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Prediction of Post-Treatment Outcome of Pathologic

Voice Using Voice Synthesis

Joo Hwan Lee, M.D., Hong-Shik Choi, M.D., Young-Ho Kim, M.D.,
Han Soo Kim, M.D., Hyun Seung Choi, M.D., Kwang-Moon Kim, M.D.

Department of Otorhinolaryngology, The Institute of Logopedics & Phoniatrics,
Yonsei University College of Medicine, Seoul, Korea

Background and Objectives : Patients with pathologic voice often concern about recovery of
voice after surgery. In our investigation, we give controlled values of three parameters of voice
synthesis program of Dr. Speech Science. such as jitter, shimmer, and NNE(normalized noise
energy) which characterize someone’s voice from others and deviced a method to synthesize the
predicted voice after performing operation.

Subjeects and Method : Values of vocal jitter, vocal shimmer, and glottal noise were measured
with voices of 10 vocal cord paralysis and 10 vocal polyp patients 1 week prior to and 1 month
after the surgery. With Dr. Speech science voice synthesis program we synthesized ‘ae’ vowel
which is closely identical to preoperative and post-operative voice of the patients by controlling
the valu-es of jitter, shimmer, and glottal noise, then we analyzed the synthesized voices and
compared with pre and post-operative voice.

Results : 1) After inputting the preoperative and corrected values of jitter, shimmer, and glottal
noise into the voice synthesis program, voices identical to vocal polyp patients’ pre- and postopera-
tive voices withiin statistical significance were synthesized 2) After elimination of synergistic effe-
cts between three paramenter, we were able to synthesize voice identical to vocal paralysis patients’
preoperative voices. 3) After inputting only slightly increased jitter, shimmer into the synthesis progr-
am, we were able to synthesize voice identical to vocal cord paralysis patients’ postoperative voices.

Conclusion : Voices synthesized with Dr. Speech science program were identical to patients’
actual pre and postoperative voice, and clinicians will be able to give the patients more infor-
mation and thus increased patients cooperability can be expected.

KEY WORDS : Voice synthesis + Pathological voice - Vocal cord paralysis - Vocal polyp.
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Voice Data

(Start : 1.2s End : 2.45)
Habitual FO(Hz) 199.90 —0.02 | MPT(s) 0.00
Jitter (%) 2.51 | HNR(dB) 14.06 | s/z ratio 0.00
Shimmer(%) 9.84 | SNR(dB) 12,91 | Ratio(%) 39.00
FO Tremor (Hz) 10.96| Amp Tremor(Hz) 10.96
Mean FO(Hz) 197.21
SD FO(Hz) 6.06
Max FO(Hz) 217.24
Min FO(Hz) 180.74

Fig. 1. Results of analysis of vocal paralysis patient’ s
voice by Dr. Speech science voice analysis pro-
gram 1 month prior to surgery. The values in rec-
tangles are vocal jitter, shimmer, and glottal noi-
se(NNE).
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Imonth prior to surgery. Vocal jitter, shimmer, . 5)
NNE are all out of normal range. 37} Zoh(Fig. 3).°
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Control Parameters for Voice Synthesis

~Pitch Contour FO[ Hz): s

@ Linear Flat : Ave: @
" Linear Increase: Min:

Max:

- Sampling Frequency [Hz] : —
| 11025 € 22050 &

"Glottal Source™
AV (1-80dB): (60 |
Max Data Length [ms): [500 | 0@ (10-99%) :

A — R (] s 0-400m) :

Eormant Flutter (0-100%) : El EA (0-100%]) -
No. of Formants (3-5] : [E VAT [ms) -

¢ Linear Decrease:  Min:

Max:

" Linear Broken:

Fl(Hz) : B1Hz) : VET fms) : ::; D'::e[l ':3
R MOV (V) : - -m -
F2{Hz) : B2(Hz) - T o -m
F3[H2) : B3[Hz) : "Glottal Noise™ ~ Avch N N -EEE.
LFG (0-100a8): [0 | rchetypal : Min:
FA(Hz) : [3500] Bd4{Hz): 120 | 56 (01008 NT Mo [30°]
pLL - h i p,
F5[Hz] - BS(Hz) - Clist Ave 125
WFB (0-100%) - )
HFE [0-100%)}: 1 2nd: Min: 108 ] Max:[180 |

ax:[180 ]
© 3id  Min Max:
" 4th:  Min: Max:

Fig. 4. The control parameters of Dr. Speech science voice synthesis program. A : Pitch flutter (representing jitter),
B : FA(representing shimmer), C : HFG , LFG (representing glottal noise) .
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(3) 359 (Glottal source)

(7h Pitch flutter (%) : pitch period flutter
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(th 0Q : Open quotient (%)
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(D FA : Flutter of amplitude (%)
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Frequency (kHz}
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Fig. 5. The formnant frequencies of the patients Wh!Ch were measured with Dr. Speech Science ‘Formant fracking
program’. These formant frequencies were inputted into the voice synthesis program.
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Fig 6. Synthesized postoperative voice of patient with vocal polyp by using Dr. Speech Science voice synthesis

program.
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Table 1. Comparison between acoustical parameters of measured voice and synthesized voice of patients with
vocal polyp 1 month prior to surgery

Measured Synthesized p
Jitter (% : normal<0.5)! 0.64 0.56 >0.05*
Shimmer (% * normal<3)? 4,69 4,42 >0.05*
NNE(dB : normai<10)} -4.47 ~4,07 >0.05*

1.Normal value of jitter, shimmer, and NNE were given by Dr. Speech science manual.
*  Significant Mann-Whitney test (p>0.05)

Table 2. Comparison between acoustical parameters of measured voice and synthesized voice of patients with
vocal polyp 1 month after surgery

Measured Synthesized o]
Jitter (% : normal<0.5)! 0.33 0.31 >0.05*
Shimmer (% : normal<3)! 191 1.77 >0.05*
NNE(dB : normal—10)! -13.08 -12.96 >0.05*

1.Normal value of jitter, shimmer, and NNE were given by Dr. Speech science manual.
+ : Significant Mann-Whitney test (p>0.05)

Table 3. Comparison between acoustical parameters of measured voice and synthesized voice of patients with
vocal paralysis 1 month prior to surgery

Measured Synthesized p
Jitter (% : normal<0.5)! 4.16 3.99 >0.05*
Shirmmer (% : normalk3) ! 10.27 10.12 >0.05*
NNE (dB : normal<—10)! ~1.36 -1.31 >0.05*

1.Normal value of jitter, shimmer, and NNE were given by Dr. Speech science manual.
+ : Significant Mann-Whitney fest (0>0.05)

Table 4. Comparison between acoustical parameters of measured voice and synthesized voice of patients with
vocal paralysis 1 month after surgery

Measured Synthesized p
Jitter (% : normai<0.5)1 1.03 0.98 >0.05*
Shimmer (% : normal<3) ! 3.30 3.18 >0.05*
NNE(dB : normal<—-10)! —8.88 ~8.70 >0.05*

1.Normal value of jitter, shimmer, and NNE were given by Dr. Speech science manual.
= 1 Significant Mann-Whitney test (p>0.05)
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