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Unit Conversions

While this document does not spend very much time discussing data with units of measure, the
following units are used either when describing stationing, hardware accuracy, or distress
measurements.

US Customary Multiply By \ Metric

inch 25.4 millimeters

feet 0.305 meters

miles 1.61 kilometers

square feet 0.093 square meters

inches per mile 0.0158 meters per kilometer
(International Roughness (International Roughness
Index) Index)
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Executive Summary

The State Materials Office (SMO) of the Florida Department of Transportation performs annual
Pavement Condition Surveys (PCS) of the Department’s pavement network. This work is performed by
single person crews in a vehicle capable of measuring rutting, faulting, and ride quality (i.e., roughness)
while traveling at prevailing traffic speeds. Information from these measurements along with visual
evaluations and notations of pavement distresses are currently entered into a Microsoft Excel
spreadsheet located in an onboard computer. The template for this spreadsheet (a separate file is used
for each county) contains macros to perform basic error checking and integration of the automated and
visual data.

There are several issues with the current approach. Among them are:

e Asingle operator is tasked with driving, navigating, data collection, and initial data verification

e A need to better plan and optimize routing and testing within a county

e lLack of geographic data available to the surveyor (e.g., cross streets, landmarks)

e Absence of progress reporting on a more regular basis (i.e., counties are recorded as either
surveyed or not surveyed instead of tracking progress on a test section basis)

e Difficult to load resultant data into the Department’s GIS for viewing or analysis

To address these issues, the Department, through the SMO, issued a Request for Proposals (RFP) titled
“Mobile Geographic Information System (GIS) Solution for Pavement Condition Surveys”. The intent of
this RFP was to develop a computer-based solution that would both address the shortcomings of the
current system while allowing better integration to the Enterprise GIS under development at the
Department. The resultant software, XPCS, addresses many of these issues.

XPCS contains three components:

e Database — An independent database that is designed to contain all inspection data for the
Department’s test sections across multiple years. As this database uses existing test sections for
its primary identification scheme, it is easily integrated back into the GIS.

e Office — A desktop application used for viewing and reporting designed to work with a live
connection to the XPCS Database component of the system. This provides overall data, allows
the user to explore specific data (e.g., inspections for a particular test section), and determine
progress and overall network health through a reporting system. The office component also
includes software that takes data from the mobile component and uploads that data to the
Database.

e Mobile — An application used in the survey vehicles and designed so that a live connection to the
XPCS Database component is not required.

This report discusses the methodology used to design and develop the software components of the
XPCS system, the current state of those components, and suggestions for enhancement of the system in
the future.
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Introduction

The Pavement Condition Survey (PCS) process is a well-established practice at the Florida Department of
Transportation (FDOT) used to determine the overall condition of the FDOT pavement network and
decide where to allocate resources (money, equipment, and personnel) related to the maintenance and
rehabilitation of the pavement assets that belong to the agency. There are two different PCS surveys
performed by the Department: project-level and network-level. Project-level surveys are used to
measure specific pavement performance for rehabilitation design, project acceptance, warranty
compliance, and research evaluation. These data tend to have significant detail to answer questions
such as “What techniques will reduce wet weather accidents in this section?”, “Does FDOT need to
approach the contractor regarding warranty repair?” and “Should FDOT continue to use this specific
rehabilitation technique?” Network-level surveys focus more on evaluating pavement performance for
project prioritization and resource allocation across the entire State Highway System. Network-level
surveys also tend to have less detail but cover a much greater surface area of pavement.

The focus of this project was to improve the network-level PCS process by incorporating software and
GIS-based tools to improve the productivity of the surveyors, increase the accuracy of their surveys,
reduce the amount of transit time between survey areas (test sections, in FDOT terminology), provide
tools to supervisors to track progress and quality, and create reporting tools for supervisors to support
the decision-makers at the Department.

To that end, the FDOT State Materials Office (SMO) selected Applied Research Associates (ARA) to assist
them with the development and implementation of a new software system for the collection of
network-level PCS data. This report discusses the process used to define the Department’s needs,
design the system, create the software components of the system, and implement the system at the
SMO.

The result of this project is the Extended PCS (XPCS) software package. It consists of three main
components:

e XPCS Database — This is the element of the system where all data is centrally stored and the data
source upon which all reporting is performed.

e XPCS Office — This element of the system provides the in-office functions required of the
software including the dashboard, supervisor review, data synchronization, routing, and
reporting.

e XPCS Mobile — This element of the system is placed in the survey vehicles and is used by the
field technical staff. It is designed to work in a disconnected environment where data is
collected, verified, and stored locally. Upon returning to the office at the end of a work week,
the field staff synchronizes the data collected and stored in their vehicle with the XPCS Database
hosted in the office.
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Methodology

Per ARA’s proposal, the approach to this project has been in four phases as shown in Figure 1.

Requirements

Design

Development

Testing

Figure 1. Project Approach

The first task was to examine the existing processes at the SMO related to the network-level PCS
process. This task included interviews with SMO staff and ride-alongs with the SMO technicians
responsible for the daily data collection. The ARA team also looked at existing data, process flow charts,
and hardware involved in these efforts. ARA immediately followed up with the SMO and determined
the desired improvements to the system such as status reporting, improved validation, and GIS
integration. Based on these efforts, ARA began to draft and share versions of a pair of Software
Requirements Documents (SRDs) with the SMO that discussed functional requirements (e.g., “Provide
GIS Layer showing testing progress”), system configuration (the eventual three component system), and
interface requirements (providing a visual representation of the initial versions of the final product for
better understanding of the process). These drafts were reviewed and modified by the SMO and ARA
based on feasibility, budget, existing FDOT systems, and required needs. The result was a pair of
documents that could be checked to ensure that the final product met the requirements of the SMO and
Department. The SRDs for both the office and mobile component of the system are attached to this
report. The functions of the database component of the project are developed within these
requirement documents as the visible components of this system are the office and mobile applications
supported by the database.

Upon agreement of a final SRD for the project, the next task was to design the specific software that
would meet the requirements set forth in the Requirements. This design would establish the technical
specifics of the software such as database schema, internal object design, specific user interfaces,
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required libraries, and interfaces with other systems such as the Roadway Characteristics Inventory (RCl)
Database and GIS. The results of this process, a pair of Software Design Documents (SDDs) would
provide the guidelines our developers would follow when writing the software. The SDD for both the
office component and mobile component are also attached to this document.

The next phase of the work was the actual coding and integration of the various components of the new
system. It was developed on a component-by-component basis. The first component developed was
the XPCS Database. The database framework was created based on the SDD and then populated with
data from the existing PCS dataset. This database was placed in the SMO offices where SMO staff could
begin testing their own reporting. ARA also created some example reports to demonstrate the
capabilities of the component.

The primary challenge with the data within the XPCS system is the creation and maintenance of location
references. While FDOT maintains a canonical list of roadway segments in their RCl database, the
inspection crews often break these areas up into smaller segments based on actual on-the-ground
features (such as construction history). Furthermore, the boundaries of the entered inspection values
were previously matched based on physical and geographical landmarks which could lead to errors
depending on the description provided. Unfortunately, this precluded a database structure of natural
keys (unique identifying fields that could describe a specific location) whereby segments (and their
related historical inspection records) could be explicitly referenced by section id, roadway code, and
beginning and ending mileposts. Additionally, new segment limits might be introduced in the field by
the creation of breakpoints (possibly leading to conflicts during synchronization). The system was also
complicated by the possibility of the roadway code changing from one year to the next because of a
change from composite to divided roads.

To manage this issue, a system of segment IDs, tagged by the unique ID of the computer from which
they were generated and a flag for travel direction (upstation or downstation) was introduced to
address these synchronization issues. Also, a “5% rule” was developed to allow nearly, but not strictly,
matching stretches of roadway to be associated with one another in the same manner as a person
might, looking at the data. For example, if the data indicated that a segment existed on test section
26050000 between mileposts 8.05 and 9.20 but the surveyor observed a segment between mileposts
8.00 and 9.20, the program should treat that as the same segment and assign the new condition data to
the original segment.

From here, a layer of business objects (XPCSData) was developed to represent the actual inspection data
(and its relationship in the county->section->segment->inspection hierarchy) as shown in Figure 2.
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Section Section

Segment Segment

Flexible Rigid
Inspection Inspection
Data Data

Figure 2. Layer of Business Objects

While in practical usage, rigid and flexible pavements are treated separately in the current PCS survey
processes, there were many similarities that the developers were able to exploit. Most of the program
operates on the more generic InspectionData object which could contain data regarding either flexible
or rigid pavements. For those few operations that differ between the two pavement types and their
condition data, two child classes were created: FlexiblelnspectionData and RigidInspectionData. The
advantage of this approach is that the code is more maintainable; most modifications simply need to be
made to the InspectionData object. Only that code which performs operation unique to flexible or rigid
pavement needs to be changed in the child objects.

The next component to be developed was XPCS Office. This component takes data from the XPCS
Mobile component and transfers it to the XPCS Database. It also provides GIS services through the
onboard SharpMap tools (an open-source GIS package) and the various functions defined in the SRD and
SDD. The GIS system was designed with an eye for ease of use and simplicity. This design goal
influenced everything from the function of the query tool (which avoids ambiguity when multiple
sections may have been selected by zooming into the selection area) to the choice to invert the palette
of colors (using a black background instead of the typical white). Additionally, the Office component
was designed to provide flexible access to data by the linking of the GIS and Data Management tools.
Selection of a section in either screen easily and quickly leads to its selection in the other.

Inspection data in the Data Management screen is automatically color coded to show the age of that
data (current rows of data are white while previous data has a grey background which becomes darker
depending on the age of the data) and is automatically grouped to let the user process the results in an
intuitive manner. Other changes, such as the move from a “baked-in” dashboard (an interface that
would need to be changed at the code level) to a window displaying one or more reports made the
software easier to customize to a specific user or role (i.e., engineer, supervisor, and surveyor).
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Finally, the XPCS Mobile component was developed and tested against the other two components. This
software was tested by ARA developers and staff in the Champaign area (it was moved from the
originally planned area in Pennsylvania to enable better debugging by the main development staff). Of
course, the ARA IT environment and vehicle setup is not the same as that used by the SMO, so
additional testing at the SMO was required.

The Mobile component was designed with flexibility in mind. Inspection crews are often forced to
operate in sub-optimal traffic and construction environments and the ability to override the automatic
section ordering provided by ArcGIS Network Analyst, the automatic screen flipping upon reaching the
start and end of the test section, and the automatic adjustment of the zoom level of the MapPoint maps
was deemed critical. While taking that need for flexibility into consideration, the Mobile component
was designed to fully supplant the old Excel spreadsheet method of recording data while also providing
an interactive map (updated in real-time) and direction to get the inspectors to the right place. The
overall progress through the testing plan is shepherded by a constantly active Navigator object which
manages the internal ordering of sections, the marking of sections as tested, and the automated
management of the interface mode (navigation, testing, and verification).

Both components were designed with code-reuse in mind. The Office and Mobile applications use the
same libraries to address data representation, form control (and even the same forms in some cases),
validation, security, etc. In spite of a quite different look and feel, at every stage the underlying design
principle was to treat the two components as two different ways of accessing and manipulating the
same underlying system. In addition to the business logic layer (the code that handles activities such as
validation), both applications use the same database structure. This simplifies the task of
synchronization between the collection databases and the central database and eliminates the need to
develop methods to convert information from a mobile format into an office format.
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Deliverables

XPCS Database

The database is the core of the system and stores the data collected from the XPCS Mobile application
for analysis and reporting by the XPCS Office application. It also stores FDOT-related data pulled from
other systems within the Department such as the RCI database and the FDOT GIS basemap. This data is
stored in a set of tables known as the Business Tables; the basic relationship of these tables is shown in

Figure 3.

The database also stores all the security level data used to maintain data integrity and prevent data loss
from non-administrative users. The basic relationships of these tables are shown in Figure 4.

Sections ValidationRules
1
M
Segments | 1l HPMSSegments
1
RigidInspectionData IM M| FlexibleInsepctionData

RouteOrdering

=

Routes

RouteAssignments

Figure 3. Business Tables
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SecUserGroup

1
M| [m
SecUserMembership SecUsergroupActiongroupPerms
M M M
SecUsergroupActionPerms |M
1 1
SecUsers |* M! SecUserActionPerms ™ Y SecActions
1 1
M M

SecUserActiongroupPerms

SecActionMembership

1
SecActionGroup

Figure 4. Security Tables

XPCS Office

The office component of the XPCS system is used for setup of data collection (i.e., route optimization),
synchronization between the XPCS Database hosted within the FDOT IT infrastructure and the
individual, disconnected XPCS Mobile field computers, validation, and reporting. It consists of the
interfaces shown in Figure 5 through Figure 7. The layout is simple with the various functions
represented by buttons on the left hand side and a large window on the right hand side storing GIS or
various report results. Figure 5 shows the initial dashboard view that is displayed upon starting the
software. The report that is generated may be specified by the user to match their needs and use case.
In this example, a supervisor calls up a report on current progress across the statewide network when
the software starts. Figure 6 shows the integrated GIS and data viewer elements of the system. This
example shows in individual segment that has been selected in the GIS window and the condition data
collected below. Darker rows in the grid represent older data. Finally, Figure 7 shows a sample report
used for verification of data. This component can run any report on the database component of the
software that the user has available. Reports are created with Crystal Reports 11.
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XPCS Mobile

The mobile component of the XPCS system is used in the field to collect data and perform immediate
data validation. It operates in a disconnected environment; that is, data must be taken from the field
computers and uploaded to the XPCS Database (the main data repository for this system) explicitly
through the XPCS Office software.

