be used to do
letter-to-sound conversion, which is one of themmabdules in TTS system.
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