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SUMMARY

The cadastral system in Malaysia needsittlize appropriate technology such as innovation
in Information & Communication Technology (ICT) to efficiently suppmnbodern cadastral
system and infrastructurélbiquitous positioning by integrating multi-sensor and mobile
database management system is an ICT innovation, whinhpwvide benefis to the
cadastral surveyingommunity such as aidingisers in finding and/or updating information
on the cadastral boundary ank on siteln this paper, aRFID-based cadastral boundary mark
system(RCMBYS) is discussed. The main aim of the RCBMS is to modernize the conventional
cadastral boundary magkvith marks that ardighter, robustandeasy to locateand which
offer the capaltity to performspatialnon-spatial cadastral information on siiehe RCMBS
contains few subsystenand each componentf the subsystermeeds to be developed in
order to execute the systeAprototype platform of the RCBMBas beemproducedo gatrer
moreinformation, demonstrate the functionality to help solidify requiremeamis technically
understand the problesof the systemit is expected that the RCBMA&ill provide a valuable
support for cadastral practice in the country.
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1. INTRODUCTION

The technical future afadastravas explored in #1990s and resulted* Cadast+fae 2014
blueprint of technical advancement which as very useful guide to plan for future
development othe land administration system. The vision of Cadastre 2014 is to present a
comprehensive land recording system drder to replace the traditional institution of
‘Cadastre’ and (Kaufraam & St&udley,i1398 TheaMailaysian government
intends to implement Cadastre 2014 in its land registration system and cadastral data
management. In Malaysia, there dwo organizations that are responsible for managing and
maintaining the cadastre system: (1) The Department of Survey and Mapping Malaysia
(DSMM) - responsible for preparing, producing and managing the cadastral spatial
information including the surveyinand mapping of the cadastre parcels; and (2) The Land
Office (LO) — responsible for managing cadastral attribute informatiom.move toward
Cadastre 2014, the Malaysian government has introduced and implemented two systems; the
land registration systemallede-Tanah by the LO ande-Kadasterby the DSMM.These two
systems are considered as stepstone towardthe modernization ofhe cadastre system in
Malaysia In the case oé-Kadaster all the six (6) statements of Cadastre 20ade been
explicitly executeqHua, etal., 2012)

The cadastral system in Malaysia needs to make use of appropriate technology such as
innovation InICT to efficiently supportthe modern cadastral system and infrastructure.
Ubiquitous positioning by integratirgmulti-sersor and mobile database managemygsitesn

is an ICT innovationwhich an providebenefis tothe cadastral surveyingpmmunity such

as aidingusers in finding and/or updating information cadastral boundamnarks on site

Tcha (2006)proposedthe posdility to acquire cadastral information by wireless network
utilizing Radio Frequency ldentification (RFIDyhich can be installed in the boundary mark.
However, superiotnternet service and coverage must be ensured to capture the information
for the apftication of this proposedapproachMuslimanet al (2012) use an approach of a
low-costubiquitous positioningy integratinga multi-sensor and online database in a single
systemin order to locate and retrieve information of cadastral boundarnys onsite, in real

time. Their research focuses thre Malaysia cadastral system with the possibility to agply
cadastral celbased concept for the proposed system. In this paper, we extend the above work
on the prototype of RFIfbased cadastral boundary magstemor simply RCMBS.

This paper is organized intfive sections. In Section 2, the concept of the RCBMS is
highlighted. In Section 3, prototypes tie RFIDbased boundary mar&nd thesystem
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applicationsare emphasized. Discussion on the needs foloa study andhe possibility to
test the RCBMS is provided in Section 4. Finally, Section 5 highlights the overall idea and
concludng remarks

2. RCBMS: THE CONCEPT

The main aim of the RCBMS is to modernize tonventional cadastral boundary mavith
marks that ardighter, robustand easy to locateand which offer thecapalility to perform
spatial non-spatial cadastral information on site.

