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Summary: The Faculty of Geodesy, University of Zagreb purchased Deskan Express 5.0 at 
the end of 2002. It is a large format (A0+) flatbed scanner produced by the Australian 
company Shapemakers. It is unique for its scanning technology and price in range of large 
format scanners. The scanner’s construction makes it a good choice for scanning sensitive 
materials because the template does not move during scanning. Therefore, it can be used 
to scan old maps. Another important advantage is portability; its weight is less than 20 kg 
and a flat surface of 1×1.5 m is needed for installation. Institutions keeping old maps pre-
fer scanning in their premises. The scanner has been used to scan approximately 300 old 
maps in various institutions in Croatia. The main purpose of scanning was to prepare map 
exhibitions which included map reproductions rather than originals. Exhibition prepara-
tion expenses were thus reduced. On the other hand, digitized old maps are to be re-
searched in the future with all advantages of digital media. Quality of the final raster im-
age obtained using original software was improved with a personal solution. For that pur-
pose, new calibration software and stitching procedure were applied. It is possible to scan 
maps larger than A0, which was sometimes necessary. Although the scanner is not in 
range of professional equipment, it is good for making reproductions and reading raster 
images. 

 
1. Introduction 

 
The Faculty of Geodesy of the University of Zagreb purchased the DeSKan Express Color 5.0. 
scanner in 2002. It is the product of the Australian firm Shapemakers (former Abakos Digital Im-
ages). The largest format the scanner is capable to scan is A0. Scanning is based on moving the 
scanner head over a map. Scanning results in strips (max 7) which are subsequently connected 
using software. The scanner is successfully applied for scanning various topographic, tourist, and 
especially old maps. Nevertheless, some problems were detected during its application. 
There used to be a small number of firms or institutions in Croatia which provided high quality 
large format scanning, the price of which was high. The Faculty of Geodesy made a contract to 
produce a digital catalogue of trigonometric points for military purposes which had to be based on 
the topographical map at the scale 1:50 000 (150 sheets for the territory of Croatia). This map did 
not exist in suitable digital form at the time. The DeSKan Express Color 5.0 scanner was pur-
chased to accomplish the task and have the possibility of additional map scanning on demand in 
the future. 
 

2. DeSKan Express 5.0 
 

The scanner in working environment is shown in Fig 1. The scanner is portable and a flat surface 
of the size A0 or more (table or floor) is the minimum requirement for proper installation and use. 
The installation process is simple and takes only few minutes. 
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Figure 1: DeSKan Express 5.0 in working environment 

 
DeSKan is a flatbed scanner, which means the template, e.g. a map, is fixed, it does not move 
through any transportation mechanism, and the possibility of damage is minimized. The scanning 
head moves over the template and that property is of special importance for old and sensitive ma-
terials. In addition, the template does not have to be as thin as a paper, its thickness can be up to 1 
cm. 
DeSKan’s main part is the HS600 scanner (made by Japanese firm Omron) with an automatic 
document feeder (ADF) of the A4 size and the capacity of 25 sheets. When the scanner is 
mounted on ADF, documents are rolled through the device like with office printers. When de-
tached from the ADF, it can move along any flat surface using its rubber wheels (Fig. 2). 
 

 
Figure 2: HS600 scanner on the ADF base (left) and rubber wheels used for movement over surface (right) 

 

DeSKan comes with a special base for scanning large formats. The base consists of a Plexiglas 
plate (three pieces for easier transportation) on which the map is placed. The glass plate is placed 
over the map, and the scanning head is mounted on the plate. Both plates have special engraved 
marks used for connecting and geometrical correction of the scan. Width of one strip is around 20 
cm and multiple strips are required for scanning wide documents. The glass plate should be 
moved across the Plexiglas plate manually, and special fittings and rollers are provided for that 
purpose. 
HS600 is a self-motorized scanner with a linear CCD sensor with physical resolution of 600 dpi 
and 30-bit color depth. It is connected to the PC using a parallel port. The standard TWAIN inter-
face can be used for scanning as with any other TWAIN compliant scanner. The problem is the 
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TWAIN interface was written only for operational systems Windows 95/98/ME. Manufacturer‘s 
support is discontinued and there is no interface for modern Windows or Unix/Linux operating 
systems. Detailed specifications for writing a user driver have never been published. 
The software which comes with the scanner makes the whole process of large format scanning 
very simple, and it is easy to learn how to use it. 
 

