
Formants and Their Dynami
s: Useful for SpeakerIdenti�
ation?Erik ErikssonDept. Philosophy and Linguisti
s, Umeå Universityerik.eriksson�ling.umu.seFormant dynami
s have been shown to exhibit speaker spe
i�
ity inEnglish by showing low intra-speaker variation 
ompared to inter-speaker variation. By testing the intra-speaker variation for formantdynami
s in Swedish the �rst step towards forensi
 signi�
an
e offormant dynami
s in Swedish is established. Findings were that al-though formant dynami
s have low intra-speaker variation for readspee
h the variation in
rease in spontaneous spee
h. It is suggestedthat previous �ndings are not easily generalizable from read to spon-taneous spee
h.1 Introdu
tionThis paper presents a pilot study investigating the variation of formant dy-nami
s of one speaker of Swedish and 
hanges to the dynami
s in style shiftand its impa
t on forensi
 phoneti
s.The paper starts with a ba
kground in forensi
 phoneti
s and spee
hprodu
tion followed by a de�nition of formant dynami
s. Then the studyis presented and the results are dis
ussed in relation to similar studies onformant dynami
s for English.1.1 Forensi
 Phoneti
s and Spee
h Produ
tionThe upper vo
al tra
t (the mouth and nasal 
avities and the lips) 
an be saidto �lter the sound produ
ed in the larynx (Fant, 1970). The �ltering of thespe
tral 
ontent in the sour
e signal 
reates peaks in the spe
trum referredto as formants and 
ommonly denoted F1···n. The arti
ulators (e.g. jaw, lipsand tongue) 
orrespond to di�erent spe
tral areas. The �rst formant, F1,
orresponds to the mouths opening and 
losing (height); the higher the valueof F1 the more open the mouth. The se
ond formant, F2, 
orresponds tothe tongue's position in front and ba
kness terms. That is if the tongue istowards the ba
k of the mouth the formant frequen
y will be low and vi
eversa. For F3, the arti
ulatory 
orresponden
e is related to the roundednessof the lips. If the lips produ
e a rounded sound, F3 will be higher than if
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ulated. The 
orrelates for formants higher thenthe order three is un
lear but have been argued to be related to the voi
equality (Ladefoged, 1982).Sin
e speakers vary in their anatomy, the sound they produ
e will dif-fer in spe
tral 
ontent. This assumption is used in forensi
 phoneti
s wheremeasurable di�eren
es between speakers are 
ontrasted with phonation vari-ation within a single speaker. Key in forensi
 phoneti
s is to have featuresthat exhibit low intra-speaker variability 
ompared to high between speakervariability (Rodman et al., 2002).Vowel quality shift with spee
h rate and stress (Lindblom, 1963). Vowelsare redu
ed in formant spa
e as a fun
tion of arti
ulation rate and stress.The faster the arti
ulation the 
loser to �s
hwa� the vowel will be pronoun
ed.However, the vowel quality is also in�uen
ed by surrounding segments (
o-arti
ulation (Öhman, 1966) and 
ontextual assimilation (Pitermann, 2000)).Contextual assimilation 
an inhibit vowel redu
tion towards s
hwa at higherspee
h rates (Pitermann, 2000). In the 
ase of 
ontextual assimilation, for-mant values of the a�e
ted vowel will approa
h those of the surroundingenvironment (Pitermann, 2000).Speakers 
ould have di�erent strategies to handle stress and redu
tionof vowel quality (Pitermann, 2000; Tjaden and Weismer, 1998). Tjaden andWeismer (1998) investigated the formant traje
tory of F2 under di�erentlevels of spee
h rate and found high inter-speaker variability in frequen
y
hanges from onset to target frequen
y for this formant. Spee
h rate orstyle 
ould therefore be signi�
ant in forensi
 identi�
ation, espe
ially withfeatures that are sus
eptible to 
hange with spee
h rate.Sin
e speakers 
ould use di�erent strategies to handle redu
tion, styleshifts et
. it 
ould be argued that spe
tral 
hanges that are spread overtime, 
orrelated with the movement of the arti
ulators, 
an a
t as speakeridentity 
ues. More spe
i�
 the movement of formants have been argued tobear speaker spe
i�
 details (Ma
Dougall, 2004).1.2 Formant Dynami
sSpee
h is not produ
ed in distin
t segments separated by silen
e. The arti
-ulators have to move between salient positions in order to produ
e di�erentsounds.As the arti
ulators move to go from one sound to another, the formantswill also 
hange. These 
hanges have been 
alled formant dynami
s (Ma
-Dougall, 2004), formant transitions (e.g. Johnson, 2003; Lieberman, 1988),formant traje
tories (e.g. Ingram et al., 1996) or F-patterns (e.g. Elliott,January 16, 2005 2
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hnology I Erik Eriksson2001; Rose and Simmons, 1996) partly depending on appli
