ESTIMATING MISSING DATA SEQUENCES IN X-RAY MICROBEAM RECORDINGS
Chao Qin and Miguel A. Carreira-Perpi fian
EECS, School of Engineering, University of California, Merced

Association

_ - Speaker jwi1 Speaker jw4b E S _ -
Abstract Reconstruction of artificially blacked-out data Reconstruction of truly missing data
Techniques for recording the vocal tract shape during speech such as X-ray mi- ~10f ‘ A'Aa WV — 00 4 A\ paan M\ An ANV T4, tpo78 juil "---Aca”na true son of thaeVOlgta'g'd?OarVS d o
crobeam or EMA track the spatial location of pellets attached to several articulators. \/VJ\/\/\/« o o X o0 "\ _® X —20R \ —— Original | . —1of — — A J\/\ | ‘ -
Limitations of the recording technology result in most utterances having sequences Tax L/ e = s a a0l D= — —=o —/\/—\/\ \/\/\—
of frames where one or more pellets are missing. Rather than discarding such se- A =307 GM ] v GM = '. '. '. '. -
quences, we seek to reconstruct them. We use an algorithm for recovering missing o | | | | | | | | | | oo w \/\/\ \/\/\/\_\-
data based on learning a density model of the vocal tract shapes, and predicting T4y M m a8 Ty ) , . y  / H —aop , , , , -
. . . . . . . . . . . . Wk I . | i —_— A /AVRY 4 A / I A / Iz K a.s (S 5.5 S 6.5 7
missing articulator values using conditional distributions derived from this density. W w0 m N Ad W § j\ A }'/A | ’\ i \ f 10F W a7 [ I N a F 1 | ) _ _ _ )
Our results with the Wisconsin X-ray microbeam database show we can recovey ——— /o 0 0 0 0 5’ of % Ik ( \ A TN { a A -=3E E’ (A P E T RA VRARN ?’;POZEBIJX/“I ¥ made him W'Shffoarv thé"fel haei I:nheV\i/' bef;)reu:.éez o
long, heavily oscillatory trajectories with errors of 1 to 1.5 mm for all articulators. 2 Speaker jwil - \ Speaker jw45 - * ) y Or | —zo = - — : - —— - =
- 16000+ 16000} . -10+ ' ] x, '; c>\1< —30 — /\—\/\_’\/\:
% ] ] ] ] ] ] _10 B ] "' ] ] ] ] ] H — 0 [— \/ —
2 312000 12000y | | | | | | | | | | | | o 1s E - - - - —)
" . . "5 8000] 8000 7 —201 | . - : / o e {\/\/\/\ /\/\_;
Motivation and idea g NPV VA W M\ 0f | vl ., 2 . , AN , -
§ 4000¢ 4000. . C>\14 _ql | 1 — | c:>\]<1 2 ’ 14a.5 15 15.5 1.6 16.5
o é:; o — e N D = : \ F 401 . T4, tp012_jwil “... Grandfather grandfather twice each day he plays ..”
' : . : o : § af aa ® . af ar & . t vais i tfdel h .
- Reasons for mistracks: number of missing articulators number of missing articulators 40t | 5ol _ T ERL . . A . . vais &:Yder P
— Pellets fall off or sensor malfunction. - 20: : : : : : o .' .' .' | .' g o2 /\/\A, /\W
—Microbeam can’t find the pellets it Is looking for, or follows the wrong pellet. 'LgJ 35 S 5 - / & \ _ \f ek - - - - - - - - - - -
\ qu// L 1s i : EREa i A 1 ’ Al \ 4 i \ | 3 \ A D> 2(5): -
) . : : L : mﬁl'SM ; M g &310 - : ' " VA Bl ?10 | | / \‘\y ! S 15 J\’\ﬁ /F\\’\/\'—\/\/\’/J\/\/:
e Fitting a single mapping from the present to the missing components is unsat- A" NN | _nmy a ) W | g = ) \ v ' is  1s.s 15  iss =6  =Zos =i  =as == ==s5 ==
: .. s - | - - - , / - _
lsfacbttor_y because the missing components vary from frame to frami. t\/Ve want = o5 T4, tp011 jw45 “... You wish to know all about ..
O obtain a etween an o . 5 = - = . o i 5 5 4 : s ' ' | | | | ' ' ' | | . jouow o t un U or | sb av
arbitrary set of input and output variables. s ¥/n// S . \ T — | ’ | ] a0l | . _ § o \_/—X — ~_ - \:
ldea of the method == e I T g \ /\/ V\P .45 A I\ ' AvVA' VW, U | | | | | | ' —
. . . . . Y C —T= i T ™ -40[ /| ' ' \ LI ‘ o =] | | — | | T
Offline, estimate a joint density model p(x) using a complete data e M—— Tt ae | [N : . SR/ W) ‘ S £E\—/ o~
Set {Xn}. (é) E e ——Avg | 1-& : y I + — ——AvVY L —50— - _55_ 7] OI4 OI6 OI8 :Il_ 1:2 1:4 1:6 1:8 é
. . . o °° . = .' .' .' .' .' .' '. '. '. '. '. T3, tp011 jw45 “... A long beard clings to his chin ..
At run time, for each frame x;, determine the missing components o o YWY ; Y A | \ A e
M; and the present ones P;, and reconstruct M; as fy(xp,) = 7 o _ AN A o\ [ 1 10 {\/ \ ‘ \ s\ i j:_\'/\'_\' | | I ——
