
Formants and Their Dynamis: Useful for SpeakerIdenti�ation?Erik ErikssonDept. Philosophy and Linguistis, Umeå Universityerik.eriksson�ling.umu.seFormant dynamis have been shown to exhibit speaker spei�ity inEnglish by showing low intra-speaker variation ompared to inter-speaker variation. By testing the intra-speaker variation for formantdynamis in Swedish the �rst step towards forensi signi�ane offormant dynamis in Swedish is established. Findings were that al-though formant dynamis have low intra-speaker variation for readspeeh the variation inrease in spontaneous speeh. It is suggestedthat previous �ndings are not easily generalizable from read to spon-taneous speeh.1 IntrodutionThis paper presents a pilot study investigating the variation of formant dy-namis of one speaker of Swedish and hanges to the dynamis in style shiftand its impat on forensi phonetis.The paper starts with a bakground in forensi phonetis and speehprodution followed by a de�nition of formant dynamis. Then the studyis presented and the results are disussed in relation to similar studies onformant dynamis for English.1.1 Forensi Phonetis and Speeh ProdutionThe upper voal trat (the mouth and nasal avities and the lips) an be saidto �lter the sound produed in the larynx (Fant, 1970). The �ltering of thespetral ontent in the soure signal reates peaks in the spetrum referredto as formants and ommonly denoted F1···n. The artiulators (e.g. jaw, lipsand tongue) orrespond to di�erent spetral areas. The �rst formant, F1,orresponds to the mouths opening and losing (height); the higher the valueof F1 the more open the mouth. The seond formant, F2, orresponds tothe tongue's position in front and bakness terms. That is if the tongue istowards the bak of the mouth the formant frequeny will be low and vieversa. For F3, the artiulatory orrespondene is related to the roundednessof the lips. If the lips produe a rounded sound, F3 will be higher than if



Formants and Their DynamisSpeeh Tehnology I Erik Erikssonan unrounded sound is artiulated. The orrelates for formants higher thenthe order three is unlear but have been argued to be related to the voiequality (Ladefoged, 1982).Sine speakers vary in their anatomy, the sound they produe will dif-fer in spetral ontent. This assumption is used in forensi phonetis wheremeasurable di�erenes between speakers are ontrasted with phonation vari-ation within a single speaker. Key in forensi phonetis is to have featuresthat exhibit low intra-speaker variability ompared to high between speakervariability (Rodman et al., 2002).Vowel quality shift with speeh rate and stress (Lindblom, 1963). Vowelsare redued in formant spae as a funtion of artiulation rate and stress.The faster the artiulation the loser to �shwa� the vowel will be pronouned.However, the vowel quality is also in�uened by surrounding segments (o-artiulation (Öhman, 1966) and ontextual assimilation (Pitermann, 2000)).Contextual assimilation an inhibit vowel redution towards shwa at higherspeeh rates (Pitermann, 2000). In the ase of ontextual assimilation, for-mant values of the a�eted vowel will approah those of the surroundingenvironment (Pitermann, 2000).Speakers ould have di�erent strategies to handle stress and redutionof vowel quality (Pitermann, 2000; Tjaden and Weismer, 1998). Tjaden andWeismer (1998) investigated the formant trajetory of F2 under di�erentlevels of speeh rate and found high inter-speaker variability in frequenyhanges from onset to target frequeny for this formant. Speeh rate orstyle ould therefore be signi�ant in forensi identi�ation, espeially withfeatures that are suseptible to hange with speeh rate.Sine speakers ould use di�erent strategies to handle redution, styleshifts et. it ould be argued that spetral hanges that are spread overtime, orrelated with the movement of the artiulators, an at as speakeridentity ues. More spei� the movement of formants have been argued tobear speaker spei� details (MaDougall, 2004).1.2 Formant DynamisSpeeh is not produed in distint segments separated by silene. The arti-ulators have to move between salient positions in order to produe di�erentsounds.As the artiulators move to go from one sound to another, the formantswill also hange. These hanges have been alled formant dynamis (Ma-Dougall, 2004), formant transitions (e.g. Johnson, 2003; Lieberman, 1988),formant trajetories (e.g. Ingram et al., 1996) or F-patterns (e.g. Elliott,January 16, 2005 2



