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Solutions to Infrastructure Asset
_ocation Cross Referencing

Integrating road management with other
management Systems through GIS

Linear Referencing in GIS
Managing data synchronization
Using GIS as a data collection tool




Integrating road management
with other management Systems
through GIS
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Pavement Management System Components
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Several data types must be combined to be used for
planning and asset managment
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The Key to Linking Data sets Is
Managing Location Referencing

e A Typical Agency uses Several Different

L ocation Referencing Methods

Fixed link segments used for Capital/Capacity Planning

Different Fixed Link Segments Used for Maintenance
Management;

Reference point descriptions, (such as Intersection
names), used by police for accidents;

Linear referencing used for Road Inventory/condition;

Spatial Referencing, (longitude/latitude or X,y
coordinates), GPS locations — traffic signs.

— Geo-referencing (street addresses)




Cross -location Referencing can be done by forcing
all data types to use the same method - all data
types use the same fixed links
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Or locational cross-referencing can be done using GIS

Bridges

Dynamic

Seg mentation Lighting/Signals Drainage
database for

linear referenced

data

Traffic and Road
User Data

Evaluation and
maintenance planning

Roadway

Inventory Inventory

life cycle cost
analysis and
Pavement

Asset

Condition

management
software




Data from any other application
can be linked to the road
management System through GIS

 Bridges (linear referencing)

o Traffic Accidents (reference points)
* Maintenance Costs (fixed links)

* Roadside furniture (x,y coordinates)
o \Water/Sewer

o Sidewalks

 Street Lights etc.




Traditional Method of
Referencing Data to Maps
 Map Objects

e data points
* Nodes

e PolyLines
 Polyshapes

— Data tables are linked/attached to these objects
through the use of related object identification
numbers




Street
< >
Maintenance Segment | Maintenance Segment | Maintenance Segment Maintenance Segment
Maintenance Segment | Maintenance Segment | Maintenance Segment Maintenance Segment

Maintenance Segments

L JL J L JL )

Capacity Planning Segment Capacity Planning Segment

[ O A 0 )

Capacity Planning Segments

Typical Fixed Link Objects




thiPolylsines /-




Shapes - PolyLines
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e Problem with Fixed Length PolyLines

— Data Is applied to the entire polyline

— Length and Location of each line must be
synchronized with the database each time the
database changes - not practical for pavements!!!



ROAD
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Homogeneous Pavement Segments in 1994

Pavement Segment 1 ?? Pavement Segment ???
Paving

Homogeneous Pavement Segments in 2001

Homogeneous Pavement Segments
Are Not Static !
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The simplest way to model complex and
continuously changing segments is by using linear
referencing and dynamic segmentation
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@ ArcView GIS 3.2a

Eile Edit Iable
B ;

Field ‘window Help

| 16 of |

2644 zelected

i Inventory

Shgne | Flrvoansail] Savamnet Lo AR Giz_name Fofffrom| Foffta Clazs Fdezcfrom Fdescto Sadt [0
PalyLine X FA00 74 Ave LI a0 Ave aM: BA1Z2:iC 165 5t 1654 St 2500 Bﬂﬂ
PalyLine B4 BN £ 7B Ave WEL a0 Ave B12: BO2E:C 1654 St 16E St 2500 ¢ 20
PalyLine B5 2000 ¢ 80 Ave a0 Ave BO28: BIRZ:C 1EE St 1674 St 2500 £ 20
PalyLine GG 200 82 Ave a0 Ave E352: B4RTILC 1674 St 168 St [Back] 2500 ¢ 20
PalyLine B7 2401 § B4 Ave WEL a0 Ave E458: B997: A 168 St [Ahea 1704 St 1600 ¢ 80
PalyLine B3 2400 ¢ 84 Ave B0 Ave B997: FOBE: A 1704 St 1600 ¢ 80
PalyLine B4 FEOO: 76 Ave a0 Ave TOBE: FI2BE: A 1725t 1600 ESJ
PolyLine il TR00: 7RASTD Ave a0 Ave TEEE: BO74:A 172 5t 176 St 1600 : &
PolyLine 71 10401 £ 104 Ave WEL a0 Ave BO74: BREZ: A 176 St 2100 80
PolyLine i 10800 ¢ 105 Ave a0 Ave BhE2: 9151 :4A HARWIE ROAD 2100 80
PalyLine 73 9900 £ 99 Ave a0 Ave 51 9403 A HARWVIE ROAL 2100 20
PalyLine i 10000 ¢ 100 Ave a0 Ave 9403t 9F12iA 184 St 2100 20
PalyLine 7 15780 110103 Ave Connector a0 Ave 9712 10803 A 184 St 188 St 2000 ¢ 20
PalyLine 7E 12080 1204 St a0 Ave 10503 : 10887 : 4 183 5t 2000 ¢ 20
PalyLine 7 12100 121 5t B0 Ave 10887 : 11293 A 192 5t 2000 ¢ 80
PalyLine 7a 12200 122 St a0 Ave 11293: 129131 ( A 192 5t 196 St 2264 £ 80
PalyLine 79 12380 1234 St 82 Ave 1 7aiC 1205t 5700 82
PalyLine an 12600 126 St 82 Ave 7o 135:C 1204 St 570082
PolyLine 130 5t 268: 0 1204 5t 1214 St

