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SUMMARY

This paper discusses 3D compression techniqueshd#vat been developed over the last few
decades. These techniques were often addressesernms f geometry and connectivity
compression. Basically, almost all techniques amrbvide solution for efficient 3D objects
storage. Until recent years when the XML standaad imtroduced, then, various data sharing
standards were being developed for various apmitst One significant data standard for 3D
city model is CityGML. Due to the nature of XML sana, problem arises for CityGML in
terms of data size for sharing data within Spabata Infrastructure (SDI). The generic
problem of the XML standard is discussed and thed$ to various inventions of XML
compression techniques within the computing donfaince the data sharing activity over the
internet is getting important, then, XML compresstechniques able to provide solution for
efficient data transmission over the internet wh&w#L utilization in SDI and the importance
of data sharing standard over the web service emvient are really needed. However,
customization of such techniques for the suitabibf 3D SDI is required. This paper
describes various data compression techniquesabiald be appropriate or suitable for 3D
SDI domain, in order to achieve efficient transnossor minimum bandwidth usage as well
as for the storage usage of 3D spatial objectss paper also highlights some future works
and the outlook of the intended research experiméhtn the 3D SDI framework.
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Compression Techniquesfor 3D SDI

Chengxi Bernad, SIEW and AliasABDUL RAHMAN, Malaysia

1. INTRODUCTION

Compression techniques are commonly found in dosnauth as computer graphics and
multimedia. Compression is often applied in imagemiats such as Joint Photographic
Graphics (JPG), Portable Network Graphics (PNGnBp (BMP), etc. Each format defines
its own compression algorithm for digital imagesnifar to image compression, compression
in 3D objects had been extensively discussed irc@Dputer graphics domain over the last
decade. Various techniques are discussed and mwposcompress 3D objects for efficient
storage (Peng, 2005). On the other hand, due tadh@ncement of internet, web services are
being created to provide services for various apfibns over distributed environment. This
advancement of web services leverages the advantdg@ML standard. However, the nature
of XML schematic structure tends to produce lanie dize, which is a common problem
when describing geographic entity via Geographickdp Language (GML) and CityGML
(Goetz et al., 2010).

Compression techniques are categorized into lossypoession and lossless compression.
Lossy compression techniques degrade quality aftid@ata to reach an optimum files size
with acceptable quality. This is commonly foundrmage compression, where a BMP image
could be compressed into JPG image with a sigmficaduction of file size and quality
degraded but yet acceptable. Lossless compressiphasizes a compression algorithm
which is able to perform exact reconstruction @ ohiginal file from the compressed data.

Common lossless compression method for textual ocesspn is GZIP. Lossless
compression is used when the decoded data is ¢démtith the encoded data, and deviation
or degradation of such encoded data is prohibitats method is suitable for compression of
source codes.

In 3D SDI, CityGML is becoming popular for repretag 3D city model and 3D city storage
schema. Such schema was proclaimed as Open Gebspatisortium (OGC) standard in
2009. This standard is commonly used for interdpéta within 3D SDI web services
(Basanow et al 2007, Zipf et al, 2007). The adwgegaof CityGML for 3D city model
representation had been discussed (Kolbe, 2005;,QG@). However, according to Mao,
(2009), data storage schema using CityGML for gdanity will reach several Gigabyte (GB)
and this could be problematic for effective trarssion within 3D SDI web services. This
technical problem might degrade the user experiemceterms of performance and
expectations.

Since CityGML is a textual XML standard based schgetextual compression seems to be
highly relevant. However, as CityGML stores spatiérmation specified for 3D city model,
compression in geometry and connectivity will alse useful. Therefore, compression
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algorithm for semantics from CityGML as well as gesry information can be reviewed and
further improved to suit the 3D SDI scenario.

