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Why the RDF community needs
GeoTemporal reasoning capabilities

e Most of the Semantic Web projects are about
— People and their relationships
— Events that happen in space and time

e Reasoning about time and space needs to be an integral part
of Semantic Web.



Why the geospatial community
needs RDF

RDF is about MetaData
MetaData is usually very unstructured and sparse

Objects that you describe are usually part of an object
hierarchy

You need ontologies to describe geospatial objects..

— See how the national map project uses ontologies to solve
the metadata problem
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As one of the cornerstones of the U.S, Geological Survey's (USGS)
Mational Geospatial Program, The Nationa! Map is a collaborative effart
among the USGS and other Federal, State, and local partners to
improve and deliver topographic information for the Mation. It has many
uses ranging from recreation to scientific analysis to emergency
response. The Mational Map is easily accessible for display on the Web,
as products and services, and as downloadable data. The geographic
information available from The Mational! Map includes orthoimagery
{aerial photographs), elevation, geographic names, hydrography,
boundaries, transportation, structures, and land cover. Other types of
geographic information can be added within the viewer or brought in
with The Mationa! Map data into a Geographic Information System to
create specific types of maps or map views, The Nationa! Map is a
significant contribution ta the Mational Spatial Data Infrastructure
(MSDI and currently is being transformed to better serve the
geospatial community by providing high quality, integrated geospatial
data and improved products and services including new generation
digital topographic maps.

Mational «

In addition to being an important contribution to the NSODI, The Mationa!
Map is foundational to implementation of the Department of the Interior
{DCI Geospatial Modernization Blueprint and meeting the DO mission to
protect America's treasures for future generations, provide access to

our nation's natural and cultural heritage, offer recreation opportunities, »
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This talk

The basics of a triple store
Events everywhere
One query language to combine
— Geospatial, Temporal, Social Network Analysis
Geospatial tutorial
Example: a river network in GeoBC
A future direction: moving objects



Graphs, triples, triple-store?

createTripleStore (“seminar.db" )

addTriple
addTriple
addTriple
addTriple
addTriple
addTriple
addTriple
addTriple
addTriple

addTriple
addTriple

addTriple

(Personl
(Personl
(Personl
(Person2
(Person2
(Person2
(Person3
(Person3
(Person3

(Personl
(Personl

(Personl

first—-name Steve)
isa Organizer)
age 52)
first—-name Jans)
isa Psychologist)
age 50)
first—-name Craig)
isa SalesPerson)
age 32)

colleague—-of Person2)
colleague—-of Person3)

likes Pizza)



4. Gruff - An AllegroGraph Browser,
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addTriple ( Person3 neighbour-of Personl)

addTriple ( Person3 neighbour-of Person2?)



4. Gruff - An AllegroGraph Browser,
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And now you can query

(select (?xname ?yname)
(?x colleague-of ?y)
(not (?y neighbour-of ?x))
(?x first—name ?xname)

(?y first—-name ?yname))



Or reason

addTriple ( first—-name domain Person)
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addTriple

addTriple
addTriple

addTriple
addTriple

addTriple

And deal with events

(Event100 type Meeting)

(Event1l00 actor Person3)

(Event1l00 actor Person2)

(Event100 start 2008-12-12T12:12)
(Event100 end 2008-12-12T12:45)

(Eventl1l00 is—-at -122.4325,37.12223)
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Integrated in select language.

Find a meetings that happened in July within
miles of Berkeley that was attended by the
most important person in Jans’ friends and
friends of friends.

(select (7?x)
(ego—group !person:jans knows ?group 2)
(actor—-centrality—-members ?group knows ?x ?num)
(g ?event !fr:actor ?x)
(gs ?event !rdf:type !fr:Meeting)
(interval-during ?event “2009-07-01" “2009-07-25")
(geo-box—around !geoname:Berkeley ?event 5 miles)

')

5



Geospatial Reasoning
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Geospatial Challenge

e Make the following super efficient
— Where did something happen?
— How far was eventl from event2?