3. Improvement of DeSKan Express 5.0 
 

During the scanner application, some problems were found for which we thought solutions could 
be found. Tutić (2004) researched the scanner’s properties and proposed new calibration proce-
dures. Problem overviews, their solution and results follow. 
The first problem concerning DeSKan is working operating systems: only Windows 95/98/ME. 
This problem could not be solved in (Tutić 2004) because there were no specifications for writing 
the user driver. The only procedure that could be used for that purpose is the one used on the 
SANE1 project (the project for Linux scanner drivers). This involves reverse engineering, which 
does not guarantee success. The next problem is use of the parallel port for connection which 
negatively affects the scanning speed. Both problems were solved by Omron in the newer version 
of HS600 named HS600U. HS600U is the same as HS600, and it is connected to the USB via a 
special adapter. It comes with new drivers, which work on Windows 2000/XP. The Faculty of 
Geodesy purchased a used HS600U scanner at the end of 2009. Scanning speed was increased by 
only 40%. According to specifications, the scanning speed is supposed to be several times greater. 
The cause of this difference is presently unknown. 
The second problem was the existence of vertical (perpendicular to sensor) colored lines. The 
user’s guide recommends repeating the calibration process, but the lines would exist even after 
such a calibration. The scanner comes with a calibration template with constant tone value over 
the whole sensor width and it is used to even the response of each CCD element. Vertical lines 
were assumed to be caused by the calibration process or dust in optics. After writing the new cali-
bration program, the problem was eliminated (Fig 3.). 
 

 
 

 
Figure 3: Colored vertical lines in scan (up), the result of calibration using original program with visible vertical lines (mid-

dle) and with a personal calibration program (down) 

                                                 
1 SANE – Scanner Access Now Easy [http://www.sane-project.org] 
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In addition to the calibration template which comes with HS600, we used an additional template 
with 21 known gray values. Additional calibration was thus performed. Nevertheless, it was found 
that use of an additional color calibration template could improve the results further, especially 
the lighter part of the spectrum (Fig. 4). In Fig. 4., the black line represents the ideal response to 
the linear gray scale, and the red, green and blue curves show the results after calibration using 
second order transformation. It can be seen the largest differences are in 0-50% of the black. More 
complex transformation should be used to obtain better results along with a calibration template 
with more known color values. 
 

 
Figure 4: Response of the red, green and blue channel to the gray scale after calibration 

 

The new calibration also takes into account the chromatic aberration correction. The chromatic 
aberration is visible as a positional shift between red, green and blue channel. In Fig. 5., the effect 
of chromatic aberration on the edges with high contrast is visible (upper part). Calibration results 
are shown in the lower part of Fig. 5. The chromatic aberration was modeled as a constant shift 
along the sensor’s moving axis, and the linear model was used in the sensor’s direction. A special 
calibration template consisting of horizontal and vertical black lines on white paper was made for 
measuring the chromatic aberration. 
 

 
Figure 5: The effect of the chromatic aberration on edges with high contrast (up) and the result after calibration (down) 
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The last problem related to scan quality is the quality of connections and artifacts of raster resam-
pling during geometrical transformations (Fig. 6) 
 

 
 

 
Figure 6: Stair effect in raster (up) and low quality of connections (middle and down) after scanning 

 
The new scanning software uses bilinear geometrical transformation for geometrical correction 
and bicubic resampling which ensure that no artifacts are visible in the corrected raster. Bicubic 
resampling is used several times during calibration; therefore some blurring is evident and the 
sharpening filter needs to be applied. It was proven that extra sharpening yields even better results 
for plotting purposes. 
Connecting strips is not automated in the new software. It is done manually in a standard raster 
editing program. Therefore, post processing time is increased. The advantage is that visual inspec-
tion of the connections is performed during the connecting process. The transition on the connec-
tions is smooth and avoids visual detection of connections. Connections with and without smooth 
transition effect are shown on Fig. 7. The problem with connections occurs when the template is 
not flat enough and even the glass plate is unable to flatten it. 
 