ation. The ter-minology adopted here will be formant dynami
s.Formant frequen
y values have been investigated for speaker spe
i�
ity ina number of investigations (e.g. Elliott, 2001; Greisba
h et al., 1995; Rodmanet al., 2002; Rose, 1999, 2003; Rose and Clermont, 2001; Rose and Simmons,1996). Traditionally, single formant measurements have been taken (usuallymidpoint of a vowel), or in 
on
ordan
e with single measurements, onset ando�set of vowels or transitions.Not restri
ted to vowels, formants 
an be measured in 
onsonants. Rose(1999) used seven landmarks within an utteran
e (hello) to investigate intra-speaker variability for formant values. These seven landmarks were 
hosenboth in vowels, 
onsonants (liquid) and diphthongs.Landmarks was also used by Elliott (2001) in her investigation of theutteran
e okay. Also here was seven landmarks identi�ed throughout thewhole utteran
e. Given that F4 measurements 
an be unreliable due tobandpass �ltering over the telephone network, the most reliable formants forspeaker dis
rimination was found to be F1 and F2.Greisba
h et al. (1995) showed that, for German, formant values for F1and F2 
ould su

essfully be used as speaker identi�
ation measures. Theystudied the identi�
ation rates of single measurements of formants 
omparedwith series of values extra
ted at equidistant points over the duration of thesegment; either a vowel or a diphthong. They found that identi�
ation rateswere in
reased when formant values sampled over the duration of the segment
ompared with midpoint extra
tion of formant values. Also, they foundthat using diphthongs in
reased identi�
ation rates to that of monothongs.Greisba
h et al. (1995) reported visually more dis
rimination for F3 (seeFigure 4 in their paper).Ingram et al. (1996) used formant traje
tories from sonorant segmentsin their study. Formant extra
tion were here not made at equidistant pointsin time but rather 
ontinuously over the whole segment. Findings were thatformant traje
tories a
ted as good features for speaker dis
rimination in thephoneti
ally 
ontrolled environment. An environment that was de�ned ashaving at least one transition between two di�erent vowels with zero or morenon-vowels in between as long as the segment has a 
lear formant stru
ture.The formant dynami
s have been argued to be speaker spe
i�
 (e.g. Ma
-Dougall, 2004) or at least fun
tion as a possible 
andidate for speaker dis-
rimination (e.g. Rose and Simmons, 1996). It has been argued that themovement from one target sound to another 
reates di�erent formant dynam-i
s, sin
e ea
h speaker would use di�erent strategies or make this transitionat di�erent speed (Ma
Dougall, 2004).January 16, 2005 3
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hnology I Erik ErikssonSpeaker alter their vowel quality in relation to surrounding environmentand as a fun
tion of spee
h rate. If these 
hanges are non-signi�
ant for aspe
i�
 speaker, the impa
t of style shift would be redu
ed for the foren-si
 phoneti
 so
iety. Ma
Dougall (2004) found that spee
h rate and stresshad little impa
t on the speaker spe
i�
ity of formant dynami
s. However,Huntley Bahr and Pass (1996) showed that style shift will have an impa
ton listener ability to identify speakers.Therefore an investigation of whether formant dynami
s will 
hange withstyle shift has been undertaken. This paper presents a pilot study using asingle speaker and varian
e of formant dynami
s values are evaluated visu-ally as well as in table form, although not formally tested for signi�
an
e.As spee
h rate in
rease in more non-formal spee
h situations (su
h as spon-taneous vs. read spee
h) the vowels will de
rease in quality following theredu
tion rules. However, Ma
Dougall (2004) showed little impa
t of spee
hrate and stress on speaker dis
rimination whi
h then poses the question ifspeaker variation in formant dynami
s is still low in spontaneous spee
h 
om-pared to read spee
h? The third formant, whi
h was argued to have higherspeaker dis
rimination (Elliott, 2001; Ma
Dougall, 2004; Rose and Simmons,1996) will be more 
losely investigated as it is likely that it will show lessvariability between speakers in Swedish sin
e it has a fun
tion of minimaldis
rimination between vowels.2 MethodOne male Swedish speaker was re
orded in an sound-treated room. Thespeaker was �rst asked to read a text (
a. 3.5 mins) that was given severaldays prior to re
ording, in order to familiarize the speaker with the text (thisto redu
e the number of errors while reading). This text was then dis
