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For development of speech applications such as automatic speech/speaker recog-
nition and speech synthesis, it is important to know how acoustic parameters vary as
a function of age and gender. Thus, softwares for automatic speech analysis should be
tested for a wide range of acoustic stimuli, to ensure that it performs correctly in all the
range of variation, including voices of all age and sex classes as well as aroused or patient
voices (Lee et al., 1999; Palethorpe et al., 1996; Rao, Kumaresan, 2000; Mustafa, Bruce,
2006; Sorokin, Makarov, 2008; Natour, Saleem, 2009). Advanced testing may involve
calls of primates and ruminants with similar to humans voice acoustic patterns (Rendall
etal.,, 2005; McComb et al., 2009; Gogoleva et al., 2011; Volodin et al., 2011), to estimate
the robustness of the automatic tracing on the expanded range of acoustic stimuli.

At the same time, automatic recognition of animal species by vocalization has pro-
ved to be useful for conservation and for censuses (Sturtivant, Datta, 1997; Deecke,
Janik, 2006; Selin et al., 2007). Further, the automatic measuring of acoustic para-
meters can be used for preliminary sorting of acoustic recordings in sound libraries
(Baptista, Gaunt, 1997) and welfare monitoring of farmed animals (Schén et al., 2001,
2004; Jahns, 2008; Moura et al., 2008). For these reasons, acoustic software, primarily
designed for analysis of human speech, is now widely applied for analyses of calls of
nonhuman mammals (e.g., McComb et al., 2003; Owren, 2008; Rendall et al., 2009).

Potentially, software designed for automatic speech analysis should be appropriate
for analysis of calls with acoustic characteristics close to those of human voice. For
calls, differing somehow from the human voice pattern, the analysis settings should
be adjusted accordingly. However, software with default characteristics established
for human voice or even for one gender/age class of humans, allows adjustments only
within a rather narrow range of variation, which restrains the applicability of the soft-
ware designed for analysis of human speech from a wide circus of species and voca-
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lizations with strongly distinctive acoustic patterns. The general focus of this study
was to test the TF32 software (Milenkovic, 2001), designed originally for automatic
analysis of human speech, to measuring the fundamental frequency of mammalian
calls that are very close in their acoustic characteristics to those of human voice. In
particular, (1) we examine nasal calls of goitred gazelles (Gazella subgutturosa) along
ontogenesis from birth to 6 months of age for the possibility to automatically trace
their fundamental frequencies with the TF32 software. (2) Concurrently, we analyze
the same set of calls manually using Avisoft SasLab Pro software (Avisoft Bioacou-
stics, Berlin, Germany), designed for analysis of animal sounds, to receive indepen-
dent control measurements of the fundamental frequency. (3) Finally, we compare
the results of the automatic and manual analyses and determine the frames where the
TF32 performs correctly.

METHODS

Site, Subjects, and Data Collection

Study subjects were 23 (10 male, 13 female) goitred gazelles, human-raised from
birth onwards in breeding centre Ecocenter «Djeiran» (Uzbekistan, Bukhara region,
39°41'N, 64°35’E). The animals were individually dye-marked with p-phenylenedia-
mine (Rhodia, Paris, France). We recorded calls between May 8 and August 28, 2008
from the 23 study subjects and between October 17 and October 28, 2008 from 18
(7 male and 11 female) of the 23 subjects, because 5 animals had been transferred
from the Ecocenter to another place. We recorded calls before the morning or evening
feeding (for keeping and recording details, see Efremova et al., 2011 and Volodin et al.,
2011). For acoustic recordings (48 kHz, 16 bit), we used a Marantz PMD660 (D&M
Professional, Kanagawa, Japan) and Zoom-H4 (Zoom Corp., Tokyo, Japan) digital re-
corders with Sennheiser K6-ME64 and Sennheiser K6-ME66 cardioid electret conden-
ser microphones (Sennheiser electronic, Wedemark, Germany). In total, we collected
100 hours of audio recordings.

