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Abstract. Many organizations are currently working on how to express and provide location information to services and applications in
the Internet. Each of them basically specifies their own way. This raises a problem – the various location information formats, services
and applications will not be interoperable in the Internet. Interoperability can be achieved if there is a common way of expressing location
information. This paper therefore proposes a common data set and an extensible framework of expressing location information in the
Internet. The design aims at bridging various existing/proposed location data representation formats, as well as meeting the requirements of
existing/proposed location-aware services.
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1. Introduction

Due to the increasing availability of position information and
the surging demand on location-aware services, the interest
towards location-aware services and technologies have grown
rapidly in the recent years. The increasing availability of lo-
cation information has awaked the opportunity for many new
services and applications in the Internet, e.g., in the areas of
tracking, local information, guidance and navigation, access
authorization, resource announcement and discovery, billing,
and network management.

Currently many organizations are working on location-
related technologies, and how to express and provide loca-
tion information to services and applications in the Internet.
Such organizations are IETF, OpenGIS, 3GPP, LIF, WAP Fo-
rum, W3C, etc. Each of them basically specifies its own way
of providing and expressing location information to services
and applications. This raises a serious problem – the various
location information formats, services, and applications will
not be interoperable in the Internet.

Therefore, a common extendible way of expressing and
transferring location information for services and applications
in the Internet is needed. Similar to what is done by the IP
protocol, this common way “interconnects” the naturally het-
erogeneous location systems and applications in the Internet.
With such an approach the interoperability between the appli-
cations/systems could be enabled. Different applications and
services in the Internet can use same data representation and
processing methods. As an effort to design a common way
the IETF Spatial Location BOF [1] has been initiated, while
a lot of contributions are needed to realize the goal.

The work in this paper concentrates on the design of a
common data set expressed and encoded in a common way
and an extensible framework of expressing location informa-
tion in the Internet, without considering a common protocol.
Already a common way of expressing location information

will bring interoperability, and could be reused by different
applications. The proposal aims at bridging various existing
and proposed data representation formats, as well as meeting
the requirements on spatial location information by existing
or proposed spatial location-aware services.

The rest of the paper is organized as follows. In section 2,
we discuss different types and sources of location informa-
tion, and existing/proposed ways of expressing such informa-
tion. In section 3, the requirements on location information
by different applications are analyzed. In section 4, a com-
mon data set and a framework for location information in the
Internet are proposed and analyzed. After this, security issues
are briefly discussed in section 5. In section 6 the work is
concluded.

2. Locations and some existing spatial location
expressions

2.1. Locations

A location is a place where an object or its host is “physically”
situated. The location can be expressed in different ways us-
ing different reference frames. The locations consist of, e.g.,
absolute (spatial) location, network location, descriptive loca-
tion, relative location, etc.

Absolute (spatial) location is the location of a physical ob-
ject in the real world, expressed via a 2- or 3-dimensional
coordinate system using a certain geodetic datum. The lo-
cation can be expressed with coordinate systems, such as,
Latitude–Longitude–Altitude, XYZ of Earth Centered–Earth
Fixed (ECEF), Zone numbers of Universal Transverse Mer-
cator (UTM), etc. There are hundreds of different geodetic
datum in use around the world. One widely used system is
WGS-84 that is commonly used by the GPS system [2,3].

Network location is the location of a physical object in a
computer or telecommunication network. Examples are the



© K
LU

W
ER

 A
CA

DE
MIC

 P
UB

LI
SH

ER
S

390 KORKEA-AHO AND TANG

IP-address of a computer in the Internet, the ISDN number of
phone in a PSTN network, etc.

Descriptive location is a location described through a
language other than coordinate system or network address/
identifier. Examples of descriptive locations are: postal ad-
dress, zip code, building number, country code, personal ad-
dresses (my home, my cottage). Relative location is a specific
type of descriptive location, where the location of an object is
described relative to some other object, e.g., 100 meters from
the store, the building next to the tower, close to me, nearest
shop, etc. Generally, a descriptive location can be mapped to
an absolute (spatial) location or a network location.

The different ways of expressing location cover different
needs. With the help of different transformation rules [2] and
services one can convert between the different location for-
mats.

