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ABSTRACT 45 

The AASHTOWare software, Safety Analyst, is a state-of-the-art tool with significant 46 
capabilities and advanced analytical methods for comprehensive analysis and management of 47 
highway safety. However, currently, this tool does not provide visualization capabilities. To 48 
address this limitation, this study proposes a Visualization System for Safety Analyst that 49 
provides graphical displays, including location and color-coded information for each module. In 50 
addition, the system generates charts, which have various degrees of resolution and aggregation; 51 
tables; and a report summarizing safety performance measures. The system can use Google Maps 52 
and/or ESRI ArcGIS to generate the graphical displays. The advantage of using Google Maps is 53 
its simplicity; in contrast, the ArcGIS display provides additional modeling and computing 54 
capabilities of the GIS framework. All the displays are very intuitive, and can be customized 55 
based on the user needs. Because the user can see the locations of every specific site, the displays 56 
facilitate analysis as well as the decision-making process. The Visualization System interacts 57 
with Safety Analyst so that the user can access all tools and data throughout the entire modeling 58 
and analysis process.   59 
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INTRODUCTION 60 
The software, Safety Analyst, and the Highway Safety Manual (HSM) are two state-of-the-art 61 
tools released by American Association of State Highway and Transportation Officials 62 
(AASTHO). A Transportation Research Board special report (1) addressing the traffic safety 63 
goals in the United States encourages the use of these tools for traffic safety planning and 64 
management. These tools provide statistically sound approaches to facilitate the development of 65 
comprehensive programs for traffic safety management.  66 

Safety Analyst integrates the analytic methods of the HSM Part B to identify and manage 67 
site-specific improvements for highway safety. In addition, Safety Analyst enables data input 68 
using a file import or a database-to-database mapping approach.  69 

Currently, Safety Analyst provides analytical results using a tabular format because it 70 
does not have a user friendly Graphical User Interface (GUI). A recent version (4.3.1), released 71 
in June 2013, includes a map viewer capable of displaying a site location map or an aerial view 72 
in a separate window (2). However, this tool does not allow multiple displays or multiple sites at 73 
a time. In addition, the map viewer is not intuitive, and the user needs to be very familiar with 74 
the Analytical Tool of Safety Analyst in order to use it. 75 

Predominantly, various geographic information system (GIS) methods are used to 76 
analyze and visualize the data in the field of traffic safety. Graettinger et al. (3) and Roche (4) 77 
discussed how to represent different entities of highway components – for example, roads, 78 
crashes, and traffic volume – using such features as lines, points, colors, and shapes in ArcGIS. 79 
Krishnakumar et al. (5) developed GIS tools to identify and rank the sites with the potential to 80 
improve pedestrian safety. The tool identifies high crash zones based on kernel density maps, 81 
and ranks them based on a crash score. The entire map is projected with calculated densities in 82 
the ArcMap. The ranking of the sites are in separate output in a tabular format. The user has to 83 
travel back and forth to the map and table in order to find the ranks and corresponding densities. 84 

ArcGIS uses an ArcSDE client and ArcSDE server for data storage; the data is stored in 85 
SQL format. Xiao et al. (6) developed a road-maintenance management system based on 86 
WebGIS, using ArcGIS server and a client system. The authors developed a Web-based interface 87 
for querying and displaying road maintenance data by using thematic maps. However, the study 88 
did not provide clear information about the front-end visualization or creation of thematic maps 89 
that use ArcGIS. Using a data-driven methodology, Qin and Wellner (7) developed GIS 90 
Highway Safety Review Tools (GIS-HSR tools) to identify high-risk locations. The interface 91 
used to visualize the results is not intuitive, and requires manual post-processing.  92 

The University of Minnesota and Claremont Graduate University (8) developed 93 
SafeRoadMaps, a visualization tool that generates heat maps which attempt to indicate the risk of 94 
a crash for specific locations. The tool uses all crash data from a geographic region without 95 
differentiating the roadway where the crashes occurred. This could be very problematic and 96 
misleading because the diagnosis, countermeasure selection, and economic appraisal all are 97 
highly correlated with the roadway characteristics of each specific location. Similar to 98 
SafeRoadsMaps, several tools were developed to visualize roadway safety, such as the United 99 
Stated Road Assessment Program (usRAP), developed by the AAA Foundation for Traffic 100 
Safety (9); the Massachusetts Traffic Records Analysis Center (MassTRAC) (10); and the 101 
Critical Analysis Reporting Environment (CARE), developed by the Center for Advanced Public 102 
Safety at the University of Alabama (11).  103 
 CARE, was developed primarily for crash analysis with both an online and an offline 104 
(desktop) version (11). Both versions provide visualization capabilities based on various crash 105 