2.1 The Approach

The RCBMS design matters for this studgre/conducted in order to achieve the followi
criteria (a) ablity to acquirespatial andattributesinformationof a cadastral boundary mark
directly onsite; (b) a lowcost system and minimideime to locatethe cadastraboundary

mark and retrieval of cadastral information; (cjlip to utilize the National Digital Cadastral
Database (NDCDB), and (d) a single systermanagecadastral boundary mark information.
The common approach to achieve the above criteria therefore will consist of technology
update, input of cadastral information, etfon system development and contribution from
the potential user (séagure 1).

Figure 1. Common approach of the RCBMS.

The RCBMS is adoptedsa combination of Global Positioning System (GPS) and the RFID.
Both technologies are straigttward interms of application that is to effectively support the
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RCBMS user to navigate to the location of the boundary mark and to retrieve its cadastral
information, respectively. The focus is also given on the mateassdslin making of the
boundary mark where recyclable materialsare preferred, and a technology in material
engineering is applied to produce strong and durable boundary marksadbw

The DSMM has successfully developed the NDCDB for Peninsular Malaysia. This national
database containte digital cadastral information as the backbémethe e-Kadasterby
DSMM which serves cadastral activities in the country. The NDCDB is to be utilized as the
primary data source to facilitate the RCBMS. The challenge is therefore to synchronize this
large database of NDCDB with the mobile database within the RCBMS.

The development of RCBMS consistsQiflsystem A- multi-sensors integration and design
of the RFIDbased boundary mari§ulsystem B- the key to success in the RCBMS is the
cadastral bowtary mark management system that deals withb@sed structure to optimize
data query and retrieval from the mobile database; Sutdystem C- to design mobile
applicationsof RCBMS within the RFID readeprocessing unitFigure 2 illustrates these
three subsysterawithin the RCBMS.

SubsystemA Subsystem B Subsystem C
RFID-based Boundary RCBMS Cadastral System
Mark & Scanner Database & Searching Applications

Technique

3T

(e
¥ = |
A

&

Figure 2 Subsystenof the RCBMS

The final approach in the RCBMS is to attain the cooperation amahggjovernment
agency, university and private sector. The governnageities, specifically the DSMM

work on the polcies, requirements and guidelines to ensure best practice of the RCBMS
amongst the private sector. The universigy responsiblefor conducing research and
providing training for the RCBMS, both for thgovernment agenciesd private sector. The
private sector wvill benefit from the RCBMSn its cadastral activitiesandwill also provide
valuable inpu to improve the system. This approasfhcombining the interesiof theabove

three parties will ensure best practice and flexibility of the RCBMS.

2.2 Cadastral Cell-based Concept
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Muslimanet al. (2012haveproposed a celbased concept in order to manage the cadastral
data for the RCBMS. The ceddlasedconcept asbeen used in the telecommunication industry
which is also referred to as the Globakf&yn for Mobile Communication (GSM). The GSM
network is made up of geographic areas. As showhigare 3, these areas include cells,
location areas (LAs), mobile services switching center (MSC) or visitor location register
(VLR) service areas and publi&rld mobile network (PLMN) areas.

PLMN SERVICE AREA (1 operator's network)

MSC/VLR SERVICE AREA (area covered by 1 MSC)

LOCATION AREA (1 MSC consists of LAs)

CELL (area covered by 1 BTS)

T

Figure3: Network Areas.

The cell is the area givg radio coverage by one base transceiver station. The GSM network

identifies each cell via the cell global identity (CGI) number assigned to each cell. The
location @&ea is a group of cells which is the area in which the subscriber is paged. Each LA is
served by one or more base station controllers, yet only a single MSC/VLRKigtiee 4).

Each LA is assigned with a location area identity (LAI) number.

Figure4: Location Areas.

An MSC/VLR service area represents the part of the GSM network that is covered by one
MSC and which is reachable, as it is registered in the VLR of the MSC (refer B)gure
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Figure5: MSC/VLR Service Areas.

