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ABSTRACT

One of the key hurdles in identifying unsafe intersectams$ roadways in Wisconsin is
the lack of a complete crash location map, espedaitlgrashes that occurred on local
streets. Crash locations are reported in termslafive offset from an intersection, based
on on- and at- street name information, which idesgifihe intersection, and direction
and distance information, which identifies the offs€bor intersection crashes, the offset
distance is typically set to zero. This paper describggstem developed by the Traffic
Operations and Safety Laboratory at the University adddhsin-Madison to automate
the mapping of Wisconsin local road crash locationse Bkation mapping algorithm
involves the integration of two separate Wisconsin Depamt of Transportation
databases - the Wisconsin crash database of politfec taacident reports and the
Wisconsin Information System of Local Roads (WISLRDhe application of WISLR
which includes an inventory of local roads such as traffformation, pavement
condition and roadway geometry, provides invaluable accessote comprehensive
safety analysis. Although the methodology introducedpiscific to the two above-
mentioned databases, the general ideas can be appled mmilar sets of crash and
Geographic Information Systems (GIS) databases.

The final result is a pinpoint map of all the intergettand segment crashes that
occurred on local roads in Wisconsin, along with thenmete crash information
associated with each mapped crash. The algorithm dedelipie this methodology is
able to map approximately 79 percent of the intended pool dablacrashes. Quality
evaluations indicate that the mapping is almost 98 peacentrate.

Keywords: traffic safety, crash location identification, autim map generation,
Wisconsin Information System of Local Roads (WISLR)
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BACKGROUND

During the ten year period from 1996 to 2005, there were orageeyver 130,000 police
reported crashes annually on public roadways in the stMésocbnsin {). Of those, nearly
5,500 crashes per year resulted in death or serious injuig/clear that the need to mitigate
crash hazards continues to be an important goal fecaMsin transportation planners and
engineers. Knowledge of both ‘where’ an incident oscas well as ‘how’ the chain of
events took place is necessary in order to improve thigrdand operations of intersections
and minimize the consequences of a traffic accidangeheral, however, there is no reliable
system in place at this time to map all Wisconsin regabicrashes onto a Geographic
Information Systems (GIS) digital map for crash sagetslysis.

In 1999, the Wisconsin Department of Transportation (WiSpBureau of Traffic
Safety (BOTS) secured federal Section 411 incentive dtamting to perform a Traffic
Records Assessment that supported the development antiescof a State Traffic Records
Coordinating Committee (TRCC). In 2002 and 2003, the TRCC ¢apepriority to
automating crash records and improving location data. Ddpartment of Motor Vehicles
(DMV), during the same time period, successfully impletadrthe National Model Traffic
and Criminal Software (TraCS) for internal entry ofséénsin Motor Vehicle Accident
Report (MV4000). DMV began pilot testing the new crasla datlection system with four
law enforcement agencies in September 2004.

DMV and BOTS have taken important steps to accelerateeébloyment of TraCs,
however the automation of crash data and locatioreaan cannot take place in a short
term because every police vehicle is not installedh witGlobal Positioning System (GPS)
unit. Moreover, there is no plan in the near future topeguery vehicle in Wisconsin. As a
result, it is clear that the process of automatingtciacation data collection and follow-up
analysis is a long term prospect that will take sewarais to fully implement. Of additional
concern is the fact that current deployment of the neehnologies, software and
recommendations to the MV4000 does not impact historieshcdata; information which
may be extremely valuable in the understanding of doasttions and patterns.

As a reaction to these needs, WisDOT has investeceiprttess of hand-coding all
crashes that occur on state managed highways (STNitash Reference Point (RP) and
Relative Distance (RD) system for GIS mapping. Howetlere is still no ready way to
map crashes that occurred local roads One solution - which is the one adopted by this
project - is to develop an automated system.

Over the years, researchers have attempted to devaldpza and disseminate crash
related geocoding procedures and digital maps to suit thiks redetheir applications2¢4).
Our study adds to the existing literature for developing naistho digitize historical crash
data into geo-spatial maps. The purpose of this paper is twikgesan algorithm and
software tool developed by the Traffic Operations andt$4fEOPS) Laboratory at the
University of Wisconsin-Madison to automate the procefssligitizing Wisconsin local
roads crash information on a GIS map. In particulze, TOPS project had the following
objectives:

» Develop an algorithm for automating the crash locaticia daapping process for
crashes occurring in local roads with respect to exiSMigPOT base maps and crash forms.
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The algorithm will translate location information fraadatabase of police crash reports to a
geospatial map and create a pinpoint map from the crasimiafion.

