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Abstract. There are numerous cadastral maps generated by past land surveying. 
The raster digitization of these paper maps is in progress. For effective and effi-
cient use of these maps, we have to assemble the set of maps to make them su-
perimposable on other geographic information in a Geographic Information 
System. The problem can be seen as a complex jigsaw puzzle where the pieces 
are the cadastre sections extracted from the map. We present an automatic solu-
tion to this geographic jigsaw puzzle, based on the generalized Hough trans-
formation that detects the longest common boundary between every piece and 
its neighbors. The experiments have been conducted using the map of Mie Pre-
fecture, Japan and the French cadastral map. The results of the experiment with 
the French cadastral maps show that the proposed method, which consists of ex-
tracting an external area and extracting and regularizing the north arrow, is suit-
able for assembling the cadastral map. The final goal of the process is to inte-
grate every piece of the puzzle into a national geographic reference frame  
and database. 

1   Introduction 

In the process of application development of Geographic Information System (GIS), 
the core issue is the maintenance of national spatial databases. Cadastral maps are 
always made individually in each district. When the cadastral maps are made in each 
district, then they are finally combined in correspondence with the connected compo-
nents of information and the surveyed ground information. The cadastral maps are 
chiefly assembled according to symbols given to the cadastral map and using prior 
knowledge available. Automatic map assembling is important because it saves labor 
power and time. Techniques for treating the separated cadastral maps as one piece of 
a huge jigsaw puzzle has been proposed by other researchers in the automation of the 
cadastral map assembling [1],[3],[4]. These techniques are based on the choice of 
some characteristics on the boundary of each segment [2], and combining segments 
by the matching results of the characteristics. Though the computational complexity is 
low because only a number of characteristics are used, when the shape of the segment 
becomes complex, the characteristic cannot be accurately extracted. Since this prob-
lem arises, in this paper, we propose automatic cadastral maps assembling technique 
based on generalized Hough transformation (GHT). The features of this technique is 
as follows.  
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(i) Because the common longest boundary of two segments is determined based 
on GHT, segments can be accurately combined.  

(ii) It use all the points on the boundary of the segment, hence the extraction of 
the characteristics of the boundary becomes unnecessary. 

(iii) A smaller error margin of the assembled maps could be realized. 

When a feature is detected from an image, the Hough transformation is effective 
when the feature is expressed by the algebraic equation. In this paper, to detect the 
curve of arbitrary shape, we propose the method of the common longest boundary 
detection based on generalized Hough transformation. 

This paper is organized as follows. The next section presents the principle of cadas-
tral map assembling. Section 3 describes the assembling process of blank map. In sec-
tion 4 we present the preprocessing and the assembling by generalized Hough transfor-
mation of actual cadastral map. The experiments and the results are given in section 5. 

2   Principle of Cadastral Map Assembling 

2.1   Longest Common Boundary 

When two segments share and parts are connected to each other, the border is called a 
common boundary. In general there is a possibility that two or more common boundaries 
exist between two segments. It is necessary to decide the common boundary to connect 
two segments correctly from these two or more common boundaries. For instance, two or 
more common boundaries can exist between segment A and segment B as shown in  
figure 1.  A true common boundary is a common boundary shown by the arrow of figure 1 
(c). In the proposed technique, a true common boundary was presumed based on the 
length of the common boundary and the longest common boundary is detected by general-
ized Hough transformation (GHT), then segments are automatically assembled.  

 
Fig. 1. Two segments and the common boundary 

2.2   The Flow of GHT 

The flow of GHT with two segments is shown in figure 2. The longest common 
boundary detection technique that useing GHT can be described as follows.  

(1) The boundary of each segment is traced.  
(2) The origin in border B is randomly defined and a symmetrical border B’ with 

the point of origin is generated.  

(a) Segment A (b) Segment B (c) The common boundary 
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(3) GHT is performed by sweeping the border B’ with the origin on border A. 
Pixel values of GHT are called crossing counts.  