Paz, Khanal, Veeramisti and Baker        3 

attributes. In addition, CARE has a GIS extension that enables spatial analysis. Additionally, it 106 
provides a sliding-window line diagram with observed crashes stacked on specific locations 107 
along a route. This capability, provided only by CARE, facilitates the assessment of safety 108 
conditions along a particular route. However, CARE capabilities are limited to historical data 109 
without any predictive analysis. Hence, critical and important issues associated with the analysis 110 
of crash data, such as regression to the mean bias, are not considered by CARE. This implies that 111 
potential solutions or answers generated using CARE are likely to be erroneous and/or biased. 112 
 Ma et al. (12) developed a GIS system that allows users to select site locations and 113 
display Safety Analyst results spatially. This system can be used to visualize both the input for 114 
and the output generated by Safety Analyst. However, this capability is available only for the 115 
data associated with the network-screening module.  116 
 To the best of our knowledge, most of the existing analysis tools, including Safety 117 
Analyst, do not provide visualization capabilities to support the analysis of results. Considering 118 
the spatial nature of the problem, this is a significant limitation. This current study proposes a 119 
Visualization System that addresses this limitation. Key capabilities of the proposed system are 120 
that: 121 

1. It provides graphical displays, including the location and color-coded information for 122 
each module in Safety Analyst; 123 

2. It provides charts, tables, and a report summarizing safety performance measures; and 124 
3. Google Map and/or ESRI ArcGIS can be used to generate the graphical displays.  125 

 126 
Safety Analyst 127 
Safety Analyst (13) encompasses a suite of tools for Administration, Data Management, 128 
Analytics, and Countermeasure Implementation. The Administration Tool can be used to create 129 
user-defined attributes or modify federally provided default data. The Data Management Tool 130 
can be used to import the data by mapping a user-developed database to a Safety Analyst 131 
database. After database-to-database mapping, post-processing and calibration can be performed. 132 
  The Analytical Tool is composed of four modules, which are responsible for traffic safety 133 
analysis and management programs (13): 134 

1.  A Network Screening Module that employs empirical Bayes (EB) methodology to 135 
identify and rank the sites that have the potential for safety improvements. EB 136 
methodology addresses regression-to-the-mean bias in the observed data. It calculates 137 
estimated crash frequency based on observed and predicted crash frequency. 138 

2. A Diagnosis and Countermeasure Selection Module that diagnoses sites with the accident 139 
patterns. It also generates collision diagrams for sites with observed crash characteristics. 140 
The countermeasure selection tool selects the list of countermeasures based on the 141 
diagnosis as well as a set of built-in questions answered by the users. 142 

3. An Economic Appraisal and Priority Ranking Module that appraises such economic 143 
measures as the benefit-cost ratio and the net present value for multiple, selected 144 
alternative countermeasures. Priority ranking tool ranks these countermeasures based on 145 
economic appraisal for the implementation. 146 

4. A Countermeasure Evaluation Tool that performs the ‘before’ and ‘after’ evaluation of 147 
the effectiveness of the implemented safety countermeasures. 148 
 149 

With these tools and modules in mind, Figure 1 illustrates the conceptual framework for the 150 
proposed Visualization System. 151 
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Input data 152 
For input, Safety Analyst requires characteristics data for crashes, traffic and roadways, and/or 153 
ramps, and/or intersections. Each crash location has to be mapped to the location of a roadway 154 
segment, a ramp, or an intersection. Safety Analyst requires mapping to be based on one of four 155 
location reference systems: the Route/County/Milepost, the Route/Milepost, the 156 
Section/County/Distance, or the Section/Distance (13). As mentioned earlier, Safety Analyst has 157 
two methods to import data, file import and database-to-database mapping. The file-import 158 
method supports extensive markup language (xml) and comma separated value (csv) file 159 
formats. The database-to-database mapping method requires a database in a relational database 160 
management system. In addition, the database has to exist in a format supported by Safety 161 
Analyst.  162 