— Find all the events that occurred in a bounding box or
radius of M miles?

— Do these two shapes overlap?

— Find all the objects in the intersection of two shapes
e On avery large scale

— when things don’t fit in memory

— millions of events and polygons



Scale

e We work both in a flat plane (x, y) and on a sphere (lat, lon)
e We work on different scales : From angstrom to miles
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The law of haversines

[edit]

Given a unit sphere, a "tniangle” on the surface of the sphere is defined by the great circles connecting three
points u, v, and w on the sphere_ If the lengths of these three sides are a (from u to v), & (from u to w), and
¢ (from v to w), and the angle of the cormer opposite ¢ is C, then the law of haversines states:

(the law of haversines)

haversin(c) = haversin(a — b) + sin(a) sin(b) haversin(C')

Since this is a unit sphere, the lengths a, &, and ¢ are simply equal to the angles (in radians) subtended by
those sides from the center of the sphere (for a non-unit sphere, each of these arc lengths is equal to its

central angle multiplied by the radius of the sphere).

In order to obtain the haversine formula of the previous section from this
law, one simply considers the special case where u is the mortirpote,
while v and w are the two points whose separation d is to be
determined. In that case, @ and b are /2 - @4 2 {i.e., 907 — latitude), C 15
the longitude separation AA, and ¢ is the desired dfR. Moting that sin{T/2
- @) = cos(g), the haversine formula immediately follows.

To derive the law of haversines, one starts with the spherical law of
cosines:

cos(c) = cos(a) cos(b) + sin(a) sin(b) cos(C')

As mentioned abowve, this formula is an ill-conditioned way of solving for ¢
when ¢ is small. Instead, we substitute the identity that cos(8) =1 -2
haversin{&), and also employ the addition identity cos(a — b) =

cos(a) cos(b) + sin(a) sin(b), to aobtain the law of haversines, above.

Spherical triangle =olved by the -
law of haverzines.

(sphencal law of cosines)




R-tree
From Wikipedia, the free encyclopedia

This article 1s about the dala structure. For the type of meiric space, see Real free.

R-trees are tree data structures that are similar to B-trees, butare | = — = = = = = = = — — — <
used f|:|r$patial access methods i.e., for indexing '
multi-dimensional information; for example, the (X, ) coordinates :
of geographical data. A commaon real-world usage for an R-tree (! R0
might be: "Find all museums within 2 miles of my current |
location”. |
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(geo-bounding-box ?x +minlat +maxlat +minlon +maxlon)

(geo-box—around +x ?y +miles)
(geo—distance +x +y ?dist)
(geo-radius—around +x ?y +miles)
(polygon—-in ?pl ?p2)
(polygon—touch ?pl ?p2)
(polygon-overlap ?pl ?p2)

Etc.
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Now with SPARQL Support [1]

PREFIX fr:
<http://franz.com/ns/allegrograph/3.0/geospatial/>
PREFIX geo: <http://www.geonames.org/ontology#>
PREFIX country: <http://www.geonames.org/Countries#>

SELECT °?placename ?population WHERE ({
GEO OBJECT
HAVERSINE ( ?londonpos, 50 MILES ) ({
?place fr:pos ?pos ;
geo:name ?placename ;
geo:population ?population ;
geo:countryCode ?cc
}
WHERE {
# Select London, UK.
?london geo:name 'London' ;
geo:countryCode 'GB' ;
fr:pos ?londonpos

}
FILTER (?population > 25000)



Benchmarking on
GeoNames.rdf

Using GeoNames

e coordinates for 6,445,201 places
e 109,568,417 RDF triples

AllegroGraph requires only 95 msec real time to return the 502
entries within a 3 mile radius of the Franz Inc offices.



