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Currently, the application of a multipurpose cadastral system in
3D to support modern cadastre has many technologies. One of
them uses BIM and GIS as the perfect approach in providing
spatial information related to legal certainty, land assessment,
and use of space.

In essence, the cadastre is used as a record of land
rights and part of the land administration function
towards sustainable development.

Multipurpose cadastre is an integrated land information system
containing legal (e.g. property ownership or cadastre), physical
(e.g. topography, man-made features), and cultural (e.g. land use,
demographics).

Introduction

(Mahmood and Ahmad, 2015; Abdulharis, 2012,
Intergrated and Modified by Author)
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(Herley, 2020)

BIM Supports
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(alif et al., 2019)

(Rajabifard, 2008)
(Atazadeh, 2018)

BIM Support and 3D Cadastre
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Irwansyah, 2017

Adhisakti, 2017

Baik, 2021

Heritages BIM-Culture Space Conservations
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How to Implementation of 
3D Cadastre in Indonesia?

More of ..
Local Languages?
Culture?
Different of Architecture?

Implementing 3D Cadastre in Bali.
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Implementing 3D Cadastre in Bali.

Do you have any knowledge of Bali Island?
What makes Bali a unique location?
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2D Information 2,5D/3D Drawing Information

Picture in front of the temple

Implementing 3D Cadastre in Bali.
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Why need implementing 3D Cadastre in Bali.

Complex 
Architectural 
Patterns and 
Adat
Semantics.
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Culture Space Conservations Catusparta/Puri

Since the era of Indonesia's independence in 1945, royal power
has diminished but Balinese people still maintain strong ties
between aristocratic descendants and their regal associations.

(Yudantini, 2015)
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To maintain a harmonious life, Bali 
establishes the concept of Tri Hita Karana.

Unsur Atma (Jiwa) Prana (Tenaga) Angga (Fisik/jasmani)

Universe

(Bhuana

Agung)

Paramaatman (The 

One Almighty God)

The power that moves 

nature

The Five Elements of 

Mahabhuta

Village Kahyangan tiga

(Village Temple, 

Puseh, and Dalem)

Pawongan (Village 

people society)

Palemahan (Village 

territory)

Banjar Parahyangan

(Banjar temple)

Pawongan (Banjar 

people society)

Palemahan (Banjar 

territory)

House Pamerajan/ 

Sanggah

Family members Ownership boundaries

Human 

(Bhuana alit)

Atman (human 

soul)

Sabda Bayu Idep Human body

PARHYANGAN

PAWONGAN

PALEMAHAN

Tri Hita Karana Concept in Balinese Spatial Planning
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Relate

Tri Hita Karana Concept in Balinese Spatial Planning
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Utama Mandala

Madya Mandala

Nista Mandala

Nista Mandala

Madya Mandala

Kaje
(North)

Kelod
(South)

Kauh
(West) Direction

Kangin
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Sunset (Death) Sunrise (Birth)

Kaje (Mountain)

Kelod (Sea)

Kelod (Sea)TRI MANDALA (ORIENTATION AND 
RESTRICTION ZONE)

Tri Hita Karana Concept in Balinese Spatial Planning
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Utama Mandala

Madya Mandala

Nista Mandala

East (Kangin)

West (Kauh)

Sunset (Death) Sunrise (Birth)

Sunset (Death) Sunrise (Birth)

Tri Hita Karana Concept in Balinese Spatial Planning

TRI MANDALA (RESTRICTION ZONE)
Highest 

(Upstream)

Lowest 
(Downstream)



30/11/2021 16 16Ketut Tomy Suhari, S.T., M.T. – Institut Teknologi Nasional Malang

Implementation of Customary Cadastre with Integrating BIM and GIS on SuperMap Software in Bali, Indonesia

The 4th International Workshop on GIS Technology and Application – 2021

TRI ANGGA (RESTRICTION ZONE)

Utama Angga

Madya Angga

Nista Angga

SEA

Local Area

Public Area

Secret Area

Mountain
Highest 

(Upstream)

Lowest 
(Downstream)

Tri Hita Karana Concept in Balinese Spatial Planning
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The basic measurements used in
traditional Balinese houses are using
Asta Kosala-Kosali and Asta Bumi lontar
instructions. The basic measurements
used are based on the body size of the
owner of the house, so that one Balinese
house with another Balinese house has
different sizes based on the elbow or the
size of the owner of the house.

