5 CONCLUSIONS

In this paper we have presented the NPen'™™ system, a neural recogni zer for writer
dependent and writer independent on-line cursive handwriting recognition. This
systemconbi nes arobust input representation, whichpreserves the dyna
information, with a neural network integrating recognitio
single franework. This architecture has been s
tenporal sequences as provided by
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Figure 3: (a) Different writing styles in the database: cursive (top), hand-printed

(mddle) and a mixture of both (bottom

(b) Recognitionresults with respe
the vocabul ary size

For the writer dependent eval uation, the systemwas trained on
a 400 word vocabulary, written by a single writer
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logp(@f|w) ~ max) logp(@tig,wi) +1ogp(qlg i1, wi)
%0 =1
T
e~ meXZlogp(qﬂwﬁ'j) —logp(q:) Hlogp(qgegi—1, wi). (2)
o =1
Here, the naxi mimis over all possible sequences of states ¢f =qo. . . g7

word nodel | p(qﬂaszj) refers to the output of the states layer
p(q+) is the prior probability of observing astate

3.3 TRAINN: OF THE RCONZIR

During training the goal is to determne a
the posterior probability p(w

to make that nz

syst
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Figure 2: The Milti-State TDNN architecture, consisting of a 3-1ayer TDNN to
estimnte the a posteriori probabilities of the character states conbined with wo
uni ts, whose scores are derived fromthe word nodels by a Viterbi aj

of the likelihoods p(af|w;).

units, 40 units in the hidden layer, and 78 state ou
tine del ays both in the i nput and hi dde

The sof tmax nornalized out put of
the probabilities ¢
each tin



inspace but global intine. That neans, each point of the trajectoryis visible from
each other point of the trajectoryinasnall nei ghbourhood. By usingthese cor
bitnmaps in additionto the local features, inportant i nfornation
of the trajectory, whichareinalimtedneighbourhc

3 THE NPen ™t RECOGNI ZE

The NRn™t recognizer integrates re
a single network architect

TDNN). The M-IC

recogni tion
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Figure 1: Feature extraction for the normalized word “able”. The final input rep-
resentation is derived by cal cul ating a 15-dinensional feature vector for each
point, which consists of a context bitnap (a) and infornation abc
and writing direction (b).

space. This resanpled trajectory is snoothed u
order to remove sanpling noise. In a f
arepresentation of the tra
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1 I NTRODUCTI ON

Several preprocessing and recognition approaches for on-line handwriting recog-
nition have been devel oped during the past years. The nain advantage of on-
handwritingrecognitioninconparisontooptical character recogni
tenporal i1nformation of handwriting, which can be re
tion. Ingeneral this dynamec writinginfc
coordinates) is not availa
paper we pres
writi
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In this paper we present NRm' ™, a connectionist systemf
writer 1ndependent, large vocabulary on-line cursi v
recognition. This systemconbines a robus
which preserves the dynamc wri
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