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Artificial Neural Network Prediction of Midsagittal Pharynx Shape

from Ultrasound Images for English Speech

F3 A

Hosung Nam

ABSTRACT

Electromagnetometers (EMA) have been widely used in articulatory studies as their temporal resolution can capture most

speech activities and the fleshpoint information allows one to readily quantify and analyze tongue shape. However, the

drawback is that the data lacks details of activity in the pharyngeal region. Several studies have attempted to estimate the

unknown pharyngeal shape of the tongue, but few studies are based on unimodal data containing both front and back regions

of the tongue at the same time. We use Stone’s ball bearing method to obtain fleshpoint data as well as tongue shape. We

further introduce a novel way of connecting balls and attaching them onto the tongue to ensure accurate tracking. An Artificial

Neural Network is applied to build a map between observable flesh-points, unknown tongue shape, and pharyngeal region and

is optimized to efficiently address nonlinearity.
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Fig. 1. An ultrasound image of [a] during [oa] (up); tongue
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3.1 AFA174 (Artificial Neural Networks: ANN)
Q13217 i Artificial Neural Network: ANN)©] ¥<&2 (432

HAE= FE H5e &3] mjgS ffs) ddEd. JF
AR B2 tE T F(artificial neuron)ys At &
FHog AZAIE S AlzdHelth ZAze] wEe RE
e gEs W= s e wdoE FH AsE Ae
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o}, feed-forward 41742 14?%}] 921 ANNOIUJ], st °]*J’9l
hidden layerS Z+= 53 back-propagation(Rumelhart et al. 1986)
of o5 FHHT oA AL Agol g1, oW e ¢
29 wl3E FA4o| 7esithe HollA, g 4, Hd &
7, Q124 ofFEg Aol Foll FF AMEEIL JTH(Principe et al.
2000). = AARE F W Fo] Ha U, wie]et H¥
&2 QlojA & W vl W2 AFE AdEs TL/E
FTHRichmond 2001).

Slute] ANNS FdAZ o, 19] 48 17 o) 288
8= gty A DAA, 4 7o A E(weight)$} Hlo]
o} 2(bias)= AATO expyt H4stE WA REHow 4
AHAY. AP FPH7}t 7]+ 22 MSE(mean square error) -
UEE Ato] Apolo] AlFol g B4k - & o] 83T ANNS
AR F shie oo J9 vl 90l digd 5343 o)
BE ARG F doke Aotk olgd FxRoAAE, T &
+2 hidden layersE 3-frst7] WZol 29 i<
| 45743 B A (cross-correlation) S EIHZHOE X
23k 4= thMitra et al. 2010). & AFoA =8 AR =
A AREL ot Ao AEAAAAE BY o] Est
o2, $E= ANNY| 288 ZHE 7lvsch
%ﬂh o8 AE=E AA, 342 hidden layer’} Y& A4
2 6% 5L 7 FE T Aol M Adsite
S 47 St} Levenberg-Marquardt back-propagation &7z
o] optimization T2 2.2 O] &E U, ZE layersol| Al AP
“(linear function)”} ¢7](excitation)l] ©]-&%| 0}1‘:]' AE iy
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(nam)ﬂl ol-&¢ dlolErt 2 dnsta HAKtest)oll 22
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. ZFZFe] ANN2 3.1 AolA AFH feedforwardE ©]-83) 4
9 HAAE doh 3A, 171719 dlolEAdA T2
75%5 AP & FEg F UmA 25%04 AARL, o] %
AL 1009 wHEfA APt EA, THF AAL HlolEA
< TESHA &3, oAl HAE FH G At 01%?5‘]'99\‘4
Zhzvo]l Age 279 HFE vs. 3N HFECOVI FE
HE, HEHFA BAY FERAPCRE FEE ]H*}ﬁﬂ’q =
HHoz APt 2+ ANN A¥] 3 HEE RMSE(root
mean square error)°ll &J3l F7}= A0

RMSE
0.2 head-uncorr
0.18 ™ head-correct
0.16
0.14 I
0.12
0.1
0.08
0.06
0.04
0.02
0

pel2 pel3 pel2 pel3

random (75% to 25%) all to all

a9 2. 871 tE Ade] RMSE 3k F2H4 75% E#(random
75% to 25%) ™ AA FH(ll to all), Mz 2 (head-corr) T
] F1X A (head-uncorr), 27(pel 2) ©l. 3702] 4] (pel 3)
Fig. 2. RMSE values from 8 ANN experiments: random 75% vs.
100% for training; head-corrected vs. head-uncorrected; two
pellets vs. three pellets.

<I¥ 2> 8709 BE AR 75% 48 o AA 4,
Herg of mel FEA, 270 o 3709 43 2 x 2 x 2)¢]
RMSE #& Hlugth J#3jzdA & F %o, T2 75%
dE T, WA A" AP e AHoR ofF {Asith
o] @Al dlolE]AlF ANN E-el| AHojH HAEo| 39
7188k ARaAE  dozRE F FHR9  geometric
correlation)®] BHA-S E3slr|o HHsithe AS walETh
o), ®e BAe 3= spe] 3o 37} HUe wut
Uebstth o] F Ao AFe] A, H3Y 4 Al Lt
duiFew A, mel BAo AdE FA77] wEela
T Utk a2, o] Ade e BAe] HaAS sl

b gl

e
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3.3 A ES9 SA|ZS(coarticulation effect)
o] Ao, 34T H7IE s A HolEE ol &3t &
HA(training) ¥ ANNS ©]E3I9ThH 222 [i a u]Z EF3stL
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A5 An2E RE [ia w2 TEES HANKtesting)sh
7 RMSEE Hlashnh <2 3> G B4 ARHAE,
el dge um BARY 7, 7hEe] 47 A f7o]

iﬂ RMSE #He 1 U‘E‘% AgYshs A= LA E
Ak =, 7P =& RMSEE [ilolA 28]a, [ij2ke] A4S0l A
zhol B 4= 9t} 53|, o]#13 RMSE W8 wg] 233} 7
£Fe] F7} o] ¢ WEs] vl ofnf= o3 RMSE
HEH2 B 2go] Adshe AR dojus SAZS
AT} Lofqvist & Gracco(1994)= Fol 2 AT
ol A, - (syllable final & coda)¥= G| 4 Z(syllable
initial $-2 onset)ol| Al A5} EHo] A Z5ES EAh
SAD = o] RMSE #®o] HAEEA Y tigt AF7t
HAu= vt ok

0.25
head-uncorr
0.2 B head-correct
0.15
0.1
- | | | | | | |
0
CICUCA C | UA YV CICUCA C UuAv
pel2 pel3

a9 3. B YRS F3EE 728 A2 ANN
3o RMSE 4k CI[i]$9] A5, CU-[u]$e] A4,
CA-[a]%#9] A C ¢ VE As BF
ZAol Tt <t RMSE.

Fig. 3. RMSE values from ANN experiments for different vowels
and consonants with different vowel contexts: CI - consonants
before [i]; CU - consonants before [u]; CA - consonants
before [A]; C and V are average RMSE for all consonants
and vowels, respectively.
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