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Abstract—In this paper, an extended study is performed on the
effect of different factors on the quality of vector data based on a
previous study. In the noise factor, one kind of noise that appears in
document images namely Gaussian noise is studied while the previous
study involved only salt-and-pepper noise. High and low levels of
noise are studied. For the noise cleaning methods, algorithms that were
not covered in the previous study are used namely Median filters and
its variants. For the vectorization factor, one of the best available
commercial raster to vector software namely VPstudio is used to
convert raster images into vector format. The performance of line
detection will be judged based on objective performance evaluation
method. The output of the performance evaluation is then analyzed
statistically to highlight the factors that affect vector quality.

Keywords—Performance Evaluation, Vectorization, Median
Filter, Gaussian Noise.

. INTRODUCTION

ECTORIZATION is a process that converts a raster image

into a corresponding vector image. The quality of the
detected vectors is based on how accurate the attributes of the
lines in the raster image were recognized by the vectorization
methods. The detected vectors may have some distortions due
to many operations that have been operated upon the raster
images. Among the operations that may affect the quality of the
detected vector are the amount of noise, the noise removal
method, and the vectorization software used. The previous
study [1], involved several noise removal algorithms and
several algorithms that have been proposed. Several
vectorization software systems have been used for the
vectorization process and salt-and-pepper noise were applied to
the image document. However, in reality the common noise is
Gaussian noise and Gaussian noise may embed into an image
document during scanning, printing or image capturing
process. It is not a trivial task to remove the noise without
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affecting the quality of the image documents. Hence many
noise removal algorithms will be examined and we will study
their effects on the image document after the cleaning process.

So, cleaning of Gaussian noise in document images are
studied using Median filter and its variants. Vector Recovery
Index (VRI) is the criteria used to measure the quality of the
vectors compared to their ground truth data [2]. Besides,
statistical analysis is also performed on the VVRI values to study
the factors that affect vector quality.

There are three objectives in this extended study. The first is
to study the effects of Gaussian noise in document images with
low level of noise and high level of noise. The second is to
study and analyze different noise removal algorithms focusing
on two algorithms which are Median and Centre Weighted
Median (CWM). The third is to study the efficiency of
VPstudio [3] software with respect to different noise levels.
The study will focus on the ability/efficiency of the software to
convert from raster to vector. The output of the software will be
compared with ground truth data. A performance evaluation
method is used to measure the quality of the VVPstudio detected
vectors.

Il. BACKGROUND AND RELATED WORK

Weighted median (WM) is expanded from the median filter
by including weight into the computation. By adjusting the
weight, WM is able to control the smoothing behavior, and
indirectly it is a promising image improvement method.

Centre weighted median filter is expanded from weighted
median filter, but this filter emphasizes on more weight on the
centre value of the window. It is easier to implement and design
compared to weighted median filters. In order to enhance
CWM filter, another technique has been proposed, which is
adaptive centre weighted median filters [4].

Given a pixel X(i'j), the equivalent outcome using CWM
filters can be defined as follows:
Yi.p) = median{X ;. , ;. W.0X ;) | (s,t) W, (s,t) = (0,0} (1)

i-s, j-t

Where W, is the center weight and O denotes the

replication operator. For a 3*3 window, W can be given by

W ={(s,t)|-1<s<+1,-1<t<+1} o)
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An adaptive median filter regulates the window size by
relying on the input presented to deal among others detailed
preservation and noise repression.

Ill. PROPOSED METHODOLOGY

In this extended study, the methodology proposed in [1] is
applied, and the study carried out in [1] is extended by using
Gaussian noise instead of uniform salt-and-pepper noise. Fig. 1
shows the flowchart of the methodology [1]. The experiment
starts with noise being added to a clean image as an input data.
The noise is then removed using the noise removal algorithms.
Then, vectorization by commercial software is carried out to
obtain detected vectors which are saved in DXF file. The file
needs to be converted into a simple file format which is VEC
file format. Performance evaluation is then carried out by
comparing the result obtained from the experiment with the
ground truth data. VRI value is computed by performance
evaluation tool and statistical analysis for VVRI is then carried

out.
Clean Detected
Images Vectors
Add Noise Convert from
DXF to VEC
File Format
v
Vectors in Ground Truth
VEC file Vectors in
Noise Format VEC Format
Removal v
Performance
Cleaned Evaluation

Raster
Images

‘ Statistically Analyze VRI |
Final
Results

Fig. 1 Flowchart of the methodology. Taken from [1]
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IV. IMPLEMENTATION

The implementation phase is important for this study in order
to obtain the results of the experiment and analyze the results.
The Median filters and Centre Weighted Median filters
(CWM3 and CWM5) are implemented to filter Gaussian noise
of mechanical engineering drawing images. The algorithms
have been programmed in C# using Microsoft Visual Studio
2005. The operating system is Windows Vista running on
AMD Athlon™ 64 X2 Dual Core processor 3800+ 2.0GHz and
2GB of RAM.

The program implementation starts with noisy input image.
Then the image is filtered using the three types of noise
removal algorithms used in this study namely Median filter,
CWM 3, and CWM 5. The Median filter filters the noisy image
with normal median filter algorithm. CWM 3 and CWM 5

filters filter the noisy image with centre weighted median 3 and
5, respectively. After these processes, clean images are
obtained as final results. A 3 * 3 window is used in the
implementation and it is shown in Fig. 2.

P[3] | P[2] | PI1]

P[4] P P[0]

P[S] | PI6] | PI7]

Fig. 2 Configuration of 3x3 window

V. EXPERIMENT

The first part of the study involves studying the performance
of Median, CWM 3, and CWM 5 filters. In this part the noisy
engineering drawing image is filtered with two levels of noise
(10% and 40%) and the input data is a binary image. The image
data used in the experiments are taken from GREC 07 [5].