Linear references are stored in a database table
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i} ArcView GIS 3.2a

Eile Edit Table Field wWindow Help
=] i ) v
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PalyLine B3 7400 74 Ave 2\ [e0ave 5301: 5312 9 165 5t 1654, 5t 2500 B0~
FalyLine B4 7601 | 75 Ave WEL 80 fve 5312 BOZBiC 1654, 5t 165 St 2500 ; 30
FalyLine E5 8000 ; 80 Ave 80 Ave B028: B3m2iC 166 5t 1672, 5t 2500 ; 30
PalyLine BE 5200 : 82 Ave B0 Ave E352: BARFILC 1674, 5t 168 5t [Back] 2500 ; 80
PalyLine E7 54071 | B4 Ave WEL B0 Ave B458: B99FiA 168 5t [Ahea | 1704 St 1600 ; B0
PalyLine B3 5400 ¢ B4 Ave B0 Ave B337: 7O58:A I A 1600 : B0
FolyLine E9 7600 | 76 five 80 Ave 7058 7266iA Lilicd 172 5t 1600 BSJ
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FalyLine 71 10407 £ 104 Awe WEL 80 fwve 8074 BRE2:A DDotaronsciNno 2100 80
FalyLine 72 10500 105 Awve 80 fve 8532 9151:iA PNCTOUT LT TOUIT TYharviE ROAD 2100 80
FalyLine 73 9900 ¢ 99 Ave 80 Ave 9151 9403 A HARVIE ROAL 2100 80
PalyLine 74 10000 100 Awve B0 Ave 403 97125 A 184 5t 2100 80
PalyLine 75 15750 ¢ 110/108 Ave Connector B0 Ave 9712 10503 A 184 5t 188 5t 2000 ; 80
PalyLine 75 12050 1204, 5t B0 Ave 10503 10887 | A 188 5t 2000 : 80
FolyLine 77 12100121 5t 80 fuve 10357 11293 1 A 192 5t 2000 ; 80
FalyLine 78 12200122 5t 80 fuve 11293 12131 § { 192 St 195 St 2264 80
FalyLine 79 12350 1234 St 82 Awve 0 73iC 120 5t R7O0 : 52
FolyLine 04 g 12600 ..EE ....................... R P2 EVEY . 79 130iF p..p 0208 St 5700 ; 82
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PolyLine $EU | 1350 A4 UIIC ICTTUYGED U Al IC TMUITYLOLERIC Qiedsd UIT 5700 : 82
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e starferd locatioms:of the segmepts within-groute.may.—.— ==
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FuolyLine BR1a A ﬁ& é? Si_ h _____ d Py - P [ iy Juc)cic il L Y D [ M  Jc =11 [ o ST S 300 ; 82
PalyLine % ) o, X g n t €' a. c:tAJIT VVILI3wikt:|dCCU LU IIﬂUUII 144 3C §900 : 82
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Therefore we need a higher
level of Dynamic Segmentation