In this paper, various compression techniques ftomputer graphics field, which is suitable
for 3D SDI especially 3D city model, is discusskdSection 2, compression techniques for
geometry and connectivity are reviewed as wellagal textual compression algorithms. In
Section 3, some comparisons of these techniqugzresented while in section 4, conclusions
and future directions for this research are dissdiss

2. COMPRESSION

Mesh compression is one of the famous compresemmiques for compressing 3D objects.
Generally it could be categorized into geometryconnectivity, or both geometry and
connectivity compression. Connectivity compressigiers to the compression in topological
way on 3D objects, while geometry compression redube size of 3D objects in terms of
geometrical approach. Over the last decades, dewesh compression techniques are studied
from triangle mesh aspect to polygonal mesh conspesaspect. Triangle mesh compression
technigues often use conquest triangles technigji@Med by a set of rules and use operators
to store the conquered mesh until the last meglogsietted. On the other hand, polygonal
mesh compression defers the triangular approack{Pémg, 2005), triangulation of a 3D
object imposes extra cost in computation and efficy. Triangulation also causes the
possible loss of originality of mesh connectivityedto the re-triangulation process. On the
other hand, polygonal mesh compression directlyoées the 3D objects without pre-
triangulation.

Geometry compression related researches are destbg<Deering, (1995), Isenburg, (2000),
Taubin, (1998) and Touma, (1998), whereas conrigcttompression which could be sub-

divided into edge-based compression and vertexcbasenpression. Edge-based related
techniques have been discussed by Rossignac (E9@PRSzymczak (2003) while vertex-

based techniques are discussed by Alliez (200d)lfanma (1998). It is noticeable that some
of the techniques are using both geometry and ativitg approach to obtain a better

compression ratio.

On the other hand, Sakre (2009) studied severaldkekased compression techniques which
are specialized in XML-based compression. Thosknigaes directly deal with input file in
textual form, such as source files for any appiicatThese textual compression techniques
are of lossless type.

2.1 Geometry and Connectivity Compression

Generalized Triangle Mesh (GTM) by Deering (1995) & compression method that
constructs a linear triangle strip by converting thrgeted triangle data from 3D object. GTM
stores vertices and old vertices will be pushed iffer list or mesh buffer. Such explicit
storage for the visited vertices is due to the icaaf linear strip approach on the model,
whereby some interior vertices will appear twiceha strip.
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Quantization of geometry coordinate is also onegebmetry compression techniques.
Quantization is divided into uniform or non-unifortachnique, scalar or vector category
(Peng, 2005). Giving an example, quantization ifionm way is by fixing the bit number of

floating point number within 8bit to 16bit resolomi. Deering (1995) and Chow (1997)
proposed prediction method where Deering’s (1998thid (Figure 1) predicts floating point
number of 10 bit to 16 bit resolution whereas thdel predicts 9 to 12 bits quantize
resolution. The first method produced results naggrom 17 to 26 bits per vertex (bpv)
whereas another method produced results rangimg #® to 18 bpv. By this comparison, it
shows that different quantize resolution produdéedint bpv which as a result, produce
different 3D object size. Quantization is appliededto the limitation of human eye’s

perceive-ability on IEEE 32-bit floating point nueth which means some bit resolution
existence do not affect much in terms of visuaiorat

Compression techniques for graphic object exterfdau triangle meshes compression to
polygonal compression and from single-rate compoas® progressive compression, either
type resembles lossy or lossless type. A compnessschniqgue may be lossless in
connectivity, but may cause lossy in geometry, \ane versa.

25 26 29

Generalized Triangle Strip:

R6, 01, 07, 02, 03, M4, M8, 05, 09, 010, M11,
M17, M16, M9, O15, 08, O7, M14, 013, M6,
012, M18, M19, M20, M14, 021, 015, 022, 016,
023, 017, 024, M30, M29, M28, M22, 021, M20,
M27, 026, M19, 025, 018

Generalized Triangle Mesh:

R6p, 01, O7p, 02, 03, M4, M8p, 05, O9p, 010, M11,

M17p, M16p, M-3, O15p, O-5, 06, M14p, O13p, M-9,

012, M18p, M19p, M20p, M-5, O21p, O-7, 022p, 0O-9,

023, 0-10, O-7, M30, M29, M28, M-1, O-2, M-3,

M27, 026, M4, 025, O-5

Legend:

First letter: R = Restart, O = Replace Oldest, M = Replace Mi
Trailing “p” = push into mesh buffer

Number is vertex number, -number is mesh buffer reference
where -1 is most recent pushed vertex.

