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Alstract

Thiz paper describes a technigue for the recognition of optical off-line handwritten Arabic (Indian) numerals wing
hidden Markov models (HMM). The swcoss of HMM in speech recognition encouraged mseamchers to apply it to text
mecognition. In this waork we did not follow the general trend of wing diding windows in the direction of the writing line to
generate features. Tnstead we generated features based on the digit as a wnit. Angle-, distance-, harizontal-, and vertical-
span features ame extractad from Ambic (Indian) mumerals and vsed in training and testing the HMM. These features
proved to be simple and effective. Tn addition to the HMM the neamwst neighbor classifier s wed. The results of both
clissifiers are then compared. Several experiments were conducted for estimating the suitable mmber of states for the
HMM. The hest msults were achieved with an HMM model with 10 states. In addition, we experime med with different
mumber of features. The best results were achieved with 130 feature vector representing a digit.

A database of 44 writers, each writer wrote 48 samples of each digit maulting in a database of 21, 120 samples. The data
were aize normalized toemahle the technigque to be sze invariant. In extracting the featums the center of gravity of the digit
i uaed to make the technigue tramslation invariant. The mndomization technigque was wed to generate Arabic (Indian)
munbers for training and testing the HMM|clasifier. The randomization was done on the mumber of digits per number
and on the digit sequence. Abowut 2171 Ambic (Indian) numbers were generated, totaling 21,120 digits. 1700 munbers
(totaling 16,657 digits) were used in training the HMM and 471 mumbeis (totaling 4463 digita) are wed in testing the
HMM. The samples of the first 24 writers weme wed in training the nearest neighbor classifier and the remaning 20 writers'
samples were wed in testing. The achieved avermge recognition rates ae 97.99% and 94.35% wing the HMM and the
mearest neighbor classifiers, mspectively. The classification errors were amalyzad and it was clear that some emros may he
attributed to bad data, some to deformation and unhalanced proportion of digit segments, different writing styles of some
digits, emron between digit pais were apecified and amalyzed, and genuine errors. it was clear that the real mischissification
of gemuine data, in the case of HMM was nearly 1%. This proves the effectiveness of the presentad technigue to writer-
independent off-line Arabic {Indian) handwritten digit recognition. The technique is writer inde pendent a5 separate writers'
data wene wad intraining of the classifiers and other writers’ data were wed in the testing phase.
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