The mobile component is broken up into three main sections.

The Section Navigator, shown in Figure 8, allows the operator to alter the order of sections to be visited
as required and provides directions to the beginning of the test section. The surveyor may reorder the
testing by dragging the individual elements of the route list. Route recalculation can also be invoked
manually by clicking the Recalculate button in the lower right corner.

Loy = D -
ey, oo
; i

LT

Figure 8. XPCS Mobile Section Navigator Screen

The Test Section interface, shown in Figure 9, guides the operator down the test section (or to the
beginning of it, if they haven’t yet reached it) and allows them to enter preliminary data while displaying
the results of either last year’s run or the previous run in the current testing cycle if a rerun is being
performed. The surveyor can add breakpoints to create new segments within the test section through
the boken chain button on the lower left of the interface.
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At the conclusion of a run, the vehicle operator will use the Data Validation screen (Figure 10). This
interface is used to load data collected by WinRP as well as validate the collected/entered data. Prior
year data is displayed in the grey rows between the active survey rows; the user can control the number
of prior surveys shown through the drop-down box on the left.
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Figure 10. XPCS Mobile Data Validation Screen
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Support & Improvement

Per the requirements of the RFP, ARA will provide support of the existing product for a one year period
starting at the conclusion of the project. In addition to the support of the existing software, further
steps could be taken to improve the overall system.

Improved Enterprise GIS Integration

The XPCS system was developed in parallel with the FDOT Enterprise GIS. While the current system
makes extensive use of FDOT GIS data, better integration with the Enterprise GIS system is possible.
ARA and FDOT have discussed these needs, and the Department has decided to perform this work
within the existing Enterprise GIS integration effort. ARA will continue to assist FDOT with this work
through the provision of software and documentation to meet the Department’s needs.

Pavement Data Integration

Along with network-level PCS data, there are many other data sources that contain information about a
given length of road (i.e., test section). A significant improvement to the system would be providing the
ability to display these other data along with the network-level data collected through the XPCS system.
Currently, ARA is working with the Department to determine how best to address this need.

Mobile GIS Solution for Pavement Condition Survey 12
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Introduction

This document will describe the office component of the Extended Pavement Condition Survey (XPCS)
application and requirements which must be met to ensure successful implementation of the
component. The office XPCS application is a part of a larger system involving the Roadway
Characteristics Information (RCI) database and XPCS survey database which needs to be collected and
evaluated at several key steps throughout the data flow process. The XPCS database also includes the
subset dataset for Highway Performance Monitoring System (HPMS).

Purpose

The purpose of the office XPCS application is to provide office-based users (supervisors, engineers,
management, operators, etc.) with a way to access, map and report the data collected by the PCS
survey process. This includes such items as:

e Tabular results, either in a permanent format (i.e., PDF) or editable format (i.e., Microsoft Excel)
e Electronic maps of current conditions (GIS layers)

e Data regarding completion status of the annual survey (percent complete, counties completed,
specific segments completed, etc.)

e Standard and ad hoc reporting and mapping functionality.

Furthermore, the office component will provide operators the ability to take data from their vehicle and
upload it to the central database through the use of USB drives. It should also provide access to quality
control checks for the PCS supervisor(s) that may be run in addition to the checks performed in the
mobile component.

Finally, the office component needs to provide supervisors and operators the ability to generate
optimized routing plans that can be used in a week’s worth of surveys. For the most flexible
optimization option, ARA will assist FDOT in learning the applicable parts of ArcGIS Network Analyst.
Using this feature of ArcGIS directly will allow the users to perform all the functions listed in the original
Request for Proposals.

The office component also includes an upgraded central database. As a part of this effort, ARA will
convert the existing PCS mainframe database to a relational database using Microsoft SQL Server 2008.
This has the advantage of adding more logic to the database schema (versus a flat file approach). For
example, retrieving all the historical test results for a particular Test Section will be far easier now and
those results can be ordered in any user-defined manner (oldest to newest, worst to best, only those
that include results for the segment between MP 22.8 and 30.2, etc.). This will not affect the original
PCS database which resides on the mainframe.

Scope

There are several items that will be provided as part of the office component of the XPCS software.
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Each item is discussed in detail within this section.

Database

For these reasons and to improve the general functionality of the overall XPCS software package (both
mobile and office components), a copy of the data currently residing in flat tables in the mainframe SAS
database will need to be migrated to a new Microsoft SQL Server relational database. This new
database will be referred to as the “XPCS Database” throughout the remainder of this document.

Because the mainframe database stores the definition of the State’s Test Sections and those definitions
are not maintained by the SMO, the XPCS Database will require a link to the existing mainframe
database to retrieve these definitions. The office component will contain functionality that displays
inconsistencies between the mainframe definition and the XPCS definitions which can then be
addressed by the SMO. In most cases, resolving these inconsistencies will require changing the Test
Section definitions within the XPCS database. ARA will provide training to the SMO on this process.

Routing

The office XPCS application will create a user customizable optimized routing plan utilizing ArcGIS
Network Analyst. The optimized routing order will then be included in the PCS database and used by
the mobile component to navigate the network test sections. At this point, the actual routing between
various Test Sections will be performed by the mobile component. Sections requiring reruns will be
highlighted in yellow in MapPoint and will be marked as incomplete in the database. It will be up to the
van operator to decide when to rerun test sections, as the optimized routing plan is developed before
the van crews begin their surveying.

Synchronization

Because ARA expects synchronization between vehicle computers and the XPCS Database to be a
manual process (download to a USB key then plug into a networked FDOT computer), synchronization
functions will be included in the office component of the software.

Validation
Additional quality control checks above and beyond what are done in the mobile component will be
performed through the use of the office component of the XPCS.

Reporting

Various electronic maps and reports will be created for the users of the office component of the system.
The reports generated as a part of this effort are detailed in sections discussing the dashboard and
reporting interfaces. FDOT staff will have the capability to expand the mapping and reporting capability
as needed.

Background

FDOT maintains a large RCl database which is used as the “central repository” for managing all
information related to roadway characteristics. The profilers collect data throughout the state of Florida
and its operators and managers are responsible for the validation and uploading of their collected data
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to the mainframe.

This process is currently conducted using Microsoft Excel workbooks and macros. System users “check
out” their respectful county data from a master workbook which is itself generated from the PCS
database, and transfer the county workbook to the van. The workbook data is then printed out each
day and used to verify section and segment data during the profiling process. Data collected by the user
on the printed workbook sheets is then manually transcribed after the day’s collection ends.

After the collection period for a county is over, users then bring the workbook back into the office and
validate the collected data again before utilizing Excel macros for processing and uploading to the
mainframe PCS database.

It is the desire of FDOT to automate several of the above processes in their current system, and to
provide managers with up to date reports and a “dashboard” style interface for quick review of current
network testing status. The office XPCS component implementation will require the PCS mainframe
data to be converted to SQL Server 2008, and will provide automated route planning, data validation,
and reporting. These features will greatly reduce the complexity of the system and reduce the effort
required for managing collected data.

Assumptions
Assumptions for the office XPCS system are:

1) FDOT personnel have access to the RCI database.

2) FDOT personnel wish to migrate their existing PCS database from SAS to SQL Server 2008. The
SAS database will continue to be updated and used for other reports, until such time as the SMO
feels ready to migrate all reports to the new database structure.

3) FDOT will allow the “mobile computers” containing the mobile XPCS application and
synchronized PCS database access to the FDOT network for synchronization purposes, or will
manually transfer backups of a SQL Server 2008 database to/from profiling vehicles.

4) ARA will provide, within reason and budget, the necessary hardware/software onboard the
profiler for harboring a SQL Server 2008 Express database instance, .NET 4.0 framework, PCS
SQL Server database, and the mobile XPCS application (see Constraints, below).

5) ARA will create a database instance specific to the XPCS software.

Constraints

Due to the size and complexity of Network Analyst, ARA will be able to provide only a “nearest next test
section” optimization process and provide basic training in its creation. There will be some processes
the SMO will need to go through to verify the basemap used to generate optimal routes is correct, and
possibly manually assign section visits based on specific conditions (i.e., construction, traffic, etc.).
Future work can include expanding the route optimization to include other variables. Routing between
test sections will still be performed in the mobile component through MapPoint.

IT concerns may limit what software can be installed on the profiler computers in the event that they
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are to be allowed access to the FDOT network. This may require FDOT to purchase separate computers
or other hardware for the purposes of this project. ARA will cover, within reason and budget, hardware
for the prototype vehicle if needed.

During the course of interviews with FDOT, several issues were discussed related to IT and mobile
computers. It was determined that the desire of FDOT was to install the mobile XPCS software on
existing machines if at all possible. This will allow FDOT profiler crews to keep the existing setup within
the vans. However, this approach also implies that direct synchronization from the vans will not be
possible unless the computers in the van are brought into the IT definition of mobile devices. This
means van computers would need to have appropriate anti-virus software and encryption software
installed. Furthermore, the vans would also require the necessary hardware for wireless access. The
software listed above may, or has in the past, conflicted with the ICC software/hardware; as such this
solution is less attractive. FDOT mentioned it would prefer to have the personnel in the van create a
backup of the PCS database, restore that backup in the office, then proceed with synchronization.

Methodology

Part of the office XPCS implementation process will be the training of FDOT personnel in the use of
ArcGIS Network Analyst. FDOT personnel will use this software to generate an optimized test section
list, then use an ArcGIS XPCS plug-in to automatically move the routing data to the office XPCS working
directory. As a startup process the office software will prompt the user and, upon authorization, load
these data into the XPCS database specified during login. These data will then be synchronized with the
van database and will be utilized by MapPoint in the mobile component.

PCS data taken from the profiling vans will be validated at the office and checked against the RCI
database. Once a section has passed all validation and verification checks, it is considered “completed”.
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Figure Al. Office XPCS context diagram

As Figure Al illustrates, the office component is comprised of software whose goal is to fulfill the
functions listed in previously under Routing. ARA has selected this extension approach to optimize
flexibility and still allow easy manipulation and viewing of the spatial data. All interactions with the
XPCS database will occur through the office component.

Office XPCS Data Flow Diagrams

This section will detail the flow of data throughout the XPCS system and will breakdown the context
diagram into smaller functional pieces.

RCI/PCS Data Flow

The data flow diagram shown in Figure A2 represents the data validation process between the RCl and
XPCS databases. The application will need to access the XPCS Database and validate each section’s
jurisdiction and mileposts with the data contained in the RCI database. If differences (in jurisdiction or
mile posting) exist between the RClI mainframe and the PCS database, the changes from the RCI
database are to be reported to the user for modification through a Test Section Consistency report. This
interface is described in the section titled Reporting and contains information on automatically applying
changes from the RCl database to the XPCS database. Note this update includes managing changes to
the section and segment geometries which comprise the GIS data in the XPCS database. These changes
will be made by comparing sections/segments with altered endpoints to their respective
section/segment shapefiles.
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XPCS/Office

RCI Database

XPCS Database

Figure A2. RCI/PCS data validation process

Routing Data Flow

In the process shown in Figure A3, users will need to access or create the FDOT RCI shapefile and pull
the data into ArcGIS. This data will be utilized along with data from the XPCS Database to generate an
optimal testing order for each Test Section via ArcGIS Network Analyst.

ArcGIS
Network - » XPCS/Office
Analyst
XPCS Database
Figure A3. Loading optimized route locations
ArcGIS Network Analyst

A key part of the process we propose in this report involves learning to use ArcGIS Network Analyst to
determine the optimum order of test sections in a particular county. Because this may seem daunting at
first, we describe the process here in a general fashion to show what is involved. A diagram of the
complete process is shown in Figure A4. We have no doubt that learning to use this software will be
possible for both supervisors and operators.
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Figure A4. ArcGIS Network Analyst to PCS data flow

The “Network Definition” is the base map that defines the roads the surveyor can use to get to their
location. Think of this as the roadmap. Ideally, FDOT already has created this data for other non-PCS
applications. If this is not the case, the data available in the Enterprise GIS should be enough to create
the network definition. At the worst, there are commercial vendors that can provide this data (e.g.,
Navteq). Roads are always being added (and sometimes removed from) the network of FDOT and other
public roadways, therefore, these geometries will need to be updated on a regular basis via the RCI
update interface.

The “Depot”, in Network Analyst terms, is the starting point for all vehicles doing work. This should be
the hotel or FDOT facility where the operators start each day for a given county. Since operators do not
know where they will be starting their work from each day, the optimized routing plan will be based on
an initial starting location. The profiling crew can then reorder their test sections on the fly, if it is
reasonable to do so, to get back on the optimized testing plan.

“Route”, in Network Analyst, represents both the survey vehicle and the route it takes between various
points in the network. Even with one vehicle, multiple routes may be needed. For example, if a
surveyor is working in Alachua County, they may have four routes (one for each day of survey). This
would eliminate the need to mobilize to the last section in the previous day’s route. However, it may be
easier or more effective to put all test sections on one route in other cases. This will be a matter of
testing the different work flows in the field and finding out what works best. When multiple survey
vehicles are used (Dade County), multiple routes should be used.