2.2. Location information for services and applications in
the Internet

There are different positioning methods available for deter-
mining the location of an object. This includes different meth-
ods of satellite based positioning (e.g., GPS [4], Glonass), po-
sitioning in mobile networks (e.g., in GSM [5]), and local po-
sitioning (using, e.g., IR, RF or Bluetooth). In static objects
such as routers, the location can also be preconfigured. In
mobile objects the location can also be given manually.

Location information of an object is to be available to au-
thorized Internet applications via different interfaces. Some
proposed interfaces are: (1) interfaces with mobile networks
providing the location of a mobile terminal, (2) interfaces in
mobile terminals providing the location (determined by some
external positioning device, the mobile network, or manually
by the user), (3) interfaces towards local positioning systems,
(4) interfaces in static devices with manually coded location,
etc.

The proposed common location data representation and
framework enable a common way of expressing location data
by any relevant Internet services and applications. This builds
interoperability among the heterogeneous sources and Inter-
net applications/services.

2.3. Existing spatial location expressions

There are many existing or proposed location expressions
from a number of organizations (e.g., IETF, OpenGIS, 3GPP,
LIF, WAP Forum, and W3C). Some of them are listed below:

• Expression standardized for GSM and UMTS to be used
internally in the mobile networks (called here “3GPP”) [6].

• An interface towards mobile networks in consideration by
LIF [7].

• The Geography Markup Language (GML) by the OpenGIS
Consortium [8].

• NaVigation Markup Language (NVML) [9] and Point Of
Interest eXchange Language (POIX) [10] submitted to the
W3C.

• GeoTags for HTML resource discovery [11,12].

• National Marine Electronics Association (NMEA) inter-
face and protocol [13] often used by GPS receivers.

• VCard and ICalendar [14,15] include elements to specify
position.

• A Means for Expressing Location Information in the Do-
main Name System (DNS-LOC) [16].

• Proposed Simple Text Format for the Spatial Location Pro-
tocol (SLoP) [17].

In brief, most of the formats express location with latitude,
longitude, using WGS-84 as reference datum. GML, LIF,
NVML, and POIX also enable expressions using other co-
ordinate systems and reference datum. Some allow altitude,
if the data is available. In the location expressions, altitude
usually means the height above WGS-84 reference ellipsoid,
while it is unclear in some cases.

Most of the formats focus on the specification of the loca-
tion of a point object, whereas others include also the expres-
sion of object shapes (3GPP, LIF, and GML). In DNS-LOC
and NVML radial size of the object can be defined.

When the accuracy for estimating a location is defined, it is
mostly expressed as horizontal and vertical error. Though, the
3GPP proposal includes more complex accuracy descriptions.

LIF, POIX, NMEA, and 3GPP include also fields for ve-
locity/speed. It is expressed as horizontal speed in all the
cases except 3GPP. The 3GPP proposal defines horizontal ve-
locity (horizontal speed + bearing) and vertical velocity (ver-
tical speed + vertical direction).

Direction of movement is also included in LIF, POIX, and
NMEA, using true and/or magnetic North. POIX and NMEA
include possibility to define the course as well.

3. Location expression requirements from
location-aware services

In order to determine a common data set it is important to
evaluate the requirements of existing and planned location-
aware services in the Internet. In this section, we review the
data requirements of location-aware services we have identi-
fied. Since we define a common data set for the Internet, the
analysis does not cover applications implemented as part of
mobile networks (e.g., GSM, UMTS, etc.).

3.1. Types of location-aware services

We have identified following types of services, covering the
application, network application, and network infrastructure
levels based on input from [5]:

• Finding (Information Services). For example, yellow
pages, and point-of-interest information services.

• Guidance (Navigation). This includes services to show
current position/location, and how to get to some target
location.
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• Notifications. For example, targeted ads, traffic alerts,
weather services, and guided tours. Information is noti-
fied to user when he/she is in a specific region.

• Information Memorizing and Association. Adding and
storing location information to data, e.g., html pages,
e-mails, calendar entries, photos, maps, etc.

• Tracking and Resource Management Services. Including
emergency services, fleet management, equipment man-
agement, personnel management, tracking (people, per-
sonal belongings, stolen vehicles, and deliveries), etc.

• Authorization. Authorization to resources, information,
spaces according to location.

