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Abstract- There is a growing need for automatic digitizing, or so called automated raster to vector 

conversion (ARVC) for maps. The benefit of ARVC is the production of maps that consume less space 
and are easy to search for or retrieve information from. In addition, ARVC is the fundamental step to 
reusing old maps at higher level of recognition. In this paper, a new model for an ARVC is developed. 
The proposed model converts the “paper maps” into electronic formats for Geographic Information 
Systems (GIS) and evaluates the performance of the conversion process. To overcome the limitations of 
existing commercial vectorization software packages, the proposed model is customized to separate 
textual information, usually the cause of problems in the automatic conversion process, from the 
delimiting graphics of the map.  The model retains the coordinates of the textual information for a later 
merge with the map after the conversion process.  The propose model also addresses the localization 
problems in ARVC through the knowledge-supported intelligent vectorization system that is designed 
specifically to improve the accuracy and speed of the vectorization process. Finally, the model has been 
implemented on a symmetric multiprocessing (SMP) architecture, in order to achieve higher speed up 
and performance.  
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I. INTRODUCTION 

Graphics recognition is a pattern recognition field that closes the gap between paper and electronic 
documents. Currently, the graphic design systems are able to accurately edit and print out electronic diagrams. 
What remains a challenge [8], however, is the reverse step; that is, the accurate and automatic conversion from a 
paper-based document to an electronic, computer-aided design (CAD), format. This field of graphics 
recognition is particularly important due to its application in the electronic archiving and analysis of geographic 
paper-based maps. 

Paper maps have always been an inevitable and fundamental part of surveying processes. By late 60’s, 
technological advancement in surveying has led to the introduction of the GIS, which requires digital maps for 
processing. This in turn has accentuated the need for automatic conversion from a paper-based document to 
electronic versions. At present, there is a greater emphasis on digital data than on paper maps. In a sense, this 
corresponds to the proliferation of GIS in industrial and research environment [18]. Consequently, there is now 
an even greater need to transform existing paper maps into digital formats [4], [7]. 

Recently, tool support for ARVC of paper maps into CAD forms has received much attention in Egypt. In 
the “National Project for Automating Corporeal Land Registry”, one of Egypt's main national projects [1], the 
prime objective is to convert 138,000 maps drawn since 1905 till now, from paper-based to electronic form. 
These maps represent 8.5 million acres and contain different graphical and textual information. Accordingly, 
high accuracy is crucial, as small margin of errors could lead to significant distortions of land ownership. 

A straightforward approach for transferring paper-based maps into CAD format is to use a digitizing tablet. 
However, this process is can take days or weeks to complete because all lines have to be traced by hand [23]. A 
faster approach is to use automated raster-to-vector conversion technology. In that approach one can scan an 
image from hardcopy map, and then a software tool can convert that image into a vector format in a matter of 
minutes or even seconds. The benefits, of course, are the production of maps that are easy to search for or 
retrieve information from, not to mention using less space. Also, the vectorization process facilitates the reuse of 
old maps at higher level of recognition [11]. However, the vectorization process can be impeded by various 
factors. 
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First, the complexity of the map and the noise/distortion introduced by scanning are typical examples of 
challenges that limit the efficiency of the vectorization process [5]. Many algorithms have been developed to 
overcome these limitations [2], [24]. However, though they achieved various degrees of success, these 
algorithms are far from providing optimal solutions [19]. The reason behind this phenomenon is that most of 
these algorithms are generic and target many types of maps drawings, e.g. mechanical, electronic, construction, 
and geological drawings. To that end, these algorithms employ generic vectorization models and several sets of 
parameters for each type of drawing [3]. Customizing methods for specific type of drawing, in contrast to 
generic vectorization, can lead to significant improvement in performance [20].  

Second, commercial vectorization software packages suffer from the, so called, localization problems. That 
is, difficulties in the detection and conversion of local symbols and local language. Also, old maps frequently 
exhibit problems such as shrank and/or dirt. Thus, there is a need for automatic vectorization model that can 
overcome the issues related to old maps localization problems. 

Finally, current commercial vectorization software packages are semi-automatic at best; the vectorization 
process requires the assistance of a human operator. This could be time consuming and error-prone, particularly 
when attempting to convert a large number of maps, as in the Egyptian national project indicated above. Thus, 
there is a need for faster and more reliable conversion process. 

