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to use multi-dimensional
data effectively
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PREHENSIVE

IR ’\J\J SPORTATION LRS
IREPLESENLS o,'rjﬁcf-'rs events as they occur
Inrealiworia.
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local level to federal level

Time-based analyses:
Historical Trends, Prediction,
Identification, Generalization
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COMPREHENSIVE

IRANSPORTATION LRS

Keyelementinideveloping a comprehensive
transportation/ RS is to specify what it is
intendeditordo (I.e. functional

- reguikement

NCTIOGNAL REQUIREMENT

A functional-level capability or business rule
whichi IS necessary to solve a problem or
achieve an objective (after Martin 1990).
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OEJECTIV. i:-@ F'NCHRP 20-27(3)

sportation Location
(LRS) data model for

functional reguirements.

Develop guidelines for implementing LRS data
model at transportation organizations.
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Roadway transportation
Four dimensions
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".Me ns to Long-term Research
Outcomes
Adoption by transportation agencies
Consensus-based ingredients for standards

Set of Core Func(t)ional Requirements
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1 Group Frfmr)or,r.:z

consinliction anal Ass

Group 4: Transit Faclilities and Operation;
Commercial Vehicles and Fleet Management
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al time. Object’s state is the
,v&ﬁes at an instant or interval.

Something that happens instantaneously in a point of
time that changes the state of and object (after
Rumbaugh et al. 1991)
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Policies, records, objects, and procedures that relate

the included location referencing methods (after
NCHRP (1974)).

NATMEC Aug 2000 NCHRP 20-27(3) 15



HHNHNmm“HHH\\uuuummum
il
HHHHH\“
i
AL
=

FUNCTIONAL R

QUIREMENTS

16



FUNCTIONAL REQL

1. SPATHALYSLREIV
ZlENIPORAL REEFERENC

P &

)

. HISTORICAL DATABASES

. ACCURACY and ERROR PROPAGATION
9. OBJECT-LEVEL METADATA
10. TEMPORAL TOPOLOGY / LATENCY
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6. DYNAMICS
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. SLOUrE place and position
PIOCESS avents in three
djmango S and time: relative to the roadway.
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OMAIN OF BA JJf‘ OPERATORS
REAL WORLD /| DATABASE

Transform

Database

Position Transform
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SPATIAL / TEMPC
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'SPATIAL
CoerdiRates ’

Linear referencing

AL REFERENCES

TEMPORAL
Halfi past seven
7:30 PM
UTC+7h30’
An hour ago

Yesterday

M-F 0900-1700
S-Su 1000-1400 May to Oct.

Landmarks Uncertainty
Custom grid Reference Object
references Offset
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3330 S State SSLC

ost A0089 372.753

Intersection/Offset 3300 S & State (S) +210 ft

Rt 12 O +4.992 mi (08:50trip)

Bus Route/Offset

9:14 (Rt 120 08:50 trip )

Bus Route/ Time
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SPATIAL / TEMPORAL REFERENCING

SPECliicideiaNmedel reguirements
— 2ssions specify location

spatial refl erence objects are recoverable in the
field.

distinguishes between reference-able and non-

reference-able objects
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Jatabaseepresentation to the real world and
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IEEISEIBREEERENCING
SYENEIREETEORAL DATUM

— /Qrw Sta rJrJ rd lime

— Zoperpayiignt ?‘Jrr

—WVinien r/ ime
calendar Day

One Tlemporal Referencing Datum

Coor'ma Universal Time (Gregorian
Calendar)

v
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NATMEC Aug 2000

D (Worboys, 1995)

TIME INSTANT

TIME INTERVAL

>

TIME PERIOD

> > >
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remMpP JR}L ?w RENCING SYSTEM /

for transiormation among temporal referencing
methods.
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TRANSFORMATION
h ¥

-111.888, 40.6993, 4,197.821)

A* 3330 S State SSLC

A0089 372.753
3300 S & State (S) +210 ft

Rt 12 O +4.992 mi (08:50trip)

Bus Route/ Time Il 9:14 (Rt 120 08:50 trip )
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TRANSFO

NATMEC Aug 2000

RMATION OF DATA
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IIRANSFORMATION FUNCTIONS

1.
SOMEINgImere than simple
deliavase asw%at]or
“ Analytic 1

| Slochastic 2

F

3 & ‘ " 3 STOPS
. (Location)
» 4
5
0:00 TIME 24:00
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IRANSFORMATION OF DATA SETS