Conventional Measurement with 
Balinese Traditions.
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Sanggah (Families Temple)

Bale Daja (Parent’s Room)

Penunggun Karang
(Guarding of House)

Bale Dauh (Guest’s Room)

Penyengker (Boundary)

Natah (Playground) Bale Dangin (Art’s/Life 
rites and death rituals 

room)

Lumbung Padi / Jineng
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for rice

Bale Delod (Children’s Room)

Paon (Kitchen)
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SANGGA DEWATA (RESTRICTION ZONE)
Utama Mandala Madya Mandala Nista Mandala

Tri Hita Karana Concept in Balinese Spatial Planning
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Maximum “4-5 floor (15 Meters)”
Maximum 4-5 floor (15 Meters)

“The Province of Bali regional regulation number 16 of 2009”

BUILDING HEIGHT (RESTRICTION ZONE)

Tri Hita Karana Concept in Balinese Spatial Planning
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TRI HITA KARANA CONCEPT IN
3D CADASTRE
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3D Cadastre Relationship with Adat/Culture (Customary Cadastre)
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The Architecture Bali
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3D Cadastre Relationship with Adat/Culture (Customary Cadastre)
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ASTA KOSALA KOSALI

TRADISIONAL LAND USE

(Suhari et al., 2019)

Homogeneous spatial pattern.
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(Suhari et al., 2019)

Toilet

Homogeneous spatial pattern.
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The traditional Penglipuran village with its distinctive
Penglipuran traditional Balinese spatial layout and building
architecture has become a unique tourist destination and has
been designated as a tourist village by the Bali Regional
Government since 1992 (Astuti, 2002 in the writing of Kasuma
and Suprijanto, 2012)

Penglipuran Village
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High Definition Surveying

Integration of point clouds from TLS and Orthophoto
RMSE = 0.003m or 3 mmPhotogrammetry (3D 

Acquisition) H=70m, 
FO=75%, SO=65%, 

RMSE = 0.196
R=1,89cm/px

HLS for detail

Gnss Observations
(3 hours) – (E=0,3mm, 
N=0,3mm, H=1mm)

TLS (12 mm for density)

Reviews
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(Reshetyuk, 2009)

30-40% overlaps

Reviews: Laser Scanning

(Wibowo, 2013)

(Soeta’at, 2003)

(Theiler, 2012)

Registration of Point Cloud



30/11/2021 29 29Ketut Tomy Suhari, S.T., M.T. – Institut Teknologi Nasional Malang

Implementation of Customary Cadastre with Integrating BIM and GIS on SuperMap Software in Bali, Indonesia

The 4th International Workshop on GIS Technology and Application – 2021

(Geppert et al., 2020)

Bundle Adjustment:

Minimum Error:

Triangulation

(https://ai-mrkogao.github.io/vision/structurefrommotion/)

(Yilmaz, 2013) (Yilmaz, 2013)

(https://se.mathworks.com/help/vision/ug/structure-from-motion.html)

Structure from Motion – Close Range Photogrammetry
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The Penglipuran Temple
segment has an average
RMSE of 0.004 m

Traditional House
segment no. 8
Average RMSE
0.003 m

Penglipuran Village road 
segment with an average 

RMSE of 0.006 m

REGISTER POINT CLOUDS INTEGRATION

Reviews
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The difference between the coordinates of 
the point clouds and the coordinates of the 
ETS measurement results.

VALIDATION OF POINT CLOUDS RESULTS

The difference in model validation results is 
below 0-2 mm
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Calculating the difference between the coordinate 
values of the points on the model and the point 
coordinates of the point clouds

Verification of Modeling 
Results

Reviews
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MODEL VERIFICATION

Dimensions
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Point Cloud BIM

Results
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Hamdani, 2020
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IfcBuilding

IfcBuildingStorey

EVALUATION PROJECT / IFC
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IfcWall

IfcSlab
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IfcSpace

IfcBuilding

IfcBuildingStorey

EVALUATION PROJECT / IFC
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IfcRoof

IfcWall

IfcSlab

IfcSpace

IfcSpace

IfcVirtualElement

EVALUATION PROJECT / IFC
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IfcRoof

IfcWall

IfcSlab

IfcSpace
IfcSpace

IfcVirtualElement

Kitchen Parent’s Room

IfcSpace IfcSpace

IfcRelSpaceBoundary

IfcVirtualElement IfcConnectionSurfaceGeometry
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Kaja (N)

Kelod (S)

EVALUATION PROJECT / IFC & IK 3R
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Results
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Results
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SuperMap iDesktop

SuperMap iServer

SuperMap iPortal

Implementing Customary Restrictions in Penglipuran Village
In SuperMap Software

Method:

Data Processing

Data Publishing

Scene Viewer iEarth

Collaboration with Indonesian SuperMap Team

The integration of BIM and GIS can provide
an overview of customary law and
restrictions that apply in one customary
village. This integration makes it easier for
stakeholders to decide on modernization
restrictions to maintain their traditional
buildings.

Results
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Conclusion

Customary/Adat Cadastre is important to be implemented in
Indonesia. Because this activity will be socially related, considering
that Indonesia has thousands of traditional villages scattered
throughout Indonesia. A customary cadastre is not simply depicted
in 2D; a registration system or recording in 3D is required. Thus, to
identify customary adat (Right, Restriction, Responsibility) can use
this 3D cadastre integration in various jobs (multipurpose cadastre)
to support the function of the land registration.

Integrating BIM and GIS makes it possible to follow up on Bali
regional regulations regulating building heights and modernization
zones restrictions. It is an initial effort in the conservation of
customary space in Bali. Likewise, that can apply in several other
villages or even other countries that require the conservation of
these customary spaces.
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Thank You
Matur Suksma

If you would like to connect with me:

Ketut Tomy Suhari

ksuhari@lecturer.itn.ac.id

or