A comprehensive database was created with the data from various sources, such as the 163 
roadway network; the highway performance management system (HPMS); the Travel Demand 164 
Model (TDM); and data for crashes, signal controls, intersections and annual average daily 165 
traffic (AADT). ArcGIS as well as data management tools developed by the University of 166 
Nevada, Las Vegas (UNLV) were used in the process to check consistency, integrate, extract, 167 
load, and transform the data. A comprehensive database was created storing all the crash, 168 
geographic, ramp, intersection, roadway, and traffic data in a raw format. A View was created 169 
with the help of the View Tool for Safety Analyst. Data elements in the View database are 170 
compatible with the Safety Analyst format. 171 

Using Safety Analyst’s Data Management Tool, the View database was mapped to the 172 
Safety Analyst database, using database-to-database mapping, in the data import. Then, post-173 
processing was completed to develop site subtypes; calibration was performed as well in order to 174 
calibrate coefficients of the default Safety performance functions. The network screening module 175 
in the Analytical Tool was used to identify and rank sites with the potential for safety 176 
improvements. Using the module for diagnosis and countermeasure selection, top-ranked sites 177 
were diagnosed, and several countermeasures were selected. Using the module for economic 178 
analysis and priority ranking, selected countermeasures were analyzed and ranked based on 179 
economic measures. 180 
 181 
Output files 182 
Safety Analyst provides an output in tabular format. The output from the network-screening 183 
module in the Analytical Tool is available in csv, portable document format (pdf), rich text 184 
format (rtf), and hypertext markup language (html) (13). The csv file is used at the back end to 185 
process the results, and the pdf and rtf files are used at the front end for generating editable 186 
reports. Other three modules provide output in html, pdf, and rtf file formats. Table1 shows the 187 
output for the five top-ranked sites from the network screening module of the Analytical Tool. 188 
  189 
VISUALIZATION SYSTEM FOR Safety Analyst  190 
In general, the data used in traffic safety has a spatial context. In 2011, the Federal Highway 191 
Administration (FHWA) (14) released a peer-exchange summary report on the applications of 192 
GIS for highway safety. This report summarized GIS capabilities and the spatial nature of data 193 
availability at various State Departments of Transportation (DOTs). This report expressed a 194 
concern about the lack of visualization capabilities for safety programs among safety engineering 195 
professionals.  196 
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Assimilating the spatial capabilities of outputs for data and state-of-the-art tools, the 197 
proposed Visualization System for Safety Analyst includes two tools with alternative displays: 198 
Google Map and ArcGIS; both have multiple complimentary menus of the results, including 199 
spatial maps, tables, bar charts, and editable reports. The proposed system interacts with Safety 200 
Analyst to assist the user in every step of the analysis.  201 

Google Maps Display Tool for Visualization  202 
The Visualization System with a Google Map display was designed with multiple GIS functions 203 
– such as zoom in, zoom out, pan, and select sites – that allow the user to interact with the 204 
graphical display.  Python, Java, JavaScript, HTML and CSS applications, at the back end, read, 205 
parse, extract, and process output files from Safety Analyst. Input data for locations, combined 206 
with the output data, is projected on the Google Map display. In this process, the coordinate 207 
system for the input location (NAD_1983_UTM_Zone_11N) is automatically converted to 208 
Google Map’s projection system (GCS_WGS_1984). This tool provides support for all the four 209 
modules of the Analytical Tool in Safety Analyst. The user can use this tool as a desktop or web-210 
based application. 211 

The network-screening module has two different methods to analyze the sites, (i) a 212 
conventional network-screening method and (ii) a method that provides a percentage report by 213 
site type. In turn, each method has several network-screening algorithms. The first method has 214 
six different algorithms and the second method has three different algorithms. Figure 2 (a, b, and 215 
c) illustrates how the desktop application enables a user to choose the output file for a specific 216 
analysis method.  217 

The web-based application displays a comprehensive interface over the internet with the 218 
deployment of Safety Analyst results. Figure 3 shows the web interface of the Safety Analyst 219 
visualization, using a Google Maps display. A dropdown box is provided for each network 220 
screening method in order to select the type of algorithm output. 221 

For network screening results, three complementary visualization options are provided by 222 
the web-based application. Three tabs provide these options.  223 

The first tab enables to choose the ranking of the sites and generates, for the desired 224 
ranks, Figure 4 which provides a side by side display of spatial and tabular output. The Google 225 
Map is provided with a function to select the ranked sites with balloon icons. The icons have 226 
different colors to distinguish roadway segments, ramps, and intersections. The roadway segment 227 
and ramp sites are displayed as a line shape, using ‘begin’ and ‘end’ mileposts of the segment. 228 
The user can zoom in or select the specific site by clicking the balloon icons. Once the site is 229 
selected in Google Maps, the corresponding row is highlighted of the site in an adjacent table 230 
section.  231 