Figure 1: Generalized triangle mesh triangle strip method to push verticesinto queue
list (Deering, 1995).
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Single-rate coding algorithm deals with one-off g@wession and decompression process
while progressive coding emphasizes progressivendpression on compressed data. Single-
rate coding may achieve higher compression ratepaoento progressive coding, however,
when dealing with large file size which requireceguonto the compressed data, progressive
coding may achieve better retrieval time consummptaompare to single-rate coding.
Therefore, optimization is required to achieve mte result out of both worlds. Such
optimization is especially important for 3D SDI saeo since progressive reconstruction of
3D city from compressed 3D data such as CityGMKX®D should not be time consuming to
achieve performance expectation.

Several connectivity compression techniques suchEdgebreaker (Rossignac, 1999),
Triangle decomposition (Park, 1999) and Improveddbdeaker (Jong, 2005) showed that
compression result via topological approach is fmak and viable. The aforementioned
connectivity compression deals with triangulated @iject and stores triangle information
via triangle conquest process.

Edgebreaker (Rossignac, 1999) encode trianglesvyggseveral rules on triangle conquest
process. Stored triangle will be represented bigsef predefined alphabet which are C, L, E,
R, and S. The CLERS string model represents exahie object and will be constructed
along with compression process. A stored triangld e represented as series of
CCRCRSERCS CRRCRCRCRRRLLR which shows encodedgteastream (Figure 2).
Using this method, Edgebreaker ensures losslesgression for 3D triangulated object

connectivity of its meshes.
DNV
-

Figure 2: The operators of Edgebreaker algorithm (Rossignac, 1999)

Edgebreaker introduced active gate and active kayntbr initialization of compression

process. Active boundary means that the entire demynof the 3D object meshes, while
active gate shows the edge of the triangle wheeertires of encoding process would be
examined to represent the mesh. Third vertex ieydwdetermined and the third vertex of
every mesh would always be the vertex that oppdbieeactive gate. By these primitive
elements for encoding process, CLERS string coalddnstructed. The rule for C operator is
that the third vertex examined is a new vertex. jerator shows that the third vertex is
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located at the active boundary, and it would thecome the vertex for the next active gate.
Furthermore, L operator indicates that the thirdeseis located at the active boundary, and it
was located as previous active gate vertex. Medavdioperator shows the third vertex is
located at the active boundary, and this verteregher the previous vertex nor the next
vertex of the active gate. At last, the E operatmws the third vertex is located at the active
boundary, and it was the vertex for previous actjate, and it is also the vertex for the next
active gate. Rossignac (1999), Jong (2005) (sear&ig) and Coors (2005) showed that
Huffman coding ensures Edgebreaker encodes triggleg result ranged from 1.5 to 2 bits
size.

f

Figure 3: Edgebreaker compression processfor a 3D object (Jong, 2005)

On the other hand, Triangle Strip Decomposition Oy SPark, 1999) breaks down
triangulated object into triangle strips (see Fegdy. While encoding process shows similarity
to GTM, however, Park (1999) improved GTM trianglenquest method by introducing
vertex chain C to store vertices in a list whilewgectivity stores in a degree list. Triangle
Strip Decomposition method visits all triangles anset and store chains of vertices and
ensures that all triangles are visited. Representatf triangle strip is named T, and vertex
chain is represented as C, while v is the vertgxti@se indications, a 3D triangulated object
M could be encoded into set of {TTy, T», ...} formation.