Example 1: dealing with a river
network using KML and Google Earth

e Working with data from GeoBC
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The graph in a River

Network
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Regular data with a
graph

S1 type stream-segment Given the polluted segment

S1 upstream S2 S1 find all the
S1 upstream S3 upstream segments within
S1 left-drainage D1 50 miles of City1200

S1 right-drainage D2

Given the polluted
s1 isAt (-121.2, 12.1) v POTIU

drainage D1 find all

the schools in the rectangle
<x1, y1, x2, y2> that might
be influenced



Queries

e Graph search

— find all upstreams or downstreams of a segment
e Graph search + bounding box

— Given the polluted drainage D1 find all the schools in the
rectangle <x1, y1, x2, y2> that might be influenced
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(«<-- (upstream-edges 7edges 7downstream-node)
(lon-lat ?lon ?lat ?downstream-node)
(bagof 7edge (upstream-edge 7edge ?downstream-node 7lon ?lat) 7edgesz))

(<-- f(upstream-edge Yedge 7downstream-node “Ydownstream-lon 7?downstream-lat)
(- ?downstream-node lboiconnectsUpstreanTo Tupstreamn-node)
{lon-lat 7upstream-lon 7upstream-lat 7upstream-node)
for (= 7edge (?downstream-node ?downstream-lon ?downstream-lat Pupstream-lon ?upstream-lat))
(upstreamn-edge 7edge Tupstream-node Tupstream-lon Tupstream-lat)))

[<-- (lon-lat 7?len ?lat ?node)
{g- ?node lbeciedgeCoordinate ?pos)
(= (?lon ?lat)
(77 (multiple-value-list (upi-»longitude-latitude 7Zpos)))))

hydro (62) :
7edges = |

(upstream-edges Zedges (27 (upi !be:7104256600)0))
710425804 -124.8021390572390A40 49.446A695707070740 -124. 80315387205387d0 49.44647445286195a640)

(-

({

({710425660} -124.793635846801346d0 49.452457575757568d40 -124. 80213905723%06ad0 45, 4466695707070740)
({710425823) -124.821967003367d40 49.44598169191919440 -124.8228683501683540 49.4450046717171740)
({710425654}) -124.8036943602693540 49.4527509660134740 -124.821%67003367d0 49, 44558169151519440)
({710426256} -124.82158333333334d0 49.428176220538724d0 -124.827950228585023d0 45.421490993265994d0)
({710426256} -124.B82158333333334d0 49.428176220538724d0 -124.82%7393097643d0 49, 4236836658249164d0)
({710426235) -124.8208662457912540 49.4292757154882240 -124. 82156333333334d0 49, 4281762205387244d0)
({710426326} -124.833677020202024d0 49.42515675925%26d0 -124. 839984323232324d0 45, 42378253367003540)
({710426326} -124.83367702020202d0 49.42515675925926d40 -124. 839002020202024d0 45.421689116161616d0)
({71042631%) -124.08326466329%663d0 49.4254702020202d0 -124.83368770202020240 49.4251907558255%2640)
(1710426319} -124.8328466329966340 49, 425470202020240 -124,8335251683501640 49.42110500841750640)
({710426235) -124.8208662457912540 49.4292757154882240 -124. 832846632586603d0 45, 425470202020240)
({710426037} -124.81563299663299d0 49.43826085707070740 -124.82086624575125d0 49.4292757154882240)
({710426151} -124.81465488215466d0 49.4319703282828340 -124.811%64595959640 49.42519675925592640)
({710426458) -124.82796860260%36d0 45,419625811447811540 -124. 8300978%5622540 49.41758009255259440)
({7104264598} -124.8357708754208840 4%.41846817003367d0 -124.8366033670033640 45.4168951555326640)
({710426458}) -124.8279606026936d0 49.41962811447811540 -124. 835770875420B864d0 49.418461700336740)
({710426151}) -124.81465488215468d0 49.4319703262828340 -124. 827%606002653040 49.41%62811447311540)
({710426037} -124.81583259663299d40 49.43826585707070740 -124.81465485821546084d0 45.4319703282828340)
({71042594%2) -124.8153372855023d0 45.44091292087542d0 -124.8156329966329540 49.4382695707070740)
({710425%860} -124.82494907407407d0 4%9.44042015993266d0 -124. 82326636363637d0 49.4435761784511840)
({710425973} -124.8259351010101d0 4%.44064659090909d0 -124.8399951178451240 49.43077255892255640)
({710425563} -124.83467895622896d0 49.4428114057239140 -124. 83626936026%36d0 45, 4465513468013540)

f 1 . o 5 - i o 1 ) - o
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File Edit ©ptions Buffers Toals SGML Help
<7uml version="1.1"7>