A “stop” represents the beginning or end of a test section. These are the points the survey vehicle
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needs to travel through to complete its test. In this case, stops will be paired (starts matched with ends)
to ensure that the route assumes that the vehicle is at the end of the test section when the test is
complete.

With the depot, route(s), and stops defined, Network Analyst can solve for the best route. Occasionally,
the best route between a start and end stop may not follow the Test Section exactly. This is expected
behavior and is not relevant to this implementation.

The solved route(s) (paths through each start and end point) create an optimized list of Test Sections for
the surveyor to drive. This list of test sections (and not the route line itself) is what is loaded into the
XPCS Database. The MapPoint tool in the mobile component will determine the best route to travel to
get to the ordered test sections based on its map at drive time, and will allow for deviations and
surveyor rerouting on the fly. Using the actual routes (including directions between test sections) from
Network Analyst may become a desired feature for future versions depending on the results of using
MapPoint in the field.

Data Conversion Requirements

As a part of the office component development, ARA will work with FDOT personnel to create the initial
XPCS Database. This process will involve copying the data from existing flat SAS datasets to a relational
SQL Server 2008 database. Eventually, all pertinent PCS reports will be converted from SAS to SQL
Server scripts. Not all of the SAS scripts will be converted during this first project. This means “legacy”
SAS datasets and reports will still be required (initially). Because of this, a process for pulling the data
from XPCS Database into SAS datasets will need to be in place. FDOT will be responsible for the SAS
dataset import from the XPCS database. ARA will work with FDOT to determine the best method for
exporting the data from SQL Server to SAS datasets. Further discussion on migrating existing SAS
reports to the new system are described in the section titled Reporting Requirements.

Logical Data Model

The logical model for the XPCS database, which will store all data not contained in the FDOT Enterprise
GIS for the office component of the XPCS software, will be defined as part of the Design Phase of this
project.

Functional Requirements

The functional requirements are discussed in Table A1 and will describe a specific use case or user
system interaction and derive a verbal requirement which describes the various features and priorities
of the office XPCS system.

e (C: Critical. The feature must be included to ensure the functionality of the core capabilities of
the software.

e D: Desirable. The feature would improve accuracy of data, time to collect, and/or ease of use.
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The feature does not significantly impact the core capabilities of the software.

e F: Future. This feature would change the scope of work but may be useful in future versions of
the software.

Table Al. Functional requirements

#  Description Priority
GIS plug-in must export test section locations into a file for the Office XPCS
1 | application to load into the selected XPCS database in order of their sequence C
number produced during the optimization process.
2 | Validate section/segment limits against the RCl mainframe. C
3 | Validate jurisdiction for each section against the RClI mainframe. C
4 | Store section spatial/geometric data. D
5 | Store section begin/end locations as GPS data. C
6 | Allow simple (closest section) optimization of test sections. C
7 | Allow multiple attribute optimization of test sections. F
8 | Allow users to modify all collected data. C
9 | Allow users to modify segment limits. C
10 | Automation of all ArcGIS processes for generating optimal routes. F
11 | “Dashboard” view of % sections completed. C
12 | “Dashboard” view of % sections on time. C
13 | “Dashboard” view of % sections validated. C
14 | Provide GIS layer showing testing progress C
15 | GIS map allows users to select sections to generate section status reports. D
16 | Must allow users to generate section validation report against the RCI database C
17 Must allow users to generate data validation report against historical (previous C
years) data.
18 | Must allow users to generate FPCS/RPCS report from the PCS database. C
19 | Must allow administrators to be able to define data validation thresholds. C
20 | Data validation thresholds must be pushed out to mobile XPCS databases C

Interface Requirements

Interface requirements describe "cases of use" for each interface in the office XPCS application. Several
use cases and screen shots are provided below to better highlight system processes, and to more
specifically define their requirements.

Software Interfaces

Figure A5 illustrates the main interfaces in the office XPCS system. The ArcGIS plug-in can exist as a part
of the ArcMap interface or in the office XPCS application. Please note that there is a one time extensive
data conversion process for migrating the PCS data from its current database to the SQL Server 2008
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database. This process has no user interface and is not displayed below.

Dashboard

Componeant

Office XPCS
Application

Data Report

Management / Generation /

Data

Synchronization ArcGIS Plugin

Figure A5. Office XPCS components

Login Interface

First, the users will be presented with the login screen where they can identify themselves and perform
general setup operations. The last user to log into the system can login just by clicking the “Login as...”
button. They will then be prompted to enter their password. If this is the first time the software is used
on a particular machine, this button will be disabled and read “Use Setup to login”. Users will be able to
switch user names from the “Setup” button. Clicking the “Setup” button also allows users to change
system parameters including, database login and connection information, XPCS usernames and
passwords, and other system wide user parameters. Exit quits the program. Table A2 describes each of
the functional requirements of the interface while Figure A6 displays a mockup of a suggested login
interface.
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Table A2. Login interface requirements

#  Description Priority

Login Interface

1 | Maintain user name across sessions.

2 | Maintain database connection information across sessions.

3 | Allow users to set up database connections to mobile XPCS databases.
4 | Provide users with information rich feedback on login/setup issues.

[elislieliel

[ Lx]]

XPCS

Login as jwalter

Setup

Exit

. Version 0.1 )

Figure A6. User "jwalter" logs in to the Office XPCS application

Office XPCS Navigation Interface

This interface, shown as a mockup in Figure A7, allows the user to select which part of the office XPCS
application they wish to navigate to. The interface should allow the user to navigate to any other part of
the application including the login interface.
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Figure A7. Office XPCS navigator

Security/User Management Interface

This interface allows system administrators to set up users for the XPCS system. System security will
consist of two classes of users, administrators and users. Administrators will have access to the office
XPCS interface and all of its features, users will have access only to the synchronization interface. In the
diagram below, we see the user “jwalter” is a member of the administrators group, but not a part of the
users group.

In the mockup shown in Figure A8, administrators will be able to click the “Create New User...” button
and enter a new user name and password in the PCS database. The user should be asked to change
their password the first time they log in. Administrators should also be able to delete an existing user by
pressing the “Delete User” button.

Pressing “Finish” in the interface commits any changes made to the PCS database. Pressing “Cancel”
cancels any changes made in the interface. Note that since Administrators and Users have predefined
actions in the system, there is no need for managing further user access capabilities. This interface and
resulting database structure can be modified if future changes to user permission features are required.

Table A3 discusses the functional requirements related to the security features of the program and the
interface used to control those features.
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Table A3. Security requirements

#  Description Priority
Security/User Management Interface

Manages two types of account access: users and administrators.

Application must allow for the creation of new accounts.

Application must allow for the deletion of accounts.

Application will allow for cancelling changes made.

Administrators will have access to all features and functions in the application.
Users will be able to modify, validate, and synchronize PCS data only.

Oojofojojo|o

N[ [WIN|E

[ ]
Office XPCS — Security
Create New User... jwalter Administrators {
Users n
Delete User
Finish
Cancel
Version 0.1
~ S

Figure A8. Security/User management interface

Dashboard Interface

The dashboard interface will show an instant report of sections tested, sections validated, and sections
completed vs. scheduled time. The dashboard can be updated on demand. Updates pull data from the
XPCS database as it currently exists. Table A4 lists the requirements for this interface while Figure A9
shows a mockup of the suggested dashboard.

Table A4. Dashboard requirements

#  Description Priority
Dashboard Interface

Shows instant report of sections tested.

Shows instant report of sections validated.

Shows instant report of sections completed on time.
Report can be refreshed on demand.

Data is updated from the PCS database.

Can be easily viewed/hidden.

(| |WIN|F
elislialialialie)
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Office XPCS — Dashboard

Refresh
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Figure A9. Dashboard interface

Reporting Interface
The reporting interface maintains selections between various reports created by ARA and FDOT for the
XPCS application. ARA anticipates FDOT creating several reports after major development of the XPCS
system is completed. Functional requirements for reporting are shown in Table A5 and a mockup of the
interface is shown in Figure A10.

Table A5. Reporting requirements

Allow users to select from various reports.

New reports can be added to the Reports Management interface.

Generating a report runs custom report code to create the currently selected
reports.

Interface must allow users to cancel report generation and return to main
screen.

FPCS report converted from SAS to SQL Server 2008

RPCS report converted from SAS to SQL Server 2008

Lane Miles surveyed on the state maintained roadway system report converted
from SAS to SQL Server 2008 (two types)

0| N ([ojunn] &

RCI Verification report converted from SAS to SQL Server 2008

O O |Oo O
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Office XPCS — Reports

’ FPCS Report
RPCS Report
RCl Verification Report

‘ Generate Report...

‘ Done ’

‘ Cancel ’

Version 0.1

Figure A10. Report management interface

Flexible PCS (FPCS) and Rigid PCS (RPCS) Reports

The FPCS and RPCS reports are general reports detailing each segment and its associated rating data as
given in the FPCS.xlsx and RPCS.xIsx spreadsheets and associated SAS documentation. ARA will convert
the SAS code to SQL Server queries and generate reports with fields and data matching those of the
required SAS reports.

RCI/PCS Validation Report

This report requires users to connect to the RCI database and to validate each PCS section’s jurisdiction
and mileposts (realignments). This process generates a report showing changes made to the PCS
database from the RCI mainframe. Note that this report is also generated in the Data Management
Interface, when a user selects “Verify and Load RCI Changes”. Choosing to run this report from the
report interface does not alter any PCS data whereas running the “Verify and Load RCI Changes” will
modify the XPCS database. If modifications are required, the user will be propmpted to load shapefiles
containing the (possibly) new section and segment geometries.

Data Management Interface

The data management interface allows users and administrators to view and modify the existing PCS
data in the system in a tabular format. The interface should allow users to view “queried” or “filtered”
data. The interface should allow users to run a validation check against selected data. This interface
should also highlight, in accordance with FDOT standards (as described in the Field Handbook and
FlexWorkbookPointOfEntryChecks.docx), fields which do not pass validation checks. The interface
should allow users to view all historical data for a selected section. Part of this interface should look
similar to the Flexible and Rigid workbooks used by the profiling crews.

The RCl validation and consequent update to section limits will require the application to modify the
existing section and segment geometries stored within the database. As part of the RCI update process,
the user must load a SECTIONS.shp and SEGMENTS.shp shapefiles, which represent the changes made in
the RCl database. Once selected, these files will update the geometries in the section and segment
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tables to match their new RCl beginning and end milepost locations.

A summary of the functional requirements is shown in Table A6 and an interface mockup is provided in
Figure A11.

Table A6. Data management requirements

1 View PCS data in format similar to existing worksheets in accordance with FDOT c
standards. (Highlighting rules given in FlexWorkbookPointofEntryChecks.doc.)
2 | Modify PCS data. C
3 | Validate selected rows of PCS data. C
4 | Validate all PCS data. C
5 | Verify PCS jurisdiction and mileposts with RCI database. C
6 | Verify selected rows with RCl database. C
7 | Allow filters to be created for PCS header data. C
8 | Allow filters to be saved. C
9 | Allow filters to be loaded. C
10 Only allow changes to go through if all data is properly validated, verified, and/or C
commented.
11 | All changes made to be rolled back until “Submit Changes” is clicked. C
12 | Allow users to see data for both flexible and rigid pavements. C
13 | Allow users to view historical data for selected sections. C
Allow users to update sections database table from a shapefile provided by
14 C
FDOT.
Allow users to update segments database table from a shapefile provided by
15 FDOT. ¢
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Office XPCS - Data Manager

Current Filter: Run Data Validation

Verify And Load RCI
Changes

Filter Options... View Historical Data

Month| Year | CTY | SEC | SUB§ SR US |RDWY | TYPE

Flexible Data | @

Submit Ch
Rigid Data @) ubmit Changes

Figure A11. Data manager interface

ArcGIS Plug-In Interface

The ArcGIS plug-in’s primary purpose is to allow the user to seamlessly transfer data between a
shapefile containing optimized section information to the XPCS database. The ArcGIS plug-in will
launch from within ArcGIS. Functional requirements for this interface are shown in Table A7. The

interface for this functionality will be very simple: a button inside of ArcMap (as shown in Figure A12)
will transfer data between ArcGIS and the XPCS system.

Table A7. ArcGIS plug-in requirements

D ptiIo Prio
Must allow user to export optimized section list to the XPCS data folder. C
2 | Must allow user to load test section precedence into the XPCS database. C
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Office XPCS — ArcGlIS Plugin

Export Data to XPCS

Figure A12. ArcGIS plug-in interface

Test Section GIS Interface

The desktop software will utilize SharpMap to reference FDOT street data, display test sections and link
directly to the XPCS database. The interface will allow users to manage multiple layers of data and
export the PCS attribute data including unique roadway ID’s to a shapefile. This shapefile can then be
used in ArcGIS to link with other data sets. Functional requirements for this interface are shown in
Table A8.

Table A8. Test section GIS requirements

1 | Show all test sections in the state as line geometries. C

) Highlight test sections according to processing level. (Incomplete — Yellow, C
Tested — Blue, Validated — Green, Not Tested — Red)

3 | View section details from the GIS map. D

4 | Manage multiple layers in the GIS map. C

5 | Filter for desired sections based on county, section, subsection and mileposts. D

6 | Export selected layer as shapefile C

Data Synchronization Interface

This interface should allow users to synchronize the office XPCS database with one or more mobile XPCS
databases. Synchronization should only be possible if all data has been properly verified against the RCI
mainframe and validated against previous years data. Functional requirements for the data
synchronization process are listed in Table A9. Figure A13 shows an example synchronization interface
as used by a similar ARA program.
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Table A9. Data synchronization requirements

#  Description Priority

Database Synchronizer

1 | Interface must allow users to input local server names. C
Interface must allow users to input local database instance names for batch

2 | synchronization runs, or single local database instance names for a single C
synchronization run.