• Location Specific Resource Announcement and Discovery.

• Location Sensitive Billing.

• Network Management. Including various networking and
protocol optimizations, e.g., enhancing network scalabil-
ity, network node handoffs, etc.

3.2. Location data used by the services

When analyzing what location-aware services might require
as input, we have considered following things: what kind of
location information the services need as input, if error esti-
mates are of any help, and what other information would be
valuable? The analysis results are presented in table 1.

Through the different applications in table 1, it appears that
most of them need absolute (spatial) location as input. This
is also supported by the fact that most existing location meas-
urement systems provide this information. Descriptive loca-
tion information is generally created by manual input or via
transformation services. The notification, tracking, resource
discovery, authorization, billing services could however make
use of indications of objects leaving and entering specific re-
gions as well.

Since the applications are earth based, a geocentric coordi-
nate system should be used. It also appears that most services
will not need altitude information. The use of altitude en-
ables, of course, the positioning on, e.g., different levels in
buildings, and should be provided if available. If errors of the
measurements are available they could be used, but they do
not bring much added value to most of the services.

We have also investigated the added value of being able
to describe the size and shape of an object. This information
could principally be used in two ways; firstly to describe the
object which is positioned in order to determine what region
it is covering (e.g., in finding, guidance, notification, track-
ing, authorization, resource discovery, billing and manage-
ment services), secondly to indicate the region of interest or
object to attach information to (finding information and in-
formation memorizing and association). Since most of the
objects for positioning are of minor size (<10 m), the size and
shape of an object usually do not have significance for the lo-

Table 1
Analysis on location data required by different services, where “abs.” means absolute location, “des.” means descriptive location,

“rel.” means relative location, “opt.” means optional, “reg.” means region, and “(z)” means that altitude is optional.

Application Required data

Location Accuracy Error Other possible data

Finding (Information Services) abs.: x, y, (z)

des: e.g., region, address
rel: e.g., near to me

reg. – 1 m opt. orientation

Guidance (Navigation) 50 – 1 m opt. speed, direction, course
(a) one time abs.: x, y, (z)

des: address
(b) continuos abs.: x, y, (z) 50 – 1 m opt. speed, direction, course

Notifications
(a) using location abs.: x, y, (z) reg. – 1 m opt. orientation, direction, speed
(b) notif. entering/leaving region in/out region – – –

Information Memorizing and Association
(a) one time abs.: x, y, (z)

des: address
reg. – 1 m opt. orientation

(b) continuos abs.: x, y, (z) 50 – 1 m opt. orientation, direction, speed

Tracking and Resource Management Services
(a) one time abs.: x, y, (z) reg. – 1 m opt. direction, speed
(b) continuos abs.: x, y, (z) 50 – 1 m opt. direction, speed
(c) notif. entering/leaving region in/out region – – –

Authorization abs.: x, y, (z)

in/out region
reg. – 1 m opt. –

Location Specific Resource Announcement and Discovery abs.: x, y, (z)

in/out region
reg. – 1 m opt. –

Location Sensitive Billing abs.: x, y, (z)

in/out region
reg. – 1 m opt. –

Network Management abs.: x, y, (z) reg. – 1 m opt. direction, speed
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cation of the object. In fact, size and shape can be understood
as attributes associated to a location rather than location itself.
It may be the reason why location measurement approaches
are point-based.

It is quite evident that in addition to location information
it is important to attach the timestamp of measurement to the
location. This can be essential to the processing and manage-
ment of location information. Other information that could
bring added value to services include the orientation of the
object, its moving direction, intended course, and speed.

4. A common data set and an extendible framework for
location information in the Internet

The idea with a common data set of location information is to
enable Internet services and applications to express location
information in an interoperable way so that the location data
from various sources can be used. We propose here such a set.
Based on the common set, Internet applications and services
can use same processing/parsing methods.

There is already an advantage if different applications and
application protocols are able to express location in an inter-
operable way. When used in combination with a common
protocol one can create further an interoperable infrastructure
in the Internet. This has been one of the objectives of the
SLoP activity in the IETF [1].

Since there are so many other existing expressions, in ad-
dition to the proposed common data set, there is a need of
a higher level framework that could support/carry different
types of location expressions.