Call Sample and Analysis
We chronologically segmented each individual longitudinal set of acoustic re-
cordings into 9 age classes: of 1-2, 3-4, 5-6, 7-8, 9-10, 11-12, 13-14, 15-16 and
23-24 weeks of age. Only calls produced through the nose (nasal calls) were selected
for the current analysis, because only this call type occurred from birth to 6 mo of age
(Efremova et al., 2011). For acoustic analyses, we selected calls not disrupted by wind
and non-overlapped by noise or human voice. For each animal we randomly selected



Hay4Hble 1CCnEaoBaHnA B 30010 MHECKMX Napkax. Beinyck 28
Scientific Research in Zoological Parks. Volume 28

MOCKOBCKWIA 300/10r M4YECKII MAPK | MOSCOW Z00

five calls per age class, however some animals provided fewer calls in some ages clas-
ses (mean * SE = 4.70 £ 0.06 per animal per age). In total, we analyzed 931 nasal calls
(418 from males and 513 from females).

Before analyzing, calls were downsampled from 48 to 16 kHz. The fundamental
frequency period (i.e. the distance from the previous pulse to the following pulse)
was measured from the screen with the standard marker cursor in the main window
of Avisoft, showing the spectrogram and the waveform, with the following settings:
Hamming window, FFT-length 512, frame 50%. Frequency resolution of the spec-
trographic analysis was 31 Hz, time resolution varied between 0.3-0.5 ms. Then we
calculated the mean fundamental frequency of each call as the inversed value to the
mean fundamental frequency period of the call (Figure 1).

The algorithm used to compute fundamental frequency employs zero crossings and
signal amplitude to make voice/unvoiced decisions on the original waveform. Then it
performs linear predictive coding (LPC) inverse filtering prior to cross-correlation ana-
lysis to reduce formant artifact on fundamental frequency tracking. It uses an initial
8 ms window that correlates at lags ranging from 0.5 to 25 ms (fundamental frequency
range is set to 40-1900 Hz). And on finding an initial fundamental frequency period, it
uses a window that is adapted to the fundamental frequency period but limited to a mi-
nimum of 4 ms. The window is advanced with each fundamental frequency period, and
the fundamental frequency trace changes on fundamental frequency period bounda-
ries. Automatic fundamental frequency measurements with TF32 software has been
conducted in the same sound files as manual measurements with Avisoft software. Point
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Figure 1. The nasal call of a 15-16 weeks-old male goitred gazelle: waveform (above)
and spectrogram (below). Fundamental frequency period (period f0) was shown.

The spectrogram was created with Hamming window; 16 kHz sampling rate; FFT 512
points; frame 50%; overlap 93.75%
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fundamental frequency values were exported automatically to Matlab (MathWork, Na-
tick, MA, USA) where the median fundamental frequency value has been calculated
for each call.

Statistical analyses
All statistical analyses were made with STATISTICA, v. 6.0 (StatSoft, Tulsa, OK,
USA), all tests were two-tailed, and differences were considered significant where p <
0.05. Since distributions of parameter values departed from normality, we log-trans-
formed them to apply parametric tests. We used one-way repeated measures ANOVA
to compare the manually and automatically measured values within each age class. We
used x’ test to compare call proportions at different ages.

RESULTS

The manually measured fundamental frequency values showed a steady decrease
from 2 to 24 weeks of age (Figure 2). Unlikely, the automatically measured fundamen-
tal frequency values showed a steady decrease only up to 12 weeks of age, followed
plateau up to 16 weeks of age and then abrupt increase to the age of 24 weeks. Repea-
ted measures ANOVA showed that starting with 12 weeks of age, the automatically
measured fundamental frequency values were significantly higher than the measured
manually values (Figure 2).
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Figure 2. Age-related changes in fundamental frequency (f0) of nasal calls in goitred
gazelles, measured automatically with TF32 software (dashed line) and manually with
Avisoft software (solid line). N = 23 animals (10 males, 13 females) at ages from 1-2
to 15—-16 weeks and N = 18 animals (9 males, 11 females) at 23 — 24 weeks of age.
Central points show means of means, whiskers show 0.95 confidence intervals.
Significant differences between measurements: *—p < 0.05, **—p < 0.01,