Similarly, the spatial de-based concept can be applied for the RCBMt& the RFID tagged
marker being placed at spots acting as the MSC/VLR. It is detadrthiae the shape of the
cell is square, grid or hexagon (refer Fig@yeJeong et al. (2011) have also utilized the same
concept of applying the RFID technology in their prototype systeaB&f cadastrén Seoul,
Republic of Korea.

Cadastral
parcel data

Modern

Boundary Marks
with RFID tag

(Omni)

< Spatial Ce_tll-
based Grid

RRALNG

Parcel 6s ____»
marks

Figure6: Grid type ofspatialcell-based concept.
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2.3 Mobile Database for RCBMS

As aforanentioned the Sibsystem B of the RCBMS dis with the cadastral boundary mark
mana@ment system. In this subsystdies the conceptual and physical development of the
database irstandard structured query langug@®QL) format for mobile database support.
Since a mobile device has storage and gassing power limitation, the use afmobile
database is proposed for committingtal changes or updates as seerthie field. The
application also will send RFID tag information tae current location to retrieve existing
NDCDB information atthe serverfarm in realtime. It is not applicable to stotbe whole
NDCDB in a mobile device such as in the RFID reader. Therefore the use of server side
scripting is proposed andill be embedded within the application system architectine
data format returreefrom this server side scripting for NDCDB information is in the form of
JavaScript Object Notation (JSON), i.e. a #eased open standard design for hureadable
data interchange acroasnulti-platform. It is derived from the JavaScript scriptinggaage

for representing simple data structures and associative arrays, called objects.

In the RCBMS, a secondary database engine (MySQL) was used to support the server side
tasks and scripting. The MySQL database is used to store RFID tag informatiaumdibo

marks and its unique public identifier (UPI) kayhich will virtually connect tahe existing
NDCDB. The user will send a request to the server via the application in C# environment. At
the server side, each request will be processed to perfanaastiastructured query language
(SQL). The returnedesults are the information @&n RFID-tagged cadastral lot with its
associated boundary mark and attribinfermation. The oncept of this application is shown

in Figure?.

UPI=RFIDTagID

Application
Interface (C#) Mobile
L database

" S0L selectiom |

I Output
I
! NDCDB where : (JSON)
I I
| |

Internet

|

Database Server (NDCDB)

Figure7: The concept oRCBMS mobile database and query system
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A hypertext preprocessor (PHP) is used to perform the server side task. Once a ss&r send
request to the server, the SQL query will be executed and outputted as d&Cbrshat (as
shown in Figured). Figure9 shavs the SQL select function code written in PHP.

| $query = sprintf ("SELECT * FROM RFIDSTN INNER !
| JOIN LOT ON RFIDSTN.UPI = LOT.UPI JOIN STN ON l
| RFIDSTN.UPI = STN.UPI JOIN BDY ON RFIDSTN.UPI l
| = BDY.UPI WHERE RFIDSTN.Tagl D l
| =" $rfidtagid."); i
! |
! |

it (mysqlnum_rows($resuiy>0){ |
! $output['ndcdb"] = array(); |
: while ($row = mysql_fetch_array($result)) { i
! $data = array(); !
! $data["FID"] = $row["FID"]; :
: $data["UPI"] = $row["UPI']; !
! $data" NEGERI"] = $row['"NEGERI']; !
! $data["DAERAH"] = $row['DAERAH"]; !
! $data["MUKIM"] = $row['DAERAH"; !
| $data["SEKSYEN"] = $row["'SEKSYEN"]; !
! $data["LOT"] = $row["LOT"; !
: $data["PA"] = $row["'PA"]; !
| $data["APDATE"] = $row[" APDATE"]; !
| $data['S_AREA"] = $row['S_AREA"; !
| $data['M_AREA"] = $row['"M_AREA"; !
| $data['G_AREA"] = $row['G_AREA"]; !
| $data["LANDUSECOD"] = $row["LANDUSECOD"]; |
i $data["LANDTITLEC"] = $row["LANDTITLEC"]; |
: $data['ENTRY MODE"] = $row["ENTRYMODE"; |
! $data["UPDATE"] = $row["UPDATE"]; i
! array_push($output['ndcdb"], $data); [
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

echo json_encode($output);

}

else {
$output['message"] = "No data found";
echo json_encode($output);

}

Figure9: Sample of JISON syntax within PHP for output from database server.
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3. PROTOTYPE COMPONENTS OF RCBMS

As indicated in Section 2, the RCMB®rtains severalsubsystemsand each component

needs to be developed in order to execute the system. The idea is to develop a prototype
platform which can gather more information, demonstrate the functionality to help solidify
requirements and technicallpderstand the problem of the system.