The chain vertex list in TSD is vital for its pdedldecompression process. The relationship
between chain Cand C is shown in Table 1. Decoding using the relatigmsdf vertex
connectivity under vertex degree, offer advantagytha triangle strips between chains can be
decoded in parallel way. Also, TSD solved the peablof pocket and hole where such cases
refer to sudden gap down in levelling in terms adifal Terrain Model (DTM).
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Figure4: Triangle stripswith denoted index for vertices (Park, 1999)

vertex chain vertex list vertex degree
v < 1,2,3,4,5 = < 0,0,0,0,0 =
! < 6,7,8,9, 10,11 = < 1,4,2,1, 1,1
2 < 12,13, 14,15, 16,17 = S 1,2,1,3,2,2
ok < 18, 19,20,21,22,23,24 = < 21,2222 ] =

Table 1: Vertex list in a chain denoted with C (Park, 1999)

2.2 Textual Compression

In textual compression, GZIP is often used as tmpressor behind the scene. Common
GZIP has been a benchmark of comparison in vastudies for improved compression rate
as well as encoding time. In Deering (1995), Hufin@oding is used at the last stage as the
compressor for the textual data. Similar approaste® discovered in (Liefke et al, 1999),
(Tolani et al, 2002), (Min et al, 2003), (Li et @003), (OGC, 2006), and etc. The main idea
of textual compression is to reduce redundancy ¢batd be found in the source input for
compression.

As CityGML is based on XML encoding standard andsitalso textual-based schema.
Therefore textual compression method can be usecdericoding this standard schema.
Common GZIP encoding onto plain XML documents with@egmentation is normally
applied. However, various researches (Liefke etl@99), (Tolani et al, 2002), (Min et al,
2003), (Li et al, 2003), (Ng et. al, 2007) showatteegmentation of XML document and
predefine window size of memory buffer for compoessan achieve better result.

Furthermore, studies have shown that binary reptagsen of XML tag also offer better
compression rate. Such techniques can be found BXML (OGC, 2006), Fast InfoSet
(ITU-T, 2005) and Efficient XML (EXI) (W3C). Howeve most of the binary XML
techniques could be complicated.

In textual compression, encoding process oftenstgiace by considering factors such as
compression rate, compression time, and retriedacqding) time. However, generally
consideration on compression rate and retrievatrfgtime) will be more vital. Before using
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any encoding standard, it is necessary to consiigepriority on which side is weighted with
higher expectation, that is either priority on coegsion rate, or priority on query time, or
optimize for both aspects.

XMill was developed by Hartmut Liefke and Dan Su@ul999, aiming to compress XML
document to achieve better result compare to com@agiP. XMill separates data and
structure and categorized data into container, tompress. In other words XMill perform
split, group and compress job. Containers are mtistteéd with default 8MB size and XMill
uses path processor to store path within documeé&igsre 5 is the workflow of the XMill

compressor.

Input XML SAX Parser Command Line
| Container Expressions

{ Path Processor |
e l ™

[ Sem Compressor 1 ] [ Sem Compressor 2 ] [ Sem Compressor k ]

[ Structure Container ] [ Data Container ..k ]

)

Compressed Stream

}‘

I

Figure5: Thearchitecture of the XMill compressor workflow (Liefke et al, 1999)

Besides that, XGrind which was created by PankajfMani, and Jayant R. Haritsa in 2002
(see Figure 6) by introducing query ability ontarmgmessed documents. The difference for
XGrind is that structure of document is not encodenly data is used for compression.
XGrind added ability of scanning DTD of XML and fpem simple encoding scheme via
enumeration type of attribute value.
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XML Doc XML Parser [ DTD Parser ]« [ DTD ]

l

[FrequencyTable] [ Symbol Table ]

[ XGrind Kernel ]

[[ Huffman Compressor] [ Enum Encoder ]]
1

[ Compressed Internal Representation

|

Semi-Structured
Compressed XML

Document

Figure 6: Thearchitecture showing the workflow of XGrind (Tolani et al, 2002)

XPRESS was developed in 2003 by Jun-Ki Min, Myuag-Park and Chin-Wan Chung. This
is another technique that able to perform query @ampressed documents. XPRESS uses
reverse arithmetic encoder, which is a type of tyirmcoding method. XPRESS uses interval
of [0.0 to 1.0] to store path value and uses autiontgpe inference engine to identify data
types automatically. Human intervention on detemngndata type is avoided in XPRESS.
Since interval of path expression is introducedergucan be done by assessing elements
indexed by interval figure and decompression camldree based on sequenced interval and
this method successfully provide progressive waglemfoding an encoded documents. Figure
7 shows the architecture of the XPRESS.

