
ysphonic voices are evaluated with voice analysis systems to obta-
in objective comparable outputs. The reliability of acoustic voice
measurements are influenced by many factors such as: (1) the recor-

ding system, (2) the microphone, (3) analysis window, (4) fundamental fre-
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Adverse Effect of Noise
on Voice Perturbation Estimates:

A Comparison of Three Voice
Analysis Programs

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  The aim of this study is to in ves ti ga te the inf lu en ce of no i se on vo i ce per tur-
ba ti on out puts ob ta i ned by thre e dif fe rent vo i ce analy sis prog rams, and to show the soft wa re mo re
im mu ne to no i se. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  For this pur po se, 10 na tu ral and 10 se mi-synthe tic vo i ce
samp les we re re cor ded. They we re mi xed with en vi ron men tal no i se and whi te no i se. The un mi xed
and mi xed sig nals we re analy zed by Dr. Spe ech, MDVP and Pra at. Thre e fre qu ency per tur ba ti on
out puts (jit ter per cent, relative average perturbation and pitch perturbation quotient) and two am-
p li tu de per tur ba ti on out puts (shim mer per cent and amplitude perturbation quotient) we re ob ta i -
ned. The un mi xed and mi xed sig nals we re com pa red. Cor re la ti ons we re cal cu la ted bet we en na tu ral
un mi xed and na tu ral mi xed ones. RRee  ssuullttss::  The fre qu ency per tur ba ti on out puts ob ta i ned by Dr. Spe -
ech and Pra at se e med to be less af fec ted by no i se. Ho we ver, the amp li tu de per tur ba ti on va lu es me -
a su red by thre e systems we re se ve rely af fec ted by no i se, but Pra at’s per for man ce fo und mildly bet ter
than the ot hers’. Cor re la ti on analy ses for 10 items (five pa ra me ters x two no i se si tu a ti ons) re ve a led
that the re we re per fect cor re la ti ons (r= 1.000) re gar ding six items for Pra at, thre e items for Dr. Spe -
ech and one item for MDVP. CCoonncc  lluu  ssii  oonn::  As a conc lu si on, it was de ci ded that Pra at was the most im-
mu ne one to no i se among thre e analy sis systems, fol lo wed by Dr. Spe ech and MDVP, res pec ti vely. 

KKeeyy  WWoorrddss::  Vo i ce; vo i ce qu a lity 

ÖÖZZEETT  AAmmaaçç::  Üç fark lı ses ana liz prog ra mın ca el de edi len ses te bo zul ma de ğer len dir me si üze ri ne
gü rül tü nün et ki si ni araş tır mak ve han gi ya zı lı mın gü rül tü den da ha az et ki len di ği ni bul mak. GGee  rreeçç
vvee  YYöönn  tteemm  lleerr::  Bu amaç la 10 do ğal ve ya rı-sen te tik ses ör ne ği kay de dil di. Bun lar or tam gü rül tü sü
ve be yaz gü rül tü ile ka rış tı rıl dı. Ka rış mış ve ka rış tı rıl ma mış sin yal ler Dr. Spe ech, MDVP ve Pra at
ile ana liz edil di. Üç fre kans bo zul ma çık tı sı (jit ter yüz de si, rölatif ortalama pertürbasyon ve perde
pertürbasyon oranı) ve iki amp li tüd boz ma çık tı sı (shim mer yüz de si ve amplitüd pertürbasyon
oranı) alın dı. Ka rış mış ve ka rış ma mış sin yal ler kar şı laş tı rıl dı. Ka rış ma mış do ğal ve ka rış mış do ğal
olan lar ara sın da ko re las yon lar he sap lan dı. BBuull  gguu  llaarr::  Dr. Spe ech ve Pra at ile el de edi len fre kans bo -
zul ma çık tı la rı gü rül tü den da ha az et ki len miş gö rül dü ler. Bu nun la bir lik te, amp li tüd bo zul ma de -
ğer le ri üç sis tem de de gü rül tü ta ra fın dan cid di şekil de et ki len miş ler di fa kat Pra at ’ın per for man sı
di ğer le rin den ha fif çe da ha iyi bu lun du. On mad de nin ko re las yon ana li zi (5 pa ra met re x 2 gü rül tü
du ru mu) so nu cun da Pra at için al tı mad de de, Dr. Spe ech için üç mad de de ve MDVP için bir mad -
de de mü kem mel ko re las yon göz len di (r= 1.000). SSoo  nnuuçç::  So nuç ola rak üç ana liz sis te mi ara sın da gü -
rül tü ye en ba ğı şık sis tem ola rak Pra at be lir len di, bu nu sı ra sıy la Dr. Spe ech ve MDVP iz li yor du. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ses; ses özel li ği  
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qu ency (F0) ex trac ti on met hods, (5) al go rithms for
de ter mi ning vo i ce sta tis tics, (6) en vi ron men tal no -
i se, (7) and in ter nal com pu ter no i se.1 In this study,
we we re con cer ned with the ef fects of no i se (re sul -
ting both from en vi ron ment and da ta ac qu i si ti on
system) on per tur ba ti on es ti ma tes from thre e dif fe -
rent prog rams, and be ha vi ors of them in the event
of dif fe rent no i se si tu a ti ons.