3 | Interface must allow input of central server name (the “to computer”). C

4 Interface must allow input of central server instance name (the “to computer” c
database name).

5 The synchronizer must synchronize data between databases using a last modified c

data flag for updatable data.

o7 Database Synchronizer = )

_____________________________________

! Local Server:

i Local Database:
i Central Server:
" { Central Database:

i I Synchronize

Total Progress ‘ ‘

Figure A13. Office XPCS database synchronizer

Hardware Interfaces
1) Laptop or Desktop computer running Windows XP SP2 or better.
2) Server grade computer for holding the central XPCS database.

Communication Interfaces
1) Ethernet or wireless connection to the server hosting the XPCS database.
2) XPCS Data Synchronization routine.

Non-Functional Requirements
Non-Functional requirements (NFRs) of a system typically describe qualities of the system.
Requirements such as, performance, security, data management, etc. are all non-functional
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requirements. Each of the pertinent non-functional requirement headings below discuss the office XPCS
NFRs.

Hardware/Software Requirements

The office XPCS database will be hosted on a virtual server at the SMO. Access to the XPCS database will
be managed through the SMO’s IT staff. The XPCS system requires one or more machines capable of
running Microsoft SQL Server 2008 and ArcGIS with the Network Analyst extension.

IT Requirements
No known special IT requirements.

Security/Privacy Requirements

Security for the office XPCS system is managed at two levels, the application itself, and the database.
Users and administrators will need access permissions to both in order to use the system. Users may
only perform synchronization and data editing functions in the office XPCS application. Administrators
shall be granted full access to all system features.

Data Capacity

The SQL Server database holding the PCS data must not exceed 10 gigabytes in size, or it will cease to
function with the mobile XPCS SQL server express databases. With this design and reasonable database
maintenance (to be carried out by SMO IT staff) the database should remain less than 1 GB in size.

Data Retention
Data should be retained in the database until archived by FDOT personnel.

Data Conversion Requirements
The data load from the existing SAS datasets and Excel worksheets is a one-time data load. It is the
desire of FDOT to continue the data conversion process from SAS to SQL Server 2008 in future projects.

Error Handling
The application must provide information rich errors back to the user interface, and perform all
synchronizations and other data transfers with “rollback” capabilities.

Validation Rules

All data validation shall be performed in accordance with FDOT standards as described in the PCS
Handbook, FlexWorkbookPointofEntryChecks.doc and RigidWorkbookPointofEntryChecks.doc
documents.
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Introduction

This document will describe the mobile component of the Extended PCS (XPCS) software and
requirements which must be met to ensure its successful implementation. This component is a part of
the overall XPCS system which consists of a central database containing all pertinent data and an office
component for routing, reporting, quality control, and tracking.

Purpose

The mobile component will be used onboard FDOT ICC data collection vehicles to identify test sections,
route the vehicle to those test sections, and collect condition data from both the operator and WinRP.
Additionally, the system should provide tools for logging, validation, visual displays, and vocalization of
route directions. Finally, it shall synchronize an onboard database with the data contained in the central
XPCS database.

Because the data collection vehicles and their crew are expected to operate independent of any
connection between the FDOT IT network and the onboard computers, a synchronization process will be
required. The synchronization process will transfer newly collected data to the central XPCS database
and update the vehicle database with the current version of the central XPCS data store. The data
collection vehicle may carry a portion of the data in the XPCS database or a complete copy of the XPCS
database. This synchronization process will utilize USB keys to transfer the mobile XPCS database to the
SMO. The office XPCS application will have a synchronization interface to perform the actual
synchronization. As a part of possible future work, FDOT may wish to enhance this process by allowing
van crews to synchronize data directly from the profiling van, (and directly from the mobile XPCS
application), at the SMO via the wireless network.

Scope

The mobile component will provide the following core functionality:

e Allow the Office XPCS application to synchronize with the Mobile XPCS database.

e Provide routing directions to the next test section based on a routing plan developed by the
office component.

e Allow the operator to override routing for unexpected issues.

e Read WinRP Data into the mobile XPCS database and various user interfaces.

e Update the distress data with input from the vehicle operator.

e Collect commentary on the section through both standardized comments and free-form
commentary.

e Implement the Mobile XPCS system on one (1) survey vehicle, keeping in mind expanding the
project to other vehicles.

Background

This section will describe the project background and any existing processes currently in practice at the
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SMO.

Existing Processes

Currently, pavement condition surveys (PCS; which also refers to the current software system used at
the SMO) are performed by a single person crew in an ICC profiler. Five vehicles and their respective
operators work from the SMO. The surveyor selects a county and gathers all required data for a single
work week. While most counties have a single surveyor assigned to them, a few use multiple surveyors
for high density areas (e.g., Miami-Dade County). No cross-county routing required.

Electronically, the surveyor has a Microsoft Excel spreadsheet describing the county they are working in
and the ICC profiling setup, which primarily creates text files that can be imported into the electronic
Excel file and checked according to specific QC processes. On paper, the surveyor carries a copy of the
Excel sheet for notes and surface condition observations. These observations, along with any changes to
the test section (new pavements, construction areas, segment breaks, etc.), are entered into the
electronic version of the spreadsheet after the survey.

The surveyor also carries a map of the county and a printout from the web based GIS system of each
test section in the county. Exactly what the surveyor carries differs by crew person; some latitude has
been granted to the crews to determine how to get to their sections and survey them effectively.

Network Definition

FDOT tests the network in accordance with the test sections defined in the Roadway Condition
Information (RCI) database. Each test section is unique to a county and usually follows a single posted
route number (e.g., State Route 114). When signed routes cross county lines, the current test section
ends and a new one begins. Each test section is also linearly referenced in units of miles with a start
typically at 0. Test section identification numbers are usually split into three items:

e Atwo-digit county code
e Athree-digit section ID
e Athree-digit subsection ID

As an example, section 26005000 is test section 5 in Alachua County (County ID 26). Section 26005001
is a test section that is a spur or realignment from test section 5. While 26005001 is typically
geographically coincident with 26005000, in both business processes and data storage, it is considered a
separate test section. Therefore, for the purposes of this document test subsections are considered to
be functionally equivalent to test sections. In data terms, an individual test section is identified by a
combination of county ID, section number, and subsection number.

A standard practice in the management of pavements is to work with an area of pavement that is
consistent throughout (e.g., same cross section, material, and construction project). For FDOT purposes,
each test section needs to be divided according to the following pavement attributes:

e Surface type
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e Number of lanes

e Apparent age (surface condition should be uniform throughout the length)

e Known construction projects
As most test sections will have variations in the attributes shown above, the test sections must be
divided into segments where these factors remain the same. In the current system, a segment is
matched to a single row in the Excel file. The point where one or more pavement attributes changes is
called a breakpoint. A breakpoint automatically exists at the following locations in a test section:

e The beginning of the test section (Milepost 0)
e The end of a test section

e At the start of any discontinuity

e At the end of a discontinuity

All segments start and end at a breakpoint. The list of test sections is contained in the RCI database.
However, the breakpoints and segments within each test section are maintained and updated through
the PCS process.

Assumptions
1) Windows XP Service Pack 2 or later or Windows 7 shall be the operating system utilized by the
Extended Pavement Condition Survey (XPCS) application.
2) All users will fall into one or more of the following roles:
a. Operators
b. Administrators
3) Any computer running the mobile component will have SQL Server 2008 Express Edition installed.
4) A base map, suitable for use with Network Analyst will be provided by FDOT.
5) Test sections will be identified on the centerline referenced in Item 4.

Constraints
1) The mobile component will operate independent of the FDOT network.
2) WinRP must be operated manually.

Methodology
The functional requirements in this document were produced by interviewing FDOT and ARA van crews,
specialized ICC data collection personnel, project supervisors, and FDOT IT staff.

Context
The following is a context diagram of the XPCS software suite and its related external systems.
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Figure B1. Mobile XPCS context diagram

As can be seen in Figure B1, all components of the system use the central XPCS database. As the survey
vehicle operates disconnected from the central database, the mobile component will need to move data
from the central database into a full or partial copy of the database on the vehicle. The routing element
consists of the entire route plan for the area (usually a county) to be collected. The application should
visually track the current test section and current segment during testing as well as the van’s current
location. ARA plans to use Microsoft MapPoint to direct users to test sections with its existing text to
speech capabilities and to display the vehicle’s current GPS location.

MapPoint was selected as the onboard navigation utility for several reasons. First, field operators are
already familiar with the MapPoint interface making transitioning to the Mobile XPCS system easier.
Second, MapPoint features easy to control routing capabilities, an integrated software development kit
(SDK) which allows the system to be pre-programmed with routing instructions, a built in TTS (Text to
speech) engine, and allows users a much more rich interaction with the software. MapPoint can also be
configured to accept and display ESRI-based shapefile data (with some custom add-ins). Finally,
MapPoint is much less expensive than its ESRI and other competitors counterparts making it less of a
financial burden for expanding the system to other FDOT vehicles.
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Mobile XPCS Data Flow

Figure B2 describes how data moves through the mobile XPCS system.

Dashed lines indicate
manual processes
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Synchronization

GPS Reciever  MapPoint

Vehicle Database XPCS

Figure B2. Mobile XPCS data flow diagram

Optimized routing instructions from the office component are used by the test section routing interface
to enable the van crew to receive directions to the next test section. Field Crew modifications (for
unexpected traffic, construction, etc.) to the optimized routing list are performed through the mobile
XPCS interface. Data from the profiler is then provided to the software via WinRP on the ICC computer.
The van operator imports this data by identifying the appropriate text file. The operator also inputs
surface condition data either during the run or at the end of the run via the software interface. Once
data has been processed via WinRP, the software runs automated validation checks against the profile
and surface condition data. Van operators are then able to make changes to section and segment data
and may also choose to re run a specific section or segment if bad data was generated. Any changes to
section or segment data, and reruns performed will be permanently recorded (logged) and cannot be
altered.
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Logical Data Model

Table B1 describes any tables or transactional data structures used by the mobile component.

Table B1. Data model requirements

# Description

Each test section is identified by a unique combination of county ID, section

! number, and subsection number.

2 Must provide data storage for section validation checks.

3 Must provide data storage for section quality assurance and quality control
checks.
All test runs must be saved in the database in their original form. (i.e.,

4 Changes to the data during validation or reruns must be stored separately).
Must provide data storage for reasons why collected data has failed

> validation checks.

6 Must provide data storage for all PCS related data.

Functional Requirements
The functional requirements, as shown in Table B2, will describe a specific use case or user system
interaction and derive a verbal requirement which describes the various features of the mobile

component. Each functional requirement describes a feature in the system and its priority:

C: Critical. The feature must be included to ensure the functionality of the core capabilities of
the software as described within the scope described previously.

D: Desirable. The feature would improve accuracy of data, time to collect, and/or ease of use.
The feature does not significantly impact the core capabilities of the software.

F: Future. This feature would change the scope of work but may be useful in future versions of
the software.

Table B2. Functional requirements

Reduce the time and complexity of identifying the start and end of a test section.

Pull all pertinent survey information for test sections the surveyor plans to
evaluate in a specific trip into the vehicle database.

Import optimized routing instructions.

Display optimized routing instructions in MapPoint.

Display current county.

O |[Oo0|0o|] o |0

When traveling to a test section, display the next test section’s ID and starting
location. (“Next test section” refers to the next test section to be visited).
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Table B2. Functional requirements (con’t)

#  Description Priority

7 | When testing, display the test section ID and the end location. C
8 | When testing, allow the operator to increase and decrease the segment. C
9 | Suggest current segment based on GPS location. C
10 | Display & edit the State Route Number. C
11 | Display & edit the US Route Number. C
12 | Display & edit roadway testing direction (ascending/descending). C
13 | Display & edit roadway division (composite/divided). C
14 | Display & edit section status. C
15 | Display beginning milepost for current segment. C
16 | Display ending milepost for current segment. C
17 | Add breakpoint at user defined milepost. C
18 | Add breakpoint at current location. D
19 | Display & edit testing speed. C
20 | Display & edit number of lanes. C
21 | Display & edit rated lane. C
22 | Display & edit pavement type. C
23 | Change interface based on type of pavement: rigid or flexible. C
24 | Input observed wheel path cracking code. C
25 | Input observed non-wheel path cracking code (outside wheel path). C
26 | Input the predominant raveling level (may be none). C
27 | Input the raveling extent (if raveling level > none). C
28 | Input a manual rutting rating (only after completion of run). C
29 | Input patching extent. C
30 | Input area cracking presence (may be none, alligator, block, or a combination). C
31 | Display verification flag. C
32 | Display & edit standard remarks. C
33 Display net length (length of section minus any length not recorded due to C
roughness off/on flags).
34 | Display profiler rutting. C
35 | Display profiler IRI. C
36 | Display profiler Ride Number. C
37 | Display previous year values for items 25-31 and 33-37. C
38 | Input free-form comments. C
39 Input number of slabs affected by transverse cracking (light, moderate, and C
severe).
40 Input n)umber of slabs affected by longitudinal cracking (light, moderate, and C
severe).

