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Pur pose: Current methods of respiratory notion prediction treat each di nension
i ndependently. In this study we devel op and i nvestigate a | ow di nensi ona

i nference nethodol ogy that takes advantage of the correlative relation anmong
various physical dinensions for respiratory notion prediction

Met hod and Materials: Covariate-response training pairs are constructed in the
original 3D physical space, via state augnentation. Unlike existing methods
wher e i ndependent inference nodels are built for each of the x,y,z coordinates,
we first map these high dinensional paired sanples into a | ower dinensiona
feature space, spanned by the principle components. In this feature space, a
Gaussi an kernel wi th bl ock-di agonal covariance is enployed for |learning the
joint covariate-response pdf, which upon marginalization yields the distribution
for the projected prediction value. Finally, the estinmate in the feature space
is mapped back into the original physical space to recover the prediction
representation in the (x,y,z) coordinate. The proposed nmethod is conpared
against its counterpart with i ndependent prediction, using 159 |lung notion
traces fromthe Synchrony respiratory tracking system Both nethods were tested
for predicting 160ms and 570ms, spanning the range of measured DM.C tracing
system | atencies. Performance is quantified with 3D RVBE and 90% percentile 3D
error.

Results: Under fair setup conditions, the proposed nethod achi eves better
performance than its independent counterpart. The case-w se 3D RMSE was reduced
by 30-40% wth p-values in the order of 107(-14) for both | ookahead | engths.
The 90% percentile 3D error was reduced from1l.8mmto 1.1mmfor 160ns prediction
and from2.8mmto 2.0mm for 570ns prediction

Concl usi on: W have proposed a general |ow dinmensional feature |earning

net hodol ogy to perform correl ated hi gh di nensional inference. Combining it with
the already effective kernel density estimation yields a highly efficient
approach for real-tine respiratory notion prediction
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