XPRESS

XML Analyzer
tag I ity
_ﬁ Statistics collector
‘ XMI vamd Fype inference engine
File XMI
Parser XML Encoder «LL
lag : : Compressed
\_/ | Reverse arithmetic encoder = _l L
: ot XML
vad I Ype li\.:l‘l.'"l.lL‘l" encoders Q

Figure7: Thearchitecture and wor kflow of XPress compressor (Min et al, 2003)

uenable

r

Furthermore, XComp (Figure 8) which is develope®@®3 by Weimin Li is an improved

version of XMill. XComp uses the separate, join @othpress method employed by XMill.
The difference of XComp compare to XMill is the tainer type where XComp uses
container type such as structure container, datgthlecontainer, dictionary container, and
data container.
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XML
document Parset ‘

| Handlers |

Dictionary Manager
——— 1 | L

Main Memaory

[ ]
C Slruuture)'@a{a Lerg@'(’Diutiui'aryj @Onlair:er a e
|

il R

‘ Compression Engine ‘

Compressead
ML document

Figure 8: Thearchitecture showing the components and workflow in XComp (L1 et al,
2003)

Besides that, XCQ by (Ng et. al, 2006) producesebeesult by employing Partitioning and

Indexing methodology in the compression technigtML documents are parsed using SAX

Parser while DTD Parser retrieve relevant DTD infation and build DTD tree for the DSP

module. According to Ng et al (2006), the DSP meduses Pseudo-Depth-First strategy
instead of conventional depth-first strategy (Feg9J.

L] DTD Parser
DTD DTD Tree A Structure Stream
¥ - g £ .-_.—-
lﬁ'ﬂﬁf‘ DSP Compression |
Module | Data Sircam:‘s. ,W Kot el
: /| Module Compressed
| P
L " Indexed Block Docyment
——— | &) SAXParser ™ Partitioned
XML Data Streams
Document

Figure 9: The architecture showing XCQ compression flow (Ng et. al, 2006)

The method employed by XCQ though efficient, butisitnot dedicated designed for
compressing 3D GIS data especially coordinatestapalogy, which is very important for

GIS domain. From the architecture of XCQ, it shotvat the engine does not process
coordinates and topologies. Making use of XCQ mddthmgy and adding in coordinates and
connectivity scanning and storage engine could thecteve for 3D GIS data such as

CityGML.
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On the other hand, Binary XML (BXML) was discussadOGC best practise paper (OGC,
2006) and was tested onto Web Feature Service (WiSjon 1.0.0. According to the paper,
OGC Web Service (OWS) has to support binary XMLataltties in order to allow WFS
clients to choose to encode data during submissrosubmit via common uncompressed
channel.

In BXML, document is encoded into header sectiod Adndy section. Header comprises
identifier, version, flags, and body compressiotifitation. Tokens are introduced in BXML
which are used to represent several token typesthid be discovered in a XML document.

In Fast Infoset (FI), XML document are encoded imfoset document. Fl is an international
standard (W3C) for binary XML format. It is also standard bylITU-T Rec. X.891and
ISO/IEC 24824-1. Figure 10 is a snippet of pre-encoded XML sowbde Figure 11 shows
the encoding process of Fl for the same XML soufcethermore, Figure 12 shows the pre-
encoded snippet of X3D code while Figure 13 shdwsencoded X3D code using FI.