Appendix B: Software Requirements Document: Mobile Component

46



Table B2. Functional requirements (con’t)

#  Description Priority
41 | Input number of slabs affected by spalling (moderate and severe). C
42 | Input number of slabs affected by corner cracking (moderate and severe). C
43 | Input number of slabs affected by patching (fair and poor). C
44 | Input number of shattered slabs (moderate and severe). C
45 | Input number of slabs with surface deterioration (moderate and severe). C
46 | Input number of slabs affected by pumping (light, moderate, and severe). C
47 | Input joint condition. C
48 | Input estimated slab length. C
49 | Input estimated number of slabs with multiple cracks. C
50 | Calculate/ estimate number of slabs (Item 49)/(EMP-BMP). C
Calculate/ estimate the percentage of cracked slabs in a segment (Items
51 | (40+41+43+45) minus Item 50 divided by Item 51 as shown in the flexible and C
rigid spreadsheets and described in the DataDictionary.xlsx document.
52 | Display profiler IRI. C
53 | Display profiler Ride Number. C
54 | Display previous year values for items 40-54. C
55 | Display verification flag. C
56 | Automatically run WinRP when a test section is completed. F
57 | Automatically pull in WinRP data from WinRP text files to the RCl database. D
58 | Validate collected data with the vehicle database. C
59 | Identify segments which need to be retested before leaving test section. C
60 | Commit section test data to the vehicle database. C
61 | Show % test sections completed. C
62 | Show % test sections on schedule. D
63 | Show % test sections validated. C
64 | Check collected data against base quality standards. C
65 Migrate data quality standards from XPCS database (should be read only for the C
mobile software).
66 | Visually flag erroneous data. C
67 | Synchronize vehicle database with XPCS database. C
68 | Automatically track the data collection van’s location on a GIS map. C
69 | Provide GPS data for MapPoint. C
70 | Display the vans location on a map at all times to the user. C
71 | Identify the most efficient route to the desired test location on the GIS map. C
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Table B2. Functional requirements (con’t)

#  Description Priority
79 Issue audible commands via text to speech to guide the data collection personnel c
to the desired test location.
73 | Show nearest test section on interface. C
74 | Show next test section on interface. C

Application Logging

75 | Log user usage time, miles traveled, and miles surveyed.

76 | Log total miles traveled based on administrative reset.

77 | Log total miles surveyed based on administrative reset.

78 | Log system errors.

OO0 |o0o|on

79 | Log all synchronization and validation events.

Interface Requirements

Interface requirements describe "cases of use" similar to the functional requirements, but do so for each
interface in the mobile component. Several use cases and screen shots are provided below to better
highlight system processes, and to more specifically define their requirements.

Interface Cycle
The general design of the software will follow a four step process as shown below in Figure B3.

Figure B3. Basic process for software interface

Each phase logically follows the prior phase throughout the testing day. Each element is described
below:

e Login —Identify the user, connect to the database, miscellaneous setup options, and any other
tasks a user would usually perform outside the testing cycle. These tasks are generally expected
to be performed at the start of the work day.

e Navigation — This interface is used when moving between testing sections. It shows how to get
to the next optimal test section and allows the user to alter the order of test sections to visit on
the fly.

e Test—This interface can be used during testing. It is also designed to be used after testing to
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enter specific data (such as surface conditions) on a segment-by-segment basis

e Verify — This interface is designed to be used at the end of a run. Users will need to load the
WinRP data from the section run into the XPCS system. The users will then run automated
validation checks against the WinRP data.

Software Interfaces
The following interfaces relate directly to actions the user performs when inputting data into the Mobile

XPCS system.

Login Interface

X
XPCS
‘ Login as jwalter ’
‘ Setup ’
‘ Exit ’
Version 0.1

Figure B4. User "jwalter" Logs in to the XPCS Application

First, the user will be presented with the login screen (as shown in Figure B4) where they can identify
themselves and perform general setup operations. This screen is meant to minimize the amount of time
the user spends in setup. The last user to have logged into the system can login by clicking the “Login as
<username>" button. They will then be prompted to enter their password. If this is the first time the
software is used on a particular machine, then the “Login as <username>" button operation will
automatically take them to the “Setup” interface. From the “Setup” interface, users will be able to
switch user accounts, change system parameters, (including database login and connection information
and XPCS usernames and passwords), and modify other system wide user parameters. Exit quits the
program. Note that user based settings are not synchronized with the central database as those settings

need to remain specific for each system user.

Table B3 lists the functional requirements related to the login interface.
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Table B3. Login interface requirements

# Description ‘ Priority ‘
64 User must be able to change/reset their password. C
65 User accounts must be maintained in the database. C
66 Users must be able to change what database they are connecting to. C
67 User settings should not be synchronized with the central PCS database. C
68 User names should be saved between sessions. C
69 Database instance name should be saved between sessions. C
70 Database login user name should be saved between sessions. C
71 Login failures should provide users with information as to why the login failed. C
72 Users must also create a security question related to their password. C
73 Administrators must be able to reset user passwords. C

Navigation Interface

In Figure B5 below, we show an example of the interface as the user travels from their current location
to the next testing section. At this point, optimal routing information has been provided to the
application, and the user simply follows the onboard directions to the next test section. The user can
select and view test sections from this interface. Test sections will initially show with red highlighting
until completed, yellow until validated, and green once validated and completed. The order in which to
visit the test sections appears in the user interface on the left side of the screen. The county button in
the center top of the interface can be used to navigate to a different county. It can also be used to
select a different route if there are multiple routes in a single county. The “Start Testing” button is used
to move to the next phase of the section testing process. The “Setup” button takes the user back to the
login screen. Table B4 lists the requirements associated with this interface.
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XPCS — Go To Section
Alachua County [Start Testing H Setup ]
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26003000

K Uboryy 5

Start GPS to begin navigation

Turn LEFT to stay on US-1 [US-17]

Order: Routed Filter: Untested Showing: Next | s E—

Figure B5. Navigation to Test Sections

Table B4. Navigation interface requirements

# Description ‘ Priority ‘
74 User is given audible announcements of directions to test sections. C
75 User is given audible announcement of arrival at test section. C
76 User can repeat the current section. C
77 Application automatically tracks (via GPS) current segment. C
78 User can specify navigating to any section including those that have been tested. C
79 User can use MapPoint control to navigate sections. D
80 User can turn off/on automatic section tracking. C
81 Display the current progress of testing on a section-by-section basis. D
82 Display overall testing progress (as a percentage of total sections for county). C
83 Track van location. C
84 Next test section will be visually identifiable on the GIS map. (Must be unique c
visual identifier, distinct from other begin test section locations).
85 All test sections will be visually identifiable on the GIS map. C
36 End of current test section will be visually identifiable on the GIS map (Must be c
different identifier from other end section points).
87 User must be able to turn off/on visual identification of test sections. C
88 Interface must show current status of test sections. C
89 User will be able to manually reorder test sections. C
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Test Interface
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Figure B6. Interface during testing flexible pavement

The interface shown in Figure B6 is what the user sees during testing. There are three primary areas on
the Test Interface. The first is a data grid of current test section data broken down by segment. The
user can add/modify this data during the testing process. The property grid in the upper left pane
shows data that is consistent throughout the test section. This data may also be modified if necessary.
The third pane shows a map which updates according to the location of the profiler. Done and back
(represented by the blue arrow) buttons take the user to the Validation and Navigation interfaces,
respectively. Data modified on this screen is automatically committed to the database when the “Done”

)

button is clicked.

The “+” button can be used to create a breakpoint in the test section so that a new segment can be
added. The operator will input the milepost of the breakpoint when clicking the “+” button. All
pertinent data will be copied into the new segment from the current segment.

Note that this interface is not designed to show prior year’s data. ARA has assumed that the users will
not want to see the data until the validation phase. This screen can be used at the conclusion of testing
if entering data during the run is not safe or effective. The software will move to the validation phase

only when the operator clicks “Done”.

A similar interface will be developed for evaluating rigid pavements. Functional requirements for all
testing interfaces are shown in Table B5.
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Table B5. Testing interface requirements

# Description ‘ Priority ‘
Testing Interface ‘
90 Allow entry of breakpoint. Operation creates a new segment populated with c
data from the existing segment.
91 Allow user to change segment regardless of vehicle location. C
92 Change segment automatically based on current location. D
93 Interface automatically adjusts depending on pavement type (rigid or flexible). C
94 Allow user to turn off/on automatic segment tracking. D
95 User can commit segment data to the database. C
96 User can navigate to test segments from MapPoint control. D
97 User needs to be able to delete segments. C

Validation Interface

ol Vakdate XPCS Test Section - 260050007 W W e

[ Load WinRP Data File... ] SEGMENT SR US ROWY TYPD GMP EMP SPEED a0
(€m] [vowste | :
2 Hamone Years -

Figure B7. User Validating Test Section Data

The validation interface, as shown in Figure B7, is the final screen an operator uses prior to completing a
particular section. The “Done” button in this case will return the user to the Navigation Interface if all
issues are resolved. The user may force the change to the Navigation Interface from this screen, but the
current section will be flagged with a status of “Incomplete”. The user may also return to the testing
interface to (re)enter condition or roadway data by using the back button.

This interface allows the user to load data from a WinRP text file and compare all condition data
(automated and manual) with the prior year results. Clicking the “Validate...” button will run all
automated validation checks against the collected data. The data grid will display all of the segments for
a given section. Each segment in the data grid is represented (by default) by four rows. The first row
represents the data just loaded from the WinRP file. The three rows following represent the historic
data for that segment three years back (one row per year). Users can alter the number of historic rows
to view by changing the drop-down box entitled “# Historic Years”. The current and historic data rows
will be shaded different colors for ease of use. WinRP files only need to be loaded once (as opposed to
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once per section). WinRP files are loaded into the PCS database. The load routine will recognize the
locations from the WinRP file and place the ride and rutting data into the appropriate segments.

Differences that fail validation checks are highlighted in red. Segments are highlighted in red on the left
list when they do not contain all required data. The operator may return to the testing interface to
provide the missing data. Segments highlighted in yellow on the left list have all required data but some
of that data has failed validation checks. A test section may be marked as “complete” with validation
errors. However, the user must enter a comment in the “Comments” field for the segment regarding
these failures. The Additional Comments text box is used to enter free-form comments regarding the
test section as a whole. Standard comments are entered through the test interface. A full list of
functional requirements is provided in Table B6.

Table B6. Validation interface requirements

# ‘ Description Priority

98 | Display segments with missing data. C
99 | Display data points that have failed validation checks. C
100 | Require user to input comments on a section if a segment fails validation checks. C
101 | A status must be associated with each test section. (See Requirement #98.) C
102 | Allow users to input comments on all test sections.
Change status of test sections. Acceptable status includes:
e Complete (Green)
e Complete (Validation Errors) — This status requires comments (Blue)
103 e Data Incomplete — Incomplete data (Yellow) C
e Validation Incomplete — Validation error with reason. NOTE: This
requirement implies that given a reason or comment for validation failure a
section can be marked as complete (Red).
e Untested (Grey).
104 | Allow administrative users to change validation thresholds. D
105 Visual indication of status must be presented to the user in this interface. This status c
must reflect the color coding scheme used for sections in the Navigation Interface.
106 | Data loaded from WinRP is stored in the PCS database. C
107 AII};W l;SGI‘S to view 3 previous years data for a specific segment (3 years should c
suffice).
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Hardware Interfaces
There are a few requirements that also must be met on the hardware side of the project based on
FDOT’s current equipment. Those requirements are listed in Table B7.

Table B7. Hardware interfaces

) DtIo Prio
108 | Existing profiler computer with Windows XP Service Pack 2. C
109 | GPS unit proven to work with profile computer. C
110 | High speed profiler. C

Other Requirements

Finally, there are several other miscellaneous requirements that do not properly fit within the previous
sections of the report. These requirements include those required for proper software integration,
those required to meet FDOT IT requirements, and items relating to existing PCS data. These
requirements are shown in Table B8.

Validation Rules
Existing rules from the excel spreadsheet will be applied in an intuitive manner in the application’s data
validation interface.

Data rows (segments) not matching specific validation thresholds defined by the user in the validation
interface will be highlighted with a red background. Before synchronization can occur, all data
validation rules must pass or comments must be entered. Clicking on a row will give the user more
detailed output as to why the row or highlighted cell failed validation.

Future Work

Current integration with WinRP can be improved. Working with ICC, ARA would like to work to improve
the functionality between the two systems by automatically pulling in WinRP test section data at the
end of a run. ARA would also like to work further with ICC to automatically detect the begin and end of
test sections, and to have the WinRP files auto-generate from pre-populated templates for those
sections.

Appendix B: Software Requirements Document: Mobile Component 55




Table B8. Other requirements

# Description Priority

Software Requirements
111 | Latest version of WinRP (WinReport) in use at FDOT (version 2.1.2.1).

INI file designed to create a WinRP report compatible with the import process in the
software validation interface.

113 | SQL Server Express 2008.

114 | .NET Framework 4.0 or better.

115 | Microsoft MapPoint.

116 | FDOT IT allows for connected synchronization procedures to occur.
117
Data Capacity

Onboard database must not exceed 10 GB in file size.

Data Retention

112

OO0 o |0

o

Operators must have sufficient privileges to perform database synchronization. C

119 | Data will be stored in the PCS Database until archived according to FDOT procedures.

