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Abstract—We analyse in this paper the impact of different
baseline identification approaches in the case of single word
recognition. We show that classical baseline identification
approaches using horizontal projection histograms may fail
in detecting accurately the baseline of short words, impacting
the overall processing chain and inducing errors. From this
observation, we propose a novel approach based on stochas-
tic models able to propose probable baseline regions from
characters features. Once the most probable baseline region
is detected, we fine tune the position of the baseline with an
horizontal projection histogram. We ran our experiments in
the case of a printed word recognition task using the APTI
database and observed a significant increase of performance.
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I. INTRODUCTION

Our work is in the field of single word OCR recognition
present in low-resolution images. Such images are usually
generated by screen-based OCR applications and are also
frequently found in web pages [1]. Our work is also focus-
ing on the Arabic language that present specific difficulties.
In some previous works, we have shown that state-of-the-
art HMM systems can still be used successfully in this
context, of course showing lower range of performances that
what can be observed for traditional OCR. We proposed
several adaptation of the HMM system to increase their
performance, such as inclusion of duration models [2],
optimization of the set of character shape models [3] and
a priori Arabic font recognition for multi-font inputs [4].

Pursuing our analysis of factors impacting the perfor-
mance of Arabic screen-based OCR, we realized that our
system was failing more frequently to recognize short words.
A tracking of the errors shown that the errors were due
to false detections of the baseline. In our case, we used a
classical baseline detection algorithm based on horizontal
projections where the baseline is estimated at the peak of
pixel distribution projected horizontally on the y axis. Arabic
word can indeed be composed of as low as two characters,
and, in such cases, it is easy to falsely detect the baseline
position with a simple horizontal pixel distribution analysis.

This paper is organized as follows: Section 2 provides a
description of the preprocessing and normalization proce-
dures. Section 3 and 4 give a description of the feature ex-
traction and the word recognition system. Section 5 reports

on the experimental results followed by some conclusions.

II. PREPROCESSING

The preprocessing phase aims at the reduction of the
variability between character shapes due to mis-alignment on
the y axis as explained earlier. Classically, this preprocessing
phase normalizes all inputs by shifting the images so that
the characters of a word or sequence of words are aligned
vertically according to a common baseline.

A. Baseline detection with horizontal projection

The horizontal projection approach is widely used for
baseline identification [5] [6] [7] [8]. This method is easy
to implement but needs relatively wide inputs (i.e. long
sequences of characters) to estimate correctly the baseline.

B. Data-driven baseline detection system

Our idea for baseline detection method is to detect, firstly,
the probable baseline region using data-driven methods
trained on local character features ans secondly, the position
of the baseline is fine-tuned using the classical horizontal
projection histogram, but limited to this region. The data-
driven system is actually similar to the system presented
in [4] for Arabic font recognition. Gaussian Mixture Mod-
els (GMMs) are used to estimate the likelihoods of three
baseline positions (called here below, middle and above
positions). Each position is represented by a single GMM
(a 1-state HMM). Assuming the independence of the feature
vectors, the GMMs are able to compute a global likelihood
[9] of a baseline position simply by multiplying the local
likelihoods of each feature vectors computed separately.

III. FEATURE EXTRACTION

The GMM system for the baseline detection, as well as the
HMM system for word recognition share the same feature
extraction module. It is presented in more details in our
previous work [4]. A feature vector is extracted from each
analysis window. Using a simple right-left sliding procedure
of the analysis window, no segmentation into letters is made
and the word image is transformed into a sequence of feature
vectors. Each feature vector has M components including
M/2 basis features concatenated with M/2 so-called delta
coefficients computed as in [4].



Figure 1. Overview of the 4 image normalisation and baseline detection
settings.

IV. WORD RECOGNITION SYSTEM DESCRIPTION

Our word recognition system is based on HMMs. The
system used in this paper has a similar architecture to the
one presented in [2]. We can actually note that the baseline
detection system presented in Section II-B shares a similar
training-testing architecture, the only difference being in the
fact that HMMs are here used instead of GMMs.

V. EXPERIMENTAL RESULTS

In order to investigate the effectiveness of our baseline
detection algorithm, series of tests were performed using
four experimental settings (see Figure 1): (1) ”Oracle” sys-
tem where we know a priori the baseline position from the
ground truth, (2) Blind fixed height normalization without
baseline identification, (3) Standard horizontal projection
baseline detection and (4) GMMs computing probable base-
line regions followed by horizontal projection. To evaluate
the different systems, we used the APTI database [10].

Evaluation of the baseline identification system. The
GMMs for the baseline region identification system was
trained using a subset of 2076 word images for each size
in APTI. A test was performed using 1000 word images
for each size. The objective of this test was to evaluate the
baseline estimation performance. A correct baseline region
recognition rate of 99.4 % has been measured, showing the
good capacity of the system to identify baseline regions.

Evaluation of the word recognition system. The word
recognition system based on HMMs was trained using
75’750 and tested with 18’868 different images with a size
of 24 and using the ”Arabic Transparent” font. All results are
presented in Table I.The best word recognition rate (WRR)
is 99.3 % with the ”Oracle” system (1), trained and tested
using generated images with a priori controlled height and
baseline positions. This good result is the upper bound value
assuming a perfect baseline identification condition. The
”blind” system (2) is based on fixed height normalization (30
pixels) without baseline identification. The obtained WRR is
rather low with 89.2 %. The standard system (3) is using a
classical horizontal projection baseline detection procedure.
The WRR is raising up to 96.7 % showing the importance of
normalizing the images according to the estimated baseline.

Table I
WORD AND CHARACTER RECOGNITION RESULTS

System WRR CRR System WRR CRR
Oracle system (1) 99.3 99.9 Standard system (3) 96.7 99.0
Blind system (2) 89.2 99.1 GMM based system (4) 98.6 99.6

The last system (4) is using our new approach consisting of
recognizing probable baseline regions and refining the final
baseline position with horizontal projection. The obtained
results show the best performance with 98.6 % WRR.

VI. CONCLUSIONS

We proposed in this paper a novel baseline identification
approach based on GMM models able to identify probable
baseline regions from local features. Experiments carried
on the large APTI database reported a significant gain
of performance in comparison to blind normalization and
to classical baseline identification using simple horizontal
projection. The recognition results are actually getting close
to an Oracle system where the baseline is a priori known.
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