Formants and Their DynamisSpeeh Tehnology I Erik Eriksson2001; Rose and Simmons, 1996) partly depending on appliation. The ter-minology adopted here will be formant dynamis.Formant frequeny values have been investigated for speaker spei�ity ina number of investigations (e.g. Elliott, 2001; Greisbah 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 onordane with single measurements, onset ando�set of vowels or transitions.Not restrited to vowels, formants an be measured in onsonants. Rose(1999) used seven landmarks within an utterane (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 theutterane okay. Also here was seven landmarks identi�ed throughout thewhole utterane. Given that F4 measurements an be unreliable due tobandpass �ltering over the telephone network, the most reliable formants forspeaker disrimination was found to be F1 and F2.Greisbah et al. (1995) showed that, for German, formant values for F1and F2 ould suessfully be used as speaker identi�ation measures. Theystudied the identi�ation rates of single measurements of formants omparedwith series of values extrated at equidistant points over the duration of thesegment; either a vowel or a diphthong. They found that identi�ation rateswere inreased when formant values sampled over the duration of the segmentompared with midpoint extration of formant values. Also, they foundthat using diphthongs inreased identi�ation rates to that of monothongs.Greisbah et al. (1995) reported visually more disrimination for F3 (seeFigure 4 in their paper).Ingram et al. (1996) used formant trajetories from sonorant segmentsin their study. Formant extration were here not made at equidistant pointsin time but rather ontinuously over the whole segment. Findings were thatformant trajetories ated as good features for speaker disrimination in thephonetially 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 struture.The formant dynamis have been argued to be speaker spei� (e.g. Ma-Dougall, 2004) or at least funtion 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-is, sine eah speaker would use di�erent strategies or make this transitionat di�erent speed (MaDougall, 2004).January 16, 2005 3



Formants and Their DynamisSpeeh Tehnology I Erik ErikssonSpeaker alter their vowel quality in relation to surrounding environmentand as a funtion of speeh rate. If these hanges are non-signi�ant for aspei� speaker, the impat of style shift would be redued for the foren-si phoneti soiety. MaDougall (2004) found that speeh rate and stresshad little impat on the speaker spei�ity of formant dynamis. However,Huntley Bahr and Pass (1996) showed that style shift will have an impaton listener ability to identify speakers.Therefore an investigation of whether formant dynamis will hange withstyle shift has been undertaken. This paper presents a pilot study using asingle speaker and variane of formant dynamis values are evaluated visu-ally as well as in table form, although not formally tested for signi�ane.As speeh rate inrease in more non-formal speeh situations (suh as spon-taneous vs. read speeh) the vowels will derease in quality following theredution rules. However, MaDougall (2004) showed little impat of speehrate and stress on speaker disrimination whih then poses the question ifspeaker variation in formant dynamis is still low in spontaneous speeh om-pared to read speeh? The third formant, whih was argued to have higherspeaker disrimination (Elliott, 2001; MaDougall, 2004; Rose and Simmons,1996) will be more losely investigated as it is likely that it will show lessvariability between speakers in Swedish sine it has a funtion of minimaldisrimination between vowels.2 MethodOne male Swedish speaker was reorded in an sound-treated room. Thespeaker was �rst asked to read a text (a. 3.5 mins) that was given severaldays prior to reording, in order to familiarize the speaker with the text (thisto redue the number of errors while reading). This text was then disussedwith an experiment leader for several minutes. The disussion 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 disussed part.Formant values for the �rst four formants were extrated for four di�erentsegments from eah reording. (MaDougall, 2004) used English diphthongsin her experiment. Sine Swedish have a low frequeny of diphthongs om-pared to English, segments of glide + vowel, spei�ally long and short frontvowels with ontrasting roundness, ombinations were seleted. This to testthe higher variability of F3 that (MaDougall, 2004) found in her data.The isohunks seleted were /jæ/, /jæ:/, /jœfi / and /jE/. An isohunkJanuary 16, 2005 4