E, {xam|xp,} = e 10} ¥ Y 2 ol g ~ —=of . T~ . -
2t 7(K3vllz\)/lé_i28lzf : ¥ \ ‘ \ . Yo . : : : : . : : .
. . . _ . -- - KDEF _ i \{ 1 10 /_WW
3 Deriving mappings with varying sets of inputs | 0 . . . . - o % . . . . ool N , , , , , -
and outputs from a density model ! ! ! ! ! ! ~45 ! ! ! ! ! | o | |
50F y/ G P o ] Reconstructions of truly missing articulators for speaker jwi1 (L /-l ) and jw45 (.- ), all using
e To estimate the joint density model p(x), we try two models: o e T1 T2z T1e3 14 wmnomam SO0 L 11 T2 T3 T4 MNI MNM v X e AWA " "IN T the GM with M = 32 components.
. . . . . . Articulatory channels Articulatory channels S, S , 5
1. Nonparametric Gaussian kernel density estimate (KDE). We try isotropic ol M ’ ]
(KDEi) and full-covariance matrices (KDEF). . typical mistracks for one pellet in the Wisconsin X-ray microbeam database _ _ »./ _
2. Parametric density estimate by Gaussian mixtures (GM). We try various (XRMB, pellet schematic at right); mistrack duration ~ 0.5 sec. | |- | show results ' ' | | | | ~0or | | | . . : Conclusion
numbers M of components, each with a full-covariance matrix X,,,. fort-splezitkers- JV;(ll'i’I\SIl;f? an.d Jwad g'ght)- -_tE'St(_)gtramk of the ”tumbelrlogg/'ss'”g o \ A ‘ /) We have extended an algorithm for missing data reconstruction and applied it to recovering miss-
. L : : _ n 4 4 < : - : : : : .
e To compute the conditional distribution p(x|xp) = p(x)/p(xp) in terms of the :TSI;;a ors in KDE'Or J;Jll aQDEng%S,f;NIt Ttlf\ ral;: zer%?rr: age (; ant 5315 2 SBVA N v At W\ &’ \, = \ ing pellet tracks in X-ray microbeam recordings, where the pellets are missing over extended
joint and marginal distributions: 9:9970, TESP. X ( o ) anT 4 ( d).te te_c O t € artl Wi - go(())n regOlnoS(;g(C); 10l periods, and the subset of missing pellets changes over time. A surprisingly parsimonious den-
Iy g missing articuiators. |_'a|n|ng. anQ ?S ing ge S cor12 ain s an ! 5k . . . . . sity model was sufficient to produce very accurate reconstructions for most pellets, even when
p(xp) = Z"]@:l Tin N (Xp3 By s Bam pP) frames, resp. Each covariance is o°I in KDEI and o3, In KDEF, where %, 3 4 5 6 7 8 the trajectory oscillates drastically over the period where it is missing. One limitation of the ap-
p(xMm|xP) = 2oy e N (Xm; ) 2, MP) 'tS _egtlmatetcl frTOhm f&e 100 nearest ”elghoffj for eaihtrr]“'xw"e cc:mpgnent n thef Time (s) Time (s) proach is that it relies on estimating a density model of the data ahead of time using a complete
— . > raining set. e “Avg” curve is a weighted sum of the reconstruction error o | | o - . - L - 4 -
T MPp =T N(Xpyl;’mj% _1,7373)/]9(X73> each articulator, with weights inversely proportional to the respective error. [ Reconstruction of articulators T1,T1,T3, T4 (top to bottom) artificially blacked-out over 5+ sec. for the utterance dataset (with no missing values). While this is not a problem with ems_tmg,_larg_e articulatory
= Ly i+ 20, P2 PP (XP — oy D) _ ! i _ _ S : : B . databases, future work should address reconstruction in more challenging situations, such as
, P. PP , reconstruction error for each missing articulator, for KDEi, KDEF and GM with tp011 by KDEI, KDEF, and GM with M = 32. The missing tracks are accurately reconstructed (average error _ here | ote d Iable f e
2 MIP = B MM T 2 DM PP, P M M = 32, 64 and 128 components. Errorbars over 10 random initialisations of EM 0.5 to 1.5 mm) even though they are highly variable. T1 is more difficult to reconstruct than other tongue pellets. (near) real-time, or where little or no complete data are available ?r t_rar'[‘)”lgr'ﬁm%%ﬂ‘ Koo
f(xp) = E{xumxp} = Znt T mp(XP) B pqp(Xp). for training GMs. Note our method uses no temporal information: frames are reconstructed independently from each other. Work funded by NSF award [1S-0754089. W | H = e ‘, -

Spokeh Lahguége Prqcessing'fdf AN