Data Conversion

All historic data will be migrated from the RCI mainframe database into the PCS
database.

121 | Pertinent PCS data will be synchronized with the van database.

120

122 | Optimized routing data will be stored in the PCS database.

123 If possible, GPS data pertaining to sections and segments will be stored in the PCS
database.

124 | Application will maintain robust error handling.
125 | Users will be informed of system issues and errors.
126 | Application must log crashes in an intuitive fashion.

Application must be able to “rollback” synchronization in the event of a system or
network error.

O |00 O

O |[O/0|0

127

Appendix B: Software Requirements Document: Mobile Component 56



Appendix C

Software Design Document: Office
Component



Table of Contents

I o)l E T YR 60
LISt OF TADI@S ...ttt et st e e bt e bt e s a b e e s b e e e sae e e s a b e e s reesbeeeeas sreeesareenans 60
INEFOTUCTION .ttt ettt ettt e sab e e s bt e s bt e e s ab e e s abeesabeeesabeesabeesabeesabbeesn senbeeesareesanes 61
OVEBIVIBW 1.ttt e e e r e e e e e e st e e e e s e s e e e e e e e s s e bbb et e e e e s e s nnbabee saannneeeeeesnaas 61
Yoo o PSP PP PP PP PPPPPP 61
201 =] o T o o SRR UPRR 61
FAXE] U 14 o] o] o] o K3 TN 61
L0700 153 1 =T L (TP OPPRPP 61
Requirements COMPlIaNCe MatriX ....iiiciiiieiiiieeiiiiee et e e e e e s bee e s s ebee e e ssbaeeesabeeesennses 62

SN (] g D= ol §] o1 4 o] [P PP PP PP PPPPPPPPPPPPR 67
System SOftWAre ArCHItECTUIE .....ii i e st e e e st re e e s etae e e sertaeeesbeeeaenes 67
OffiCEXPCSUSEIINTEITACE. ... ettt et st st st st st s b et sbeenbeesnees 67

2= o 7o o o oY PRSP 67

D O] D - - T PSPPSR 68
(D121 =T g I= == OO P PO PSP P P PP PP POPPPPPP 68

Do O Y/ o Lo PP PP PP PP PPPPPUPP N 68
SOLCOMPAIE eetiiiiiiiiiiiiiirreiererer ettt e teeeeetetetereteteteteteteeeeeeeeeeaeeeeaaeeeeeasssesesssesssssssssssssssssssssssassassssesnnnns 68

P CSSECUNITYOPEIATIONS . ieieeeieeeeeeee ettt ettt ettt be et et et et e eeeaeaeeeaaeeneeeeaaees 68
SECUITTYIMIANAEEN .. vvtttitiiitieiettetreeeereeereeeeeeeeeeereeeeereeeeeeeeeeeeaaeeesaeeaeeaeaeaeaeeeeeeeeseseseeeseseseesseesensssnsssasansnnnnes 68

F N ol € YN 24 [V = o USSR 68
XPCS Valid@tion ..ottt ettt et sttt ettt e st e s bt e e sate e sabe e s beeemeeesareesneeesnreesnre sree 68
FDOT SUIVEY VENICIE ....utveieeee ettt ettt e e eeebe e e e e e e e s tbaaeeeeeesenatsbaaaeeseesssarraaaeaesessnsnses 68
MICIOSOTE GPS PUCK ...ttt st st st st st s s st e e e s 68
DO N IV Z=Y oY1l TN @ o oYU Lo T RSP 68

USB KB iiiiiiiiiii ittt ———————————————————————————————.—aaaaaaaaaaeaees 68
EXTEINAL INEEITACES ..ottt et e e s e st e e be e e sate e sabe e e saeeesnneesnree nee 69
1O LI D F) =l O] 0 4] o -1 ISP PPPUTPPOPPPPRt 69

Y (T T 1Y/ TSP 69

F Y (Y - o PP P PP PPPPP P 69

Appendix C: Software Design Document: Office Component 58



Y ol e TYo] il AV, F=T o] 1 o) AT 69

By Gl . i ——————————————————————————————————————————————.aeaaaeaeaeeaaees 69

D T=TY T {12 o] o] o Y- Yol o WSS PSSR 69
Prototype AFCGIS PIUE-IN......uiiiiie ettt e e e e e e et e e e e e e e eeabraaeeeaeseeansteeeeaesesantsraeeeaeaanns 70
DLVl FeY I (o G D T - o 1= 1Y RSP SP 70
DLVl CeY T D] 211 Y =LY PSSP 70
LY FoY 3 o 61 V7 Vol  F PRSP 70
DA [T oI o O D -1 - 1SR 70
Develop OfficeXPCSUSEIINTEITACE .uuvviii it e e e s et e e e e e e e nanes 71
BTNV [T oI @R =Y 1T F- | o o 1SR SURNS 71
DEVEIOP SECUNItYOPEIALIONS ..ciueviiieiiiee ettt ettt e sree e e e e et e e st e e e sbbeeessbteeessbeeeesssaeessnseeeesnnsees 71
DLV T FoY o TN 2UT o Yo o 1o V-SSR 71
LT gL a1 ToF | Yo T=To 1 T oF 1 d o RSP 71
OffiCEXPCSUSEIINEEITACE .....c ettt sttt et ettt et b e e b e b e b e e beenbees 72

D (O] D - - PSR PSR PPSP O 72
D121 = o = == RSN 72
DL O] o TSR 73

D O Yol [ AV O o T=] =1 4 o] ISP PPPNt 73

N =Tol VT 1Y\ =T o T == OSSOSO 73
XPCSVAliAtiON ...ttt ettt st sttt sttt ettt et e e bt e bt e b e e b e e s beesheesaee eenreen 74
Y= oo ] o o [ oY =P TP PRSP 77

U T L =T - (ool DT 1= o U EUPR 77
Data ArCHItECEUIE ...ee ettt et e st e e bt e e st e e s bt e e be e e sabeesabeeesneeesane sreeeanes 77
e E AN ol Y1 Yot { U =TSP USPRR 77
Database Management System Archit@CTUIE.......coocviii i e e 77

Data CONVEISION c...eviiiiiiiiii ittt ettt sba e e s s eab b e e sab s e e s sbb e e e sasbaeeesa seesans 79

Y =T 0L U1 1 VPSPPSR 79
L7 o 1= o] 1 V7N 80
Performance @and TiMING.....c.cii it e e e e st e e e s sate e e e sbee e e esabeeeesstaeaesnbeeeeensseeessnsens 80
e Tl o - a o | 1o Y-SR 80
T Yo o] =1 o 11 11 Y 2SRRIt 80

Appendix C: Software Design Document: Office Component 59



List of Figures

Figure C1. Office XPCS MOTUIES .....cceviiee ettt et e e et e e e s te e e e eaba e e s eataeeesnbteesennteeeeanneeas 67
Figure C2. XPCSData MOdUIE ODJECES ..ccciiieiiieeee e e e e e e e e e e s nte e e e e e e e snnrraneeas 72
Figure C3. SecUrityManager ODJECES ...ccii i e s e e e e e e s et e e e e s e s saenteeeeeeeesannreaneeas 74
Figure C4. Ride rating rerun ProCEAUIE ........uuiiiiei i ccicieeee e e ettt e e e e e ecbree e e e e e e s et te e e e e e sesssraaeeeeessannsraneeas 75
Figure C5. Validation Model ODJECES ....ccciciiiiiiiiie et e e s e e e ee e e e 76
Figure C6. Overall database SChEMA .......ccuiiiiiiiiii e et e e e s 78
List of Tables

Table C1. Requirements COMPlIaNCe MaAtriX .....uvveeiiiiiiiiiiiiieee et eeerrrre e e e e eeeetraeeeeeeeesatrreeeeeeeeenanes 62

Appendix C: Software Design Document: Office Component 60



Introduction
This document will discuss the detailed design and architecture of the Office XPCS system.

Overview

The Office XPCS system is being developed for the FDOT State Materials Office (SMO). The system is
comprised of three main components, the ArcGIS plug-in utility, XPCS Database Synchronizer (referred
to as the Synchronizer), and the Office XPCS Application.

The first component is the ArcGIS plug-in tool. This tool shall be created within ArcGIS as a plug-in and
will accept shapefile data for transferring test section location information between ArcGIS and the XPCS
database. The synchronizer serves as a process to maintain data integrity in a disconnected data
environment. The application itself contains PCS validation, verification, editing, visualization, and
reporting features. These features support the FDOT personnel during their yearly update of the PCS
test sections.

The application will run on Windows XP SP2 (or higher), or Windows 7 machines in the Florida State
Materials Office (SMO).

Scope

The Office XPCS system has three primary design goals. The first goal is to reduce the amount of
overhead in transferring, validating, and correcting collected PCS data. The second goal is to reduce and
eventually eliminate the need for SAS interaction with PCS data and the third and final goal is to
generate information rich reports on PCS survey data and status. These goals are to be achieved while
maintaining application scalability for future work, and expanding usage of the application to multiple
FDOT survey vehicles.

Background
For a detailed background of the project, please reference the FDOT Office XPCS Requirements
Document.

Assumptions
FDOT and ARA anticipate the usage of this application to spread to multiple FDOT vehicles. This
assumption will be paramount throughout the design process.

Constraints

Due to the size and complexity of ArcGIS Network Analyst, ARA will not be providing a rich interaction
with Network Analyst as a part of the overall design of the Office XPCS application. Instead ARA will,
during the implementation phase, provide training to select FDOT employees on using Network Analyst
with the system. After the training has occurred, it will be the responsibility of FDOT to “fine tune”
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Network Analyst to produce the optimum routes for survey vehicles.

Requirements Compliance Matrix
Table C1 shows the current requirements and describes how the proposed design implements those

requirements. Additionally, this table can be used to describe and track changes made to the

requirements throughout the development process.

#

Table C1.

Description

Requirements compliance matrix

Compliance

Assumptions

GIS plug-in must export test section
locations into PCS database in order of

The GIS plug-in populates the
RouteSections table of the XPCS

1 . . . . .
their sequence number produced during | database with the appropriate section
the optimization process. and sequence number.
The RClUpdater class in the XPCSData
) Validate section/segment limits against module checks and optionally updates
the RCI mainframe. section/segment limits against the RCI
database.
. A . The RCUpdater class in the XPCSData
Validate jurisdiction for each section S
3 . . module checks the jurisdiction
against the RCI mainframe. .
automatically.
The Sections and Segments tables Spatial data for sections will
4 Store section spatial/geometric data. contains spatial data. The spatial can be made available in the form
be retrieved from any feature class. of shapefiles.
Spatial data for sections will
Store section begin/end locations as GPS | The Sections and Segments tables P . .
5 . . be made available in the form
data. contain spatial data. .
of shapefiles.
. . The ArcGIS Network Analyst allows the
Allow simple (closest section) - .
6 obtimization of test sections user to export optimized section
P ’ ordering to the XPCS database.
ly, the ArcGl i
Allow multiple attribute optimization of Cur.rer_lt y,_t & ArcGlS section .
7 . optimization occurs only on a single
test sections. .
variable.
The data management user interface
8 Allow users to modify all collected data. allows the user to modify inspection
data.
The data management user interface
All if i
9 ow users to mgdl_ y section/segment allows the user to modify network
limits. .
definitions.
. Currently, the ArcGIS plug-in only
Automation of all ArcGIS processes for
10 ! : . . P handles the export of the results of the
generating optimal routes. R
optimization process.
1 “Dashboard” view of % sections The Dashboard class calculates and
completed. displays the appropriate data.
12 | “Dashboard” view of % sections on time. The Dashboard class.calculates and
displays the appropriate data.
13 “Dashboard” view of % sections The Dashboard class calculates and

validated.

displays the appropriate data.
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Table C1. Requirements compliance matrix (con’t)

# Description Compliance Assumptions
The Test Section GIS interface provides
14 GIS layer showing testing progress. this information to the user using
SharpMaps.
. The Test Section GIS interface allows
GIS map allows users to select sections to .
15 . the user to select a section and
generate section status reports. . -
generate section specific reports.
16 Must generate section validation report | This report class uses the RCUpdate
against the RCI database. results to display this data to the user.
Must t t lidati t I .
17 l.JS ge.nera. e data V? idation repor The validation report is implemented.
against historical (previous years) data.
18 Must generate Flexible PCS and Rigid PCS | These reports are implemented in the
reports from the PCS database. Reporting module.
Must be able to define data validation V_alldatlon rL{Ies are customizable,
19 either as plain-text or through a
thresholds. L .
validation wizard.
Data validation rules are stored in the
20 Data validation thresholds must be database as plain-text that is

pushed out to mobile XPCS databases.

synchronized with the mobile
databases.

Login Interface

"Last-good" settings are stored in an

Only save credentials that

feedback on login/setup issues.

Security/User Management Interface

Manages two types of account access:

21 Maintain user name across sessions. initialization file once the user
. have been successful.
successfully logs in.
L . "Last-good" settings are stored in an .
Maintain database connection I g . & Only save credentials that
22 . . . initialization file once the user
information across sessions. . have been successful.
successfully logs in.
23 Allow users to set up database The user has the option to (attempt to)
connections to mobile XPCS databases. connect to any SQL Server database.
. s . . Any errors will be presented to the
Provide users with information rich v . p_ .
24 user with the most information

available.

The Security module can manage an

Only two roles will be setup

accounts.