In no isy con di ti ons, au to ma tic analy sis systems
may not be ab le to dis tin gu ish bet we en the sig nal
and ex tra ne o us no i se. No i se-re la ted va ri a ti ons
might be mi sin ter pre ted as a part of the vo i ce sig nal,
re sul ting in er rant es ti ma tes of per tur ba ti on.1 Alt -
ho ugh re cor ding the vo i ce samp le in a so und-tre a -
ted bo oth is ide al for per tur ba ti on me a su re ment, it
may not be ava i lab le in every cli nic; the re fo re cli ni-
ci ans ha ve to rely on the analy sis re sults ob ta i ned
in im per fect en vi ron ments. A per fect vo i ce analy sis
system sho uld not be af fec ted by ex ter nal no i se. It
is im por tant to de ter mi ne whet her dif fe rent soft-
wa re and hard wa re con fi gu ra ti ons might be mo re
or less vul ne rab le to the ef fects of ex ter nal no i se.

The aim of this study is to in ves ti ga te the 
inf lu en ce of no i se on vo i ce per tur ba ti on out puts ob-
ta i ned by thre e dif fe rent vo i ce analy sis prog rams,
and to re ve al the soft wa re mo re im mu ne to no i se.

MA TE RI AL AND MET HODS

Ten ma le adults, who had no lary nge al pat ho logy,
pro vi ded the vo i ce samp les. They we re vo lun te ers
from the staff of Süt çü Imam Uni ver sity. The ir ages
ran ged between 20 and 42, with a me an age of 27.3
ye ars.

The sti mu li used in this study con sis ted of six
gro ups of vo i ce samp les:

Na tu ral un mi xed (NU) samp les: The sub jects
ut te red sus ta i ned [a] vo wels in a no i se less and ane-
c ho ic en vi ron ment, and the ir ut te ran ces we re re -
cor ded by using an elec tret con den ser mic rop ho ne
(Phi lips SBC ME400) po si ti o ned 15 cm away from
the sub jects’ mo uth at a samp ling ra te of 44.100 Hz
and a 16 bit re so lu ti on. The in ten sity of vo i ce sam-
p les was 60 dB, at ave ra ge. For this pur po se, a PC
with So und Blas ter Au digy 2ZS so und card and
Ado be Au di ti on prog ram (Ver si on 1.5) we re used.

The first seg ment of 0.5 s was de le ted, the next seg-
ment of 3 s was sa ved.

Se mi-synthe tic un mi xed (SU) samp les: The -
se samp les we re pre pa red using Ado be Au di ti on
soft wa re. A samp le pe ri od was pre ci sely ex trac ted
from a ste ady sta te por ti on of each na tu ral un mi xed
samp le, la ter this pe ri od was mul tip li ed to form a
sti mu lus of 3 s du ra ti on, thus, ge ne ra ting a per tur -
ba ti on-fre e vo i ce samp le.