» Conduct a quality check for accuracy of the mapped crasttidms for a sample
subset of crash data.

» Determine the drawbacks, potential improvements and reeowhions based on
the results obtained.

DATA SOURCES

There are two primary data sources for this projectWieDOT Crash Database of police
reported crashes and the Wisconsin Information Systerhdoal Roads (WISLR) GIS of
geo-spatial information for all local roads in Wiscansi

Wisconsin Crash Database

Wisconsin traffic crashes are, by statutory definititneportable” if someone is killed or
injured, or if the property damage exceeds a certain thideg#1000 for property related
crashes or damage to government-owned vehicles and $200 diesl government-owned
property, such as traffic control devices). Crash in&drom is generally reported by a
dispatched police officer via the Wisconsin MV4000 policenf and is eventually archived
in the WisDOT DMV crash database. The WisTransPadth management system at the
TOPS Laboratory contains a local copy of all crasimethe DMV database for the years
1994-2005. For the purposes of algorithm development, anaysisjuality evaluation, this
project focused on crash records for the city of Madismmthe year 2003, downloaded from
the WisTransportal. Figure 1 shows a subset of thede¢oows) and fields (columns) from
the WisTransPortal crash database. The definitioedoh field is provided below.

* Accident-Number Computer system generated number to uniquely identify sh.cra

(This column has not been displayed in Figure 1 due to priv@oegerns.)

* On-StreetThe local street name on which a crash took place.

» At-Street Name of the street which intersects with the stweavhich a crash took place.

* At-Highway Name of the intersecting or nearest highway on waichash took place.

* Refpoint-NumberState Trunk Highway reference point number wheneashcoccurred.

» Accident-LocationThe type of location at which a crash occurs (publkdnmtersection,
public road non-intersection, parking lot, private property)

* Intersection-DirectionThe direction from the listed intersection.

* Intersection-DistanceThe distance from listed intersection location imdiredths of a

mile.

* Municipality-Code ldentifies the Wisconsin municipality in which a crastcurred

* On-Highway Lists the name of the highway on which the cragtuoed.
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FIGURE 1 Sample crash information from the WisTransPortal crash database.
Wisconsin Information System for Local Roads (WISLR)

The WISLR is a GIS based software package developed amdamad by WisDOT that
combines data for local roads in Wisconsin with intevactmapping functionality. The
database associated with WISLR contains roadway aes@ttion specific information that
is used to build the geospatial map. According to WisD&T*\ith WISLR, users can
produce maps that show the location of road-related dataee trends that might otherwise
go unnoticed. For this reason alone, WISLR aids with orgdnand logical assessments
about local road data. This is just one example of WH&LR can do — and there are many
other benefits.” WISLR was chosen for this projeatsiit is the official local roads GIS
database in WisDOT and, in addition, it provides an dppdy to link important physical
roadway characteristic information to the crash refdortsafety engineering analysis.

Figure 2 displays a portion of the City of Madison looadds map clipped from
WISLR. It shows the nodes (intersections) and lirseg(nents connecting two intersections)
that is used as the base map for locating crashes. dtadéing the relational information
behind this map is critical to the development of the nmgpplgorithm. Many tables exist
within the WISLR database. Detailed information ab@ldtions, tables and fields relevant
to the mapping algorithm will be provided in subsequent sections.
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FIGURE 2 WISLR linksand nodesfor the City of M adison.

OVERVIEW OF THE CRASH M APPING ALGORITHM

This section provides a general overview of the key ideas raethodologies that were
developed to map local road intersection and segmerttes:asMapping methodologies for
intersection crashes are described first, followed bysargion of segment crash mapping
methodologies. Intersection crashes are those esashich occur at or very close to a
roadway intersection. Segment crashes are thasheas which occur within the roadway
link which can be determined by two adjacent roadway nodes.
Specific implementation details are described more fullyhe final Project Report

which will be available on the TOPS Laboratory web)e
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M apping M ethodologies for Inter section crashes
The details of the intersection mapping methodologieslascribed below.
Intersection crash mapping data sources

Three fields from the crash database that were destcearlier are required to map a crash
record at the intersection level, namelyMunicipality-Code On-Streetand At-Street We
emphasize that the location information in thes&dieoriginates from the MV4000 form
which is hand coded by a police officer at the crasims@nd subsequently manually entered
into the DMV database.