II. THE PROPOSED NEW MODEL  

We have developed an ARVC model that enables commercial vectorization software packages to overcome 
the problems indicated above. The innovative aspect of our model is augmenting the vectorization process with 
two new pre-processing steps. First, we perform a cleaning process to remove the dirt and noise from the digital 
image. Second, we split the image under consideration into two images, one with all the textual information and 
local symbols and the other with the remaining graphical information. This allows for faster and more accurate 
processing of the graphical image, then the textual information could be superimposed on the processed map.  

Thus, the proposed model comprises four phases. In the first phase, the quality of the binary map image is 
improved through a noise cleaning process. In the second phase, the binary map image is separated into two 
kinds of information: textual information and graphical information. In the third phase, the commercial 
vectorization software is used to vectorize the graphical information binary map image. In the last phase, the 
two images: the vectorized graphical information binary map image and the textual information binary map 
image are merged. Experimental results show the efficiency of the proposed model. Also, we show that the 
conversion process can be accelerated by parallelization using SMP architecture [6]. Figure 1 depicts an 
overview of the proposed model, while the following subsection illustrate each phase in detail. 
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Fig. 1.  Flowchart of the proposed ARVC model 

A. The Cleaning Phase  

Because noise and other undesirable effects are inevitable part of scanned binary map images, we perform an 
automatic cleaning process [14] in order to improve the quality of input images. This process is performed 
through two steps. In the first step, small noise areas are removed. To achieve this goal, a threshold value is 
chosen according to the image resolution and then a filter is applied according to that threshold. The choice of 
the threshold may require some preliminary experimentation with the maps concerned, but this is important to 
obtain a quality result without losing significant information from the original maps. To illustrate the second 
step, let us assume that white pixels of the binary image are labeled with 1 (w-pixels) and the black pixels with 0 
(b-pixels). Then, opening a 3 × 3 window around each pixel p the numbers of w-pixels and b-pixels in this 
window are computed. If p is labeled with 1(0) and the w-pixels number is lower (higher) than b-pixels number, 
then x is labeled with 0(1). This iterative analysis is applied until no pixel of the binary image is changed. The 
added value of that step is connecting possible discontinuities in the defining lines in the map.  

Figure 2, illustrates the results of the above cleaning steps on two examples exhibiting low/high levels of 
textual contents and interference between textual and graphical information. 
 

Before After 

        a) The original image of the first example.                      b) Clean binary image of the first example. 
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c) The original image of the second example. 

 
d) Clean binary image of the second example. 

 
Fig. 2.  The results of the cleaning steps on two examples 

 

B. Text and Graphics Separation 

A binary map image contains two kinds of information: textual information and graphical information [10]. 
In this phase these two kinds of information are distinguished.  The separation is done through edge based 
segmentation techniques [15], where edge detection filters are applied to all the components in the image to 
classify them into text and graphics [9]. The text and graphics classified are then stored as two separate images 
for further processing. 

The text information obtained is stored as a pair: string / number/ Symbol and x-y coordinates of that string / 
number/ Symbol on the original map. Canny filter are used to detect edges, it is the basic algorithm deployed for 
edge detection [13]. Hough transform (HT) [21] are used to segment the raster image and detect the details, with 
Hough peaks 1000. Figure 3, illustrates the results of the text and graphics separation phase on the two 
examples. 

C. Vectorization 

With the separation process illustrated above, we end up with two images. The first image includes all the 
textual information. The second image includes only the graphical information, i.e. the lines and polygons 
delineating the map. The graphical image is now more amenable for automatic vectorization using commercial 
software tools for it exhibits higher quality in terms of lower noise levels and distortions. Also, the graphical 
image no longer contains local symbols and textual information, which would normally hinder the process of 
vectorization in current commercial tools as they deal with polygons, lines and points only [7]. Thus, the result 
is a faster and more accurate vectorization process, as will be shown in Section V Sub-Section B. 

 
Before After 

 
a)  Textual binary map image of the first example. 

 
        b) Graphical binary map image of the first example. 
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c) Textual binary map image of the second example. 

 
d) Graphical binary map image of the second example. 