***—p < 0.001; repeated measures ANOVA
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Comparison of manual and automatic measurements of fundamental frequency
in all the 931 calls showed that for 40.4% calls, the difference between the measure-
ments did not exceed 1 Hz, for 61.5% — 2 Hz, and for 81.3% - 5 Hz. For the remaining
18.7% calls, the difference between manual and automatic measurements exceeded
5 Hz, and in most of these calls, the automatic values exceeded the manual ones (Fi-
gure 2). Call percentages with incorrectly automatically taken fundamental frequency
(with difference exceeding 5 Hz) ranged between 11.4-24.3% in all age classes from 2
to 16 weeks (Figure 3), but to the age of 24 weeks increased significantly to as much as
43.8% (y* = 29.55,df =1, p < 0.001).

DISCUSSION

In this study, the acoustic software designed primarily for automatic analysis of
human speech, performed well also for analysis of animal calls. We found closely
coinciding fundamental frequency values between the automatically taken and ma-
nually taken control measurements for most vocalizations produced by goitred ga-
zelles along the period of their vocal development, when their vocal characteristics
remained within the human speech sound range. Preceding ontogenetic studies of
goitred gazelles (Efremova et al,, 2011; Volodin et al., 2011) revealed very close vocal
anatomy structures and the related acoustics to those of adult humans despite the
considerable difference of body mass between juvenile gazelles and adult people. In
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Figure 3. Call percentages of goitred gazelles at age classes from 1-2 to 23-24 weeks,
where differences between fundamental frequency values taken automatically (with TF32
software) and manually (with Avisoft software) were less than 2 Hz (white bars), 2 to 5 Hz
(grey bars) and exceeded 5 Hz (black bars)
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juvenile male and female goitred gazelles, the lengths of vocal folds (15 and 13.5 mm
respectively) were comparable to sizes reported for adult men (17-25 mm) and wo-
men (12.5-19 mm) (Titze, 1994; Roers et al., 2009).

Consistently, very low fundamental frequency values, found in nasal calls of goit-
red gazelles since the age of 1-2 weeks (mean + SD = 104 + 24 Hz), closely approach
the fundamental frequency ranges of 107-129 Hz, reported for adult men and of 189-
210 Hz, reported for adult women (Monsen, Engebretson, 1977; Lass, Brown, 1978;
Rendall et al., 2005; Evans et al., 2006; Apicella et al., 2007). Therefore, in addition to
existing primate models of voice production in humans (Owren et al., 1997; Rendall,
2003; Rendall et al., 2005), the similarity in vocal anatomy and acoustic features of gro-
wing goitred gazelles to those of humans makes the growing goitred gazelle a conveni-
ent model for application and testing acoustic software, initially developed for humans.

However, following the increase of body size and mass, the fundamental frequen-
cy of calls of goitred gazelles decreased from 104 + 24 Hz at 1-2 weeks of age to as
low as 65+13 Hz at 23-24 weeks. In older ages, the fundamental frequency values
fall below the lower edge of the human speech fundamental frequency range, which
resulted in a systematic overestimation of the automatically taken fundamental fre-
quency values, that was especially prominent at the age of 23-24 weeks (Figure 2).
Nevertheless, for most calls, whose values were still within the human speech range of
fundamental frequency, the error of automatic analysis was rather low (Figure 3). Gi-
ven that, we infer that the spectrographic software TF32 has proved to be useful tool
for the automatic measurements of fundamental frequency in goitred gazelles and
may be recommended for analysis of fundamental frequency in calls of other nonhu-
man mammals, whose fundamental frequencies coincide approximately with those of
human speech. Changing the recommended for humans settings within TF32 should
make automatic measuring more accurate in cases where fundamental frequency of
nonhuman mammals decline strongly from those of speech.
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PE3IOME