The important WISLR tables and their relationships tha¢ relevant to the
determination of an intersection at or near which alci@ccurs are shown in Figure 3. A
description of each table is given below:

* Roadway Route: Unique list of road names for each municipality.

» Alternate Roadway Route Prefix: Contains standard and alternate prefixes for road
names.

» Alternate Roadway Route Name: Contains standard and alternate spelling for common
road names.

» Alternate Roadway Route Type: Contains standard and alternate types for road names.

* Alternate Roadway Route Suffix: Contains standard and alternate suffixes for road
names.

» Standard Roadway Route Prefix: Contains standard prefixes for road names.

» Standard Roadway Route Type: Contains standard types for road names.

» Standard Roadway Route Suffix: Contains standard suffixes for road names.

* On-At: Contains the combination of road names that inteesazh other.

The Roadway Route table contains a unique list of road names in WISLR ségpehr
into four parts: directional prefix, road name, road tgpd directional suffix. For example,
“E Washington Ave” would be separated into three fields andempty fourth field:
Roadway-Route-Prefix “E”, Roadway-Route-Name “Washington”,Roadway-Route-Type
= “Ave,” and Roadway-Route-Suffix “". Each street name in this table is associated s
unique Roadway-Route-ID The fourAlternate tables are used to take alternate spellings
(aliases) that are part of a road name and standattre. The threé&tandard tables
contain the entire list of standard prefixes, types afftkes used in WISLR. The role of the
Standard tables will be described in subsequent sections.

In WISLR, intersections are identified with nodes ftisia the On-At table. Each
intersection is identified with a uniqueference-Site-ID Two street names represented by
their Roadway-Route-I0the On-Roadway-Route-IRnd theAt-Roadway-Route-IPform a
node. We note that tHeoadway Route table is represented twice in Figure 3 to illustrate
the fact that a combination of tli@gn-Roadway-Route-Idnd theAt-Roadway-Route-10s
required to obtain thReference-Site-ID
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Intersection crash mapping methodology

The key to determining the intersection location forasle record is to associate a WISLR
Reference-Site-IDalue in theOn-At table shown in Figure 3 to a pair ©h-Streetand At-
Streetstreet names from the crash database.

'-" f_i_i_-;_é_-..\_-
IRDadway-RDute-PreFix |
Alternate Road _\ Foadway-Route-10 =

Roadway-Rouke-Prefix
Roadwaw-Route-kame
Roadway-Route-Type

iRu:uadway-Ru:uute-Tvpe j Roadway-Rouke-Suffix

IRDadway-RDute-Suffix

I—‘ At-Roadway-Route-ID

T

Aiternal Ealztit
! LRSS b
o X

|R0adwav-RDute-PreFix 1%’- y J

Roadway-Route-I0
-—\_. Roadway-Route-Prefix

Foadway-Route-Mame

Roadway-Route-Type
I Roadway-Rouke-Suffix

iRDadway-RDute-SuFFix

Parsed At-Street Parsed On-Street

FIGURE 3WISLR tablesand relationships.
To create this association, the following steps ar®peed:

1. For each crash record, parse @e-Streetand At-Streetstreet names into prefix, name,
type, and suffix components.

2. Match the parsed component information with fReadway-Route-PrefixRoadway-
Route-NamgeRoadway-Route-TypmmdRoadway-Route-Suffirformation in the WISLR
Roadway Route table for the same municipality in which the crashuoe. This gives
a WISLR Roadway-Route-IDdor each On-Streetand At-Street street name in the
original crash record. Let these be representedObyRoadway-Route-1Dand At-
Roadway-Route-1Drespectively.

3. Determine theReference-Site-1lin the WISLRON-At table based on th@n-Roadway-
Route-IDandAt-Roadway-Route-1D
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Once theReference-Site-1» obtained for a particular crash record, it is posgiblgenerate
an intersection level mapping since tReference-Site-IDrepresents the intersection in
WISLR where the crash occurred.

Implementation of the intersection crash mapping algorithm

The intersection crash mapping algorithm was implemeased Java program to automate
the process of assigning WISLReference-Site-ID’$0 crash databas&ccident-Number’s
Specifically, the intersection mapping program performnesfotiowing steps:

1. Import crash information from a crash data file downloddaah the WisTransPortal.
2. Remove certain crash records from processing. Thig stedescribed further in
subsequent sections.
3. Parse each crash recotmh-Streetand At-Streetfield into its four parts: prefix, name,
type, and suffix. Parsing is performed by splitting tiferimation given in th€©n-Street(or
At-Stree} field into multiple words, and then utilizing the WISLiBbles to analyze each
word in order to determine if it should be a prefix, natygpe or suffix. The following
assumptions are used by the parsing mechanism:
I. At least one word in the parsed street name withbpped onto the name field.
ii. Only the first word can be tested to see isiaiprefix.
iii. The last word can be tested to see if it is disuflf the last word is a suffix, the
immediately preceding word can be tested to seedfattype (if that does not violate
Assumption i). If the last word is a not a suffixcén be tested to see if it is a type.
iv. If a word is not a prefix, type or suffix, it h&sbe added to the name field.
The parsing mechanism performs two levels of analysis ie#pect to the WISLR tables.
Level 1 analysis attempts to pa®a-StreetandAt-Streeftfields into the prefix, name, type,
and suffix fields based on the contents of WISBRandard tables. Level 2 uses the
Alternate tables in WISLR in order to convert non-standard fornmatts standards ones
during the parsing procedure. For instance the alterndie jderth’ could be standardized
into ‘N’ in Level 2 parsing. Use of thalternate tables is necessary since all street names
are standardized in WISLR. We note that the algorithiy parses usind\ternate tables if
the street is not found in WISLR after parsing wBtaAndard tables.
4. Match the parsed crash record street informatiam thé contents of theoadway Route
table in order to obtain WISLRoadway-Route-ID's The match is done using a rigorous
algorithm that considers spelling errors, roadway namsesjaand incomplete crash report
information. The primary challenge in developing thetehing algorithm was the existence
of incomplete street name information in the craslomds. To handle this situation, five
levels of matching were established based on the amoustrteet name information used in
the matching step:
i. Name Matching: The Name field of the parsed crashkl e matched to the
Roadway-Route-Nanfeeld in WISLR Roadway Route table. The additional Prefix,
Type, and Suffix information is ignored.
ii. Prefix-Name Matching: Both Prefix and Name fieldstloé parsed crash record
are matched to WISLR. Suffix and Type informationigrered.
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iii. Name-Type Matching: Both Name and Type fields of phesed crash record are

matched to WISLR. Prefix and Suffix information areaged.

iv. Prefix-Name-Type Matching. Prefix, Name, and Typédfieof the parsed crash

record are matched to WISLR. Suffix information isdged.

v. Prefix-Name-Type-Suffix Matching: Prefix, Name, Tyaad Suffix information

of the parsed crash record are matched to WISLR Thed takes into account all

available street name information to find the WISRBadway-Route-I1D

Spelling errors are most critical in the Name fieldlwé parsed crash record. If the
Name field cannot be matched, all match levels wouldnseiacessful. Therefore the Name
field is assigned a ‘spelling sensitivity’ if all matdévels are unsuccessful. A spelling
sensitivity ofn causes the matching process to compare only the firgefcent” of the
characters in the crash record street name fieltseteoadway-Route-Nanfeld in WISLR
Roadway Route table. Spelling sensitivity can be implemented on thené&&eld while
checking any of the five aforementioned match levels.

5. Match theRoadway-Route-IB to intersectiorReference-Site-ID:sGiven theRoadway-
Route-IDs, find the Reference-Site-IDwhich, as mentioned earlier, represents the
intersection in WISLR.

After the description of the five steps, it is now pblkesito describe the intersection
crash mapping algorithm that implements these stepsfirs¥éefine the various parameters
and their levels used in the algorithm:

I. parse_level= 1 or 2. parse_level=1 checks the p@seftreetor At-Streetagainst
the Standard tables and parse_level=2 checks againsAtte nate tables in WISLR.

il. match_level= 1,2,3,4 or 5. Match level 5 performaubh prefix, name, type and
suffix match whereas match level 1 performs only aenaratch.

iii. num_remove= 0 or 1. This parameter is introduced sina@s found that some
crash records had additional address information, ireetshumbers included in the street
name field for the crash record. Retaining this inforomatvould cause a mismatch in the
name field. At the same time there may be streetsept that have numeric names which
are not street numbers (such as “1st St”). Therefqrarameter num_remove is introduced.
num_remove=0 implies no numeric values were removedm frgtreet names.
num_remove=1 implies all numeric values were remow&ah treet names.

iv. spell_match=0 or 1. spell_match=0 implies that pell;ng match is done for the
name field. spell_match=1 implies that spelling matgrerdormed for the name field.