 
Fig. 3.  The results of the text and graphics separation phase on two examples 

 

D. Merging Phase 

With the vectorized graphical map at hand, we can restore the textual information and reproduce the original 
map in a vectorized form.  Simply, we do this by superimposing the image containing the textual information on 
the vetctorized graphical map. This is done by using an "OR" logical function, which take the maximum value 
of each pixel in the two images. Figure 4 show the final output for the high-difficulty example in Figure 2-c. 
One could see that the result is exactly like the cleaned map in Figure 2-d, except that this time the output is in 
vectorized format rather than a raster one. 

 

 
Fig. 4.  The results of the merging phase 

 

III. PARALLELIZATION OF THE PROPOSED NEW MODEL ON SMP 

Although the proposed model significantly reduces the time of the ARVC process, see Section V, more 
improvement in speedup is always desired.  This is particularly important in projects involving large numbers of 
maps, as in the case of the Egyptian national project indicated above. Therefore, the use of high performance 
and parallel computing is essential to experiment with. 

In this paper we used symmetric multiprocessor (SMP) cluster architecture. Where, SMP involves a 
multiprocessor computer hardware architecture where two or more identical processors are connected to a single 
shared main memory and are controlled by a single OS instance. Although, there are many other trends in High 
Performance Computing (HPC) [16] A symmetric multiprocessor (SMP) cluster has recently become very 
popular as the architecture for massively parallel computers [17] so, we use SMP in this research to help the 
spread of the new model.  

IV. A SUMMARY OF THE APPLIED MODEL  

A. Sequential Implementation 

The layout of our proposed model can be presented as follows. 
  
Input   :   A binary map image that contains graphical and textual information.  

Output :  A vectorized version of the input map. 

Method: 
Begin 
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Step 1 :  Apply the cleaning process – illustrated in Section II Sub-Section A.  

Step 2 :  Separate the textual information and the graphical information of the cleaned map – see 

Section II Sub-Section B. 
Step 3 : Vectorize the graphical map using commercial software – see Section II Sub-Section C.  

Step 4: Merge the textual binary map and vectorized graphical binary map – see Section II Sub-Section 
D.   

End 

B. Parallel Implementation 

In the applied SMP implementation all processors are treated as equal; any processor can do the work of any 
other processor. The application is divided into threads that can run concurrently on any available processor. 
Any processor in the pool can run the OS kernel and execute the written threads. 

Let Sn be the computer architecture with Pn, processors where n is the number of processors, and spawn is a 
function to deal processors. The parallel layout of our proposed model can be presented as follows: 
 
Input   :   A binary map image that contains graphical and textual information.  

Output :   A vectorized version of the input map. 

Method: 
Begin 

Step 1 :  The first processor divide the input scanned map. 

Step 2 :  The first processor spawns the Pn processors including itself. 

Step 3 : The first processor sends a portion of the scanned map to each one of the Pn processors 

including itself.  
Step 4: Each Pn processor executes the full sequential implementation – see Section IV Sub-Section A. 
Step 5: Each Pn processor saves its output vectorized version to the hard disk then check if it is the last 
part of the image (number of existing parts equal to the number of processors) 
Step 6: The last processor merge the divided portions that output from Pn processors and output the full 
vectorized version of the input map.   

End 

V. EXPERIMENTS AND RESULTS  

A.  The Experiments 

The reader might have noticed that Step 3 in the above model is silent on which commercial vectorization 
tool to use. Indeed, there are approximately 20 vectorization software packages available in the market to 
choose from [7]. In this work we used more than one vectorization tool, to ensure the robustness of our results. 
This tools are the Softelec's VP Map Pro vectorization tool and WinTopo Professional vectorization tool, as 
these are two of the most popular products available, and requires minimum human support [20], [22]. Like 
other vectorization tools, VP Map Pro and WinTopo Professional still suffer from the problems of dealing with 
local symbols and local languages, especially Arabic.  

In our experiments, we did not have to directly deal with the VP Map Pro and WinTopo Professional 
vectorization tools. Rather, to speed up the process, we used a batch file that takes the graphical map output of 
the separation phase, send it to the vectorization software, and then return the final vectorized format of the map. 

We applied the proposed model on real life examples from the National Project for Automating Corporeal 
Land Registry1. Thirty five maps were chosen for the experiments, exhibiting various levels of difficulties in 
terms of both the amount of textual information included and the level of interference between the graphical and 
textual information.  

