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F E A T U R E D  A R T I C L E S Solutions Based on Measurement Technology

1. Introduction

Th e labor shortages and rising freight volumes of 

recent years have been accompanied by demand for 

the automation of transportation work at warehouses 

and other facilities. To automate the above transpor-

tation work, autonomous vehicles have been used 

conventionally that employ guides such as magnetic 

tape. Th ese vehicles identify positions and orientations 

(hereinafter positioning) by measuring magnetic tape 

attached on the fl oor or markers installed at opera-

tion sites. Th is technique, however, requires 1) instal-

lation work at the time of vehicle introduction and 

facility layout changes, and 2) maintenance such as 

mending peeled magnetic tape. Th ese issues may aff ect 

shop fl oor operations and prevent the introduction of 

vehicles at operation sites.

In response, as a technique without any guide 

(hereinafter “guideless”), techniques have been pro-

posed, primarily in the fi eld of robotics, that work 

by matching data on the geometry of the surround-

ings acquired using a laser scanner to a map that 

contains a representation of this geometry(1). While 

algorithms for this type of positioning are available 

as open source software libraries in some cases, when 

autonomous vehicle manufacturers employ them into 

their products, it is often hard due to potential issues 

such as licensing and the evaluation and extension of 

operational functions.

In consideration of these problems, Hitachi devel-

oped the ICHIDAS component that combines 

a positioning function with the other operational 
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functions such as map generation, which is required 

for positioning, with the aim of off ering guideless 

positioning in the form of modules that autonomous 

vehicle manufacturers fi nd easy to incorporate into 

their products(2).

2. ICHIDAS Position 
Estimation Component

2. 1
ICHIDAS Overview
ICHIDAS provides functions such as the use of a 

laser scanner for positioning in the form of mod-

ules that are intended to allow autonomous vehicles 

to operate without the need for guides. ICHIDAS’s 

main specifi cations are shown in Table 1 and the 

structure of its use in autonomous vehicles in Figure 1. 

ICHIDAS is made up of a primary component that 

handles the actual positioning calculations and map 

generation software, etc. Th e component is a small 

industrial computer that, together with a laser scanner, 

is connected to an autonomous vehicle’s cruise con-

troller via a wired local area network. Th e laser scanner 

herein refers to a sensor that produces a point cloud 

data representing the geometry of the surroundings 

(hereinafter “scan data”). Th is point cloud is generated 

by pointing the laser beam in diff erent directions and 

measuring the distance to any object in each direction 

based on the time taken for the laser light to refl ect 

off  the object and return to the sensor.

Th e component performs positioning by match-

ing this scan data to a map of the surroundings for 

each laser scanner measurement cycle and passes the 

result to the autonomous vehicle’s cruise controller. 

Based on the above positioning result received, the 

autonomous vehicle can plan its route and control its 

cruise accordingly.

As described above, by allowing the positioning 

function to be incorporated as a component into 

autonomous vehicles, ICHIDAS is intended to allow 

less processing load in an autonomous vehicle’s cruise 

controller and development by autonomous vehicle 

manufacturers with the cruise controller and the com-

ponent separate, along with eliminating the need for 

guides.

Map generation PC (only before commencing operation)
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Figure 1 — Configuration for Autonomous Vehicles Using ICHIDAS
When introduced, ICHIDAS measures the surroundings using autono-
mous vehicles etc., and creates a map based on the collected data. The 
created map allows the positioning.

Field Specification

Dimensions and weight 101×142.1×41 (mm), 0.37 (kg)

Power consumption 10 W

Interfaces Ethernet × 2 (for connecting to autonomous vehicles and laser scanners)

Output data Position x, y (mm), orientation θ (°)

Data output cycle 25 ms

Recognition accuracy 
(when stationary) ±50 mm (position), ±3° (orientation)

Repeatability ±10 mm (position)

Map creation

• Automatic creation and correction
• SLAM (Partial Area Update Version) (option)
• PC-less map creation (option)
• Map portion updating (option)

SLAM: simultaneous localization and mapping

Table 1 — ICHIDAS (ICHIDAS2-AX) Specifications
Laser scanners, map generation, and other functions can be selected depending on how ICHIDAS is to be 
used, thereby making it suitable for a wide variety of autonomous vehicles.
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Although a technique using the odometry of auton-

omous vehicles has been proposed for positioning, 

Hitachi chose a technique to do positioning only with 

a laser scanner since the use of odometry limits appli-

cable autonomous vehicles. Meanwhile, the position-

ing calculations used in the component described here 

require a map of the surroundings available in advance. 

Th is is done using map generation software that auto-

matically generates maps from scan data obtained by 

measuring the surroundings.

