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Abstract

This paper describes how to define and implement the schema for 3D virtual objects with physical units so
that the objects can be compared in virtual environments based on physical properties, such as length,
according to the specified units. We define physical units for virtual objects using the International System of
Units and based on the X3D (Extensible 3D) specification. The schema must be defined with validation so that
it does not violate the original X3D data structure. In this paper, we have extended the original X3D schema
with a physical unit specification, and demonstrate the difference between units-specified and

non-units-specified 3D scenes using an X3D browser that we developed.
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<x$:schema
xmins:ixs="http://www.w3.0rg/2001/XM.Schema"

xmins:tns="http://www.web3d . kr/mwlee/x3d-3.1-ext"
elementFormDefaul t="qualified">
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<xg.redefine schemalocation =
“http://www . web3d.org/specifications/x3d-3.1.x
sd">
<xsiannpotation>
<xg.documentation> Insert Physical element into
SceneGraphStructureNodeType
</xs:documentation>
</xs annotation>
<xs:complexType name="SceneGraphStructureNodeType"
abstract="false" mixed="false">
<xs'complexContent>
<xsiextension base="SceneGraphStructureNodeType'>
<X§ ' sequence>
<xs.element name="Physical"
type="PhysicalUnitType"
minOceurs="0" maxOccurs="1"/>
</xs:sequence>
</xs:extension>
</xsicomplexContent>
</xs complexType>
</xs:redefine>
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<xs:complexType name="PhysicalUnitType">
<xs!choice>
<xs:element name= Length type="LengthType"
minOccurs="0" maxOccurs="1"/>

<xs:element name-”Mass type="MassType"
min0ccurs="0" maxOccurs="1"/>

<xs:element name="Time" type="TimeType"
minOccurs="0" maxOccurs="1"/>

<xs:element name="Current” type="CurrentType"
minQccurs="0" maxOcours="1"/>

<xsrelement name="Temperature” type="TemperatureType"

minOcours="0" maxOccurs="1"/>

<xs:element name="Substance" type="SubstanceType"
minlcours="0" maxOcours="1"/>

<xs:element name="Luminous" type="LuminousType"
minOccurs="0" maxOccurg="1"/>

<xs:element name="SoundPressure”
type="SoundPressureType”
mindccurs="0" maxOccurs="1"/>

<xs:element name="Angle” type="AngieType"
minQccurs="0" maxOccurs="1"/>

</xs:choice>
</xs:complexType>
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<xs:complexType name="LengthType">
<xs:attribute name="unit" type="LengthUnitType"
use="optional" default="UNI"/>
<xs:attribute name="basis" type="xs:double"
use="optional" defauit="1"/>
<xs:attribute name="numeral" type="LengthNumeralType"
use="optional" default="DEC"/>
</xs:complexType>
<xg:simpleType name="LengthUnitType">
<xs:annotation>
<xs:documentatiorvalues for unit attribute of length.
default is "UNI" </xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="YOTTA|ZETTA|{EXA|PETA|TERA|
GIGA|MEGA|KILOIHECTOIDECA|UNI |DECH]
CENTI [MILLI [MICRO|NANO!PICO[FEMTO|
ATTO|ZEPTO|YOCTO| EINCHILINK{FT]YD|RD|
CHAIN|FLIMILE|LGIMILIAUILY|PCIKPC|
NMILE|ANG|USER" />
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="LengthNumeralType">
<xs:annotation>
<xs:documentation>values for numeral attribute
of length. default is "DEC"
</xs:documentation>
</xs'annotation>
<xsirestriction base="xs:string">
<xs:pattern value="SCIEN|DEC|ENGIN]|ARCHIFRAC" />
</xs:restriction>
</xs:simpieType>
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<xs:complexType name="MassType">
<xs:attribute name="unit" type="MassUnitType"
use="optional" defaul t="KG"/>
<xs:attribute name="value" type="xs:double"
use="optional" default="1"/>
</xs:complexType>
<xs:simpleType name="MassUnitType">
<xs:annotation>
<xs:documentation>values for unit attribute of mass.
default is "KG" </xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="MG|G|KG|LB|TON|GRAIN[0OZ" />
</xs:restriction>
</xs:simpleType>
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<xs:complexType name="TimeType">
<xs:attribute name="unit" type="TimeUnitType"
use="optional" default="8"/>
<xs:attribute name="value" type="xs:double"
use="optional" default="1"/>
</xs:complexType>
<xs:simpleType name="TimeUnitType">
<xs:annotation>
<xs:documentation>values for unit attribute of time.
default is "S" </xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value=""/>
</xs:restriction>
</xs:simpleType>