The advantage of such a framework is that it simplifies the
interpretation and processing of the location data, while it en-
ables generic ways of expressing and identifying the different
location data element sets. With the help of a framework it
is possible to express the same location in different ways, or
add extensions to a certain location expression. If each of
the location expression has a unique id identifying the data
set, clear rules for transformations can be guaranteed. If we
want to pursue guaranteed interoperability the common data
set should be mandatory in each frame.

4.1. Common data set

In this section we propose a common data set. The proposal is
based on identified elements important to applications, and on
the available data from different devices and interfaces. The
proposal is presented in table 2. Some of the elements are
mandatory, while others are optional.

We have considered whether the common data element set
should include only absolute point locations or if it should
also include extra elements for radial size (as, e.g., in DNS-
LOC) and/or different shape types (as in GML). The conclu-
sion is that there is no need of the extra elements in the com-
mon set. These extra elements are very complex in the sense
of their measurement, expression, and utilization. In addition,
there may not be feasible solutions on some of them. Fur-
thermore, most applications do not need the extra elements.

Table 2
The elements of the common data set.

Datum – WGS-84 (Mandatory)

Coordinates – Latitude (Mandatory)
– Longitude (Mandatory)
– Altitude above WGS-84 reference

ellipsoid
(Optional)

– Altitude above mean sea level (Optional)

Location Accuracy – Horizontal accuracy, by radius of
a circle from the positioned point

(Optional)

– Altitude accuracy, by range from
the positioned point

(Optional)

Time – Real time of the measurement/fix (Mandatory)

Speed – Ground speed (Optional)
– Vertical speed (Optional)

Direction – Direction of movement (Optional)

Course – Direction from the current posi-
tion to a defined destination

(Optional)

Orientation – Horizontal orientation (Optional)
– Vertical orientation (pitch) (Optional)

Unspecified Attributes – Attributes enabling some extensi-
bility

(Optional)

Therefore, shape and size information could instead be added
as an own data set or attribute in the extensible framework
when needed for a specific purpose.

Here are the explanations of the elements included into the
common data set:

• Coordinates and Datum
When reviewing the various existing interfaces and data
representation formats, we find that most of them support
coordinates expressed in latitude, longitude, and altitude
(optional) using WGS-84 datum. Thus we propose to use
these in the common data set. In order to keep the common
data set simple, no other datum or coordinate systems are
supported. We have chosen to enable the optional altitude
to be expressed both as the WGS-84 reference ellipsoid
and mean sea level as reference.

• Location Accuracy
Location accuracy is the estimation/measurement error of
a location. The different interfaces include different types
of accuracy information. We propose to include the most
common way to express this, i.e., horizontal accuracy, by
circle of radius from the positioned point, and height ac-
curacy, by range from the positioned point.

• Time
Time is the time of a measurement/fix of a location of an
object. It is an important factor for location information.
With the help of the time it is easier to manage location in-
formation and it enables different kind of approximations.
It is a mandatory element.

• Speed
Speed is an optional element and is indicated as horizontal
ground and vertical speed. This expression is chosen be-
cause many systems are able to indicate horizontal ground
and vertical speed.
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Table 3
Syntax of the default data elements.

Element Expression format Example

Coordinates
– Latitude [N/S]degrees.minutes.seconds.f

decimal fraction f in arbitrary length, range of degrees [0–90]
N60.08.00.232

– Longitude [E/W]degrees.minutes.seconds.f
decimal fraction f in arbitrary length, range of degrees [0–180]

E25.00.00.331

– Altitude above datum [+|−]x.f meter from WGS-84 reference ellipsoid,
+ above, − below, decimal fraction f in arbitrary length

+12

– Altitude above mean sea level [+|−]x.f meter from mean sea level,
+ above, − below, decimal fraction f in arbitrary length

+10

Location Accuracy
– Horizontal accuracy by circle of radius from the positioned point in x.f meter,

where f decimal fraction in arbitrary length
50.0

– Height accuracy in x.f meter, where decimal fraction in arbitrary length 2.5

Time [19,20]
– Real time of the measurement/fix YYYY-MM-DDThh:mm:ss.sTZD, where

YYYY = four-digit year
MM = two-digit month (01 = January, etc.)
DD = two-digit day of month (01 through 31)
hh = two digits of hour (00 through 23)
mm = two digits of minute (00 through 59)
ss = two digits of second (00 through 59)
s = one or more digits representing a decimal fraction of a second
TZD = time zone designator (Z or +hh:mm or −hh:mm)