(4) The point where the crossing count is the highest is detected by the image of 
GHT. This point becomes the origin of segment B when each segment is con-
nected by the common longest boundary. 

Figure 3 illustrates the GHT between segment A and segment B. In this figure, the 
gray level is higher as much as the crossing count. The brightest point P in figure 3, at 
which the crossing count is the largest, becomes the origin of segment B. 

 

Fig. 2. The flow of generalized Hough transformation 

 

Fig. 3. Generalized Hough transformation image 

Segment A Border A 

Segment B 
Border B

Border tracing Define the origin of border B 

Make the point symmetry 
figure B’ of B 

Border B 

Border B’ 

The origin of the border B with the longest common 
boundary with border A is the point with the longest 
crossing counts. 

Sweep B’ with the origin 
on the border A 
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3   Assembling of a Blank Map 

The procedure of assembling two or more segments from the blank map by generali-
zation Hough transformation (GHT) hill climbing is described as follows. The outer-
most shape when all segments are assembled is assumed to be known and given as a 
frame. 

(1) GHT is done between the frame and each segment, and the highest crossing 
count of each segment is found. 

(2) The segment with the highest crossing count is added to the frame and a new 
frame is generated. 

(3) Same procedure to the new frame and the remaining segment is done. 
(4) Until all segments are added to the frame, the procedure described above is  

repeated. 

Table 1. The process of the assembling of the blank map 

Segment Crossing 
count A B C D E F G 

frame 1 502 117 74 38 53 127 93 

frame 2 ✕ 190 74 97 53 127 93 

frame 3 ✕ ✕ 93 126 105 127 93 

frame 4 ✕ ✕ 166 126 105 ✕ 93 

frame 5 ✕ ✕ ✕ 126 207 ✕ 93 

frame 6 ✕ ✕ ✕ 181 ✕ ✕ 149 

frame 7 ✕ ✕ ✕ ✕ ✕ ✕ 149 

Table 1 shows the procedure of assembling seven segments and outermost frame 1 of  
Mie Prefecture. The numerical values in the table show the highest crossing count of 
each segment. First of all, in order to assemble a blank map using GHT, the highest 
crossing counts of frame 1 against segment A to G are computed. Because the highest 
crossing count of segment A is the largest in this example, segment A is added to frame 
1 and frame 2 is created. Then, GHT is done between frame 2 and the remaining seg-
ment, the highest crossing count of each segment is calculated. The segment with the 
highest crossing count is added to the frame and a new frame is generated. The white 
background map is assembled again repeating the above described procedure. 

In this example, each segment was assembled in order of A→B→F→C→E→D→G. 

4   Assembling of Actual Cadastral Map 

In this section, the actual cadastral map assembling procedure, the needed preprocess-
ing and the assembling by generalized Hough transformation (GHT) is described. 
There are some differences in an actual cadastral map and the blank map. 
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(1)  Various characters and symbols exist together in an actual cadastral map. Espe-
cially, the characters and symbols are chiefly included in an internal area of the 
cadastral map. Because these might become noises in the common boundary 
detection of the cadastral map, it is important to remove them. 

 
Fig. 4. Painting procedure of internal area 

(a) Original image 

(b) Labeling of external area 

(c) Color reversing 
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(2) Because each segment was made individually in each district, the direction of 
the north arrow of each segment is different. Every segment has a north arrow, 
it is necessary to extract this north arrow, and to regularize direction of the 
north arrow of each segment. 

(3)  Because the shape of the frame is unknown, it is necessary to employ GHT be-
tween each segment. 

The procedure of the assembling of an actual cadastral map can be summaried as:   

• Painting out of characters and symbols included in internal area. 
• Extraction of north arrow. 
• Regularization of the direction of the north arrow. 
• GHT. 

4.1   Painting Out of the Internal Area 

The following are the main information included in the cadastral maps (Refer to 
figure 4(a)). 

• The borderlines. 
• Map symbols(chiefly, house sign and broken line). 
• Coordinate values(numbers). 
• Name of a places(characters).  