25 . . during implementation (User
users and administrators. arbitrary number of user roles. g Imp L (
and Administrator)
N . The SecurityManager module allows
Application must allow for the creation of Y & .
26 new users to be entered into the
new accounts.
SecUsers table.
. . The SecurityManager module allows
Application must allow for the deletion of
27 PP users to be removed from the SecUsers

table.
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Table C1. Requirements compliance matrix (con’t)

# Description Compliance Assumptions

No changes to security settings can
happen until the user has confirmed
them.

Application will allow for cancelling
changes made.

By default, the SecurityManager

L . maintains an "Administrators" user
Administrators will have access to all . .
29 . . N group that has the highest possible
features and functions in the application. . B S
permissions level for the "All Actions

action group.

Permissions can be controlled at any

Users will be able to modify, validate, and | level of granularity, but the default
synchronize PCS data only. implementation will provide these

constraints to the "Users" usergroup.

Dashboard Interface

The Dashboard class calculates and

31 Shows instant report of sections tested. . .
wa P : displays the appropriate data.

32 Shows instant report of sections The Dashboard class calculates and
validated. displays the appropriate data.
33 Shows instant report of sections The Dashboard class calculates and
completed on time. displays the appropriate data.
34 Report can be refreshed on demand. The Dashboard class periodically

refreshes against the database.

The Dashboard class periodically

35 Data is updated from the PCS database. refreshes against the database.

The Dashboard form will minimize with

36 Can be easily viewed/hidden. a double-click.

Reporting Interface

. The reporting user interface allows the
Allow users to select from various

37 user to view any of the available report
reports.
types.

The reporting user interface allows the
New reports can be added to the Reports P g

38 Management interface. user to add custom reports via Crystal
Reports.
G ti rt t t .
enerating a report runs custom repor Removed due to redundancy with
39 code to create the currently selected .
requirement #38.
reports.
Interface must allow users to cancel . .
. . Every report invokes a loading screen
40 report generation and return to main .
that provides a cancel button.
screen.
Flexible PCS report converted from SAS to . .
41 SQL Server 2008 Flexible PCS report implemented.
Rigid PC t rted fi AS t - .
42 igid PCS report converted from SAS to Rigid PCS report implemented.

SQL Server 2008
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Table C1. Requirements compliance matrix (con’t)

# Description Compliance Assumptions
Lane Miles surveyed on the state
maintained roadway system report . .
43 converted from SAS to SQL Server 2008 Lane miles report implemented.
(two types).
RCI Verification report converted from e . .
a4 SAS to SQL Server 2008. Verification report implemented.
View PCS data in format similar to The data management user interface
45 existing worksheets in accordance with applies the same validation
FDOT standards (Highlighting rules given | checks/highlighting rules as in the
in FlexWorkbookPointofEntryChecks.doc). | mobile application.
6 Modify PCS data. AI! data V\'/I|| be available for editing in
this user interface.
Data is automatically validated and
a7 Validate selected rows of PCS data. flagged upon being loaded into the
data management interface.
Data is automatically validated and
48 Validate all PCS data. flagged upon being loaded into the
data management interface.
The RCIUpdater class in the XPCSData
49 Verify PCS jurisdiction and mileposts with | module checks and optionally updates
RCI database. jurisdiction and section/segment limits
against the RCl database.
The RCIUpdater class in the XPCSData
. . module checks and optionally updates
50 Verify selected rows with RCI database. R . .
jurisdiction and section/segment limits
against the RCl database.
51 Allow filters to be created for any of the | The Data Management user interface
PCS header data. provides an advanced search feature.
The Data Management user interface
52 Allow filters to be saved. allows the user to save advanced
search queries.
The Data Management user interface
53 Allow filters to be loaded. allows the user to load advanced
search queries.
Only allow changes to go through if all The validation rules prevent the
54 | datais properly validated, verified and/or | Accepted flag from being set in either
commented. of the inspection tables.
. Changes will be superficially stored in
55 All changes made to be rolled back until the database until this button is

“Submit Changes” is clicked.

clicked.
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Table C1. Requirements compliance matrix (con’t)

# Description

Allow users to see data for both flexible

Compliance

The datagrid on the management

Assumptions

56 and rigid pavements interface is capable of displaying both
’ flexible and rigid pavement data.
Historical data for a user-specified
57 Allow user to view historical data for number of years is automatically

selected sections.

Test Section GIS Interface

Show all test sections in the state as line

loaded along with the current data in
the data management interface.

The Test Section GIS interface will use

58 geometries. SharpMap to automatically display this
data to the user.
F:fgllsg;.: tT:/:TC(::;S:cr;;dl_nﬁ:g Each processing level has its own
59 P g ’ P ! highlighting layer added to the

Tested — Blue, Validated — Green, Not
Tested — Orange).

SharpMap display.

60 View section details from the GIS map.

The user is able to click on a section
and view data from that section.

61 Manage multiple layers in the GIS map.

The Test Section GIS interface provides
a layer management form.

Filter for desired sections based on
62 county, section, subsection and
mileposts.

Database Synchronizer

Interface must allow users to input local

63
server name (the “from computer”).

The Test Section GIS interface provides
the user with an advanced search
capability that allows them to
construct a query filter.

The XPCS synchronizer allows the user
to sync any number of XPCS databases
at the user's selection.

Interface must allow users to input local
64 database instance name (the “from
computer” database name).

The XPCS synchronizer allows the user
to sync any number of XPCS databases
at the user's selection.

Interface must allow input of central
server name (the “to computer”).

The XPCS synchronizer allows the user
to sync any number of XPCS databases
at the user's selection.

Interface must allow input of central
66 | serverinstance name (the “to computer”
database name).

The XPCS synchronizer allows the user
to sync any number of XPCS databases
at the user's selection.

The synchronizer must synchronize data
between the from and to databases using
a last modified data flag for updatable
data.

The XPCS synchronizer allows the user
to sync any number of XPCS databases
at the user's selection.
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System Description

The Office XPCS application allows users to view and edit survey data, synchronize with data collected in
the field, propose optimum routing strategies for survey teams, and provides meaningful reports on
collected PCS data.

OfficeXPCSUserlInterface XPCSData
T T
| |
T, 4
I | I
I | I
1 : :
| | |
|
ERK [ 1. [ 1
Reporting SharpMap DBManager
XPCSSynch XPCSSecurityOperations ArcGISPlugin
T T
| |
L,,‘ L,1
| |
| |
|
| |
| |
N 1.\ 1
SQLDataCompare SecurityManager XPCSValidation

Figure C1. Office XPCS Modules

System Software Architecture

The Office XPCS system is broken down into several major software modules as illustrated in Figure C1.
These software modules are briefly described in the sections below, and are further detailed in the
Technical Specifications section of this document.

OfficeXPCSUserInterface

The Office Extended Pavement Condition Survey User Interface module houses the form classes and
serves as the program entry point. The interfaces described in the SRD will be housed within this
module.

Reporting
This module will utilize Crystal Reports to generate the three standard reports described in the Office
SRD. In addition, this module will provide support classes for the Dashboard user interface element.
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XPCSData
Houses the various factory classes that will create business logic data structures out of the database.

DBManager
This contains the generic database wrapper class used for all database calls and the SQL Server specific
implementation of that class used in this system.

XPCSSync
This library provides the XPCSSynchronizer class that logically merges the databases from the collection
vans with the central database used by the office application.

SQLCompare
Comparison classes for identifying differences between databases and producing SQL scripts to run on
those databases in order to correctly merge the information contained within.

XPCSSecurityOperations
Provides static classes that hold the specific security check functions for the user interface to identify the
type of user/action taking place in the system.

SecurityManager
Generic security system that provides an easy and flexible method of assigning users to roles, grouping
actions and specifying permissions at any level of user/usergroup to action/actiongroup.

ArcGIS Plug-In

This module will contain the plug-in classes and functions which generate the optimal section ordering.
The module will also create data structures to handle connecting to and moving optimized route data to
the XPCS database.

XPCS Validation
Provides the business logic objects that compose the validation engine.

FDOT Survey Vehicle
The survey vehicle contains the FDOT vehicle computer, Microsoft puck, and the most important piece
of the software equation...the surveyor!

Microsoft GPS Puck
The GPS puck will be used to determine the current location of the survey vehicle throughout the testing
week.

FDOT Vehicle Computer
The computer which resides on the FDOT survey van. This computer will be responsible for running the
mobile XPCS application, and interfacing with the GPS puck via USB plug-in.

USB Key
The USB Key is used by the field crew surveyor to store backups of the XPCS database and other

Appendix C: Software Design Document: Office Component 68



pertinent test section information. The Key is also used to transfer the XPCS database to and from the
office for synchronization.

External Interfaces
This section will describe interfaces with other software applications or modules.

SQL Data Compare

Developers will work with the SQL Data Compare software development kit (SDK) in order to perform
the synchronization of the mobile XPCS database and the office XPCS database. ARA has already
acquired licenses for working with and distributing applications which utilize this SDK.

SharpMap

ARA has extensive experience working with the SharpMap open source GIS SDK. SharpMap’s primary
use will be in the TestSectionGlSInterface, a part of the Office XPCSUserInterface module. SharpMap
will provide the Office XPCS application with most of the functionality required by that interface,
including the ability to query and overlay GIS data. The SharpMap source code can be made available
upon request from FDOT personnel.

ArcMap

ESRI’s ArcMap Network Analyst will fulfill the optimized route requirement for the Office XPCS
application. Network Analyst will use the vehicle routing problem module to solve for optimized routes
based off of a single starting depot (most likely the hotel starting point for the week), ordered pairs of
test section starts and ends, and a return location. More information regarding the details of Network
Analyst can be found at

http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=Solving a vehicle routing problem.

Microsoft MapPoint

The Mobile XPCS application will utilize the Microsoft MapPoint 10 SDK to fulfill several user interface
requirements with regards to driving directions, test section/segment locations et all. MapPoint will not
be utilized in the Office XPCS application.

EasyGIS

EasyGIS is an open source GIS SDK that will be utilized to provide shapefile output from the Office XPCS
system. The EasyGIS classes will need to interact with the XPCSData and OfficeXPCSUserlInterface
modules to achieve desired functionality.

Design Approach

This section will detail the order of, approach to, and completion milestones for each of the modules
described earlier in this document and the approximate amount of time it will take to develop each
module and subsystem.

Please note that several modules, once created for the Office XPCS application, will be used in totality in
the Mobile XPCS application, and in the Mobile XPCS Software Design Document are listed with minimal
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or no development time. These modules include, XPCSData, DBManager, XPCSSecurityOperations,
SecurityManager, XPCSValidation. The XPCS system will reside within a single solution file, allowing us
to take advantage of the many duplicate requirements between the two applications. Two separate
executables will be generated from the single solution, one for the Mobile XPCS Application and one for
the Office XPCS Application.

Total Development Time: 66 days.
Milestone: Completed development of all modules. Able to send application for user testing to FDOT.

Prototype ArcGIS Plug-In
Development Time: 5 days.
Milestone: Successfully export optimized route layer into XPCS SQL database.

Development of the ArcGIS plug-in will be done first as it contains most of the “uncertainty” in the
project design. Completion of the ArcGIS plug-in will allow the user to export an optimized route list
from Network Analyst into the XPCS database.

Develop XPCS Database

Development Time: 10 days.
Milestone: Successfully import historical PCS data (already provided by FDOT) into the XPCS database).

Before any of the other modules can really be developed, it will be important to have a working data set
for testing purposes in place. This makes development of the XPCS database and the importing of the
historical PCS data critical in the design path.

Develop DBManager
Development Time: 5 days.
Milestone: Completion of standard /0 database functions as they pertain to specific FDOT requirements.

The database manager contains classes and functions for storing, retrieving, and updating information
contained within the XPCS system.

Develop XPCSSynch

Development Time: 10 days.

Milestone: Verify correct synchronization has occurred between two physically separate machines
hosting the XPCS database.

The development of the synchronization module can be done in parallel with any other module
development task after the XPCS database has been created and had historical data imported.

Develop XPCSData

Development Time: 1 day.
Milestone: Completion of underlying data access classes and successful testing of DAL through the
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business logic with prototype user interface elements.

The XPCS Data Module contains all of the relevant data access classes and provides an object-oriented
design for the database subsystem.

Develop OfficeXPCSUserInterface

Development Time: 15 days.

Milestone: Completion of all user interface elements as described in this document and the SRD.
Successful user testing with FDOT personnel.

The user interface is the key for user interaction with the system. The development of this module will
be very iterative with FDOT personnel, allowing them to pinpoint how the interface requirement
features should be implemented.

Develop XPCSValidation
Development Time: 10 days.
Milestone: FDOT validation of the validation parameters as displayed in the user interface.

This module will again require close corroboration with FDOT personnel in order to correctly apply
validation parameters in the user interface. This module contains all of the functions and classes
necessary to validate user interface elements, including user input data and data loaded from files.

Develop SecurityOperations

Development Time: 5 days.

Milestone: Proper functioning of all user interface screens with both field users and administrators
accessing the system.

The security operations module contains classes describing users, groups, actions and their various
interrelations.

Develop Reporting

Development Time: 5 days.

Milestone: Successful run of required reports from the XPCS reporting interface. Allow addition of
“sample” report developed outside the application.

Three major reports will be developed utilizing Crystal Reports in the Visual Studio IDE for FDOT. Future
reports will be created by FDOT personnel and may be added to the report generating interface within
the Office XPCS application.