M
<kml zmlns="http://www.opengis. net/knl/2.2"> W
<Document:
<namerDrainage for node lbe:710281837</name>
<8tyleMap id="drainage">
<Pairr<keyrnormal</keyr»<styvleUrl>#drainageNormal</stylelUrl></Pair>
<Pairr<keyrhighlight</key><styleUrlr#drainageHighlight</styleUrl></Pair>
</ StyleMap>
¢8tyle id="drainageNormal">
<Tconftyle><Icon><hrefrhttp: //maps. google. com/mapfiles/kml/pald/iconal. png</href></Tcon></Tconstyle>
<LineStyle><color>cfff2020</color><width>2</width></Lineftyle>
</ styler
<8tyle id="drainageHighlight">
<IconfStyler<Icon><href>http://maps.google. com/mapfiles/kml/pald/icon5e. png</href></Icon></Iconltyle>
<Lineftylex<colorrcfff4040</ color><width>3</width></Lineftyle>
</ otylex
<Placemark>
<namexlbc: 7102816837</ name>
<vigibility>l</visibility>
<gtyleUrlr#drainageNormal </stylelUrls
<MultiGeometry>
{LineString id="1" tessellate="trus">»
{coordinates 1d="2"»>-123.7183A127946128d0, 48. 7778095959555 %Ad0 -123.7229480A39730Ad40, 48. 778A15698A532d0
</coordinates>
</Lineftring>
<Lineftring 1d="3" tessellate="trus">
<coordinates 1d="4">-123.75054621212121d0, 458.7723520202020240 -123,.751%9057239057d0, 48.7733404040404044d0
<fooordinates>
</Lineftring>
{LineString id="5" tessellate="trus">»
<coordinates 1d="A"»-123.7A7585606060A40, 48, 7851100589225Ad40 -123. 7AA057A5599326Ad0, 48, 78585778619525940
</coordinates>
</Lineftring>
<Lineftring 1d="7" tessellate="trus">
<coordinates 1d="0">-123.767973145148144d0, 458.784A5719696597d0 -123.7675856060606d40, 48.768511005892254A40
</ooordinates>
I </Lineftring>
{LineString id="9" tessellate="trus"> hd
-u{Uniz)-- 710281837 .kml Top L37 i st o i e e it s e e e b e e D e e e ﬁ

Beginning of buffer
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Google Earth..




) KiML Tutorial - KML - Google Code - Mozilla Firefox FEX
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KML in Google Maps KML Tutorial
khdlLMdaps Details

Submit Your Geo Content to

G KML s a file format used to display geographic data in an Earth browser such as f;:sf‘-ﬁ-ww - [Elx]
~=L00E Google Earth, Google Maps, and Goagle Maps for mobile. KML uses a tag-based
Interactive Sampler structure with nested elements and attributes and is based on the ML standard. All
tags are case-sensitive and must be appear exactly as they are listed in the KhL
i Reference. The Reference indicates which tags are optional. Within a given element,
Documentation tags must appear in the arder shown in the Reference.
Introduction

If you're new to KL, explare this document and the accompanying samples files

KML Tutorial (SamplesinEarth and Samples/nlMaps) to begin leaming about the basic structure of
@ Developer's Guide a kML file and the mast commanly used tags. The first section describes features
e that can be created with the Google Earth user interface. These features include

! placemarks, descriptions, ground overays, paths, and polygons. The second
' section describes features that require authoring KML with a text editor. When a

text file is saved with a &mfor kmz extension, Earth browsers know how to display

More Resources it

Media Gallery

Tip: To see the KML "code” for a feature in Google Earth, you can simply night-click the feature in the 30 Viewer of Google Earth and select Copy. Then Paste the

contents of the clipboard into any text editor. The visual feature displayed in Google Earth is converted into its KML text equivalent. Be sure to experiment with this
feature.