1999-08-15T11:16:31.0+2:00

Speed
– Ground speed x.f [m/s | km/h | mph | knot], where

f arbitrary decimal fractions, default m/s
2.0 m/s

– Vertical speed x.f [m/s | km/h | mph | knot], where
f arbitrary decimal fractions, default m/s

1.0 m/s

Direction magnetic/true direction,
360 degrees from North clockwise

[M | T][0–360].f, where
f fractional degrees in arbitrary length, M default

M240

Course magnetic/true course,
360 degrees from North clockwise

[M | T][0–360].f, where
f fractional degrees in arbitrary length, M default

M30

Orientation
– Horizontal magnetic/true orientation,

360 degrees from North clockwise
M240

[M | T][0–360].f, where
f fractional degrees in arbitrary length, M default

– Vertical (pitch) [+|−][0–180].f, where
f fractional degrees in arbitrary length

0

Unspecified Attributes attribute value(s) car_orientation 360,40,20

• Direction
Direction indicates the direction of movement. It is ex-
pressed in a 2-dimensional (horizontal) frame indicated by
the magnetic (or true) North.

• Course
Course indicates the direction from the current position to
a defined destination. It is expressed in a 2-dimensional
(horizontal) frame indicated by the magnetic (or true)
North.

• Orientation
Orientation describes the orientation of the positioned ob-
ject. Orientation is often given with a local coordinate sys-
tem as reference. Since this reference frame can be differ-

ent for different objects, it will be difficult to make a com-
mon expression based on this. One possibility would be
to attach an object type indicating directly the used ref-
erence framework. Instead of such a solution, we pro-
pose a method where the orientation is expressed in a
2-dimensional (horizontal) frame indicated by the mag-
netic (or true) North, and a vertical element expressed by
the angle between horizontal plane and the main axis of
the object.

• Unspecified Attributes
We have incorporated an unspecified element into the
common set to include some application specific elements.
The attributes should be relevant for the location data set
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Table 4
The XML DTD for the common data set.

<!-- slo_default.dtd -->
<!ELEMENT SLO (POS, ALT?, ALT_MSL?, H_ACC?,
V_ACC?, TIME, G_SPEED?, V_SPEED?, DIR?,
COURSE?, H_ORIENT?, V_ORIENT?, X_ATTR?)>

<!-- Coordinates -->
<!ELEMENT POS (LAT, LONG)>
<!ELEMENT LAT (#PCDATA)>
<!ELEMENT LONG (#PCDATA)>
<!-- Altitude -->
<!ELEMENT ALT (#PCDATA)>
<!ELEMENT ALT_MSL (#PCDATA)>
<!-- Location Accuracy -->
<!ELEMENT H_ACC (#PCDATA)>
<!ELEMENT V_ACC (#PCDATA)>
<!-- Time -->
<!ELEMENT TIME (#PCDATA)>
<!-- Speed -->
<!ELEMENT G_SPEED (#PCDATA)>
<!ATTLIST G_SPEED unit (ms|kmh|mph|knot) “ms”>
<!ELEMENT V_SPEED (#PCDATA)>
<!ATTLIST V_SPEED unit (ms|kmh|mph|knot) “ms”>
<!-- Direction -->
<!ELEMENT DIR (#PCDATA)>
<!-- Course -->
<!ELEMENT COURSE (#PCDATA)>
<!-- Orientation -->
<!ELEMENT H_ORIENT (#PCDATA)>
<!ELEMENT V_ORIENT (#PCDATA)>
<!-- Unspecified Attributes -->
<!ELEMENT X_ATTR (PARAM)>
<!ELEMENT PARAM (VALUE*)>
<!ATTLIST PARAM name CDATA #REQUIRED>
<!ELEMENT VALUE (#PCDATA)>

and not conflict with defined/existing attributes. This field
should be used with consideration.

4.2. Syntax of the elements in the common data set

The way of expressing each data element in the common data
set needs to be defined. Some of the existing data formats
allow different optional ways to express the data elements
and include syntax information. However, in order to keep
processing as simple as possible we prefer one single way for
expression only. Table 3 summarizes our proposal. A more
formal syntax definition using the ABNF grammar for the
common data set can be found in appendix A.