Commercial vectorization software, VVPstudio [3] is chosen
for the vectorization process. The experiment is executed with
the following limitations or constraints:

1) The vectorization software is a demo version of VPstudio
V/8.02 C6.

2) Performance evaluation tool is ArcEval2005.exe that will
only work on arc entities [6]. Other graphical elements will
be ignored.

The steps of the experiment using the software are as
follows:

1) Experiment setting:

a. Some parameters of the VVPstudio software should be
set prior to starting the experiment (i.e. before going
through steps 2 to 5)

b. Set the type of drawing to Mechanical drawing
(MECH) from the Vectorize->Vectorize Parameter
-> Load. Then load MECH.PCH.

2) Convert each raster image into vector form.

a. Load raster image into VVPstudio.

b. Mirror the image vertically.

¢. Use Options->User coordinate System. Set User
Units/Coordinate System to Pixels[px].

d. Convert to vector form and save the output DXF
files.

3) Convert all DXF files into VEC files.

4) Get performance of the vectorization process.

a. Use ArcEval2005.exe as the performance evaluation
tool.

5) Analyze the results of the performance evaluation.

VI. RESULT ANALYSIS AND DISCUSSION

Table | below shows statistics of the VRI values. Mean is the
average value of the VRI. From the statistical analysis of the
VRI values, the mean value of 0.62173 is obtained. Median is
the middle value from the sorted ascending VRI values. From
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the statistical analysis of the VRI values, the median value of
0.64850 is obtained.

TABLE
STATISTICS FOR VRI
N 30
Mean 0.62173
Median 0.64850
Min 0.373
Max 0.752

The minimum value of the VRI is 0.373 and the maximum
value for VRI is 0.752. The mean value for the VRI which is
0.622 is below the satisfactory value of 0.8 as proposed by [6].
This could be due to the weak features of the original images as
well as the amount of the noise added to the image. The mean
value is close to the median suggesting normal distribution of
the data.

Fig. 3 shows the frequency histogram of VRI. Based on this
figure VPstudio can be said to be efficient and robust with
different levels of noise as the higher frequencies for VRI are in
the range of 0.5 to 0.8 (close to 1.0). This result has again
confirmed that VPstudio is one of the most efficient
vectorization software as in previous study by other researchers

(1]

Histogram

Frequency

Mean =0.62173
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N =30
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Fig. 3 Histogram of VRI

As shown in Fig. 4, Median filter performs better with high
level of Gaussian noise compared to CWM. On the other hand,
Centre Weighted Median algorithms (CWM 3 and CWM 5)
perform better with low level of noise. Also as shown in Figure
9, for the image with low level of noise, CWM 5 performs
better than CWM 3, but for the image with high level of noise,
CWM 5 performs lower than CWM 3. CWM 5 performs well
in 10% of noise compared to others, but this algorithm has the
lowest performance for 40% noise.
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Fig. 4 Performance of noise removal algorithms with different noise
levels

As a conclusion, Median filter can be said to be more
efficient for high level of noise, but CWM is more efficient for
low level of noise.

With 10% noise, CWM 5 filter shows better results
compared to other algorithms. This is shown in Fig. 5. With
40% noise Median filter shows the best result compared to
other filters. The performance of CWM 5 shows high
sensitivity to noise level compared to other algorithms while
CWM 3 shows moderate sensitivity to noise. Median filter
shows more stability with low and high amount of noise.

With 10% noise the image detail is not corrupted much and
the filters with small ability to remove noise such as CWM 5
show better performance compared to other filters that are
sharper on removing noise (Median). The reason is that median
filter distorts image detail when cleaning the image while
CWM 5 preserves image detail. As a result CWM 5 shows
better performance than median.

With 40% noise, algorithms that are sharper in cleaning
noise have a high value of VRI. Median which can remove
more noise compared to CWM 3 and CWM 5 shows the best
performance with 40% noise, while CWM 3 which can remove
more noise than CWMS5 but less noise than median shows
moderate performance (in VRI). CWM 5 which is less able to
remove noise compared to the other two tested algorithms
shows lower performance with 40% of noise.
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Fig. 5 Performance of noise removal algorithms with different levels
of noise

VII. CONCLUSION AND FUTURE WORK

The effect of the Gaussian noise with two levels of noise
(10% (low) and 40% (high)) have been studied and they are
used with three noise removal algorithms namely Median,
CWM3 and CWMS filters. The three noise removal algorithms
have been studied and analyzed. The efficiency of a
vectorization software namely VPstudio have also been
studied.

From the result of the study, Median filter is deemed to have
a low sensitivity to changing in noise level compared to the
filters based on CWM. Median filter also exhibits the highest
performance when the noise level is high. On the other hand,
the filters based on Centre Weighted Median have the highest
performance when the noise level is low. Based on the study,
VPstudio is found to be efficient and robust with respect to
different levels of noise.

For future work, more levels of noise can be added to the
images in order to study the effect with a wider perspective. In
this study, only two major noise removal algorithms are
studied. So for future work, more noise removal algorithms
should be included in the study. In fact for Gaussian noise, no
study has been made on kFill [7], Enhanced KkFill [8], Activity
Detector [9], and other algorithms studied in [1,10]. More
vectorization software can also be included, such as “Raster to
Vector”, “RasVector”, and “VexaTractor” for a more
comprehensive study on the vectorization factor.

With more noise removal algorithms and more vectorization
software, it is possible to carry out a more statistically proven
study by applying the Analysis of Variance (ANOVA).
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