Formants and Their DynamisSpeeh Tehnology I Erik Erikssonis de�ned as a segment that has the same underlying representation and ispronouned similarly from one speakers perspetive. The segment is variablein length and may span linguisti borders, suh as word or sentene borders,as long as the border does not introdue a pause into the sound. The segmentmust be realized more one for eah speaker (Rodman et al., 2002). Further,the isohunks may be as short as one vowel and as long as needed, as longas there are su�iently many segments in the speeh material (however, see(Eriksson et al., 2004) for a disussion on vowel length for this method). Theisohunks seleted here follow this de�nition.Formant extration were done with a 18 order LPC stabilized ovarianemethod with a frame window of 0.005 seonds and a window size of 0.049seonds using a Hamming window type. Down-sampling was done to halfthe sampling rate, i.e. 8000 Hz and pre-emphasis fator of 1 was used. Forformant traking the software Wavesurfer1 was used. The automati trakingwas manually heked and orreted if neessary for all segments.Eah isohunk were divided into ten evenly spread segments and formantvalues for eah of these ten segments were used for data analysis. Thisenables time alignment between separate isohunks and follows the proedureby MaDougall (2004).3 Results and DisussionIn Fig. (1) it an be seen that the variane of formant values di�er betweenread and spontaneous speeh. However, within eah speeh ondition theformant variations seem to be omparable.It an also be seen that variane di�erenes are found between formantvalues for the di�erent formants within an isohunk. The �gure and thetables (1 and 2) will now be disussed for eah isohunk separately.For the vowel in /jæ/ all formants show relatively little variation for theread speeh and slightly more for the spontaneous speeh. 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 inreased speaker variation for the long segment. This �nding is notfound in the spontaneous data in whih all formant variations are reduedompared to the shorter version of the segment. The redued variation for thelong version in the spontaneous speeh is to be expeted as shorter segments1http://www.speeh.kth.se/wavesurfer/January 16, 2005 5
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Figure 1: Plot displaying formant dynamis for all vowels strati�ed for speeh style."read" denotes read speah and "spont" denotes spontaneous speeh. The plots are de-noted by eah isohunk's vowel using Swedish SAMPA; the isohunk /jE/ was not enoun-tered in the spontaneous data. �Numbers� refer to the time separated segments.will be redued in quality and therefore reah its target value imperfetly(Lindblom, 1963).For the segment /jœfi / the variation is low for the �rst three formants inthe read speeh data. This segment has a rounded vowel in it's �nal partwhih 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 disussed.The data for the last segment, /jE/, suggest high speaker variability inF4. However, this is likely to be an error in measurement, sine the otherformants exhibit low variation. For the spontaneous speeh data no segmentJanuary 16, 2005 6



Formants and Their DynamisSpeeh Tehnology I Erik ErikssonTable 1: The varianes of the formant values at eah segment for all isohunks; data setis the read speeh.
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 enountered.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 (olleted from reording separated by two weeks, and bya year). The �ndings in this paper are similar to his results even thoughreordings were made only one.The data presented here also show an overall inrease in intra-speakervariation for formant dynamis in spontaneous speeh. This ould meanthat using read speeh (as done by MaDougall (2004) for instane) wouldbe inappropriate to �nd speaker spei� aousti ues. The speeh would betoo formalized to be generalizable to other speeh situations.The �ndings for the third formant are systemati with both MaDougall(2004) and Rose (1999). The formant exhibit very little speaker variation,at least for the read speeh. However, the speaker disrimination ability ofthis partiular formant annot be argued in this paper as it only ontainsone speaker.January 16, 2005 7



Formants and Their DynamisSpeeh Tehnology I Erik ErikssonTable 2: Varianes of formant values at eah segment for the isohunks; this tablepresents the spontaneous data. The isohunk /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 ConlusionsThis paper has presented Swedish material olleted to repliate MaDougall(2004). Results indiate that the formant dynamis have little variane forread speeh; also following the results by Rose (1999). Formant variane in-reased when using spontaneous speeh whih would impliate that aoustiues showing good speaker disrimination in read speeh should be arefullyinvestigated before generalizing to spontaneous speeh.5 AknowledgmentsI would like to thank the ognitive siene students Karolina Hammarbäk and Erik Jans-son and RA Tomas Landgren for their help in proessing data. I also thank my reviewersfor their feedbak.January 16, 2005 8