3.1 Prototype 1: RFID-based Boundary Mark

In Prototype 1, the focus is in producing the cadastral boundary mark itself. For many years,
the conventional cadastral boundary mark has been used in Malaysiaalie from concrete

in the form ofa cylindrical shape witladimension of 7Gnm in diameter and 60@m, with a

weight of approximately 7kg. This type of boundary mark to a certain extent is heavy to
transport, brittle and ésnot carry any informatioon site.The main ingredients in Prototype

1 are chosen from recyclable materials to ensureclost productioncomparedto the
conventional concrete type boundary mark. These recyclable materials consist of palm oil ash
(POFA) and pulverizéfuel ash (PFA (see Figurd.(; left).

Figure10: POFA and PFA (left) and compression test (right).

Table 1: Compression test results on threepsasof Prototype .1

Code Sample A Sample B Sample C
Weight of Specimen (kg) 0.83 0.85 0.82
Diameter (mm) 70 70 70
Ar ea of Section (mm) 3850 3850 3850
Crushing Load (kN) 13.3 13.9 13.1
Strength (N/mm) 3.5 3.6 3.4
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The compression test was performed on the three samples of Prototype 1 1Bigigiet) by

the Civil Engineering Testing Unit (CETU), Universiti Tekagi Malaysia. The compression

test indicates that all samples have almost similar results (see Table 1), although Sample B
has shown better impact on crushing load and strength. This could be the reason of the weight
of thespecimen in Sample B which isgditly heavier than the other two samples.

Severalstepsin producingthe model othe RFID-based cadastréoundarymark are shown

in Figure 11 While most steps can hadertaken irbetween Jland2 days, the curing process
requires alonger periof time. In the case of concretbetduration of curing depends on the
grade and type of materials, mix proportion, desired strength, shape and size of the concrete
memberand environmental and exposure conditions. The duration may varafi@mdays

to a nonth (Kulkarni & Pereira, 2011)Experience in Prototype has suggested that the
curing processs between 7and 28 daysin order to develop strength and durability of the
boundary markThe final step in Prototype 1 is to equie modelwith the RFID tag. A hard
plastic cover was used to protelae tchipped RFID tagnd it allows a signal from the RFID
reader to access the tag. The complete model of the-B&3Bd cadastral boundary mark
with its standard dimension is also shown in Figlite

75mm

2/ Boundary Mark ready
/ :
- for Curing Process

RFID tag with
Prospekhard

DI0 0

Grinding Process
Preparation of Mould

Figurell: Steps in producing the RFibasedoundaryMark.
3.2 Prototype 2: The Applications
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The RCMBS consistof severalapplications to function as a complete systenirototype 2

these applications were developetthin the RFID readeby usirg C# Microsoft Visual

Studio programming languagEigure 12). The source codes of twBCBMS applicationsfor

integrationof spatiatlattributecadastratiata anduser RFID interface wereoded in the RFID
reader

[ CobstraRFD Dema - Wicrosat Vsl Stud
Fle ER Vew Reair Ppt B Ddup Dda Tods Tet Wndw b

S lb by o i) 3335820

Jioaselzg=20 aaal

Ready [ I U U %

B o Q050 ssm

Figurel2 The ®urce coddor RCBMS applications.

In the case of the spatiattribute data integration, the main task of the source isoiegrab

the cadastrahttributesonce the RFID readas able toscan thetag ID of the RFID-based
boundary marksee also Section 2.3)hese atthutes were arranged ieachindividual data
tablethat requirs a fast data search engine through the database. Next, the source code will
instruct the RFID reader to displ#yese attributes and the spatial data accordingly. Fidire
demonstratethis aplicationas developeth Prototype 2 of the RCBMS.

