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Simulating anticipatory coarticulation in VCV utterances 
with a gestural articulatory synthesizer
Asterios Toutios and Shrikanth Narayanan

The University Identity
!is document provides the basic guidelines for the University 
of Southern California’s graphic identity program. !e key to 
the program is the typographic system of wordmark, monogram 
and contrasting color. To maintain consistency throughout the 
system, the new graphic identity program prohibits the use of 
any additional iconography, marks or artwork outside of the 
approved University seal, shield and Trojan head (the latter to be 
used for spirit-related applications only). 
 To obtain a full version of the new style guide, contact 
USC Purchasing or visit: usc.edu/identity

The Seal and Shield
!e primary logotype for the overarching University identity 
has been redesigned to combine the new USC monogram 
with the Adobe Caslon Pro wordmark and the shield. 
 Regular- and small-use versions of both the seal and 
shield have been redrawn to ensure the best quality repro-
duction. Size restrictions for each are detailed above. 
 !e shield exists as part of the o"cial University seal 
and will be used as an additional brand icon throughout 
the new identity program. !e only times the shield should 
be locked up with the wordmark or monogram are in the 
primary combinations shown at left. 
 For complete guidelines visit: identity@usc.edu

Color
!e o"cial colors of the University of Southern California, 
USC Cardinal and USC Gold, are equal in importance in 
identifying the university. Precise matching of all USC colors 
is essential in all color applications. Do not use maroon and 
yellow, or red and ochre as a substitute for the USC colors. 
Correct and consistent use of USC’s o"cial colors helps 
reinforce the university’s identity.

Introducing the New

Primary Logotype Combination

Informal Logotype (Horizontal)

Informal Logotype (Vertical)

Primary Monogram Combination

Formal Monogram Combination

Formal Logotype Combination

USC Graphic Identity Program

1-color USC monogram reproduces as 50% of the 
color being used.

Cardinal Background When the lockup appears 
on a cardinal background it reverses to white and 
the monogram runs gold.

Gold Backgrounds When the lockup appears on a 
gold background it can either reverse to white or 
run black while the monogram runs cardinal.

Black Backgrounds When the lockup appears 
on a black background it reverses to white and the 
monogram runs either cardinal, gold or 50% black.

The minumum required space around all logotypes is half 
the logotype’s height on all sides as shown above. 

The Small-use Seal should 
be used for any application 

between 1.25 inches and 
0.75 inches wide.
Do not reproduce 

small-use version smaller 
than 0.75 inches.

0.75"1.25" wide

The Regular-use Seal should 
be used for any application 

wider than 1.25 inches.
For applications smaller 

than 1.25 inches wide, use 
the small-use version.

1" wide 0.25"

The Regular-use Shield 
should be used for any 

application wider than 1 inch.
For applications smaller 
than 1 inch wide, use the 

small-use version.

The Small-use Shield should 
be used for any application 

between 1 inch and 0.25 inch.
Do not reproduce small-use 

version smaller than 
0.25 inches wide.

Approved Color Combinations
Below are the approved color combinations for all USC 
logotypes. !e logotypes shown here have been speci#-
cally created for use across all media. Always use approved 
artwork. Do not attempt to typeset or create any logos on 
your own.

Do not center the shield 
over the wordmark. 

Do not combine shield with any 
informal academic unit logotype.

Do not place the 
shield to the right of 

the monogram. 

Do not string 
wordmark in 
one line when
combining with 
monogram. 

Do not place 
monogram beneath 

wordmark. 
Unapproved 
colors and 
alignment.

Unapproved 
color comb-
ination. 

Light Gray
30% Black

Hex: #CCCCCC

PMS 201C

PMS 123C

Dark Gray
70% Black

Hex: #777777

Direct CMYK 
Conversion

C31 M88 Y51 K22
DO NOT USE

Direct CMYK 
Conversion

C0 M24 Y94 K0
DO NOT USE

Black
100% Black

Hex: #000000

Proper Bridge 
CMYK Conversion
C7 M100 Y65 K32

Proper Bridge 
CMYK Conversion
C0 M27 Y100 K0

White
Hex: #FFFFFF

Approved RGB 
Conversion

R153 G27 B30
Approved HEX:

#990000

Approved RGB 
Conversion

R255 G204 B0
Approved HEX:

#FFCC00

PMS 123C

Secondary Web Colors

PMS 201C

Primary logotypes 
are to be used most 
often throughout 
USC publications 
and collateral.

Formal logotypes 
are to be used in the 
most formal aca-
demic applications 
such as certificates, 
legally sanctioned 
documents and for-
mal invitations.