 
 

 
Figure 7: Quality of connections with the new geometric correction (up) with additional smooth transition effect (down) 

 
Even with the original software, artifacts in the raster are only visible when magnified on the 
computer monitor. When rasters are plotted, the problems mentioned are less prominent. Using 
the new software, even zooming reveals no substantial scanning errors or deformations of any 
kind. 
In addition to the described problems which were solved, other scanner’s properties were deter-
mined. Geometrical accuracy was measured, both software have an accuracy of 0.1 mm at the 

 [601]



5th International Workshop on Digital Approaches in Cartographic Heritage Vienna, Austria, 22–24 February 2010 
 

resolution of 300 dpi, which is satisfactory. The influence of external light on radiometric values 
was measured and it was concluded that the scanner in not sensitive to external light. Whether 
scanning is performed in complete dark or under asymmetrical external light (only part of the 
template is under powerful light), results are not significantly different. 
 

4. Use of DeSKan Express 5.0 
 

DeSKan Express 5.0 was used to scan maps for: 
 

• The digital catalogue of trigonometric points (150 sheets of the topographic map at the 
scale 1:50 000) (2002) 

• The book Five Centuries of the Geographical Maps and Charts of Croatia (2002) 
• The exhibition Cartography of Zadar (2003) 
• The exhibition Cartography of European Cities (2003) 
• The exhibition Cartography of Lika (2004) 
• The exhibition Maritime Cartography (2007) 
• The exhibition Cartography of Varaždin (2009) 

 
Most of the scanning of old maps was performed in the premises of the institutions keeping them. 
It was necessary because the institutions would not let the maps be used externally. Because of the 
easy portability of the scanner, it was not a problem. A total of several hundreds of old maps have 
been scanned so far. In addition, the scanner was used to scan maps used in students’ works, arti-
cles, conferences, etc. 
 

 
Figure 8: Enlarged part of the scanned map using personal software.  

 
The personal software and procedure were used for calibration and connecting (described in §3) 
the scans for the latest exhibition, Cartography of Varaždin. The results were far better than those 
obtained using original software. Scans obtained using this new method are suitable not only for 
reproduction, but also for examining on a monitor, using zoom. The raster does not have substan-
tial visible effects resulting from the scanning process. 
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The scanning resolution of 300 dpi is satisfactory for most purposes, but sometimes graphics of 
old maps is so detailed that even better resolution could be recommended. An enlarged part of the 
map obtained using personal software is shown in Fig. 8. 

 

5. Future considerations 
 

Most of the problems concerning quality were solved using the new calibration software. Further 
improvements are possible in the color calibration process and in full automation of the connect-
ing process. Problems which have not been solved yet: it is not possible to control scanner move-
ment via user program but only via the TWAIN interface, and scanning speed is still rather low. 
Low scanning speed does not affect scan quality, but it limits the use of DeSKan to minor pro-
jects. Presently, approximately 1 hour is needed for sensor to move over the A0 size template, and 
almost as much is needed for full post processing (including calibration, connecting, cropping and 
further refinement of scans). The authors are going to try to find a solution, but success is not 
guaranteed in advance since the communication protocol between the scanner and the computer is 
not known. 
According to the state of digitization of old maps in Croatia and activities of the Faculty of Geod-
esy and Croatian Cartographic Society, the scanner is going to be used in the future for purposes 
of publications and map exhibitions. Even though DeSKan is not a high quality professional de-
vice, the results for various purposes are satisfactory. This is especially true for the scans obtained 
by personal scanning process used for the latest map exhibition, Cartography of Varaždin. 
 

References 
 

Tutić, D. (2004): The improvement of the software for DeSKan Express 5.0. Masters thesis. 
Faculty of Geodesy of the University of Zagreb. 

 [603]



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