Th e following sections describe the positioning and 

the map generation functions as well as their associ-

ated features.

2. 2
Positioning function
Positioning is performed by matching scan data to a 

map of the surroundings. “Matching” herein corre-

sponds to processing that, when the geometry of the 

surroundings is overlaid with the map expressed as 

an image, looks for the position and orientation that 

result in the higher proportional overlap of geometric 

features.

When the above-mentioned matching-based posi-

tioning is assumed in autonomous vehicles, robust-

ness against changes in surroundings and rapidity 

of computation supporting the measurement cycles 

of the laser scanner are two particularly important 

requirements. 

Firstly, robustness against changes in surroundings 

refers to suppressing degradation of the accuracy of 

positioning even if diff erences arise between the map 

and the actual surroundings due to some changes in 

facilities at operation sites. Th is is needed because, in 

an environment where autonomous vehicles operate, 

the actual surroundings often diff er from the map due 

to carts being temporarily left out and other reasons. 

Such change-induced positioning errors are particu-

larly prone to happening if the change occurs in an 

area close to the laser scanner. Th e reason is because 

the point clouds resulting from measurements close 

to the laser scanner have a higher density due to the 

structure of the laser scanner, which carries out mea-

surement by irradiating lasers in various diff erent 

directions with its rotating sensor head. When per-

forming matching, therefore, these high-density point 

clouds tend to occur in regions of the grid that are 

close to the laser scanner (see Figure 2). Accordingly, 

it is intended to reduce matching error by deleting 

some of the points in the point cloud (scan data) that 

belong to regions close to the laser scanner, thereby 

reducing the density for this region and giving more 

weight to matching points on the map in regions dis-

tant from the laser scanner. Moreover, the larger the 

grid spacing of the map (that is, the lower its resolu-

tion), the more the point cloud will be concentrated 

in certain blocks of the grid with the consequence that 

matching errors are more likely to occur. To deal with 

this, the lower the resolution of the map is, the more 

points are deleted from the point cloud.

Next, when it comes to the rapidity of processing, 

it is intended to speed up the positioning processing 

ErrorIncorrect positioning resultScan data

Change in actual 
surroundings

Map

Measurement 
position

A positioning error arises because a 
large number of short-distance 
measurements match the old map

Figure 2 — Positioning Performed by 
Matching Scan Data to a Map
Matching is performed to align the scan data 
with a map in a way that results in the highest 
ratio of overlap. When there are diff erences 
between the map and the actual surroundings 
in the region close to the measurement position 
(left ), it may cause an error in the matching result 
(right). ICHIDAS reduces this error by adjusting 
the density of the measurement point cloud that 
constitutes the scan data.
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so as to keep up with the scanning cycle of the laser 

scanner used on autonomous vehicles. To be more 

precise, this speed improvement was achieved accord-

ing to the framework of coarse-to-fi ne processing. 

Th is is a technique commonly used in image process-

ing whereby matching is initially performed using 

low-resolution images, after which further match-

ing using high-resolution images is performed only 

around the edges of this initial matching result. Th is 

makes the processing faster by narrowing down the 

search scope. In this case, separate high- and low-

resolution maps are prepared for use in the position-

ing matching process, with an initial rough match 

being obtained using the low-resolution map and 

then a detailed match using the high-resolution map. 

In matching with low-resolution maps as described 

above, matching errors easily occur due to the loss 

of geometric features in association with the lower 

resolution of the maps. For this reason, when the 

low-resolution images are created, image processing 

is performed to preserve geometric features such as 

edges to reduce such errors.

2. 3
Map Generation Function
Positioning is performed by matching scan data to a 

map of the surroundings, which is an occupancy grid 

map. Th e occupancy grids herein refer to grids that 

are created by splitting up the space, and are used to 

represent the geometric features of walls and facilities 

by recording the existence probability per grid in the 

surroundings. In this way, the map of the surround-

ings takes the form of a bitmap image, and its pixel 

values are recorded with the existence probability of 

an object based on the existence of the laser refl ection 

when the surroundings are scanned.

Th is map needs to be created prior to positioning. 

It is produced in 2 steps: (1) the surroundings are 

measured, and (2) the automatic map is generated 

with map creation software.

First, measuring the surroundings corresponds to 

a user operating an autonomous vehicle with a laser 

scanner using a remote controller to collect scan data 

of the surroundings. Also, automatic map generation 

is performed, based on the scan data collected above, 

by repeatedly (1) estimating the sensor’s movement 

and (2) mapping the scan data to the map on the basis 

of the sensor’s movement estimated above. Estimating 

the sensor’s movement in (1) is carried out in the 

same way as the positioning calculation described 

above. However, whereas positioning involves match-

ing scan data to a map, estimating the movement in 

(1) involves matching the next frame of scan data to 

the map using the fi rst frame of scan data mapped. 