Informal logotypes 
are to be used in any 
informal applications 
that require more 
flexibility in repro-
duction, particularly 
when there are size 
constraints (small 
book bind, fabric, 
embroidery).Introduction

• Context: Development of a framework for articulatory speech 
synthesis from gestural score specifications directly informed by 
real-time MRI data (Alexander et al., 2019)

• Proposing a modified/enhanced gestural score 

• Describing the mechanism by which such gestural score 
animates (a midsagittal slice of) the vocal tract

• Addressing gestural overlap

• Test case: coarticulation in /adu/, as observed by Öhman (1966)

Supported by NIH grant R01DC007124 
and NSF grants 1514544, 1908865

A Simple Loop

Simulating Anticipatory Coarticulation
• Replicating Alexander et al. (2019), /adu/ without gestural overlap 

(Note: In that work, targets for vowels were defined in parameter 
space, rather than constriction space)

• Introducing anticipatory coarticulation, inspired by Ohman, leads 
to discernible difference in vocal-tract shaping dynamics (and also
acoustics):

Another Example: /span/

Future Work
• Design gestural scores for more utterances
• Optimize scores to exactly fit recorded real-time MRI data

Articulatory Model and Forward Map

• I
• Articulatory model developed by guided PCA approximates 

midsagittal vocal tract shaping by 8 control parameters
• Constriction degrees measured at 6 places of articulation
• Joint space is modeled as a union of clusters where the forward 

map from parameters w to constrictions z is approximately 
linear, i.e. 

Discretization of Dynamical Systems
• From Saltzman and Munhall (1998):

• Consider the sequence of arrays w[n] at a rate h (e.g. 1msec), 
replace derivatives by finite differences, and after some algebra:

with: 

• Given a cluster we know F, J and its derivative, and we can invert 
(because the map in the cluster is linear) to get J*

• zo is a 6-dimensional array of targets and B, K are simple 
functions of a 6-dimensional array of natural frequencies ωο

• GN and KN are constants (neutral attractor)
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! A/2MiB7v +Hmbi2`b r?2`2BM, z = G(w) = F ∗w + zc
! C�+Q#B�M J �M/ Bib /2`Bp�iBp2 �`2 r2HH@/2}M2/ �M/ BMp2`iB#H2
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! C → V
! ẅ = −K(w −w0)−Bẇ
! h�`;2i Bb i?2 2MiB`2 pQ+�H i`�+i b?�T2 UBM T�`�K2i2` bT�+2VX
! .B�;QM�H K �M/ B- i`BpB�HHv /2`Bp2/ 7`QK p2+iQ`b Q7 M�im`�H

7`2[m2M+B2b ωo

! V → C

ẅ =J∗(−BJẇ −K(G(w)− z0))− J∗J̇ẇ

− (I8 − J∗J)BNw −GN (−BNw −KNw)

! 6`QK z̈ = −K(z− z0)−Bż rBi? bQK2 �H;2#`� �M/ i?2
BMi`Q/m+iBQM Q7 i?2 M2mi`�H �ii`�+iQ` Ua�HixK�M � JmM?�HH- RN3NV

! h�`;2i r�b � bBM;H2 +QMbi`B+iBQM- BX2X QM2 2Mi`v BM ω0 Bb MQM@x2`Q
! Pi?2`rBb2- mMbi�#H2 bQHmiBQMb rBi? BKTH2K2Mi�iBQM #�b2/ QM

J�hG�"Ƕb /Bz2`2MiB�H 2[m�iBQMb
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! *QMbB/2` i?2 b2[m2M+2 Q7 �``�vb w[n] �i � `�i2 h U2X;X R Kb2+V
! _2TH�+2 /2`Bp�iBp2b #v }MBi2 /Bz2`2M+2b

ẇ←− (w[n]−w[n− 1])/h

ẅ←− (w[n]− 2w[n− 1] +w[n− 2])/h2

! �7i2` bQK2 �H;2#`�

(I8 + hA1 + h2A2)w[n] =

w[n− 2] + 2w[n− 1] + hA1w[n− 1] + h2J∗K(zo − zc)

rBi? A1 = −J∗BJ − J∗J̇ −BN + J∗JBN −GNBN

A2 = −GNKN − J∗KF

! h?Bb bvbi2K ?�b �M 2t�+i bQHmiBQM
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w[n− 2] + 2w[n− 1] + hA1w[n− 1] + h2J∗K(zo − zc)
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AMTmi, w[0],w[1],ωo[n], zo[n], n = 2...N
7Q` M4kXXXL /Q

6BM/ +Hmbi2` r?2`2 w[n− 1] HB2b c
_2i`B2p2 zc, F �M/ J Ƕb 7Q` i?�i +Hmbi2` c
*�H+mH�i2 K(ωo), B(ωo)c
aQHp2 bvbi2K 7Q` w[n]

2M/
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