ussedwith an experiment leader for several minutes. The dis
ussion sessions lastedas long as possible and the experiment leader tried to prime for 
ertain targetwords (e.g. /bjœfi n/). This in order to get 
omparable material from boththe read and the dis
ussed part.Formant values for the �rst four formants were extra
ted for four di�erentsegments from ea
h re
ording. (Ma
Dougall, 2004) used English diphthongsin her experiment. Sin
e Swedish have a low frequen
y of diphthongs 
om-pared to English, segments of glide + vowel, spe
i�
ally long and short frontvowels with 
ontrasting roundness, 
ombinations were sele
ted. This to testthe higher variability of F3 that (Ma
Dougall, 2004) found in her data.The iso
hunks sele
ted were /jæ/, /jæ:/, /jœfi / and /jE/. An iso
hunkJanuary 16, 2005 4
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hnology I Erik Erikssonis de�ned as a segment that has the same underlying representation and ispronoun
ed similarly from one speakers perspe
tive. The segment is variablein length and may span linguisti
 borders, su
h as word or senten
e borders,as long as the border does not introdu
e a pause into the sound. The segmentmust be realized more on
e for ea
h speaker (Rodman et al., 2002). Further,the iso
hunks may be as short as one vowel and as long as needed, as longas there are su�
iently many segments in the spee
h material (however, see(Eriksson et al., 2004) for a dis
ussion on vowel length for this method). Theiso
hunks sele
ted here follow this de�nition.Formant extra
tion were done with a 18 order LPC stabilized 
ovarian
emethod with a frame window of 0.005 se
onds and a window size of 0.049se
onds using a Hamming window type. Down-sampling was done to halfthe sampling rate, i.e. 8000 Hz and pre-emphasis fa
tor of 1 was used. Forformant tra
king the software Wavesurfer1 was used. The automati
 tra
kingwas manually 
he
ked and 
orre
ted if ne
essary for all segments.Ea
h iso
hunk were divided into ten evenly spread segments and formantvalues for ea
h of these ten segments were used for data analysis. Thisenables time alignment between separate iso
hunks and follows the pro
edureby Ma
Dougall (2004).3 Results and Dis
ussionIn Fig. (1) it 
an be seen that the varian
e of formant values di�er betweenread and spontaneous spee
h. However, within ea
h spee
h 
ondition theformant variations seem to be 
omparable.It 
an also be seen that varian
e di�eren
es are found between formantvalues for the di�erent formants within an iso
hunk. The �gure and thetables (1 and 2) will now be dis
ussed for ea
h iso
hunk separately.For the vowel in /jæ/ all formants show relatively little variation for theread spee
h and slightly more for the spontaneous spee
h. Also, F3 is slightlylowered in the spontaneous data.The long version of the previous segment (/jæ:/) show similar results asthe short version for the �rst three formants. The fourth formant, however,show in
reased speaker variation for the long segment. This �nding is notfound in the spontaneous data in whi
h all formant variations are redu
ed
ompared to the shorter version of the segment. The redu
ed variation for thelong version in the spontaneous spee
h is to be expe
ted as shorter segments1http://www.spee
h.kth.se/wavesurfer/January 16, 2005 5
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Figure 1: Plot displaying formant dynami
s for all vowels strati�ed for spee
h style."read" denotes read spea
h and "spont" denotes spontaneous spee
h. The plots are de-noted by ea
h iso
hunk's vowel using Swedish SAMPA; the iso
hunk /jE/ was not en
oun-tered in the spontaneous data. �Numbers� refer to the time separated segments.will be redu
ed in quality and therefore rea
h its target value imperfe
tly(Lindblom, 1963).For the segment /jœfi / the variation is low for the �rst three formants inthe read spee
h data. This segment has a rounded vowel in it's �nal partwhi
h would explain the lowered variation of the third formant. However,variation for the fourth formant is high. For the spontaneous material mate-rial the variation is high for the upper three formants. This being a segmentwith a short vowel realization this 
an be attributed to the same explanationas for the previous segments dis
ussed.The data for the last segment, /jE/, suggest high speaker variability inF4. However, this is likely to be an error in measurement, sin
e the otherformants exhibit low variation. For the spontaneous spee
h data no segmentJanuary 16, 2005 6
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es of the formant values at ea
h segment for all iso
hunks; data setis the read spee
h.