These information are chiefly located in an internal area of the cadastral maps. Be-
cause small connected component that can become noise in the assembling process 
which included in an external area of the cadastral map, erosion and dilation of pixels 
of the original image are done to remove them. Next, an external area is painted out 
with the labeling of 4-neighberhood (figure 4(b)). In addition, the painted background 
is reversed, and painted out image is obtained (figure 4(c)). 

4.2   Extraction of North Arrow 

The north arrow is extracted by using the image generated in 4.1. The north arrow is 
independently located in an external area of each segment. hence, connected compo-
nents of the map images are detected by the labeling process. The connected compo-
nents are extracted as a candidate of connected components of the north arrow if its 
area is between two thresholds that are predefined. The candidate of connected com-
ponents often is straight lines and curve lines excluding the north arrow. Therefore, a 
ratio R is given in expression (1). Where S is the area of connected components and C 
is the length of the surroundings of each connected components. The straight line and 
the curve, neither the area nor the surroundings length change so much, but because 
there is a width in the north arrow, the area of north arrow is larger than the surround-
ings length. That is, the value of R of the north arrow is larger in general than the 
straight line and the curve, the candidate of connected components with the largest 
value of R is presumed as a north arrow and extracted. 

C
SR =                                                                    (1) 
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4.3   Regularization of North Arrow 

The direction of north arrow is regularized by using the extracted north arrow. The 
direction of the principal axis of the north arrow is shown in figure 5, in other words, 
the angle of the north arrow is obtained as a solution of the expression (2). 
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Fig. 5. Angle of north arrow 

Here, ),( qpM is a moment feature, and it is defined by the expression (3). 
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Here, ),( jif  is a binary image, and gjgi , is center of gravity. When the angle of the 

north arrow is obtained, the cadastral map is rotated around the center, and each ca-
dastral map was regularized so that the angle of the north arrow is 90 degree. 

4.4   Generalized Hough Transformation 

After painting out the internal area, the extraction and the regularization of the north 
arrow, GHT was done. Here, this section explains the process of the map assembling 
with an example of the cadastral map of France (Fig.7). Table 2 shows the process of 
map assembling with five segments.  

Table 2. The assembling process of the French cadastre map 

                                     Segment Crossing 
count A B C D E 

A ✕ 811 888 467 1064 

A∪E ✕ 811 886 720 ✕ 

A∪E∪D ✕ 1033 ✕ 1191 ✕ 

A∪E∪D∪B ✕ 1033 ✕ ✕ ✕ 

 

Center of gravity 

θ

Short axis Direction 

of main axis

Length axis 
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An arbitrary segment (i.e segment A) is selected instead of the frame in the assem-
bling of blank map. GHT is done between segment A and each segment, and the highest 
crossing count was calculated. The segment with the highest crossing count is connected 
to segment A and it is assumed to be a new segment. Because the highest crossing count 
of segment A and segment E is the highest in this example, segment A and segment E 
are connected. Next, GHT was done between the new segment and the rest of segment. 
The above procedure is repeated, and the cadastral maps are assembled. 

The order of assembling was A→E→C→D→B in this example. 

5   Experiments and Results 

5.1   Experiment of Assembling Blank Map of Mie Prefecture 

The experiments of map assembling were done using blank map of Mie Prefecture (7 
segments, 14 segments, and 28 segments). Figure 6 shows the seven segments and 
frame (figure 6(a)) in the blank map, and the assembling results (figure 6(b)).  

The figure in figure 6(b) shows the order through which the assembling was done. 
Similarly, experiments for assembling to 14 segments and 28 segments show that all 
segments were correctly assembled. 

 

Fig. 6. Seven segments, the frame and the result of assembling 

5.2   Experiment of Assembling French Cadastral Map 

5.2.1   Experimental Data 
The experimental data included images of the cadastral maps generated by a scanner. 
A total of 51 segments of France were used from ten cities of the cadastral map for 
the experiments. Table 3 shows the number of segments of each city. 