The logic of the algorithm is to start with the magiorous matching process and
gradually relax the conditions until a successful ma&dound. In particular, the algorithm
attempts to minimize any modifications of a street ngmen in theOn-Streetor At-Street
field of the crash record (such as replacing possildsesdi usind\Iternate Roadway Route
tables, removing street address information, performindirsgpehatch etc.) and at the same
time attempting to find a match at the highest matchl lelae. If a match is not found, the
match_level value is reduced. If no matches are fowad at the lowest match level, then
the least possible amount of modification of stresha is introduced, and again there is an
attempt to find matches from highest match_level to lbwestch_level. This process is
repeated until one or moRRoadway-Route-10s found or all match level and modification
options are exhausted.
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Segment crashes

Segment crashes are those crashes which occur withiroadway link which can be
determined by two adjacent roadway nodes. The detaitbeaneibed below.

Segment crash mapping data source

Four fields from the crash database are required to ncagsh record at the segment level,
namely — On-Street At-Street Intersection-Direction and Intersection-Distance The
Intersection-Direction and Intersection-Distancefields provide information to locate
roadway segment crashes relative to given intersection

In order to map segment crashes, first the nearbysetgon given by th©n-Street
and At-Streetneeds to be determined as described in the previous rsectiext, two
additional WISLR tables are required for mapping intogarst:
1. Roadway Link: Contains information for all roadway links. A roadwapute can
consist of several links. The field relevant to thiscdssion from this table Boadway-
Link-ID. The Roadway-Link-ID gives the identification in WISLR database for each
individual roadway link

2. Roadway Route Link: Gives the relation between roadway links and roadwates. At
least onéRoadway-Route-1[2an be found in this table for eaRbadway-Link-1D

Segment crash mapping methodology

Segment crash mapping is essentially an extensiorhefirttersection crash mapping
algorithm. Segment crashes are coded in the crash databaterms of direction
(Intersection-Directioh and distanceliftersection-Distancdefrom an intersection. Hence,
the first step is to determine the unique intersectaierence-Site-IDrelated to each
segment crash as described under intersection mappiregkey to determining the segment
location for a crash record is then to determineRbadway-Link-1Din the Roadway Link
table in WISLR and shift the point from the intersectmapping result into a new location
along the intersection direction based onltttersection-DirectiorandIntersection-Distance
information. There are several technical detailsjragsions and procedures associated with
segment crash mapping that are not covered in this disausdFurther details can be
obtained from the final Project Report on the TOPS Latiooy website §).
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I nterface development for intersection and segment crash mapping

The mapping procedure for intersection and segment craskesmplemented as a Visual
Basic interface integrated with ESRI Map Objects 2.3ec8ically, the crash mapping
program performs the following steps:

1. Import the list ofReference-Site-IB from the intersection crash mapping algorithm.
The Reference-Site-I® are used to find all possibleoadway links srrounding the
intersection, for each individual segment crash mkcor

2. Classify crashes as intersection or segment relsid) a customized algorithm that
weighs several factorg\¢cident-Locationintersection-Directionandintersection-Distance
from the crash record. The first step to identify thibe a crash is intersection or segment
related is based on the information given in Aerident-Locationfield (‘I' representing
intersection crashes and ‘N’ representing non-intéimed.e. segment crashes, in this field).
It is not possible however, in general, to reliably detee this directly from thé\ccident-
Location field in the crash database, due to conflicting or insefficiinformation. For
instance, some crash records are coded as segmeat refash in thé\ccident-Location
field, but the values of the distance to intersectios MULL. Other discrepancies and
inconsistencies exist in the crash record, such asua \&ing assigned in thetersection-
Direction and Intersection-Distancefield for crashes that are specified as intersection
crashes. Based on discussions with WisDOT officaalgfined definition was developed for
intersection and segment crashes. The refined definig displayed in Table 1. The
segment crash mapping algorithm only handles crashdetioat are categorized as segment
related crashes in this refined definition.

TABLE 1 Refined definition of intersection related and segmelated crashes

Accident-| Intersection- | Intersection- IS
Location Direction Distance
I NULL [0, 2] I
I NULL (2, +inf) I
I NOT NULL [0, 2] I
I NOT NULL (2, L) S
I NOT NULL (L, +inf) S
S NULL NULL I
S NULL ANY I
S NOT NULL [0,2] I
S NOT NULL (2, L) S
S NOT NULL [ L,+inf) S

Note: I/S is the refined identification of intertiea related crash or segment related crash.

3. For segment crashes, use tReference-Site-IDfound in the intersection level
mapping andntersection-Directionfrom the crash record to identify the WISLR roadway
link (Roadway-Link-1D) associated with the crash.