Na tu ral (NP) and se mi-synthe tic (SP) samp -
les mi xed with po lic li nic no i se: The en vi ron men tal
no i se of 3 s du ra ti on was cap tu red in our ENT po -
lic li nic ro om du ring wor king ho urs by the sa me
mic rop ho ne and hard wa re/soft wa re equ ip ment.
The re cor ded no i se’s ave ra ge ro ot me an squ a re
(RMS) po wer was cal cu la ted by Ado be Au di ti on
soft wa re and fo und as -51.13 dB. La ter, the no i se
samp le was mi xed with na tu ral and se mi-synthe -
tic samp les.

Na tu ral (NW) and se mi-synthe tic (SW) sam-
p les mi xed with whi te no i se: The whi te no i se of 3
s du ra ti on was ge ne ra ted using Ado be Au di ti on
soft wa re, and this no i se samp le’s ave ra ge RMS po -
wer was ad jus ted to -51.13 dB by dec re a sing its am-
p li tu de. La ter, the no i se samp le was mi xed with the
na tu ral and se mi-synthe tic samp les.

Per tur ba ti on analy ses we re car ri ed out using
thre e dif fe rent analy sis systems: Dr. Spe ech Vo cal
As sess ment (Ti ger Elec tro nics, Massachusetts,
USA), MDVP for Mul ti-Spe ech (Kay Ele met rics,
NJ, USA), and Pra at (Pa ul Bo ers ma and Da vid We -
e nink). Thre e fre qu ency per tur ba ti on va lu es (jit ter
per cent-Jitt, re la ti ve ave ra ge per tur ba ti on-RAP,
pitch per tur ba ti on qu o ti ent-PPQ) and two amp li -
tu de per tur ba ti on va lu es (shim mer per cent-Shim
and amp li tu de per tur ba ti on qu o ti ent-APQ) we re
me a su red. All thre e systems we re ope ra ted on the
sa me com pu ter.

The un mi xed and mi xed sig nals we re com pa -
red by Wil co xon test. Spe ar man’s Rho cor re la ti ons
we re cal cu la ted bet we en na tu ral un mi xed and na t-
u ral mi xed ones. Sta tis ti cal sig ni fi can ce was de fi -
ned using p va lu es less than 0.05. All sta tis ti cal
analy ses we re per for med using SPSS soft wa re (Ver-
si on 10.0).
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RE SULTS
Me ans and stan dard de vi a ti ons for MF0 (me an fun da-
men tal fre qu ency), Jitt, RAP, PPQ, Shim and APQ of
the NU da ta for each soft wa re are shown in Tab le 1.

Sta tis ti cal analy ses re ve a led that the fre qu ency
per tur ba ti on out puts ob ta i ned by Dr. Spe ech we re
not af fec ted by no i se. Pra at se e med to be mildly af-
fec ted by no i se, only one pa ra me ter was af fec ted
(SU was dif fe rent from SP for Jitt). The com pa ri son
re sults of the un mi xed da ta with mi xed da ta can be
se en in Tab le 2. The re la ti ons hip of fre qu ency per-
tur ba ti on va lu es ac cor ding to Dr.Spe ech, MDVP
and Pra at are shown in Fi gu res 1-3, res pec ti vely.

The amp li tu de per tur ba ti on va lu es me a su red
by Dr. Spe ech and MDVP of the na tu ral da ta we re
se ve rely af fec ted by no i se. Ho we ver, Pra at was mo -
re re sis tant to no i se, the re was no dif fe ren ce bet -
we en NU da ta and NP da ta for Shim, ne it her was
the re a dif fe ren ce bet we en NU da ta and NW da ta
for APQ. The amp li tu de per tur ba ti on va lu es of se -
mi-synthe tic samp les se e med to be mo re se ve rely
af fec ted by no i se. The com pa ri son re sults of the un-
mi xed da ta with mi xed da ta can be se en in Tab le 3.

Cor re la ti on analy ses of the na tu ral un mi xed
and mi xed da ta for 10 items (five pa ra me ters × two

no i se si tu a ti ons) re ve a led that the re we re per fect
po si ti ve cor re la ti ons (r= 1.000) re gar ding six items
for Pra at, thre e items for Dr. Spe ech and one item
for MDVP. Spe ar man’s Rho cor re la ti on co ef fi ci ents
bet we en the NU and NP da ta, the NU and NW da -
ta can be se en in Tab le 4.