Segment A Segment B Segment C Segment D Segment E Segment F Segment G 

(a) Frame 

(b) The result of assem-
bling-seven segments 
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Table 3. The data used in French cadastral map assembling 

City Segment  
number 

Baily 5 

Buc 8 

Bourg 2 

Bios 7 

Bougival 5 

Boul 3 

Carrieres 7 

chesnay 5 

A 4 

Villiers 5 

Total 51 

5.2.2   Extraction of North Arrow 
The extraction experiments of the north arrow were done by using the above-
mentioned 51 segments, and all the north arrow were correctly extracted. 

5.2.3   Experiments for Map Assembling by Generalized Hough Transformation 
The experiments for map assembling were done using cadastral maps of ten cities. 
Figure 7 shows the experimental results for five segments of Villiers city. Table 4 
shows all the experimental results. The success rate in this table was visually judged 
to be considerably high. 

Table 4. The result of the cadastral map assembling 

Average success rate 

Extraction of the 
north arrow 

Assembling 

 
Average proc-

essing time 

100%(51/51) 90.0%(9/10) 720s 

In the experiment, the map assembling was failed for a city out of ten cities. It is 
because the combination of two segments with the longest common boundary found 
in generalized Hough transformation image was a wrong combination. It is scheduled 
to introduce mechanisms of error detection and recovery as a topic in the future work. 

5.3   Summary of Experiment 

Based on the experimental results, it can summaried as follows: 

(1) It was possible to automatically assemble the cadastral maps by using general-
ized Hough transformation. 
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Fig. 7. The result of map assembling of Villiers city 

(2) The assembling of the cadastral maps in which various characters and 
symbols existed together became possible by painting out an internal area 
of the segments. 

(3) Automatic map assembling was done even when there was an error margin in 
the segment shape and the shape of the frame was unknown. 

Segment A Segment B Segment C 

Segment D Segment E 

(a) Five segments

(b) Completed map 
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6   Conclusion 

In this paper, a technique of the cadastral map assembling that uses generalized 
Hough transformation was proposed, and experiments were done with blank maps of 
Mie Prefecture, Japan and French cadastral maps. It was shown that generalized 
Hough transformation is an effective technique for cadastral map assembling.  

The following areas might be included in the future work. 

(1) Performance evaluation for large amount of cadastral maps. The performance 
of the proposed technique will be evaluated by using large amount of cadastral map, 
and practical use will be examined. (2) Introduction of recognition systems of other 
information included in cadastral maps such as characters and numbers. 

References 

[1] Jean-Marc Viglino, Laurent Guigues:“Cadastre Map Assembling: a Puzzle Game Resolu-
tion ”, Sixth International Conference on Document Analysis and Recognition 2001 
pp.1235-1239(2001) 

[2] Davis,L.S:“Shape matching using relaxation techniques.”IEEE-PAMI 1,1,January 
1979,60-72 (1979). 

[3] L.L.Scarlatos(1999).“Puzzle Piece Topology: Detecting Arrangements in Smart Object In-
terfaces”, Proceedings of the 7th International Conference in Central Europe on Computer 
Graphics, Visualization and Interactive Digital Media, pp.456-462(1999). 

[4] Alex Drogoul and C.Dubreuil.“A distributed approach to n-puzzle solving”. In Proceeding 
of the Distributed Artificial Intelligence Workshop (1993). 

[5] D.H. Ballard. “Generalizing the Hough transform to detect arbitrary shapes.” Pattern Rec-
ognition 13, 2, 1981, 111-122 


	Introduction
	Principle of Cadastral Map Assembling
	Longest Common Boundary
	The Flow of GHT

	Assembling of a Blank Map
	Assembling of Actual Cadastral Map
	Painting Out of the Internal Area
	Extraction of North Arrow
	Regularization of North Arrow
	Generalized Hough Transformation

	Experiments and Results
	Experiment of Assembling Blank Map of Mie Prefecture
	Experiment of Assembling French Cadastral Map
	Summary of Experiment

	Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