00 10 20 30 5.0
AADT [1000] 500 | 100
Maint. Cost | 100 | 240
Results of g i i v
Dynamic | 7000 | 500 | 500 100 =
Segmentation | 700 i 700 | 240 | 240

%}menm resulting from

higher level dynamic segmentation

J]



and intelligent transfer of data
between segments (dynamically)

0:0 1:0 2:0 3:0 5.'0
AADT | 7000 500 100

Maint. Cost | 100 240
Transformed to |, ﬁ, g L /
50 | 130 160
Transformed to / / /
Maint. Cost 750 7 233
Sections 100 240 |

Z3

J]

ew values resulting from
ynamic data transformation



Performing Higher Level Dynamic
Segmentation and/or Dynamic Data
Transformation within a GIS
environment is cumbersome If not
Impossible.....

....although 1t Is readily
accomplished within some linear
based Asset management software
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| But GIS road Centreline geometry
often/misrepresents reality
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Or I1s too ambiguously defined
t be usetHfor-fie
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The solution requires maintaining
the synchronization between:

e GIS Routes
e Data base Routes
e Field the data Collect File

Linear Location Referencing Method

\_ 2N L /
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4 N N N
0 400m 800m 1600m
Primar y Direction - Direction of increasin g Linear Referencin g
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and this requires predefined data collection
specifications and location referencing rules

9NV 1ST

Roadway = C
Width = 9m Roadway = C Roadway = C
# of lanes = 2 Width = 16.4m ! Width = 12.7m
# of lanes =3

Width =
12.7m

Test lane = R1

Roadway = R
Width = 8m
# of lanes = 2

Roadway = R
Width = 8m
# of lanes = 2

# of lanes = 4
Test lane = R2

Test lane = R2

9AY PIE

pu3z

—

= CCR road - data collection lane(s)

‘fezf[ |I21?123==R31 #of lanes = 4 Test lane = R2 5 g Test lane = R2
Test lane = R2 w >
= = N o 55 o N =
3 3 RS S o 3
g B > 3 2 $ g =
a o o m > 3 ~ 3
a*Uf s Road Name: Main St am &
i From: 1st Ave g
To: 3rd Ave »
Master Length: 15.379km
DMI Lineal Referencing GPS Spatial Referencing
Offset Description From Coordinates | To Coordinates Attributes
[ Road [Roadway| From | To From | To North | East North | East [#ofLanes| Width [Test Lane
Main St C 0 2050 1st Ave 2 9.00 R1
Main St C 2050 2200 3 12.70 R1
Main St C 2200 2500 600m W of 2nd Ave 4 16.40 R2
Main St R 2500 3100 600m W of 2nd 2nd Ave 2 8.00 R2
Main St R 3100 5750 2nd Ave 2.65km E of 2nd Awve 2 8.00 R2
Main St C 5750 9250 2.65km E of 2nd Ave 4 16.40 R2
Main St C 9270 15379 3rd Ave 3 12.70 R2
Main St L 2500 3100 600m W of 2nd 2nd Ave 2 7.80 L2
Main St L 3100 5750 2nd Ave 2.65km E of 2nd Awve 2 7.80 L2
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..based on Ortho-rectified air
photography used to define GIS road
eometry and the database Ienths
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and specialized location referencing

equipment on Inspection vehicles ...
= =——— GPS Receiver

Linear Distance
Measuring Instrumen
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that incorporate visual, linear and spatial
referencing
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GPS linear referencmg and

@ images are required for managmg
data collection location
referencing
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but there Is a practical limit to the "
accuracy of field location referencing £
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and other management system data can

now be accurately integrated with roadway

management data through GIS






Conclusions

 Positional accuracy of roadway related data
used in most GIS and IMS is of insufficient
accuracy to produce meaningful cross-
location referencing queries

* The above problem can be minimized by
careful attention to GIS network definition
and a much more rigorous approach to data
collection management




Conclusions

o Complex data analysis and life cycle cost analysis
are features not readily supported within the GIS
environment

IMS applications exist that are capable of
performing these complex data analyses as
required for asset management

GIS environment is well suited to maintaining the
location cross-referencing between different asset
classes and now as an inventory data collection
(o]0]