DIS CUS SI ON
In the sci en ti fic li te ra tu re, the re are se ve ral in ves -
ti ga ti ons com pa ring aco us tic vo i ce analy sis systems.
So me of them com pa re the re sults ob ta i ned by dif-
fe rent vo i ce analy sis systems.2-6 So me of them com-
pa re the ef fects of no i se on vo i ce qu a lity
es ti ma tes.7,8 The first gro up of in ves ti ga ti ons ge ne -
rally fo cus on the dif fe ren ces that emer ge from
hard wa re and analy sis pro to col such as pitch ex-
trac ti on met hods. The se cond gro up of stu di es ge -
ne rally fo cus on the ef fect of no i se ori gi na ted from
dif fe rent so ur ces on the sa me analy sis system. Ho -
we ver, the re are only a few in ves ti ga ti ons that
com pa re be ha vi ors of the dif fe rent analy sis systems
in the event of dif fe rent no i se si tu a ti ons.

Bo ers ma9 com pa red per for man ces of Pra at and
MDVP using fi ve dif fe rent samp les with de ter mi -
ned jit ter and shim mer va lu es (jit ter and shim mer
per cent with 0.001, 0.01, 0.1, 1 and 10%). He ob ser -
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Dr. Speech MDVP Praat

Jitt RAP PPQ Jitt RAP PPQ Jitt RAP PPQ

NU-NP 0.285 0.317 0.317 0.086 0.020 0.041 0.317 0.317 0.317

NU-NW 1.000 0.317 1.000 0.057 0.066 0.013 1.000 1.000 1.000

SU-SP 1.000 1.000 1.000 0.005 0.005 0.005 0.008 0.317 0.317

SU-SW 1.000 1.000 1.000 0.005 0.005 0.005 0.317 1.000 1.000

TABLE 2: p values obtained after comparison of frequency perturbation values of the unmixed and mixed data 
by Wilcoxon test.

Dr. Speech MDVP Praat

Parameters Mean SD Mean SD Mean SD

MF0 134 18 133 18 133 18

Jitt 0.264 0.124 0.385 0.114 0.274 0.115

RAP 0.148 0.074 0.218 0.071 0.145 0.069

PPQ 0.167 0.062 0.222 0.061 0.158 0.066

Shim 1.812 0.465 2.008 0.354 1.938 0.522

APQ 1.580 0.266 1.700 0.260 1.628 0.364

TABLE 1: Mean values and standard deviations of MF0 and perturbation measures of the NU data for each software 
(MF0 values are in Hz, others in percent).



ved that adding 1% whi te no i se to tho se samp les,
deteriorated the per for man ce of MDVP mo re than
Pra at. Our fin dings are in ag re e ment with Bo ers -
ma’s study.

Car son et al.1 in ves ti ga ted the ef fect of no i se
on per tur ba ti on pa ra me ters using thre e dif fe rent
soft wa re/hard wa re com bi na ti ons, na mely MDVP
for CSL 4300B, MDVP for Mul ti-Spe ech and CSpe -
echSP. They mi xed the col lec ted vo i ce samp les
with com pu ter fan no i se to cre a te fo ur dif fe rent
sig nal-to-no i se (S/N) le vels (50 dB-un mi xed, 25 dB,
20 dB and 15 dB). They com pa red jit ter va lu es ac -
ross S/N le vel, fo ur of six com pa ri sons we re sig ni -
fi cant for CSL, thre e of six com pa ri sons we re
sig ni fi cant for Mul ti-Spe ech and fo ur of six com-
pa ri sons we re sig ni fi cant for CSpe echSP; they al so
com pa red shim mer va lu es, six of six com pa ri sons
we re sig ni fi cant for all systems was MDVP for
Mul ti-Spe ech the most re sis tant system to no i se.
That was the most vul ne rab le system in our study.