4. If a unigueRoadway-Link-IDcan be found, map to the segment using the Intersection
Distance [ntersection-Distancegiven in the crash report.

5. Generate a final crash map on the WISLR.
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Figure 4 shows the Visual Basic interface that wasldped for the automatic crash
mapping program, named the Crash Mapping Automation Toohe dutput of this
application program is a shape (SHP) file which can beedeldy most of the popular GIS
map software programs.

£3 WISLR Crash Mapping g@ x
Accd ID Aced Lo | Aced IntDin | &ed IntDis | Ret_Site 1D |4t Rdwy Rte 1D | On_Rdwy Rte ID
30100235] | [ 1665193 399652 400065
30100236| | 0 1867921 398202 400292
30100237| M 5 1 1663831 398027 339105
30100238| M 5 1 1665201 400065 299368
30100233| M ] 1664364 00237 339060
30100210| M D 1BE3222 399147 399933
301008111 E ] 1862851 393905 339292
30100933] | 0 1BEE444 398944 399377
30100995| | W ] 1BE4793 00237 338530
30100997 | M ] 1665294 393362 399336
30100998| | E 1 17785 398209 4007140
30101003] | W z 1667195 400203 339481
AMMAazl g 1 ARRANAN A93400 399853

MNumber of Crash records is: 2921

Import File ‘

i~ Intersection Crash Mapping

. Generate Points I

Generate Map ‘

i~ Seament Crazh Mapping

Generate Points ‘

Generate Map ‘

FIGURE 4 Interface for the WISLR crash mapping program.
CRASH MAPPING ALGORITHM RESULTS

This section describes the results of implementing lparithms discussed in the previous
section. The automated crash mapping process was iasted developed software for
crashes that occurred in the City of Madison in thar\y2003.

I nter section and segment level mapping results

As described earlier, both intersection and non-inttiese (segment) crashes are first
mapped to the intersection level. Segment level map@qugires further processing once
the intersection is found. This section presentsteand analysis related to the intersection
level crash mapping program. The results obtained througim the program are
summarized below.
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Filter results

At the start of the process, the crash mapping algorpphies three filters to the raw crash
data to exclude certain crash records from processing:

1. Accident-Locationfilter: Only public roadway crashes are processed. In
particular, only crash records with Intersection (I)d adon-Intersection (N)Accident-
Locationtypes are retained by the mapping algorithm. Crashes chask®arking Lot (PL)
and Private Property (PP) crashes are excluded.

2. On-Streeffilter: An On-Streeffield in the crash record may be NULL (i.e. does
not contain any information) for two reasons. Fitisg On-Streeffield information was not
entered due to human error, so the data is incompletmn@&eit is possible that the street on
which the accident took place was a highway, and is therefot a local road accident. In
either case, the records whéae-Streeffield is NULL are removed from further processing.

3. At-Streetand At-Highway If both At-Streetand At-Highwayare NULL then the
crash record has insufficient information to be mapped snexcluded from further
processing. [fAt-Streetis NULL but At-Highwayis not NULL, then the record will be a
candidate for mapping provided tlan-Streets also not NULL.

A total of 5504 crashes occurred in the City of Madisothe year 2003. A total of
4351 crashes are available for mapping after applying thesfilte?2 and 3.

Mapping results

The first step is to map both intersection and segerasthes to the intersection level.
A total of 3,273 records were mapped to unique intersectionsistii&tpercent of the 4,351
candidate records available for mapping after filter appba and 59.5 percent of the 5,504
police reported crashes that occurred in the City ofiséedin 2003. A total of 143 records
were mapped to multiple locations (in such situatiores,cthrrect intersection is likely to be
one of the multiple intersections found). Of theddl records were mapped to two
intersections and 2 records were mapped to three intens®ctiMultiple mapped records
generally occurred for two reasons. The first caseléged to “horseshoe” structures on the
local roadway system, i.e., where one road curvasndrand intersects a second road in two
locations. In such a case, there is an ambiguitiherOn-Streetand At-streetinformation.
The second case is from incomplete street informatidhe crash table. Since the multiple
records were mapped to only a few candidate loca{@rmg 3 locations) it is believed that
with some human intervention and judgment, they camdygped quite easily to their correct
location. Therefore, a total of 3,416 records mappedtéosiactions of the combined single
and multiple mapped records; that is 78.5 percent of the 4é8®lidate records available for
mapping after filter application and 62 percent of total 5,50&eaeported crashes that
occurred in the City of Madison in 2003. These 3,415 csasbisisted of both intersection
as well as segment crashes, mapped to the level oftdrsection. The remaining 936 crash
could not be mapped due to several reasons, including speiftioigs, incorrect/insufficient
location information in the crash record, missing WISIdRs and/or nodes etc.