Formants and Their DynamisSpeeh Tehnology I Erik ErikssonReferenesElliott, J. R.: 2001, Auditory and F-Pattern Variations in Australian OKAY:A Forensi Investigation, Aoustis Australia 29(1), 37 � 41.Eriksson, E. J., Cepeda, L., Rodman, R. D., MAllister, D., Bitzer, D. andArroway, P.: 2004, Cross-language speaker reognition using spetral mo-ments, Proeedings FONETIK 2004, the XVIIth Swedish Phoneti Con-ferene, Stokholm, Sweden, pp. 76 � 79.Fant, G.: 1970, Aousti Theory of Speeh Prodution, 2nd edn, Mouton &Co, The Hague.Greisbah, R., Esser, O. and Weinstok, C.: 1995, Speaker Identi�ationby Formant Extration, in A. Braun and J.-P. Köster (eds), Studies inForensi Phonetis, Wissenshaftliher Verlag, Trier, pp. 49 � 55.Huntley Bahr, R. and Pass, K. J.: 1996, The In�uene of Style-Shifting onVoie Identi�ation, Forensi Linguistis 3(1), 24 � 38.Ingram, J. C. L., Prandolini, R. and Ong, S.: 1996, Formant Trajetories asIndies of Phoneti Variation for Speaker Identi�ation, Forensi Linguis-tis 3, 129�145.Johnson, K.: 2003, Aousti & Auditory Phonetis, 2nd edn, Blakwell Pub-lishing, Melbourne, Oxford, Berlin, Malden.Ladefoged, P.: 1982, A Course in Phonetis, 2nd edn, Harourt Brae Jo-vanovih, New York.Lieberman, P.: 1988, Speeh Physiology, Speeh pereption, and AoustiPhonetis, Cambridge University Press.Lindblom, B.: 1963, Spetrographi Study of Vowel Redution, Journal ofthe Aousti Soiety of Ameria 35(11), 1773 �1781.MaDougall, K.: 2004, Speaker-spei� Formant Dynamis: An experimenton Austrailan English /ai/, Forensi Lingusitis: Speeh, Language andthe Law 11(1), 103 � 130.Öhman, S. E.: 1966, Coartiulation in VCV Utteranes: SpetrographiMeasurements, Journal of the Aousti Soiety of Ameria 39(1), 151 �168.January 16, 2005 9



Formants and Their DynamisSpeeh Tehnology I Erik ErikssonPitermann, M.: 2000, E�et of Speaking Rate and Contrastive Stress onFormant Dynamis and Vowel Pereption, Journal of the Aousti Soietyof Ameria 107(6), 3425 � 3437.Rodman, R. D., MAllister, D., Bitzer, D., Cepeda, L. and Abbitt, P.: 2002,Forensi Speaker Identi�ation based on Speral Moments, Forensi Lin-guistis 9(1), 22 � 43.Rose, P.: 1999, Long- and Short-Term Within-Speaker Di�erenes in theFormants of Australian Hello, Journal of the International Phoneti As-soiation 29(1), 1 � 31.Rose, P.: 2003, Strength of Forensi Speaker Identi�ation evidene: Multi-speaker Formant- and Cepstrum-Based Segmental Disrimination with aBayesian Lilkelihood Ratio as Threshold, Forensi Linguistis 10(2), 179� 202.Rose, P. and Clermont, F.: 2001, A Comparison of Two Aousti Methodsfor Forensi Speaker Disrimination, Aoustis Australia 29(1), 31 � 35.Rose, P. and Simmons, A.: 1996, F-Pattern Variability in Disguise and Overthe Telephone � Comparisons for Forensi Speaker Identi�ation, Proeed-ings of the Sixth Australian International Conferene on Speeh Sieneand Tehnology SST-96, Adelaide, Australia.Tjaden, K. and Weismer, G.: 1998, Speaking-Rate-Indued Variability in F2Trajetories, Journal of Speeh, Language, and Hearing Researh 41, 976� 989.

January 16, 2005 10