De liys ki et al.10 in ves ti ga ted the ef fect of no i -
se on vo i ce qu a lity me a su re ments using fi ve dif fe -
rent hard wa re types and six dif fe rent mic rop ho ne
types. In that study, thre e soft wa res we re used:
MDVP, Pra at and TF32. The vo i ce samp les we re
mi xed with fi ve dif fe rent no i se types at eight dif fe -
rent S/N ra ti o le vels. They ob ser ved that no i se se-

ri o usly af fec ted the re li a bi lity of MDVP. They al so
ob ser ved that no i se had an equ al im pact on nor mal
and ab nor mal pho na ti on.

De liys ki et al.11 in ves ti ga ted the inf lu en ce of da -
ta ac qu i si ti on en vi ron ment on vo i ce qu a lity me a su -
re ments. They com men ted that the pre vi o us
ob ser va ti ons which in fererred that pro fes si o nal da -
ta ac qu i si ti on de vi ces were mo re vul ne rab le to no i -
se did not ref lect the facts. They suggested, in fact,

FIGURE 1: The relationship between PPQ values of unmixed and mixed data
measured by Dr. Speech.

FIGURE 2: The relationship between PPQ values of unmixed and mixed data
measured by MDVP.

FIGURE 3: The relationship between PPQ values of unmixed and mixed data
measured by Praat.
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Dr. Speech MDVP Praat

Shim APQ Shim APQ Shim APQ

NU-NP 0.007 0.012 0.016 0.021 0.153 0.050

NU-NW 0.012 0.024 0.008 0.037 0.026 0.084

SU-SP 0.005 0.005 0.005 0.005 0.005 0.005

SU-SW 0.005 0.005 0.005 0.005 0.005 0.005

TABLE 3: p values obtained by comparison of amplitude perturbation values of the unmixed and mixed data 
by Wilcoxon test.

amp li tu de and fre qu ency per tur ba ti ons were me a -
su re ments of no i se in the in ves ti ga ted vo i ce samp le;
so, be ing mo re vul ne rab le to no i se me ant mo re sen-
si ti vity to ac cu ra tely me a su re the vo i ce per tur ba ti -
ons. Ho we ver, this do es not ref lect the usu al
con di ti ons a vo i ce cli ni ci an fa ces in every day li fe.
Even in a so und-tre a ted ro om, one can not ig no re
the po ten ti al en vi ron men tal no i se so ur ces such as
the vib ra ti on so ur ces (ele va tors, air-con di ti o ning,
etc) or ro u ti ne pro fes si o nal and non-pro fes si o nal cli -
nic equ ip ment (com pu ter fan, elec tri city, he a ting,
etc). Thus, the soft wa re we use in the vo i ce cli nic
sho uld ha ve the chan ce to ac cu ra tely dis cri mi na te
the no i se so ur ce in the sig nal. It sho uld not be af-
fec ted from en vi ron men tal no i se and ac cu ra tely me -
a su re the vo i ce per tur ba ti on that ori gi na tes from
glot tal no i se. The se arch for the best vo i ce analy sis
soft wa re will con ti nu e un til a ca lib ra ted re fe ren ce
is ava i lab le.  

CONC LU SI ON
This study re ve a led that Pra at was the most im mu -
ne system to no i se among thre e analy sis systems,
fol lo wed by Dr. Spe ech and MDVP, res pec ti vely.

The re fo re, among the se thre e soft wa res, Pra at can
be pre fer red when a so und-tre a ted bo oth is not
ava i lab le for vo i ce re cor ding.
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Parameters NU-NP NU-NW

Programs Jitt 0.979 1.000

RAP 1.000 0.991

Dr. Speech PPQ 0.991 1.000

Shim 0.952 0.988

APQ 0.964 0.976

Jitt 0.994 0.942

RAP 0.998 0.945

MDVP PPQ 0.991 0.933

Shim 0.997 1.000

APQ 0.979 0.982

Jitt 0.997 1.000

RAP 1.000 1.000

Praat PPQ 0.997 1.000

Shim 0.985 0.997

APQ 1.000 1.000

TABLE 4: Spearman’s Rho correlations between 
perturbation values of the natural unmixed and 

mixed data (Correlations for semi-synthetic data 
could not be computed because at least 

one of the variables was constant)
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