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Abstract Handwritten character recognition has been a well-known area of research

for last five decades. This is an important application of pattern recognition in image

processing. Generally 2D scanning is used and the text is captured in the form of an

image. In this work instead of regular scanning method, the X, Y co-ordinates are

measured using measuroscope at every pixel point. Further a 3D feature, depth of

indentation, ‘Z’, which is proportional to the pressure applied by the scriber at that

point, is measured using a dial gauge indicator. In the present work the profile based

features extracted for palm leaf character recognition are ‘histogram’ and ‘distance’

profiles. The recognition accuracy obtained using the Z-dimension, a 3D feature, is

very high and the best result obtained is 92.8 % using histogram profile algorithm.

Keywords Palm leaf character recognition ⋅ Histogram profile ⋅ Distance profile ⋅
k-NN classifier ⋅ 3D feature

1 Introduction

Technological developments gave the printed character recognition a new dimen-

sion called Optical Character Recognition (OCR). In the initial stages, most of the

work was contributed towards the printed English characters, due to more number
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of English speakers compared to any of the Indian languages. However, handwrit-

ten character recognition became important in due course of time for the application

of automatic mail sorting (zip code identification). Further, signature verification of

forensic departments and authenticity of a document written by a specific scriber

increased the importance of handwritten character recognition.

2 Previous Work

Sastry and Krishnan developed database and test characters for Palm Leaf Character

Recognition (PLCR) pertaining to Telugu (a south Indian language) [1–5]. They

developed many models using 2D correlation, PCA and Radon transform [1–3] in

the area of Palm Leaf Character Recognition. Based on the measure of similarity all

the Telugu characters were divided into 3 Co-ordinate planes which are XZ, XY and

YZ. The best recognition accuracy was reported in the YZ plane for all the methods

and found to be 90 %.

Patvardhan et al. [6, 7] presented a denoising approach using discrete curve-let

transform and binarization technique using wavelets.

Manjunath Aradhya and others [8] proposed character identification using combi-

nation of FT and PCA. The documents were scanned on a HP 2400 scan jet scanner

and subsequently skew corrected. Aradhya et al. [9] presented text recognition from

videos and images using Gabor filter and wavelet transforms. Aradhya et al. also pre-

sented recognition of numerals and multilingual text using wavelet transforms and

wavelet entropy, respectively.

Vijaya Lakshmi et al. [10–12] worked on isolated Telugu handwritten characters

using zoning techniques and hybrid classification approaches. In [12] they reported

that the recognition accuracy can be improved by classifying the characters using

two classifiers viz., k-NN and SVM. For various feature extraction methods they

reported improved recognition accuracy using two stage classification approach.

3 Data Acquisition

In general for any character recognition system the documents are scanned and stored

in computer for further analysis. When the documents are scanned noise and skew

problems were inevitable. In the present work the co-ordinates of X, Y and Z were

measured in a laboratory set up using measuroscope and dial gauge indicator with

plunger assembly [1, 3]. After selecting the basic Telugu isolated alphabet both the

co-ordinates (X and Y) are measured using a measuroscope. Probe attached to the

moving axis of this machine is used to measure the X and Y co-ordinates.

The selected points for measurements are chosen at the starting point, bends, inter-

sections, turns and the end points of the character as shown in Fig. 1. The left most

pixel in the character is considered as origin ‘O’ and the remaining pixel co-ordinates

are measured with reference to origin ‘O’ [1]. The number of pixel points for
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Fig. 1 Selection of points along the contour

different characters vary from 13 to 30 depending on the shape of the Telugu char-

acter [1]. The depth of indentation (Z) is proportional to the scriber’s stylus stress

applied on the palm leaf [1–3]. A needle made up of Teflon is attached to the dial

indicator plunger to measure the depth of a character at a selected point. The dis-

tance of the bottom of the pixel point is measured and recorded as Dist1. Then the

distance is measured on the top of the palm script and recorded as Dist2. The dif-

ference between Dist1 and Dist2 gives the depth of indentation for a selected pixel.

This method is followed to obtain different alphabets of Telugu on the palm leaf

and the measurements of X and Y are recorded. This is the 3D feature which differ-

entiates highly similar characters and gives the best results in PLCR. The depth of

indentation varies from 10 to 150 microns which is obtained utilizing dial indicator

and a plunger assembly. For every Telugu character, three co-ordinates (X, Y, Z)

are found to test and train the images. Using the X and Y co-ordinates, a pattern is

developed and termed as the image of XY plane. Using the values of X, Y, Z images

are developed for the XZ, XY and YZ co-ordinate system. The number of training

samples developed in each plane of projection is 112 from 28 different classes i.e.,

4 samples/class. Whereas the number of samples used for testing are 28 from differ-

ent classes. A total of 420 character patterns are developed in all three planes. The

training and testing samples are mutually disjoint.

4 Proposed Recognition Model

The proposed recognition model consists of various steps such as preprocessing,

feature extraction and Classification. For every projection plane all these steps are

performed and their recognition accuracies are reported in Sect. 5.
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4.1 Preprocessing

The character images are binarized using Otsu’s thresholding technique. The mini-

mum boundary rectangle method is used for normalizing all the images to a size of

50 × 50. The data acquisition method does not involve the scanning of palm leaf,

thereby avoiding the problems of skew and noise.

4.2 Feature Extraction

The two features extracted from the characters and used for recognition are His-

togram profile and Distance profile.