jæ jæ:Seg F1 F2 F3 F4 F1 F2 F3 F41 44417.0 15967.5 5467.1 20871.3 5021.9 13521.1 3444.4 5150.62 37326.1 7483.0 1523.4 7851.7 5661.4 15062.7 2352.1 4545.23 39649.2 13598.9 2142.4 4415.2 7180.9 12957.0 2289.8 4733.94 41270.7 25868.8 1103.8 4516.4 7167.2 17040.2 2226.5 8784.75 9412.4 21297.0 1361.3 3987.7 3505.4 13507.6 3234.3 14914.96 235.3 9309.2 1980.3 1521.5 2844.1 8265.7 12925.3 44123.47 429.8 28262.9 1792.1 1620.5 1729.3 6993.3 10756.0 35100.18 1.8 6597.2 6998.1 26215.9 1807.8 5157.8 10287.4 28163.09 963.9 7645.0 6622.5 2100.6 3021.8 4843.8 9798.8 45772.9

jœfi jESeg F1 F2 F3 F4 F1 F2 F3 F41 2796.2 21116.5 15123.3 46670.7 487.7 9289.3 0.8 51299.42 1864.1 15748.2 8345.2 24046.7 1435.3 3008.4 4556.7 143256.73 1290.3 11790.9 5817.0 24913.1 1184.3 2507.9 2959.7 209393.684 1212.6 7694.0 1458.9 26150.8 76.5 2093.3 362.2 406535.45 1398.3 2993.4 2021.1 16188.1 379.0 2075.3 8126.5 384052.46 2191.4 2541.8 1444.6 14340.1 700.2 2749.2 7921.0 408855.77 2190.7 5919.2 2110.9 17783.5 16526.0 5371.8 6921.9 413285.98 4450.3 5888.1 3103.7 45659.6 22536.0 0 8667.3 344006.29 4537.9 9315.1 2967.1 67039.0 33598.7 4764.3 1037.2 209004.7of this kind were en
ountered.Rose (1999) showed low intra-speaker variation for the �rst three for-mants when uttering hello. His �ndings were based on both short- andlong-term data (
olle
ted from re
ording separated by two weeks, and bya year). The �ndings in this paper are similar to his results even thoughre
ordings were made only on
e.The data presented here also show an overall in
rease in intra-speakervariation for formant dynami
s in spontaneous spee
h. This 
ould meanthat using read spee
h (as done by Ma
Dougall (2004) for instan
e) wouldbe inappropriate to �nd speaker spe
i�
 a
ousti
 
ues. The spee
h would betoo formalized to be generalizable to other spee
h situations.The �ndings for the third formant are systemati
 with both Ma
Dougall(2004) and Rose (1999). The formant exhibit very little speaker variation,at least for the read spee
h. However, the speaker dis
rimination ability ofthis parti
ular formant 
annot be argued in this paper as it only 
ontainsone speaker.January 16, 2005 7
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es of formant values at ea
h segment for the iso
hunks; this tablepresents the spontaneous data. The iso
hunk /jE/ is missing in this data set.
jæ jæ:Seg F1 F2 F3 F4 F1 F2 F3 F41 30515.9 8935.6 184942.2 1527.2 0 394.1 72921.4 19160.42 24503.3 3260.5 28768.7 1707.1 20000 21.3 55917.2 3511.13 16523.4 977.3 17563.6 979.2 39200 743.1 31565.9 240.74 724.6 311.0 4894.6 3169.5 7200 1119.7 73302.1 138.15 1164.2 2024.5 8868.4 5966.5 200 3612.4 72484.5 1141.66 3200.7 6327.6 16469.9 8429.0 800 1874.2 93596.1 199.87 1622.7 11246.8 19855.1 8419.7 1800 13137.9 95936.8 2216.08 13427.9 1394.8 19392.3 26091.3 3200 4828.7 49502.4 42963.59 9243.5 2430.9 28738.5 51411.2 800 3433.8 35454.5 111280.8

jœfiSeg F1 F2 F3 F41 3826.7 19020.4 40028.1 51032.62 2410.2 17442.9 31855.5 27335.73 1380.7 33313.7 33327.6 29766.64 1675.3 18829.1 33914.0 29040.65 3514.3 24223.9 35225.6 34580.16 257.4 25595.7 43414.1 100253.57 1041.4 24442.6 38638.8 109663.18 140.2 26782.1 25648.7 108363.79 254.4 27326.9 32603.0 121326.64 Con
lusionsThis paper has presented Swedish material 
olle
ted to repli
ate Ma
Dougall(2004). Results indi
ate that the formant dynami
s have little varian
e forread spee
h; also following the results by Rose (1999). Formant varian
e in-
reased when using spontaneous spee
h whi
h would impli
ate that a
ousti

ues showing good speaker dis
rimination in read spee
h should be 
arefullyinvestigated before generalizing to spontaneous spee
h.5 A
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