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SUMMARY
Japanese cadastral survey was restarted in feudal era; 1590s from Osaka to nationwide.
Cadastral system was extended toward 4 major national mapping projects @@srtd 6840s,

which were compil ed wi trdute linea onappisg in 1820sdaed n c O
summarized in 1/200,000 maps in 1880s based on Bessel 1841 ellipsoid. Taxation cadaster was
promoted from 1873 in Japan and in Taiwan and Korea by trianguesysng till 1910.

As German cadastral system: ALKIS(Official cadastral information system) is the basis of
national land information system( GISe; GeolnformationsSysteme), cadastral surveying
methods regulated in Japan National Land Survey Act are maddriar ground control points

for parcels and photogrammetric 3D models for boundary survey with 4 approaches of satellite
surveying and drone to satellite photogrammetry in Osaka city area, which was severely
bombed during WW 1I, like sisterity: Hamburg comparing with the oldest urban cadastral

maps in 1890s in Japan.

4 approaches consist of Parameter Estimation geodetic network surveying, archival aerial
photogrammetry, helicopter image 1cm 3D modeling and satellite photogrammetry.

As final productscadastral map in 3D and cadastral book are combined in 3D city modeling

and representation system with retereeg | asses 3D di splay for con
boundaries as the most key aspect in land administration process.
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Map and CAD-Globe : Satellite GeodesyParameter Estimation approach
FKP Parameter Estimation adjustment : Satellite Photogrammetry
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1. JAPANESE CADASTRAL SURVEY AND MODERN MAPPING
1.1Heian Capital and Jyori- rectangular cadastral system

National land administration system started6if6 A.D. as Capital andn 757A.D. local
rectangular cadastral systenational administrative boundaries were divided from 701 in
Koku(66 and extras), Gun and Ri or Gou. Jyorectangular cadastral system had a unit of
109m squar area called Tsubo, and subdivided into Dans for taxation purposes. The
remained land bleks arestill now to some extent reflected rural and urban giwss as public
land survey system in Japan achival aerial photq4940s) as Fig. 1.

Frg 1 Johrr rectangular cadastral system aimlancaprtal 8th century



1.2 Taiko (Feudal Prime-minister) cadastral systengl6century) and FeudalShogun era
country mappings (17-18-19 centuries)
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Fig2 Osaka FeudalShogun eranapping(1840
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In the medieval era after long civil wars among Samurai lords, Japan was reunified by Toyotomi
Hideyoshi (Taiko; Feudal Primminister) in 1591,and cadastral survey for taxation was
conducted nationwide. The major citPsaka was constructed as military and commercial
capital of Japan, which had the largest dogbthat time in 16 centurgadastal survey was
combined with Feudal territory mappings in Tokugaveadal era (16031868)at 4 times

Those Feudal territory maps ( named as Kimi) were combined aretitedin 1880swith

Inoh maps, which mainly covered sea shore lines and major taities, both for military and
cadastral maps. Now they gymjected on the CAlobe with AutoCAD InfraWorks, which
realizesCAD maps and Global representation of cadastral survey results. Historical Reality
from map, aerial photo and satellite images displayedas 3D image models showing the
geographical features and terrain landscape dynamically. 3D models are archived as
mensuration object in 4Dmage Map Archive. This process is called 4D Image Map Archive
Designed Aerial Survey in 21 century.

1.3 Taxation cadastral mapping in 18701910, JaparOkinawa-Taiwan-Korea
In main lands of Japan of new Meiji administration in 1870s, cadastral systems were based on

old taxation parcel maps. Based on the national triangulated networks from 1883, modern
cadastral survey started from Okinawa islgh899) Taiwar(1898)and Kore&1910)
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Figure 3. A visuallzation of a typical
triangulation net. Note m

and systems of mea
Hayashi (1938, 95) v
National Library of Korea Digital Archive.