4.3. Encoding of data elements

The data elements can be encoded in many different ways,
e.g., text based attribute-value pairs, binary, MIME, XML,
etc. In order to enable interoperability, again, we need a com-
mon way of encoding the parameters. We propose XML.
The advantages of XML are that the encoding is easily un-
derstandable, human readable, and standard tools and parsers
can be used. In addition to this, many of the other proposals
make use of XML. A possible disadvantage of using XML is
that it is quite verbose.

In table 4, the XML-encoding of the common data set
elements is presented with help of the DTD of the XML-
document.

Table 5
An example of an XML-encoded location.

<?xml version=“1.0” encoding=“UTF-8”?>
<!DOCTYPE IETF_SLO_Default PUBLIC “-//IETF//
SLO default//EN” “slo_default.dtd”>

<SLO>
<POS>

<LAT>N60.08.00.232</LAT>
<LONG>E025.00.00.331</LONG>

</POS>
<ALT>+12</ALT>
<ALT_MSL>+10</ALT_MSL>
<H_ACC>50.0</H_ACC>
<V_ACC>2.5</V_ACC>
<TIME>1999-08-15T11:16:31.0 +2:00</TIME>
<G_SPEED unit=ms>2.0</G_SPEED>
<V_SPEED unit=ms>1.0</V_SPEED>
<DIR>M240</DIR>
<COURSE >M30</COURSE>
<H_ORIENT>M240</H_ORIENT>
<V_ORIENT>0</V_ORIENT>
<X_ATTR>

<PARAM name=“car_orientation”>
<VALUE>360</VALUE>
<VALUE>40</VALUE>
<VALUE>20</VALUE>

</PARAM>
</X_ATTR>

</SLO>

Table 5 presents an example of an XML-encoded location.

4.4. Extendible framework in XML

A framework enables to express the same location in different
ways, or add extensions to a certain expression. That is, one
location expression frame can include several different loca-
tion expression subsets. We have been considering an XML-
or MIME-based framework. The advantage of an XML-based
framework is that we could use the same parser and process-
ing methods, the disadvantage again is that we are able to
incorporate only XML-based data sets. The advantage of the
MIME-based set is that we could include any type of encoded
data in it, but on the other hand this requires a multitude of
parsers, etc., possibly adding to system complexity. We thus
propose an XML-based framework.

The framework consists of a structure document that can
include different location data expression subsets. Each set
is represented by its document type definition (DTD). Each
set is further identified by an identifier (e.g., the system or
public identifier of the document, or the XML-root element).
The identifier helps to identify the data set and can simplify
the processing and transformation of the data. There could be
several generally known data sets (e.g., the common data set
“slo_default”, enabling guaranteed interoperability if used in
all frames), as well as application specific ones. In order to
avoid conflicts in the structure document, the different data
sets should include unique XML-elements. Element colli-
sions can be avoided by using the XML-namespace mecha-
nism [21].
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Table 6
An example of the XML-based framework for location data.

<?xml version=“1.0” encoding=“UTF-8”?>
<!DOCTYPE LOC_FRAME [
<!ENTITY % slo_default_dtd public PUBLIC
“-//IETF//SLO default//EN”“slo_default.dtd”>

<!ENTITY % my_loc_dtd public PUBLIC
“-//MY_LOC//My Location//EN” “my_loc.dtd”>

%slo_default_dtd;
%my_loc_dtd;
<!ELEMENT LOC_FRAME (SLO, MY_LOC)>
]>
<LOC_FRAME>

<SLO>
...

</SLO>
<MY_LOC>
...

</MY_LOC>
</LOC_FRAME>

Since we assume that the XML-parser performs valida-
tion, the framework needs to include the references to the
DTDs of the subsets. We assume that the receiving party has
the required DTDs, otherwise a URL pointing to the DTD
should be available. One way of creating the framework is
to create a frame document (“LOC_FRAME”) that incorpo-
rates the DTDs of the different location representation sub-
sets. Below is an example, where the framework incorporates
two subsets, the “slo_default” subset and “my_loc” subset (ta-
ble 6).