The second tab generates bar charts for various safety performance measures, such as 232 
observed, predicted, and expected crash frequencies (Figure 5). In addition, the user can select 233 
the type of graphs as either a stacked bar chart or a simple bar chart. The third tab generates a 234 
Safety Analyst report with all results. The user has an option to edit this report with the inclusion 235 
of spatial site locations and bar charts (Figure 6). 236 

The second module, Diagnosis and Countermeasure Selection, does not require 237 
visualization support, necessarily, because the interpretation of its output is straightforward. 238 
However, the proposed visualization tool provides an interface with the accident summary 239 
report, and collision diagram generated by Safety Analyst, along with the corresponding site 240 
map. This module can be expanded to include a condition diagram (15). 241 
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Figure 7 shows how the results from the third module are provided to the user by Safety 242 
Analyst, and Figure 8 illustrates the results as provided by the Google Map display tool. 243 
Measures for economic appraisal include the countermeasure cost per accident reduced, the 244 
benefit-cost ratio and/or the net present value (13). The user has the option to use default values 245 
or the state-specific value for various attributes used in the calculation of the economic appraisal 246 
methods. Priority ranking is provided for alternative countermeasures of a specific site or for 247 
countermeasures of multiple sites, based on the economic appraisal. It is easy and beneficial to 248 
compare the results for alternative countermeasures of single and multiple sites in a graphical 249 
format. The application provides the location of multiple selected sites on a Google Map, a table 250 
with all the relevant information for each site, and bar charts for the desired variables. 251 

The visualization for fourth module, countermeasure evaluation, was developed to 252 
provide the graphs of the ‘before’ and ‘after’ evaluations of the implemented 253 
countermeasures. The Google Map is used to display the site location in order to advance the 254 
improvement of the potential sites after the implementation of countermeasure. 255 

ESRI ArcGIS Display Tool of the Visualization System 256 
This tool assimilates various functions of ArcGIS with Safety Analyst outputs to give an 257 
application-based spatial visualization. ArcGIS is known for its strong ability to map and 258 
visualize data, integrate and share data, provide spatial and statistical analyses of data, and its 259 
customization capabilities (16). Currently, this tool supports only the network-screening module. 260 
Visualization with ArcGIS tools provides further modeling and computing capabilities. At the 261 
front end, this tool has a map view frame, a data layers frame, a browser window, selection 262 
windows, and menu tabs. At the back end are Python scripts that read, parse, extract, and process 263 
the output from Safety Analyst. Figure 9 displays the GUI of the visualization. 264 
 265 
Map Viewer and Data Layer Frame 266 
The Map viewer displays the base maps from the ArcGIS. The map viewer, along with the 267 
navigation bar, allows the user to execute basic operations, such as zoom in, zoom out, pan, and 268 
full extent. It has operational tools, including selecting and unselecting data elements in the map; 269 
and adding base layer maps, such as Open Street maps, Bing maps, or ESRI world imagery 270 
maps. The data-layer frame displays the layers being used for the map viewer and analysis. The 271 
layers can be turned on or off, based on the needs of the user. 272 
 273 
File-browser Function 274 
The browser window enables the user to choose the desired output file. At the back end of the 275 
tool, a Python script processes csv output files from Safety Analyst. This script maps the Agency 276 
Site ID of the Safety Analyst output file with the agency site ID of the existing source or base 277 
layers, i.e., roadway segments, ramps, or intersections. Consequently, this functionality avoids 278 
stating the coordinate system to project and overlay with the base layers, as described in Ma et 279 
al. (12). These authors used the application-programming interface (API) of Google Map to 280 
develop a GIS system for Safety Analyst. In this case, project functions were used to overlay 281 
satellite data from Google Map (12).   282 
 283 
Selection Function 284 
By means of the selection window, sites with the highest potential for safety improvement can be 285 
selected based on network screening ranks. With this function, Python scripts at the back end 286 
select and highlight the ranked sites on the map. In addition, the user has an option to select 287 
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ranked sites based on Functional Classification/Site ID or vice versa. For example, the user can 288 
enter ‘Functional Classification as 1’ and then click ‘Select’, and the map viewer displays all the 289 
ranked sites under Functional Class 1. Then, the user can select the sites among the ranked sites 290 
based on ‘From Rank’ and ‘To Rank’.  291 