Segment crashes were identified from these 3,416 crdsds=d on the refined
definition given in Table 1. There were 594 crasheswuieae segment related, and all these
crashes were found to belong to the sub-group of 3273 uniquely dheggshes. In all, 590
of 594 segment related crashes can be mapped into a uniglveayobnk. Four of the
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segment crashes could not be adequately mapped in WISLRodwasons such as the
inability to get the correct directional information thie link, link errors in WISLR etc.
Since such situations had rare occurrences, the detailaoa discussed here and can be
obtained from the final Project Report on the TOPS Latiooy website §).

In summary, of the 3,416 crashes that were first mappetdeaintersection level,
2,679 crashes were identified and mapped as intersectimesteb90 crashes were identified
and mapped as segment level crashes, 4 crashes coulé moapped to segment level
although they were identified as segment crashes, and rb4Bes were identified as
intersection crashes but were mapped to multiple estiFor the 4 segment crashes that
could not be mapped and the 143 multiple mapped crashes,vibesall mapped to the
intersection level. These 147 crashes would require smman intervention in order to be
mapped more accurately.

Figures 5 and 6 present the mapped results for the 3273 uniquelydappkes up
to intersection level. Figure 5 displays the frequendéycrashes mapped up to the
intersection level for all intersection and segmematsiies. Figure 6 displays a sample of
mapped segment crashes. Note that the segment crashaffsat from the intersection, as
expected.
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FIGURE 6 Sample of mapped segment crashes.

QUALITY CHECK OF MAPPING RESULTS

The crashes mapped by the algorithm were compared to maapging from two sources:

1. A digitized map of Madison 2003 crashes provided by the ChtiMadison.
These crashes were digitized by hand directly froniMXé000 police reports.

2. A second comparison was performed by manually comparingethdts for each
crash with the Google Map#g)(online mapping service.

Quality evaluations were performed based on the compariso the crashes mapped
through the developed algorithm. Additionally, the readonscrashes that could not be
mapped were also investigated.

Quality Check for Intersection Level Crashes

The City of Madison has developed a geo-spatial mapdG s for all crashes that occurred
in Madison in 2003, by manually locating each of the ciagdrsections. The geo-spatial
map developed by the City of Madison was used to deterrhmedcuracy of the crash
locations given by the TOPS intersection level mapping rittgn. Due to inherent
differences in the structure of the City of Madisompmand the map generated by the
algorithm — which is based on WISLR, only a limited numbgrcrash records could be
extracted for comparison purposes, and that too only focrdshes marked as intersection
crashes. The locations for a pool of 1958 records forsetéon crashes were extracted
from this map and compared with the corresponding lotagaven by the intersection level
mapping algorithm. Approximately 86 percent of the crash rdsconatched in their
locations and 2.6 percent were verified to be incorraudypped. For the remaining 11.5
percent of the records, the accuracy of the streatitots were verified in WISLR for both
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the On-Streetand At-Street which means that it is quite likely that these wergped to the
correct intersection. However, a full verificatitor the 11.5 percent of the records could not
be performed due difficulties in extracting their exldations from the City of Madison
developed map, and some shortcomings in the City of Madiserloped map such as
incorrectly located crashes.

One of the primary challenges in performing a qualityckhen the crash mapping
results is that address information in the officialigmlreports is not always clear. For a
certain number of crashes, any manual mapping procedunegulire a level of guesswork.
As such, a second quality evaluation was performed by T$dd#Sby comparing the results
of the intersection level mapping algorithm to manual magppsing Google maps.

The 3,273 uniguely mapped records were manually mapped in Googgeldsed on
the On-StreetandAt-Streetinformation in each record. The intersection ideediby Google
Maps for each record was then compared to the intevsect which the same record was
mapped in WISLR. In particular, for each of the 3,273 m¢xohe location in WISLR map
was first identified. Then th@©n-Streetand At-Streetinformation for the records were
entered in Google Maps website (7) aOh<Street> & <At-Street, Madison, WI”.

When Google Maps was unable to locate exact matche®ioiStreet and/or <At-
Streebt, it provided alternate candidates fddreStreet and <At-Street names that could be
interactively selected by the user. Under such a siuathe best candidate was selected
based on the opinion of the evaluator. Then the coasttibn in Google Maps was visually
compared to the crash location in the WISLR map givethbyintersection level mapping
algorithm. If the two locations were found to matclentthe probability that the crash was
mapped to the correct location was considered high.

