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ABSTRACT 

Geographic Information Systems, especially accurate digital traffic maps, have been becoming widely used in the 
Intelligent Transportation Systems. The GPS data usually are more accurate than the pre-existing base map data. This 
paper introduces a new cartography procedure for making digital map from a start-up paper map, which has no 
geography data (longitude and latitude). Contrary to traditional map-making which is first a precise survey-cartography 
and follow-on digital controlled mapping, the new procedure is first extracting layer from a raster map and vectorization, 
follow-on geo-adjusting for pinpointing all nodes on the vector map. There are two key processes in the new digital map-
making technique. Firstly, the map layer extraction is controlled by output feedback for optimal recognition of road 
network. Secondly a dynamic topological mapping is developed for geo-location and improving the accuracy of vector 
traffic map by utilizing some recorded GPS data as the controlled pinpoint samples. Different from those traditional geo-
location methods such as affine mapping, and the rubber-streeting with manual point-by-point matching, the new 
adjusting is decomposed into a series of optimal topological sub-mapping on relative sub-map region. Based on 
pinpointing one sample point to its accuracy location, the sub-mapping adjusts all nodes within the sub-map region.     
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1. INTRODUCTION 
Geographic Information Systems (GIS) are becoming more widely used for the mapping and modeling of utility network 
systems. However, there is lack of topological maps, whether large-scale or even small-scale city and urban maps, in 
many developing countries including China[1]. Lack of vector maps and accuracy of vector maps have become the 
bottleneck of developing digital city transportations and intelligent decisions[2].  

GPS can be used to improve the accuracy of out-of-date inaccurate digital map, and to verify, update, and augment map 
information. The recorded GPS data will usually be more accurate than the pre-existing base map data. However, 
existing GIS software has only the commands that perform localized rubber-streeting[3], so that the base map data can be 
adjusted or relocated to match the accurate GPS positions if desired. However, the rubber-streeting algorithm is a manual 
adjustment procedure, which requires a huge human effort.  

To do the research on digital traffic map, a simple and effective procedure for building digital map from paper map must 
be done. The key process in the new digital map-making technique is how to convert a raster map into a vector map and 
how to get accurate geo-location on the vector map. The two long-standing key technical problems have been 
investigating for a long time in academy[4–8].  

The road network layer extraction is based on object color, brightness, sharpness and various road sample pattern 
characteristics[4,5]. This process usually needs experience to manually adjust thresholds or parameter values of evaluation 
functions to achieve high quality of pattern recognition. The open-loop recognition process needed human intervention, 
which is difficult to complete the map conversion rapidly and perfectly. This paper will presents an algorithm for optimal 
recognition of road network; the extraction process is controlled or deals with output map feedback (Section 2).   

Current vector map geo-location is generally accomplished with traditional linear topological mapping such as length-
preserving mapping[6], affine mapping[2], projecting mapping and interpolation[7]. These algorithms may correct only 
linear errors on vector maps, but less effect on nonlinear errors such as paper map warps. It is noticed that traditional 
linear topological mapping can only reduce or minimize the error summation in the sense of least mean square (LMS). 
An innovative mapping procedure, which takes different effects on different areas of a vector map, has been introduced 
in Reference [8]. However, there exist some bugs within the new procedure, which will be improved in Section 4. 
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