 292 
Menu Tabs 293 
Three complimentary displays are embedded in the menu tab beneath the map viewer. Based on 294 
the selection of ranks, the Graph tab displays the stacked bar chart, as shown in Figure 9. The 295 
stacked bar chart summarizes the performance measures for observed, predicted, and expected 296 
crash frequencies provided by Safety Analyst. The table tab shows the Safety Analyst output in 297 
the table format, and the report tab generates the report in an editable version. 298 
 299 
CONCLUSIONS AND FUTURE WORK 300 
Safety Analyst provides state-of-the-art analysis tools to prepare a comprehensive program for 301 
highway safety management. With the advanced empirical Bayes methodology, Safety Analyst 302 
has tremendous data analysis capabilities. The recent version of Safety Analyst includes a map 303 
viewer display, but it provides very limited visualization capabilities.  304 

The Visualization System proposed in this study facilitates the use of Safety Analyst. It 305 
provides displays with location and color-coded information as well as charts and tables 306 
summarizing safety performance measures. In addition, Google Maps and/or ESRI ArcGIS can 307 
be used to generate the displays. The system transforms tabular results into intuitive displays that 308 
support both detailed analysis as well as higher-level decision making. The charts provide 309 
various degrees of resolution and aggregation. 310 

The proposed Visualization System needs to be further developed to enable capabilities 311 
to support all the modules in Safety Analyst using the ArcGIS interface. In addition, concepts 312 
used by CARE, such as a sliding window to depict crashes (11), can be borrowed to enhance the 313 
display features of the Visualization System. This sliding window will provide observed, 314 
predicted, and expected crash frequencies, which are vital safety performance measures that 315 
should be considered for the management and analysis of traffic safety.   316 
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TABLE 1 Format for Safety Analyst Results from Network Screening 371 

 372 
*Crashes/mile/year, **Crashes/mi^2/year  373 

Site 
Subtype

County
Average 

Observed 
Accidents*

Predicted 
Accident 

Frequency*

Expected 
Accident 

Frequency*

Variance
**

Start 
Location

End 
Location

No. of 
Expected 
Fatalities

No. of 
Expected 
Injuries

41046 Segment
Seg/Urb;
One-way 
arterial

3

Route I 1, 
County 3, 
Milepost 
39.56902

39.569 40.223 233.77 946.1 16.3 864.97 169.76 40.12275 40.22275 1

6557 Segment
Seg/Urb;
One-way 
arterial

3

Route I 1, 
County 3, 
Milepost 
43.93078

43.9308 44.364 81.07 221.79 12.23 197.66 38.41 44.2642 44.3642 2

7015 Segment
Seg/Urb;
One-way 
arterial

3

Route I 1, 
County 3, 
Milepost 
35.11215

35.1122 35.768 96.9 203.73 15.67 186.08 37.75 35.61215 35.71215 3

6612 Segment
Seg/Urb;
One-way 
arterial

3

Route I 1, 
County 3, 
Milepost 
36.72353

36.7235 36.979 67.78 198.62 15.43 181.41 36.28 36.87908 36.97908 4

6607 Segment
Seg/Urb;
One-way 
arterial

3

Route I 1, 
County 3, 
Milepost 
37.59608

37.5961 38.062 226.08 193.82 16.68 178.35 35.85 37.89607 37.99607 5

ID Site 
Type

Route

Site 
Start 

Locatio
n

Site 
End 

Locati
on

Average 
Observed 
Accidents 
for Entire 

Site*

Location with Highest Potential for Safety Improvement

Rank
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 374 
FIGURE 1 Conceptual framework for the proposed visualization system for Safety 375 
Analyst.  376 
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 377 
(a) 378 

 379 
(b) 380 

 381 
(c) 382 

FIGURE 2 (a) Selection of a module, (b) network screening method, and (c) algorithm 383 
using the Standalone Desktop application for Safety Analyst.  384 
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 385 

FIGURE 3 Web interface of output visualization for Safety Analyst, using Google Map.  386 
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 387 
FIGURE 4 Visualization of network screening results in spatial and tabular format.  388 
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 389 
FIGURE 5 Visualization of network screening results in spatial and bar chart format.  390 
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 391 

FIGURE 6 Visualization of network screening results in spatial and report format.  392 
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 393 
FIGURE 7 Economic appraisal results, as provided by Safety Analyst.  394 
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 395 

FIGURE 8 Results for economic appraisal and priority ranking, as provided by the 396 
proposed Visualization System.  397 
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 398 
FIGURE 9 Visualization with an ArcGIS portal view. 399 