E RV~ 'L.LRJ\/

~J\/J — 2D or 3D/LRM
1,(t,) HLRM (t,)

LLRM (linear datum) < [TRM (temporal datum)

spatial / temporal referencing system provides
certain accuracy and precision
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SlippoIts mulbple cartegraphic and
'rgr)olo JJr,J reoriﬁq' at both the same

NATMEC Aug 2000 NCHRP 20-27(3) 32



TOGRAPHIC / SPATIAL
- REPRESENTATION

dent on the
iInteroperability. of
data from different
Sources
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VMUEHPLE,CARTOGRAPHIC / SPATIAL
TOPOLOG ‘ -PRESENTATIONS

neWwersievels oira
ran"r PENGNE

ncotplefcartograr y and topology
ication=specific
Topology anal cartography know their own aliases.
Can be used for Generalization / Aggregation

E.g., Represent an interchange as a node or as
collection of nodes and links.
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MULTIPLE C X 'OGRAPHIC/ SPATIAL
TQPOLJ / REPRESENTATIONS

mvluplerspaualiftiepolegicalirepiesentations, for individual geometric

OR|EEIS '

topolegiCAINERIES f"algeometric object has one or more

Assecialed Cafoe ‘ representations

CAlte er fe0f 0 has ene or more associated topological
ALONS: .

changes, in cartographic representation (due to change in map scale)
lead to references to the appropriate topological representation

changes in the topoloegical representation (due to level of
generalization) lead to references to the appropriate cartographic
representation.

consistent turning movements and restrictions that apply for all

topological representations
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minute
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RES 3 J/ / TION

[equirements

"]on and dimensional

data collection and storage

acc]derﬁf 2l .o represented as point

19 cenierline, at'lane level, as areas, and
ertical dimension)

4
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Vi /1ge

tion of objects, in near

ent 0N various criteria,

transportatlon network.
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guiging - L
-1 Incli@es free-formimovement (“cruising”)
| IUAESHON: 'h&-‘w'modifications to pre-
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DOMAINIOF BASIC / DYNAMIC
OPERATORS
REALLWORLD, / DATABASE

Paal World
Transform
Locate
Place
A
Database
v Transform
Track Position
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CONVEYANCETOR|ECLS ations that are time dependent
ieniperalelerencing metheds provide for temporal
[easening
iormulti-medaiNiEtworks, a path finding algorithm that
Jr)r)oru r)ro/mnrjéﬂ VSIS for spatial / temporal
1S among ven@nd objects

tifne-depénderfﬂi“nk attributes for temporal-based lane
configurations such as HOV and reversible lanes

events have time-dependent attributes
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e event

NATMEC Aug 2000 NCHRP 20-27(3) 43



_—

HIS TORICA . TABASES

state In time.

/] @5]@,5;[8
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Roll-bz k f %ld and new objects.
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HISTORICAL DA
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ACCURACY AND ERROR
PROPAGATION

bje and referenced to, a

ial temporal referencing
are related by
urements

Alllmeasurements contain error

#‘* Errors in data propagate through
analytical processes to produce
uncertainty in results
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PROPAGATION

error (bias and
S and events

rrelation of error among
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tion referencing
model...
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ETADATA

Q

Uidancecesior use and

jerentire dataset
ta1n- E\‘aset

and cormcj ce interval

L object level

S

NATMEC Aug 2000 NCHRP 20-27(3) 50



OBJEC [-LEVE

date J]meag

attripuie

L METADATA

NATMEC Aug 2000 NCHRP 20-27(3)

51



NATMEC Aug 2000 NCHRP 20-27(3) 52



Temporz

opological

i

Relationshipsi(Peuquet, 1994)

-

X during Y
Xstarts Y S
XendsY e
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all acCident‘é“during a construction project within
a construction boundary.

Temporal after
all accidents that occur after a project completion.
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LATENCY CONCEPTS

o
( +\ o -

Spatial Latency
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Knowledge

Time
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NEVIROBAETIOPOLOGY / LATENCY

SPECliiciaataimoaelfeguirements

Explicit errdenVvable temporal topological
relauoenships AMONC objects and events (disjoint,
' * multaneous)

ngand distinguishing between the actual and
expected occurrences and durations of events

a record of when object and event data were
entered
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SUMMARY & CONCLUSION

— modelthat makes data smart
. Driven .'oy i
51S SOty

GPS for data collectlon
ITS appllcatlons

Model independent
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