a7 7 AL 99 A
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<xs:complexType name="CurrentType"'>
<xs'attribute name="unit" type="CurrentUnitType"
use="optional" defaul t="A"/>
<xsiattribute name="value" type="xs: double"
use="optional" defauit="1"/>
<{xs:complexType>
<xs:simpieType name="CurrentUnitType">
<xs:annotation>
<xs:documeniationsvalues for unit attribute of current.
default is "A" </xsidocumentation>
</xs annotat ion»
<xsirestriction base="xs: string"»
<x§.pattern value=""/>
</xsirestriction>
</xs:simpleType>
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<xs:complexType name="TemperatureType">
<xs:attribute name="unit" type="TemperatureUnitType"
use="optional" default="K"/>
<xs'attribute name="value' type="xs:double"
use="optional" default="1"/>
</xs:complexType>
<xs:simpleType name="TemperaturebnitType">
<xslannotation>
<xaicooumentat iorPvalues for unit attribute of tenperature.
default is "K" </xs:documentation>
</xs:annctation>
<xsirestriction base="xsistring">
<xs:pattern value="OC|OF|K|OE" />
</xsirestriction>
</xs:simpieType>
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<xs:compiexType name="SubstanceType">
<xs:attribute name="unit" type="SubstancelinitType"
use="optional" default="MOL"/>
<xgiattribute name="value" type="xs:double"
use="optional" default="1"/>
</xs:compliexType>
<xs:simpleType name="SubstancelnitType">
<xg:annotation>
<xs:choumentatiorbvalues for wnit attribute of substance.
default is "MOL"</xs:documentation>
</xs annotation>
<xs.restriction base="xs:string">
<xg:pattern value=""/>
</xs:restriction>
</xs:simpleType>
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<xg:complexType name="LuminousType">
<xg:attribute name="unit" type="LuminoustniiType"
use="optional” default="CD"/>
<xs-atfribute name="value" type="xs:double"
use="optional” default="1"/>
</xs:complexType>
<xs:simpleType name="LuminoustnitType">
<xs-annotation>
<xs:documentatiorpvalues for unit attribute of luminous.
default is "CD"</xs'documentation>
</xs:annotation>
<xs'restriction base="xs!string"»
<xs:pattern value=""/>
</xs restriction>
</xg.simpleType>
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<xs:complexType name="SoundPressureTyps">
<xs:attribute name="unit" type="SoundPressurelnitType”
use="optional" default="DR"/>
<xs:attribute name="value" type="xs double”
use="optional" default="1"/>
</xs:complexType>
<xgisimpleType name="SoundPressurelnitType">
<xs:annotation®
<xs:doaumentatiorevalues for tnit attribute of soud presaure,
default is "DB"</xs:documentation>
</xsannotation>
<xs!restriction base="xs:string">
<xs:pattern value=""/>
</xs:restriction>
</xs simpleType>
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<xs.complexType name="AngleType">
<xgiattribute name="unit" type="AngleUnitType"
use="optional" defaul t="RAD"/>
<xs:attribute name="value" type="xs:double”
use="optional" default="1"/>
</xs:complexType>
<xs:simpleType name="AngletinitType">
<xs:annotation>
<xs:documentat ion>values for unit attribute of Angle.
defautt is "RAD"</xs:documentat ion>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value=""/>
</xs:restriction>
</xs:simpleType>
02913 4 Wl