Fig.3 Japan 200K maps in 1880s on CAilobeandKoreancadastratriangulation net

2. CADASTRAL SYSTEM AS 3D GEOINFORMATIONSSYSTEME: GERMAN
STYLE GIS
2.1 Geodeticnetworking as the basis of cadastral system

Geodetic networking ( =1cm) is required both for earthquake prediction and cadastral survey.
Especially land price; more than US$ 10,0004nd restoration/reconstruction projects after
East Japan earthquakeZidll push our government to reestablish precise cadastral system like
in Germany. German report in 2016 on geodetic network adjustment of 400Eeictenic

Control Points reached to the accuracy level of 2mm, after integrated- E€®Rling
Gravimetric godetic network adjustment. GeolnfoDok of AdV has organized ALKIS cadastral
survey system based on world standard GIS and CAD sysRamallel with documentary
translations, we planned and tried nationwide and regional geodetic network adjustments, using
German standard GEONAParameter estimation geodetic approach.



Fig.4 Japarand Osaka aregeodetic networking
2.2 GPS GNSS Geodetic networkingsince 1995 Kobe earthquakéo UN-GGRF initiative

Having learned from 1995 Kobe earthquake a0d1 EastJapan earthquakeve have been
developingworld leading GNSS surveying, introduced from Germany since 1999. Since then,
we had critical situations in cadastral survey both in urban and forestry areas, in accuracy,
reliability and efficiency, to pursueal time point positioning. As satellite photogrammetry has
reached to the accuracy level of 10cm on the ground andéhml camera is noabandoned

we proceeded to set up public photogrammetric specification for cadastral survey in 2016, using
Digital Globe: World View2 stereo images of Kyoto University area. For ground control
accuracy, our FKP real time satellite surveying reached to 1cm accuracy level.

To establish IGS ECRetworkingin UN-GGRFinitiative for panpacific earthquake beltsve
established OsaKREGASUS( Parameter Estimation Gnss Assisted SUrveying Syseatter

in Osaka (GeoNet office roof) where Osaka active faults pass &hiifiROsaka St..



PEGASUS-center Septentrio Antenna/Receiver

Fig. 5 PEGASUScenter reference station
3. OSAKA URBAN PLANNING AND CADASTRAL SYSTEM

Osaka was memorized with 2 major national level constructiondNémiwa first capital
planning(645 AD.) andOsaka castle urban plann{i§92A.D.).

Fig.6 Naniwa first capital planningcourtesy of Osaka city HP)

After modernizatiorof Japan from 1860s, national first cadastral mapping was established in 3
capital size cities, Tokyo, Kyoto ar@dsaka(1908 A.D.) asurban cadastral maps and books



Major street and subway plan in Osaka was organized with Japanese Aerial photos (1928) and
continued (1942) foanti bombing reconstruction projects in Osaka.

After bombingas part of nationwide aerial photos by USAB48) we constructed 4Ddmage
Map Archive of Osaka city starting from JBsaka station and Osaka city hall is.
This area isvell known active faults area of expected cycle of 200 years (Uemachi fault).
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Fig.7 4D Image Map Archive : 1927 Osaka maps and 1948 aerial photos

4. OSAKA ALKIS TYPE CADASTER

German GISe( GeolnformationsSystemejusmmarizedn GeolnfoDok and cadastral system

is regulated in ALKIS system. Aiming at 3D GIS, based on WGS84/GRS80, Global Geodetic
Reference Frame could be applied through Parameter Estimation GeodesylarabhéMap
Archive Designed SUrveying System( IMADAS fdrast) CAD-Globe concept was created on
AutoCAD in 1992 by me.

4.1 Osaka GGRF: Global Geodetic Reference Frame

IGS( International GNSS Service) Global Geodetic Reference Stations(ca. 500) are mapped on
Latitute Longitude coordinate system and WGS84 allghsn AutoCAD. Japan Electronic
Control Points are also adjusted by parameter estimation method: GEONAP.



Fig8 UN-GGRF Osaka geodetic networking
4.2 Osaka Historical Reality: First photogrammetric mappings
Aerial photos are adjusted by buntti@angulation software to reconstruct Historical Reality in

1971 after Osaka EXPO1970 on Summit Evolution with 3D display with and without polarized
glasses with AutoCAD, to establish 4BMIADAS Osaka station area.

Fig.9 Osaka 1971 stereo model afieXPO1970