In sequential implementation, all experiments were conducted using a PC Celeron 550, 2.00 GHZ, and 1 GB 
of RAM. In each experiment, we compared the execution time and accuracy of the output using our proposed 
model to that of: 
 

1) Directly using the commercial software, with no preprocessing or human support 
2) Manual vectorization, using AutoCAD2 

                                                           
1 Maps are curtsey of Egyptian General Survey Authority 

 
2 Due to locality problems, as well as noise and distortion, both the Egyptian General Survey Authority and its subcontractor`s software 
subcontractors found it inevitable to use manual vectorization in order to deal with maps in the National Project for Automating Corporeal 
Land Registry. 
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In Parallel implementation, all experiments were conducted using a multiprocessor server, 18 GB of RAM, 8 
processors 2.5 GB for each, and hard 3 TB. In each experiment, we compared the execution time and accuracy 
of the output using our proposed model in sequential and parallel implementation. 

B. The Results 

We measured the accuracy as “1 – error” rate, where error rate is the ratio of the number of pixels deviating 
from the original map divided by "the total number of pixels” [12]. 

The Execution time is the total execution time from the separation phase to the merging phase including all 
the phases in-between. 

Table 1 shows the mean and standard deviation for both our control variables (accuracy and execution time) 
of the three compared methods throughout the 35 experiments. For illustration purposes, the results are also 
depicted graphically in Figure 5 and 6. 
 

TABLE I: The Mean and Standard Deviation for Accuracy and Execution Time 

 

 

Fig. 5.  The mean and standard deviation for the accuracy of the three compared methods 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6.  The mean and standard deviation for the execution time of the three compared methods  

 
As illustrated in figures 5, 6 one can see that, in contrast to directly usage of the commercial software, the 

proposed model has introduced significant improvements to the accuracy of final maps, with even less variance 
in performance. This has come on the expense of increasing the average execution time from 1 second in the 
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Vectorization Method 
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Mean Standard Deviations Mean Standard Deviations 
Commercial Software 
Directly 

11.0% 3.8% 1.0 0.2 

The Proposed Model 99.7% 0.2% 23.1 14.4 

Manual Vectorization 100% 0% 104.0 49.4 
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commercial software, to 23 seconds using the proposed model. However, we believe this is an acceptable 
sacrifice given the great improvement to accuracy (99.7%) and given the alternative of 104 seconds3 in using 
the manual process to achieve comparable accuracy in final maps.  
 

 
 

Fig. 7.  The execution time with different number of processors for the proposed model 
 

Figure 7 illustrates that the execution time of the proposed model is proportionally decreasing as the number 
of processors increases. 

 
Fig. 8.  Speedup 

Observing that the speedup Sn is evaluated as follows [17]: 

       Sn = Tn

T1

, 
 
Where n is the number of processors. T1 and Tn are the elapsed time by a single processor and that by n 

processors, respectively. 
Figure 8 presents speedup for our proposed model on up to 8 processors. All calculations are with respect to 

the sequential execution time of our proposed model. We attain a linear speedup, since the communication time 
is negligible compared to the computation time, this is because the communication is only necessary in a global 
broadcast that performed before executing the full sequential implementation on each Pn processor and for the 
merge of the divided portions that output from Pn processors.  

VI. CONCLUSION  

In this paper, we proposed a new model for automatic vectorization of binary map images. The key 
advantage of the proposed model is its ability to overcome the localization problems, without a need for human 
interference during the vectorization process. In addition, using real life examples, we showed that the 
performance of the proposed model surpasses that of using commercial vectorization tools and manual 
vectorization, in terms of accuracy and execution time. For the work at hand, we compared the proposed model 
with the Softelec's VP Map Pro and the WinTopo Professional vectorization tools – two of the most popular and 
most automated products available. The results were identical using the Softelec's VP Map Pro and the 
WinTopo Professional vectorization tools.  However, the experiments could be equally repeated with any other 

                                                           
3 Remember that the manual process also assumes an expert user of the system. 
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vectorization tool; all is needed is a batch file to transfer the output of our cleaning and separation phases to the 
commercial tool of choice.  

One could still argue that the reported average execution time of the proposed model (23 seconds) may lead 
to significant delays in large projects that require the processing of thousands of maps. We believe that the 
execution time is completely justifiable, given the high accuracy achieved and requiring no human interference 
during the vectorization process. Nonetheless, using SMP cluster architecture will improve the execution time of 
the proposed model. 
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