Based on comparison of the intersection level mappiggrighm with manual
mapping through Google, it was observed that manually mappsties on Google agreed
with 98 percent of the 3273 records that were compared.

Quality Check for Segment Crashes

This section describes the results and analysis relatdek timplementation of the segment
crash mapping algorithm. The algorithm was implementedhiersame data source as the
above intersection crash mapping, and results fromsetéon mapping are regarded as the
input of segment crash mapping. In particular, the accushsegment mapping depends
primarily on the accuracy of intersection crash magpas it is the precondition of finding
the exact roadway link.

A minor factor of segment mapping errors is that the g¢ed directional
information associated with the roadway links was firext. This occurred in 4 of the
segment crashes that could not be mapped. The prieasgm for the incorrect directional
information was that the roadway link in WISLR had too muetirvature to match the
directional information given by the crash record.

In summary, on the basis of our tested results over 9 penf segment crashes
obtained after intersection level mapping were accyratapped to the correct roadway link.
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Unmapped records

For records that were not mapped successfully, there foer primary reasons—
spelling errors, missing WISLR intersections, alternabad names, and insufficient
information in the crash records. Possible solutimnsach of these causes are described
below.

1. Spelling errors: The current spelling error handling modiale able to map 329
records that would otherwise not have been mapped. Iticagdhere are 115 remaining
crash records that could not be mapped due to spelling errélmse records could
potentially be mapped with sufficient improvements to tger&hm, which would represent
a 2.5 percent improvement.

2. Missing WISLR intersections: For various reasonspesantersections are not
included in WISLR. TOPS is working with WisDOT to trackiseing intersections by
municipality for recommendation for inclusion in WISLRBased on the analysis of the
mapped dataset, a further 362 records could be mapped if suskdhtns are added, which
represents an 8.3 percent improvement.

3. Alternate road names: A few known alternate ramere identified manually,
which resulted in the mapping of 29 additional records (0.6epenenprovement for the
4351 available records). However there were an additRiifarecords that were mapped in
Google Maps with manually entered alternate names kriowhne quality check evaluator,
but did not have an intersection associated with tinewlISLR. These 205 records did have
the correctOn-Roadway-Route-ICand At-Roadway-Route-I0or the alternate names in
WISLR. If an alternate road table for each municigatbuld be created, and the missing
WISLR intersections added, the combined improvement coujrl 588 additional records,
i.e. a 13.7 percent improvement for the 4351 available.

4. Unintelligible records: A small percentage of recdrdge either unintelligible or
unmappablén-Streetand/orAt-Streetfields (around 2 percent of the 4351 records). There
is no simple solution to map these records. Any possibleping would have to be manual
based on guesswork.

The automated mapping algorithm provided an encouraging breagthrin the
ability to analyze local road crash information in @éssin. Further improvements are
possible through a more advanced spelling error handling mothdedevelopment of
alternate name roadway tables and the inclusion afimgsntersections in WISLR.

NEXT STEPS

Quality assessment demonstrates that automatic @eatioh mapping yields high matching
percentage and reliable outcome without sacrificing accuracylhe successful

implementation of the mapping algorithm for 2003 City ofdidan crashes provides great
promise to safety analysis on local highways or streétsorder to maximize its benefits,
future expansion of the tool to a statewide applicat®rofi immediate interest. One
improvement is to make the tool portable so that therighigo can be conveniently

transferred to other municipalities or agencies thatiraigreat need of the crash location
information.
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Knowing the crash location is the first step to idgmig safety problematic
locations. Providing versatility and flexibility is theey to the success of meeting users’
needs. Consequently, the tool will be enhanced with smpaisticated query functions that
allow users to conduct safety analysis on various bageb as hot-spot identification,
corridor analysis or network screening.

Safety data is far more than just crash informati&@onducting meaningful crash
analysis and developing feasible safety improvements dkraavariety of data sources.
Using WISLR as the base map provides a seamless integraticrash information to
highway inventory stored in the WISLR database. A usendty interface is required to
facilitate more systematic and comprehensive safetyysigausing valuable WISLR
information such as roadway geometric characteriskicsl traffic information, pavement
conditions and intersection configuration, etc.

Ultimately, the tool can be upgraded to an Internet &atere map using ESRI
ArcIMS within the WisTransPortal framework. The upgraa only provides maximum
access to the highway safety community but also takesntatye of spatial query capability
in ArcIMS such as proximity analysis and network analys
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