W.A. BonoguH, UN1.C. Makapos, K.O. E¢ppemosa, E.B. BonoguHa, H.B. ConpgaroBa. [lpu-
MeHeHne nporpamMmMHOro obecrieqeHus, MpeaHasHavYeHHoro aisi aBToMaTu3npoBaHHOro
aHanmsa 4eri0Be4eCKoN peyu, Qi U3SMEepPeHUs OCHOBHOWM 4YacToTbl B 3BYKax XWUBOTHbIX.
B aTtom nccnepoBaHun nporpaMmmHoe obecnevenne TF32, npegHa3HaveHHOe Ans aBTo-
MaTU3MpPOBAHHOrO aHann3a YenoBeyecKomn peyu, Hbino NPOTECTUPOBAHO AN N3MepeHns
OCHOBHOW 4acTOTbl B 3BYKax AeTeHbIWeN KOoMbITHbIX (AKenpaHoB Gazella subgutturosa),
QNS TOro YTobbl OLEHUTb BO3MOXHOCTM TF32 aHannaupoBaTb 3BYKW, OTKMOHSOWMECS OT
HOPMarbHbIX XapakTepUCTUK YErnoBe4ecKoro ronoca, W ero noTeHumnan Kak WHCTPyMeH-
Ta Ans aBTOMaTW3MPOBAHHOIO aHanm3a KPUKOB XMBOTHbLIX B LIENSX COXPaHEeHWs BUAOB,
npoBefeHUst y4eToB B NPUPOQHbLIX NONYNSALMSX, a TaKXKe OLEeHKN 6narononyyms X1MBOTHbIX
no aKycTU4yecKuM napameTpam mx 3ByKoB. Bbin npoananuavposaH 931 HOCOBOW KpUK OT
23 peTeHblwen mxeripaHa (10 camuos 1 13 camok) Ha NPOTSXKEHUM OHTOreHesa OT 2 A0
24 Hepenb. OCHOBHYO 4aCTOTY OOHUX U TeX Xe KPUKOB aHannsmpoBanu aBToMaThyecku
¢ nomoupto TF32 n Bpy4Hyto. Ans 81,3% 3BYKOB, B KOTOPbIX BENWYMHA OCHOBHOW YacTo-
Tbl 3BYKOB [Ke/paHOB COOTBETCTBOBaNa AMana3oHy OCHOBHOW 4acTOThbl Pe4n B3POCHbIX
niofen, pasnuuns Mexagy py4YHbIMU 1 aBTOMATUHECKUMUN n3MepeHnsaMmn 6binu mexee 5 Iy,
ona 61,5% 3BykoB MeHee yeMm 2 'y u ans 40,4% 3BykoB MeHee yem 1 'u. [na ocTtae-
wuxcs 18,7% 3BYKOB [KeiipaHoB, KOTOpPbIe BbINN HUXE N0 OCHOBHON YacToTe, YeM 3BYKM
peyn B3poCHbIX Niofei, aBToOMaTN4eckoe M3mMepeHne 3aBblllano OCHOBHYIO 4acToTy, Tak
YTO pasnnyns Mexgy py4HbIMW N aBTOMATUYECKVMU U3MEPEHUSAMW MPeBbIanyt Benmyu-
Hy B 5 ['U. 9T pesynbTartbl CBMAETENLCTBYIOT O TOM, YTO KOPPEKTHbIE aBTOMaTn4eckme
N3MepeHUsi OCHOBHOW 4acTOTbl MOTYT ObITb CAenaHbl Ans 3BYKOB XWBOTHbIX, AManasoH
OCHOBHOW 4aCTOTbl KOTOPbIX MPUONN3NTENBHO COOTBETCTBYET ANANa3oHy OCHOBHOW HacTo-
Tbl peyn B3pOChbIX NoAei.
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