The source code fahe user RFID interface is a command or menu through which a user
communicates with the RCBM8a the RFID readelThe user interface in the RCBMS is a
menudriven interface in wich a user can select command choices from various menus
displayed on the screen of the RFID readé&e user only needs to scan the RFID tag of the
boundary mark in order to activate various menus and to retiteveadastral information
provided througtthe user interface. Figutel shows the user interface of the RCBMS which
was developed in Prototype 2.
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Figure 14: RCBMS user interface.

International Federation of Surveyors 12/14
Article of the Math— November 2014

Tajul Ariffin M usa,Abdullah Hisam @nar, Ivin Amri Musliman Siti Syukriah Khadan Yip Kit Mengand
Kamaludin Qnar
RFID-Based Cadastral Boundary Mark System (RCBMS)



4. The Next Steps

There area few aspects of thRCBMS that require further investigatiofs aforementioned,

the main aim of the RCBMS is to modernize the conventional cadastral boundary mark with
marks that ardighter, robustand easy to locateand which offer thecapalility to perform
spatialnon-spatial cadastral information on sii@ the next stepf this study a consideration

is givento integrate the GPS sensor with the RCBMS. TieS sensor may utilize the
coordinates in the databasenavigaé the RCBMS user to the location of the boundaayk.
However, the navigation soluticais estimatedby the GPS sensanay result in horizontal
accuracy up to 1 at 95% confidence leveNavCen 2008).As the location of the current
boundary mark is not necessarily with clear sky ungyeconditiors, this is a challenging task

for the RCBMS.

Next, it is suggestetb improve thecrushing load and strength thie cadastral boundary mark

in Prototype 1 (see TablB in order tomanage with the condition of the surwegrk. The
possibility is to mx the recyclable materials with some amount of composite material such as
coarse granular imbedded with ceménis predictedhatthe strength of the materials will be
increased buwill be slightly heavier hanPrototype 1Subsequentlythe focusmustbe given
onthe dimension of the spatial céldsedgrid (see Section 2.2). Treell dimension is crucial

to ensure the efféiveness indata retrieval from the RCBMS databa8epossible solution is

to classify the cadastral lots in that certain afemexamplethereare different numberef
cadastral loten rural and urban arsa

Another importantissuein this study is toquantify the benefi of the RCBMS, and then
comparehese with the costs involvede. costbenefits analysidn this way, thalecision can
be made&o proceedor carry outseveralmodificatiors in each prototype dhe RCBMS In
addition, a smalkcale experimentr pilot study couldoe highly beneficialduring ths cost
benefits analysis with a reasonable sampledipadastrblots.

5. Concluding Remarks

This paperbriefly summarizeghe concept andnitial prototype components dhe RFID-
based cadastral boundary mark system or RCMB® designapproachof the systemrhas
takeninto accountthe technologyupdate,input of cadastral informationand theeffort on
system development and contribution from the poteR@EBMS uses. The concept of spatial
cell-basedgrid is also explainedo manage the cadastral daiathe RCBMS. Moreover,the
use ofa mobile database is proped for committing @a changes or updates as seethe
field. The mobile database is also suitable for the RFID readéredbat usuallyhas storage
and processing power limitatiom Prototype 1 of the RCBMShé recyclable materials have
been useds the main ingredients producing theboundary markThe compressiorest of
Prototype 1 showthat thesamplecan deliver up td3.9kN and 3.6N/mm on crushing load
and strength, respectivelin Prototype 2the source codes of two RCBMS applicatidor
integration of spatiattribute cadastral data and user RFID interface were coded in the RFID
reader.The RCBMS is expected g&peed up the time taken thausually used tdind and/or
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update the cadastral information on sktoreover the RCBMScan generateevenue from
service feswhere the user maye able to retrieve the online cadasirdbrmation
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