By matching the existing scan data as mentioned 

above, the position and orientation on the scan data 

can be obtained. Next, as step (2), by performing a 

coordinate transformation of the scan data for the 

position and orientation obtained in (1), it records 

(maps) a point cloud constituting the scan data to the 

bitmap image. Th e scan data are integrated on top of 

the bitmap image by repeating the above-mentioned 

sequence of steps, automatically creating a map of 

the surroundings.

In actual operation, the surroundings are fi rst mea-

sured at the time of vehicle deployment, creating a 

base map by which the autonomous vehicles are oper-

ated. However, after operation starts, at sites that are 

subject to frequent changes during operation, such 

as the repositioning of pallets, the positioning may 

be aff ected due to inconsistency between the actual 

surroundings and the map. For this reason, locations 

that are especially likely to see environmental changes 

on the map are designated in advance. When diff er-

ences from the base map are detected while operating 

an autonomous vehicle, these diff erences are updated 

on the map online so as to prevent positioning errors.

3. Use in Logistics Support 
Robot Lapi

Th is section introduces an example of how ICHIDAS 

was installed in Lapis, logistics support robots, and 

automated material transportation at a factory (see 

Figure 3).

Lapi robots are equipped with a maneuvering 

mechanism based on two independently driven 

wheels, a laser scanner, and ICHIDAS, etc., and 

work with humans in places such as plants, where 

basket carts are often employed. In consideration of 

the strong demand from operation sites for transpor-

tation without transferring loads between these carts, 
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Lapi robots handle the traction of a wide variety of 

carts, detection and automatic connection to carts at 

empty cart bays.

Figure 4 shows a map of the factory where the Lapi 

robots have been deployed, which supports an opera-

tion site with a length of about 110 m. At the time 

of initial deployment, the Lapi robots were driven 

around the site by remote control to collect scan data, 

and then map generation software was used to auto-

matically produce a map. Using this map, unmanned 

transportation was carried out by Lapi robots at the 

operation site. Th is deployment demonstrated that 

ICHIDAS can be smoothly introduced at operation 

sites thanks to its guideless operation, and material 

transportation is possible in plants even in situations 

where there are diff erences between the actual sur-

roundings and the map, such as carts left out for load-

ing or people cutting in front of them.

4. Conclusions

Th is article has described the ICHIDAS position 

estimation component for autonomous vehicles, its 

Figure 3 — Logistics Support Robot 
“Lapi”
The photographs show the plant where Lapi 
robots are operated (left ) and a Lapi robot’s 
exterior (right). Lapi robots operate without 
any guides thanks to ICHIDAS.

Route (positioning result)

Figure 4 — Map Created by ICHIDAS
A map of an approximately 110-m-long plant automatically created with ICHIDAS soft ware. It provides a detailed representation of the site, including 
the layout of equipment.
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positioning function that works by matching scan 

data with a map, and its guideless operation using this.

Hitachi believes that the latter feature will expand 

the potential range of applications for autonomous 

vehicles by eliminating the need to lay down guides 

such as magnetic tape or other markers. In the future, 

Hitachi intends to continue adding new functions 

to suit the ways in which autonomous vehicles are 

operated.

References
1) S. Thrun et al., “Probabilistic Robotics,” The MIT Press (Aug. 

2005).

2) K. Matsumoto et al., “Development of Map-building and 
Pose Estimation Component and Evaluation in Actual 
Environment,” The journal of the Institute of Image 
Information and Television Engineers, Vol. 68, No. 8, pp. 
J329–J334 (2014) in Japanese.

Authors
Kohsei Matsumoto, Ph.D.
Center for Exploratory Research, Research & 
Development Group, Hitachi, Ltd. Current work and 
research: Research and development of artificial 
intelligence and robots. Society memberships: The 
Robotics Society of Japan (RSJ), The Japanese 
Society for Artificial Intelligence (JSAI), and 
The Institute of Electronics, Information and 
Communication Engineers (IEICE).

Shuichi Maki, Ph.D.
Internet of Things Component Design Department, 
Drive Systems Division, Hitachi Industrial Equipment 
Systems Co., Ltd. Current work and research: 
Research and development of transportation robots 
and position estimation components. Society 
memberships: The Society of Instrument and Control 
Engineers (SICE).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 144
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 144
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [144 144]
  /PageSize [612.000 792.000]
>> setpagedevice