<env:Envelope
xmlns cenv="http://www.w3_org/2003/05/scap—envelope™>
~env:Header>
<xa:transaction
xmlns:xe="http://example org/transaction">
<xa:id»3781«</xa-id>
</xa:transaction>
</env:Header>
<env:Body>
<ors:0rderResponseSimple
xmlns:ors="urn:oasis:names:tc:ubl:0rderResponseSimplec:l_0:0_70"
xmlns:cat="urn:oasis:names:tc:ubl:CommoniggregateTypes:z1.0:0.70">
<cat:ID*l</cat:ID>
<cat:Issuelate>2003-02-03</cat: Issuelate>
<ors:Roceptedindicatorsl</ors:hicceptedindicators
<ors:RejectionReasonCode/>
<cat:Note/>
<cat:ReferencedOrder>
<cat:BuyersOrderID>20031234-1</cat :BuyersOrderID>
<cat:Sellers0rderID>1541357538</cat:SellersOrderTD>
<cat:Issuelate>Z003-02-03</cat:Issuelate>
</cat:ReferencedOrder>
<fors:OrderResponseSimple>
</env:Body>
</env:Envelope>

Figure 10: The snippet of document before encoding (Oracle, 2007)

{0}<{0}env:{0}Envelope
[01={0}"http:/ www.w3.org/2003/05/s0ap—envelope">
{1}<[0]:{1}Header>
{2}<{1}ma:{Z}transaction
[11={1}"http:/ example_ org/transaction”>
{33<[1]:{3}id>{0} 378 1<t azid>
{4}<[0] : {4}Body>
{5}<{2}ors: {5}0rderResponseSimple
[2]1={2}"urn:oasis:names:tc:ubl:0rderResponseSimple:1.0:0.70"
xmlns:{3}cat={2}"urn:oasis:names:tc:ubl :CommonkggregateTypes:1.0:0.70">
{63<[3]:{6}ID>{1}1<faas=Ih=
{73<[3] : {T}IssusDate>{2}2003-02-03<Leat-ITssuchases
{8}<[2] : {B}hcceptedIndicator>{3}1 sFoaepraedondd
{9}<[2] - {9} Rejeasionieasoniadaln
{10}=<[2] : {10 ¥esels
{11}=<[3]BuyersOrderID>{4}20031234- 1</ cat-BuyercbrderIh>
{13}<[2] : {13} 5ellersOrderID>{5} 1541357 98</aat-fellorabrdarIls
[71<>[2]
SemEEEeTIUIE IS

Figure 11: The snippet of encoded document (FI) (Oracle, 2007)
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Figure 12: A standard X3D encoding document (Sons, 2010)

Figure 13: A byte encoded version of snippet from Figure 12 using FI (Sons, 2010)
3. DISCUSSION

This section will discuss some benefits and disathges with regards to those techniques
mentioned in previous chapter. Since compressiamniques adopted from computer
graphics domain are comprehensive, the technigoieduced in this paper were only
focusing on triangulated technique, which is suédbr DTM and city model scenario. Since
GTM and Triangle Strip Decomposition have testethMdTM as input, these methods seem
viable in 3D GIS domain. Furthermore, Edgebreakas wsed by (Coors, 2005) to compress
3D buildings. Compression using Edgebreaker teestonnectivity for 3D building is useful,
but when decoding the encoded meshes using Eddedbyesingle-rate decoding is expected
since the nature of Edgebreaker only supports &radeoompression process. (Isenburg, 2000)
uses The Spirale Reversi algorithm shows that usdgebreaker compression onto 3D object,
the decoding progress can only be done only if3fDeobject was fully compressed. Table 2
shows the capability of the discussed techniquesompressing DTM and building, as well
as the progressiveness of the compression algarithm

| Techniques)| DTM | Building | Progressive
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(Applicable?)| (Applicable?)
GTM Yes No No
TSD Yes Complicated Yes
Edgebreake Yes Yes No

Table 2: Compression techniquesfor triangulated 3D object

On the other hand, XMill and XComp where both ailfpons are quite similar, these methods
use split, group and compress approach. Such agprdaes not support progressive
decoding as no indexing for file structure is stbamd file structure is explicitly compressed
in containers. For XMill, result is not significafdr data size less than 1MB if comparison
was done towards GZIP.