Another option is to include the different DTDs in an ex-
ternal DTD (e.g., SLO_MY_LOC.dtd) and then reference the
external DTD in the location representation document. An-
other possibility to be further studied is to use the mechanisms
proposed in the XHTML modularization [22].

5. Security considerations

Location information is potentially private or sensitive even
though some parties (such as shops) like to release their loca-
tion information to the public. The authors believe that loca-

tion information should be delivered based on the policy set to
the location information. In addition, certain security mech-
anisms should be used to protect the location information, if
required (as most of the cases).

6. Conclusions

Location information has been expressed in very many dif-
ferent ways. With the help of a common default set we can
achieve interoperability between different applications and
systems in the Internet.

By analyzing various existing/proposed data representa-
tion formats, and spatial location-aware services, the authors
suggest that the default set should include (1) as manda-
tory elements: the location of the object expressed with lati-
tude, longitude, and altitude (recommended – should be pro-
vided when available) using the WGS-84 datum, and time
of measurement, (2) as optional elements: location accu-
racy, speed, direction, course, orientation, and unspecified at-
tributes.

In order to keep processing simple, the authors propose a
single way for expressing and encoding the default data set,
opposite to some other proposals that allow different optional
ways. Due to the existence of various location formats, the
authors further propose a higher level XML-based framework
to support/carry the different types of expressions. The advan-
tage of such a framework is that it simplifies the interpretation
and processing of the location data, while it enables generic
way of specifying and identifying the different subsets. It also
enables extendibility and allows a location to be expressed in
multiple ways.
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Appendix A. Formal syntax of common data set

The syntax is specified with ABNF grammar (IETF RFC2234).

SLO = Coordinate Delimiter
[Location_Accuracy Delimiter]
Time Delimiter
[Speed Delimiter]
[Direction Delimiter]
[Course Delimiter]
[Orientation Delimiter]
[X_Attribute]

Delimiter = <any delimiter string> ; Delimiter depending on the coding
Coordinate = Latitude Delimiter Longitude [Delimiter (Altitude_WGS84 | Altitude_Sea)]
Latitude = (“N” | “S”) Degree “.” Minute “.” Second “.” Fraction
Degree = “0”–“90”
Minute = “0”–“60”
Second = “0”–“60”
Fraction = *Digit
Digit = “0”–“9”
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The syntax is specified with ABNF grammar (IETF RFC2234). (Continued.)

Longitude = (“E” | “W”) Degree_1 “.” Minute “.” Second “.” Fraction
Degree_1 = “0”–“180”
Altitude_WGS84 = (“+” | “−”) Meter “.” Fraction

; height in meter from WGS-84 reference ellipsoid
Meter = *Digit
Fraction = *Digit
Altitude_Sea = (“+” | “−”) Meter “.” Fraction

; height in meter from mean sea level
Location_Accuracy = [Horizontal_Accuracy Delimiter] [Height_Accuracy]
Horizontal_Accuracy = Meter “.” Fraction
Height_Accuracy = Meter “.” Fraction
Time = YYYY “−” MM “−” DD “T” hh “:” mm “:” ss “.” s TZD
YYYY = 4*4Digit
MM = “01”–“12”
DD = “01”–“31”
hh = “00”–“23”
mm = “00”–“59”
ss = “00”–“59”
s = *Digit
TZD = “Z” | ((“+” | “−”) hh:mm) ; where Z means zero meridian
Speed = [Ground_speed Delimiter] [Vertical_speed]
Ground_speed = *Digit “.” *Digit SP (“m/s” | “km/h” | “mph” | “knot”); default: m/s
Vertical_speed = *Digit “.” *Digit SP (“m/s” | “km/h” | “mph” | “knot”); default: m/s
Direction = Magnetic_direction | True_direction
Magnetic_direction = “M” Degree_2 “.” Fraction
Degree_2 = “0”–“360”
True_direction = “T” Degree_2 “.” Fraction
Course = Magnetic_direction | True_direction
Orientation = Horizontal_orientation | Vertical_orientation
Horizontal_orientation = Magnetic_direction | True_direction
Vertical_orientation = (“+” | “−”) Degree_1 “.” Fraction
X_Attribute = <a string of an indicated/default character-set>
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