4.2.1 Histogram Profile

The histograms projected in specified directions are created. The directions consid-

ered are vertical, horizontal and two diagonals left and right. The vertical (Vq) and

horizontal (Hp) histograms are computed using Eq. (1).

Vq =
N∑

p=1
I(p, q),

Hp =
N∑

q=1
I(p, q)

(1)

for q = 1:N and p = 1:N respectively, and I(p, q) is the character image of size

N × N.

The left diagonal (LDj) and right diagonal (RDj) histograms are computed using

Eq. (2).

LDj =
∑

p

∑

q
Diag((I(p, q), j)),

RDj =
∑

p

∑

q
Diag(flip(I(p, q), j))

(2)

for j = –(N–1):(N–1)

For a sample character ‘va’ the four histograms are shown in Fig. 2.
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Fig. 2 Histogram profile for a Telugu character ‘va’

Fig. 3 Distance profile features for a Telugu character ‘va’

4.2.2 Distance Profile

The distances of a character image are measured from a boundary box in specified

directions. The directions considered to compute distance are top to bottom, bottom

to top, left to right and right to left. The size of the feature vector for an N×N image

is 4N.

For a sample character ‘va’ the four distance profiles are shown in Fig. 3.
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5 Experimental Results and Discussions

The similar Telugu characters are classified into 6 different groups based on the cor-

relation coefficient [1, 3]. The correlation coefficient is more than 0.75, for the char-

acters in the same group, as reported in the literature [1, 3]. There are many charac-

ters in Telugu which are highly similar and hence their patterns are always confusing

for recognition. Table 1 shows the three co-ordinates of a character “Ba”.

A few similar Telugu characters “Ae”, “Na” and “Pa” from the same group having

high similarity as shown in Fig. 4.

The corresponding YZ images are shown in Fig. 5. The problem of recognizing

Telugu characters is resolved to a maximum extent with the method proposed, if

we consider these patterns which are highly uncorrelated, for any 2 different Telugu

palm leaf characters. Further these patterns are highly repetitive in nature for any

palm leaf character.

The corresponding XZ images are shown in Fig. 6. With these patterns the recog-

nition rate could be improved to a greater extent. It is very clear from these patterns

that these patterns are completely different to each other; thereby recognition accu-

racy would naturally increase for the proposed approach.

Table 1 Three co-ordinates of a character “Ba”

S.no. X in mm Y in mm Z in µm

1 0.213 1.387 45

2 0.243 1.057 53

3 1.234 1.711 69

4 1.123 1.311 75

5 0.669 0.777 76

6 1.145 0.567 85

7 1.549 0.936 89

8 1.678 0.379 82

9 2.098 0.841 74

10 2.256 1.435 49

11 1.324 2.333 99

Fig. 4 A few similar Telugu characters in XY plane
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Fig. 5 A few similar Telugu characters in YZ plane

Fig. 6 A few similar Telugu characters in XZ plane

Table 2 Proposed methods compared with the existing methods on the same dataset

Plane of projection % Recognition accuracy

Existing methods Proposed methods

PCA 2D

Correlation

Radon Histogram

profile

Distance

Profile

XY 40 54 76 51 35.7

YZ 40 90 89 92.8 89.2

XZ 37 70 80 89.2 85.7

The proposed recognition model is compared with the published methods on the

same dataset which is in Table 2. All the proposed and existing methods used k-NN

classifier for character classification. Sastry et al. [1–3] contributed work on palm leaf

character recognition with Radon transform, PCA and 2D correlation approaches.

Sastry et al. published that the maximum Recognition Accuracy (RA) as 90 % in

YZ Co-ordinate system using 2D correlation approach [1]. This is a spatial approach

by which the proposed model is compared.

Sastry and Krishnan reported the maximum RA as 89 % in YZ Co-ordinate system

using Radon transform [2]. The palm leaf character recognition was experimented by

considering the image intensities along a radial line [2]. This is a transform domain

approach by which the comparison is made with the proposed model.

Sastry et al. [3] published that the recognition accuracy using Principal Compo-

nent Analysis (PCA) to be less than 50 % for XZ, XY and YZ planes as shown in

Table 2.
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In the proposed method YZ plane of projection gave the best results which is

in line with the existing methods. The reason is due to a large variation in the Y

direction between any two similar Telugu palm leaf characters which is an inher-

ent characteristic of the script. Also the 3D feature i.e., the depth of indentation (Z
dimension) is a special feature which gave the best results. The RA is high for YZ

compared to XY and XZ planes of projection. The best RA obtained is 92.8 % in the

YZ plane.

The recognition rate along XZ projection plane is found to be 89.2 % using His-

togram profile approach which is higher than the recognition accuracy of XY plane

of projection. The reason is due to the 3D feature i.e., ‘Z’ dimension.

6 Conclusions and Future Work

There is no standard database for Indian languages including Telugu as reported in

the literature. Since there are many Telugu characters due to its inherent curvilinear

shape and more number of modifiers, achieving high recognition accuracy is a chal-

lenging task. The recognition accuracy obtained is 51 and 35.7 % using histogram

computation and distance profile methods respectively in XY plane, which is very

low. The scriber uses a stylus for scribing Telugu characters on the palm leaf, which

gives various depth values along the contour of the character. These values become

the special features in palm leaf character recognition. Since many Telugu charac-

ters are highly similar, hence the depth information of the pixels along the contour

(Z measured in microns) helped to improve the recognition accuracy from 35.7 % to

92.8 % using the proposed methods. Automatic scanning of the palm leaf characters

for data acquisition and decrease of human interface can be developed which would

decrease the time of data acquisition.
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