Besides that, XGrind improvised in terms of quergikability aspect. XGrind checks validity

on DTD of XML and perform indexing on compresseaunent. The time consumption of
XGrind for querying is acceptable and XGrind prasdprogressive decoding in query
predicate. However, XGrind do not support non-etyigluery operation and also operations
such as Join, Aggregation, and Nested Operatinntiavailable.

Xpress also demonstrates query availability on cesged data. Interval sequence is
introduced in Xpress and this innovation suppoiteatl evaluation of encoded data with
gueried data by evaluating interval. According &ki® (2009), Xpress is 2.83 times faster
than XGrind query time, 80% compression ratio vatian XMill, and 3.14 times better than
GZIP. Table 3 (Sakre, 2009) shows the result of KMXpress and zip algorithm in
compressing XML files such as dblp.xml, auction.yantl nwind.xml.

Qriginal Size XMill ICT Xpress Zip

(in bytes) (in bytes) (in bytes) (in bytes)
dblp.xml 140,428,497 | 21,479,242 24,399,612 26,110,276
auction.xml 116,524,435 33,624,883 16,184,462 38,525,120
nwind.xml 728,558 43,956 48,604 70,209

Table 3: XML filesthat tested under XMill, Xpress, and Zip (Sakre. 2009)

After averaging and calculating the compressioio fat these 3 files of dblp.xml,
auction.xml and nwind.xml, Table 4 is constructathvihe result as shown.

Files XMill (%) | Xpress (%)| Zip (%)
dblp.xml 84.7 82.6 81.4
auction.xml| 71.1 86.1 67.0
nwind.xml 93.0 93.3 90.4
AVERAGE 83.0 87.3 79.6

Table4: Compression ratio in percentage for XMill and Xpress
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Document

CR (For XGrind)

CR (For Xmill)

Xmark

55.03

70.95

Conferences

57.44

84.61

Journals

57.85

85.59

Shakespeare

54.96

74.12

Ham-radio

76.85

93.54

Studentl

77.13

91.74

Student4

82.12

93.87

Table5: Compression Ratio (CR) for XGrind and XMill (Sakre, 2009)

Table 5 shows the average compression ratio forinKicand XMill would be 65.91 % and
84.91 % tested with 7 files. It is significant théMill still outruns XGrind and Xpress,
however, compare to the availability of query fompressed data, XMill does not show any
relevance at all (see Table 6).

Techniques | Query | Progressive | DTD wutilization
Grip No No No
XMl No No No
X Grind Yes Yes Yes
Xpress Yes Yes Nao
XNComp No No No

Table 6: Featuresin each technique.

4. CONCLUDING REMARKS

The paper presented the relevant compression tpotmithat seem appropriate for
transferring large dataset within 3D SDI servicEle operation within CityGML can be
made simpler by having a dedicated approach, tmimreed XML-based compression
technique.

We have carried out initial experiments on thiseasmnd the highest redundancies which
occurred in the CityGML structure, is when desenipgeometry for surface members of each
building, this hits around 123,622 times for Pwtya 3D building dataset. On the other hand,
the largest space consumption portion in CityGMlthis Unique Resource Identifier (URI).
This particular part consumes 15.3 Megabytes (MR)ajd the original file size of 104 MB.
Furthermore, quantized coordinates up to millimétem) accuracy and filtering out repeated
coordinates only requires 2.64MB out of originé Gize.

Given the above outputs, the zipped output wasthess 9MB, which is 8.7 %. Compared to

the direct zipping method from raw CityGML inpuhet output was 13.2 MB disk space,

which is 12.7 %. However, the XML-based compressemhnique we employed maintained

the connectivity information of coordinates for thafaces of buildings as well as the Path-
expression. This indicates query on the compredag&alcould be done directly.
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In the future, a Graphic User Interface (GUI) vadl developed to enable various compression
options for users. Furthermore, the compressiorinengan be used to integrate into the
proposed Malaysian 3D SDI to enable efficient detasmission within web services.
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