o

5 &7 99 27t 84 2 Fol ¥
@ 2NN AE gel 99 27 R

XBDEAt & skl AFSAsAT 2 Arold 7AW B
ol of AUk AEom WA EY B

98 A9 Bollashe 2ol AA) B
Ao BT B AL Shiel X3D shdlo] TaE
o1 W 7129 Holdh FUR E <199

3 gaol Fusol Solg we 44 eir 449 @
B} HelEth B elNE Az q«c.- 3D Azt #7014

Ad

4B BAES B A6l BoiRe W oWE BAE Y
04 4 gEAE B4%Y] f314, 3D AN BAE ®
4% o 29 UNE A8 399 AgAA %L AE
ul el ARk

AR g A BgA BEEEE T 3¢ tAe)vy
oz wel Bl 7] ulgo] Avkd Aol M 2 ¢
th olE Bol 3D MAXSE 7E RU¥ v BAE AR
5 Holl Bd¥ S99 o X3D Fol $eg g
g Ao AHgol tixtelvirt AR EAle} Zol I
HEE ) B3 AE Jojof RAFHA Bk o] uf EXNEL
AgHoz E4E Aol obFH EA47} §lo] HolAw
O 5L A Folgd o e EFESuA s EAVE
SARTE 18 14+ F olgEQ EosRuss) vE e
ol EdS Zem, FEmERuso 4HAA A7E
0.01-0.03 mmolal, #rej|Eioks 0.4-im ojrh

BE BAE BAYshe viRtel vt 2k uldE A FA o
ALshe AAYe 8D #1992 A" o Transform =%
B RHSC oA2 4 nda AR o AR 44
3t Transform -8 7Edn 7] oo £ EF7 Zo]
B0l A4 F EAL AR uud § e 2AYo] okl

a3

22 AR 37] %3] oJFck 28 15& o FLY F
EAE Hoxw 23 dAge 22 et Svx
Euadc A 2 3279 vdEE 2% 289 ZAE

UhehiT),
ook @el Aol BT AL W F BA A
39l 27| Wakol Gas] olFolAN 1Y 163 2ol W
oj9} gepvlEmLAe] ARl 37 Blas} ZksEA Ak
of Wl 27) Wz Hzol Fole R UHE JlFow
s ol¥ Ad=EE 2de AUl @slh Agan

o8 14 e r

vk (2R ek b e o)

-16 -



73 180 H =
ARG E ALgstol B9E Roja
ok olsh 2ol o] BB thE

=
—
=
s

Aol 2718 RFA HE2g cmi A9

A9 I=vrzs 3 ddolA uwd 4 ok 17 20
2 F=fazel RUE Zo] WlE FYs etk 1
7 203} 2% 21€ 60,000km =7)2] EA)F 250,000 hecto

EYEg mm=

fol, E?ﬂ?‘?ﬁ ?’Jé‘}i‘* HAA o

“Zﬂ 299 372 EAEL vad £+ A ﬂ%i
el A 7]3“ =7 @9 27/ g o
1 ERUAg g Elole] o W98

a9 16 ol B9 A% ¥

EEEEE TN E e

// ¥rHlE ol B9} A

<physical>
<length unit="MILLI" basis="1" numeral="DEC"/>
</physical>

<physical>
<length unit="MICRO" basis="1" numeral="DEC"/>
</physical>
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// stEt =3 do] 4y AA
<physical>

<length unit="MILLI" basis="1" numeral="DEC"/>
</physical>

// BUE Aol &9 AA
<physical>

<length unit="CENTI" basis="1" numeral="DEC"/>
</physical>
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<physical>

<length unit="HECTO" basis="1" numeral="DEC"/>
</physical>

AL ERCRTEE
<physical>

<length unit="KILO" basis="1" numeral="DEC"/>
</physical>
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