All of the examples described here are in the KML Sarples file. Begin by downloading that file to view the examples in Google Earth,

For More Information
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File Edit ©Options Buffers Toals Help

{defun drainage-paths-to-kml-stream (stream start-node list &key extrude tessellate altitude-mode)
;i list is list of pairs of sither 2d or 3d coordinates: {lon . lat) or {lon lat . alt).
(with-emitting-kml (=tream)

{with-xml-generation (.kml-stream.)
* (Document
*{name @({format nil "Drainage for node ~a" start-node))
“{(8tyleMap @id "drainage™)
“{pair M ikey @"normal"™)
M{etylelrl @"#drainageNormal™))
“{Pair *(key @"highlight")
“fetyletrl @"#drainageHighlight™)))
*{(8tyle @id "drainageNormal™)
*{IconStyle *(Icon *(href @*normal-point-icon®)))
*{LineStyle *{color A"7EEL0000") ~ (width @2)))
“{(8tyle (@id "drainageHighlight")
“{IconStyle *(Icon *(href @*highlight-point-icon®)))
*{LineStyle *{color A"7EEL4040") ~ (width @3)))
(loop for (nede lonl latl lon2 lat2) in list
az altl = nil and altZ = nil
it (consp latl) do (setf altl (cdr latl) latl (car latl)) end

if (consp lat2) do (setf alt2 {(cdr latZ) latZ2 (car lat2)) end
do ~{Placemark

*(name @node)
Mwviegibility @1)
*{gtylelrl @"#drainageNormal™)
“{i{LineString @id Sid-generators
(when extrude @extrude extrude)
(when tessellate [@tessellate tessellate)
(when altitude-mode @altitudeMode altitude-mode))
*{i{coordinatez @id Sid-generator$)
@lonl @#\., @latl (when altl @#\, @altl)
@
@lonZ @#\, @latZ (when altZ @#., Galt2)))))1)1)

i Aleg. | Fjp@g. | & rmbo.. &LV Ml M gaEiam



Future directions with KML

e We are considering some general support for KML
e Templates
e Shapes:

— Points

— Linesegments

— Polygons

e Please let us know what you want...



Moving Objects

e Fleets of trucks and
swarms of airplanes

e Track data for soldiers

e Track data for
endangered animals

e New Telco Service:
— Loopt and friends




The challenge

Foundations of »

e Track a million objects Multidimensional
e At aresolution of once per and -
minute or a change in x meters Metric Data Struc’ture§

e Bothinreal time , ol

— Use geotemporal (3D)
indexing techniques from
the game industry

— Do complex event
handling for current
situation

e And historically

— Use geotemporal (3D)
indexing




Questions we need to answer

e Real time:

— Do we have 5 soldiers that have been active less than 8
with training x and equipment y within a mile distance of
each other

— Find another truck that can pick up package X at location Y

so that | can pick up package A at location B so that we
both will arrive at P before time T.



So far implemented - real time

An object model for representing all active objects
In memory 3D indexing using a grid approach
Simple rules to trigger action based on in-memory objects

Simple rules to aggregate real time data and store it in the
triple store.



So far implemented historically

Three dimensional indices for x, y, tand t, x, y
(geotemporal-box ?a ?x1 ?y1 ?x2 ?y2 ?t1 ?duration)
(geotemporal-box ?a ?gbox ?tbox)

(how-close ?a ?b ?tbox ?dist)

(how-close ?a ?b ?gbox ?tbox ?dist)
(trajectories-crossed ?a ?b ?tbox ?loc ?time)



And

e Suggestions will be very welcome...

Thanks




