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Simonyan and Horwitzl, Neuroscientist, 2011



HBEE LIRS R %

SUBSYSTEM Il SUBSYSTEM I

Vocalization Initiation and Motivation \i P
Volurntary Vocal Motor Control

Control of Voluntary Ermgotional Vocalization

PR
p- i . '_..r-"‘-_.#{".‘
. anterior cingulale COMEX

b S 4

hypothalamus
midline Ihalamw .
amygdala gl
red nucleus !
preopriic region y Sl

seplum .
»

___periaqueductal gray

— ¥
S~
) L=

reticular formation 'ﬂ‘ \

o _\*-u,..._ .

phonatory motor and sensory nuclei

SUBSYSTEM |
Coordination of Laryngeal, Articulatory, and Respiratory Aclivity

Control of Innate Vocalization

Simonyan and Horwitzl, Neuroscientist, 2011




SiRBIRENME R AR

Feedforward
Control

Subsystem Feedback Control Subsystem

Somatosensory target region
Speech Sound Map o _ =
(Left Ventral Premotor Cortex) | Auditory target region

\
omatosensory Error Map
S E. M
{Inf. Parietal Cortex)
Cerebellum

A4

Auditory Error Map

Feedback (Sup. Temporal Cortex)
commands

Feedforward Somatosensory State Map
commands

. (Inf. Parietal Cortex)

L
Arrfcm’atc.n:y Velocity Auditory State Map
and Position Maps (Sup. Temporal Cortex)
(Motor Cortex)

/

To articulatory Auditory feedback via
musculature | \ subcortical nuclei
via subcortical |

nuclei

' feedback via subcortical nuclei



R 1 B B 9% D7 VK- B IR R

* [.ombard effect

* Side-tone amplification

* Delayed auditory feedback
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Generating a F, Contour

Voice
Feedback

Glottal
Cycle
Pulses

Contours




Example Data
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The FO Contour Reveals Pitch-Shift

Stimuli and Vocal Responses
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Signal Averaging

Average F, contour

W]
o

Sy WY

DN

S -
o 0 o P ‘%‘ =~ -

~ e —

% n Upward pitch-shift stimulus
04

| | | |
T —TT1 T 1T T —TT1 T —TT1 T 1
6.8482.6.8 Ofxs 7.43286.0 0.2538 743862 04800 74m384 0.8s42 76430
S




Averaged F, Responses

Black lines --control

Red lines --response
to stimulus

Black lines -- control

Blue lines -- response

to stimulus
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Compensating
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Stimulus, upward
30 cent pitch shift
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Stimulus, downward
30 cent pitch shift



Averaged F, Responses

Compensating
Black lines -- control Response

Red lines -- response
to stimulus

Stimulus, upward
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Liu et al., JASA, 2010.
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Liu et al., JASA, 2010.
Liu et al., PLoS ONE, 2012.
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Ranasinghe et al., Neurobiol. Aging., 2017
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200 cents
100 cents

Auditory

Task:
Visual stimuli: the number of flashing lights

Auditory stimuli: the number or the type of pitch perturbations
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Hu et al., Sci. Rep., 2015
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Auditory attended Visual attended Bimodal divided Bimodal passive

Liu et al., Eur. J. Neurosci., 2015



Visual cue

Sample sequence

Original Voice
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+500 cents
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Delayed matching-to-sample (DMS) paradigm

Unpublished data




— DMS task
— Control task = Control task

= DMS task
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Unpublished data
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— Pretraining —— Pretraining
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Chen et al., Sci. Rep., 2015.
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Guo et al., Neurolmage, 2016
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