Technical Specifications
This section will list the modules described above and go into further detail, describing subsystems to
establish a strong reference with the Requirements Compliance Matrix.
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OfficeXPCSUserInterface

This module contains all of the (non-reporting) form classes the user will interact with while using the
office application as described in the Office XPCS Software Requirements Document and earlier in this
document.

XPCSData

This is the factory floor for the majority of the business logic objects in the application. This module
contains the data representation, and route classes that the rest of the application will use. An
illustration of the objects that are members of this module are shown in Figure C2.

Navigator

-navigationPlan : RoutePlan
-gpsChecker : GPSWatcher
-travelTime

_milesTraveled GPSWatcher DriveArea::NavigateArea
-milesTested I-—---watcherThread : BackgroundWorker

+Event: BeginTestArea() +Event: GPSPing()
+Event: BeginNavigateArea()
+Event: GPSPing()
+BeginDrive()

+EndDrive()

T
L

L DriveArea
RoutePlan

-routeLocations : List<DriveArea> -~ === -—-=---——--———--——--——~ +abstract IsAtStart(in location) : bool

+abstract StartLoc() : string
+abstract EndLoc() : string

DriveArea::TestArea
Section -toTest : Section
-sectionSegments : List<Segament> Kommmmmmmmmm oo
-CountyCode
-SectionlD
-SubsectionID

InspectionData :: RigidinspectionData

- -lightTransverseCrackingSlabs

\}/ -moderateTransverseCrackingSlabs
Segment -lsle;?LreTr'fath\l/erlsgCrak(?kinsglsgbs
. -lightLongitudinalCrackingSlabs
-SegmentSurface : enum SurfaceType . P -moderatel ongitudinalCrackingSlabs
-numLanes L f <]— -severelLongitudinalCrackingSlabs
-apparentAge -collectionYear -moderateSpallingSlabs
-startMP -severeSpalllingSlabs
-endMéD N -moderateCornerCrackingSlabs
_Staée Ou’\tje ubmber -severeCornerCrackingSlabs
-us| _oute_ umber -fairPatchingSlabs
—iztér\l?:;lrjeisit;?:n -poorPatchingSlabs
- » . .. i i -moderateShatteredSlab:
-segmentData : Dictionary<year,InspecitionData> InspectionData :: FlexibleInspectionData _;%e?;%:an:rezr;ab: *
+AddBreakpoint() : Segment -wheelCrackingCode -moderateSurfaceDetSlabs
T —prefjon};Ra_\vellngLane -severeSurfaceDetSlabs
! -fumnhs aélng -lightPumpingSlabs
-patching )ftent -moderatePumpingSlabs
enum SurfaceType -areaCrackingPresence -severePumpingSlabs
Rigid -standardRemarks jointCondition
_Flexible -customRemarks -slabLength
-profilerRutting -multipleCrackSlabs
-profilerIRI _profilerIRI

-profilerRideNumber -profilerRideNumber

Figure C2. XPCSData module objects

DBManager
This module’s primary purpose is to make the abstract Database class (and a SQL Server specific
implementation class) available to the rest of the program. This class acts as a wrapper for database
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calls and handles the grunt work of creating the connection, command, and adapter objects when
queries are run.

XPCSSync

This module’s primary purpose is to supply the XPCSSynchronizer class to be used by the
synchronization forms for the purpose of merging mobile databases with the central database and with
one another. This class makes use of the RedGate SqlCompare Application Programming Interface (API)
that makes identifying inserted/deleted/updated rows very easy. With that part of the functionality
provided for, the Synchronizer merely has to apply a “newest wins” rule and fix the tables up from the
“bottom” (i.e., starting with the tables that have no foreign keys and then expanding to the tables that
link to them and so on).

XPCSSecurityOperations

This module’s primary purpose is to supply a static SecOps object to the user interface. The
SecurityManager is a very general system that handles resolving a user specifier/action specifier pair
into some permission level. The purpose of the SecOps object is to hold the context-specific blueprints
for the action specifiers for each relevant security check. This allows for a highly granular breakdown of
permissions as needed without cluttering user interface code with large amounts of action specifier
code.

SecurityManager

The primary purpose of this module, illustrated in Figure C3, is to supply the SecurityManager class to be
used by the SecOps layer. SecurityManager is responsible for resolving a descriptor of a specific user
and a specific action into a permissions level (None, ReadOnly, ReadWrite, Create, CreateDestroy)
against a set of (user/usergroup)->(action/actiongroup) permissions. Permissions are evaluated from
least specific to most specific (with user specificity trumping action specificity) in the following way:

1. Usergroup->Actiongroup
2. Usergroup->Action
3. User->Actiongroup

4. User->Action
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SecurityUser SecurityUserGroup
-ID -List<SecurityUser> _members
-pass_wordHash 77777777777777777777 +Belongs(in toCheck : SecurityUser) : bool
-email VS
|
|
|
! I
! |
! |
! |
! |
e fmmm—————————————————
|
’ enum PermissionsLevel
SecurityManger
-Liot<SecurityUser> allUsers ::zzzonl
-List<SecuirtyUserGroup> allUserGroups >-ReadWri;!e
-List<SecurityAction> allActions _Create
-List<SecurityActionGroup> allActionGroups _CreateDestroy
+GetPermissions(in Dictionary<string,string> userSpecifier, in Dictionary<string,string> actionSpecifier) : enum PermissionsLevel
T
|

SecurityAction SecurityActionGroup

——————————————— -List<SecurityAction> _members
+Belongs(in toCheck : SecurityAction)

-description : string <
-category : string

Figure C3. SecurityManager objects

XPCSValidation

This module supplies the RigidSegmentValidator, RigidSectionValidator, FlexibleSegmentValidator and
FlexibleSectionValidator classes. These classes are used to verify the entry of data and flag whether or
not the section needs to be retested. These classes implement the primary IValidator interface and are
themselves composed of internal IValidator classes that check specific requirements derived from

FDOT’s documentation. An example of an existing data validation process currently used by FDOT is
shown in Figure C4.
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APPENDIX B

. Ride Rating Re-run Procedure

Note 1

- If more than one section requires re-runs within any project:
1 - Clean Laser Lenses

Make | - Verify Passing Accelerometer Calibration

Rerun - Verify profiler by re evaluating project collected earlier
that was accurate based upon last year's data.

Use Initial | Yes

Run

Initial Run +8
of Last Year?

Section
< 0.5 Mile and
Urban Area?

Rerun® :8
of Last Year?

Rerun® +2
of Initial Run?

Rerun’ 8
of Last Year?

| Yes

[— Use Rerun'

5002 8UNT* H00qPUEH ASAING UONIPUOD) JBlaAEd B]qixald

Max - Min
of Initial Run,
Rerun’ and
Rerun®
<4 7

Use Closest of Rerun or } Make Section i
| |
|

o y Use Run Closest to
Initial Run to Last Year No Ride

Last Year

Use Run Closest to
Last Year

Profiler
Verified?

Verify Profiler
See Note 1

|t afieg

Re-Calibrate or Repair Profiler

Figure C4. Ride rating rerun procedure

The validation classes all serialize into basic (human readable/editable) descriptors of input and rules
(which can then be used by the ValidatorFactory to produce the current rule objects for checking each
segment/section. The objects involved in the validation process are shown in Figure C5.
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static ValidatorFactory

+BuildValidator(in inputSpecifier : string, in ruleSpecifier)
T

XPCSValidator :: FlexibleSegmentValdiator

1 XPCSValidator

XPCSValidator :: WithinPercentValidator

XPCSValidator :: FlexibleSectionValdiator

-yearToCheck

_valueToCheck +abstract Validate() : bool

+abstract FailureExplanation() : string

XPCSValidator :: RigidSectionValidator

AN
,,,,,,,,,,,,,,,,, 7 1 ———
XPCSValidator :: AbsoluteThresholdValidator
-yearToCheck
-valueToCheck
-min
-max
XPCSValidator :: TypeValidator XPCSValidator :: CWValidator
XPCSValidator :: LaneCountValidator XPCSValidator ::

RatedLaneValidator

XPCSValidator :: SpeedValidator

XPCSValidator ::

COValidator

XPCSValidator :: RavelingValidator XPCSValidator ::

NetLengthValidator

XPCSValidator :: RemarksValidator

XPCSValidator ::

LaserRutValidator

XPCSValidator :: ManRutValidator XPCSValidator ::

PtValdator

XPCSValidator :: CrkTypeValidator

XPCSValidator :: RigidSegmentValidator

XPCsSValidator :: AndValidator

-subValidatorl : XPCSValidator
-subValidator2 : XPCSValidator

XPCSValidator :: OrValidator

-subValidatorl : XPCSValidator
-subValidator2 : XPCSValidator

Figure C5. Validation model objects
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Reporting

The reporting module will utilize interaction with Crystal Reports to generate the required reports as
described in the Office SRD. Each of the three reports will be generated from the XPCS database.
Classes will be developed based on interaction with the Crystal Reports SDK to appropriately manage
the XPCS data into the final reports.

User Interface Design
The user interface design will be managed dynamically with FDOT staff, within the bounds of the
interface requirements as described in the Office XPCS SRD.

Data Architecture
This section of the design will discuss the database schema and design decisions made regarding how
data is stored in the XPCS system.

File Architecture

The Office XPCS system does not utilize any external files with the exception of configuration files for the
application. These files allow users to modify initial application settings and are deployed as a part of
the overall solution during installation.

Database Management System Architecture
The database schema used to represent the inspection data and security settings is shown in Figure C6.
The individual objects within this schema are discussed in detail within this section.

Security Tables
SecUsers - Holds user information (id, password hash, email) for the security system.

SecActions — Holds action information (id, category, description) for the security system.

SecUsergroups — Lists the usergroups in the security system.

SecActiongroups — Lists the actiongroups in the security system.

SecUserMembership — Holds information about which users belong to which usergroups.
SecActionMembership — Holds information about which actions belong to which actiongroups.
SecUserActionPerms — Holds permissions information between single users and single actions.
SecUserActiongroupPerms — Holds permissions information between single users and groups of actions.

SecUsergroupActionPerms — Holds permissions information between groups of users and single actions.
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SecUsergroupActiongroupPerms — Holds permissions information between groups of users and groups

FlexibleInspectionData Eo=—€=] oo Sections
7 secDatald a SECITEES §  SecDatald
— 7 secDatald
7 Bw District
7 BvP
7 Ew CountyCode
7 Ew
? RoadwayCode SectionID
§ RoadwayCode
§ Year SubsectionID
Geometry
§  Month Geometry
§ RunAttempt
UsRouteNumber
StateRouteNumber
RoadwaySystem
Userl
. . RouteAssignments
User2 RigidInspectionData 7 Pand
TestingSpeed @ secDatalD A
— UserID
RatedLane 7 Bwe 8 SecUsers
N e DueDate g Userld
NetLengtl
v TotalTime [coS= UserPassHash
Accepted ? RoadwayCode
UserEmail
WheelCrackingCode g Year 8
RuttingRating g Month é
PatchingExtent RunAttempt
o ¥ Routes
ProfilerRutting StateRouteNumber ? PlaniD
ProfilerIRI USRouteNumber —
ProfilerRideNum RoadwaySystem
StatusType StatusType SecUserActionPerms
OutsideCrackingCode NetLength HPMSSegments g Userd
NumLanes NumLanes ‘ §  SegmentiD ‘ g ActioniD
LRaveling Userl — PermissionsLevel
MRaveling User2
SRaveli Accepted .
" L] SecUserActiongroupPerms | L
ProfilerUnitNumber I TestingSpeed 9 UserlD
CrackType RatedLane 9 ActionGrouplD SecActions
Remarks LI LTransCrackCount permissionsLevel ¢ ActioniD
MTransCrackCount Category
STransCrackCount 8 Description
LLongCrackCount
MLongCrackCount ‘8
SLongCrackCount é
MspallCount . SecActionMembership
s SecActionGroups .
SSpallCount ) ﬂ ActiongrouplD
? ActiongrouplD )
LCornerCrackCount ? ActioniD
MCornerCrackCount
SCornerCrackCount
FPatchingCount SecUserGroups
PPatchingCount ‘ §  UsergrouplD SecUserMembership
MshatteredCount - N 7 UsergrouplD
sshatteredCount SecUsergroupActiongroupPerms 9 Userld
UsergrouplD
MsurfaceDefCount
? ActiongrouplD
SsurfaceDefCount
PermissionsLevel
LPumpingCount
MPumpingCount
SPumpingCount
SlabLength
MultipleCrackCount
ProfilerIR1 ValidationRules SecUsergroupActionPerms
ProfilerRideNum §  Inputbescriptor § UsergrouplD
FaultingRating RuleDescriptor § ActionlD
IR | PermissionsLevel
Remarks
Numslabs
CrackedSlabPercent
Comments VI

Figure C6. Overall database schema
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Inspection Tables
Sections - This is the top level network table. It contains all possible test sections currently represented
in the XPCS system.

Segments - This is the bottom level network table. It contains the segment information for the network.
The roadway code is a part of the segment identifier.

FlexiblelnspectionData/RigidInspectionData - These tables hold the segment-specific, year-specific,
run-specific inspection data for their respective pavement types.

HPMSSegments — This table tells identifies sections that need to be tested for HPMS purposes.

Routes - When new optimized routes are inserted into the database, they are given a new key that
resides in this table.

RouteSections -This contains the sections that make up each route and the optimal visit order.

RouteAssignments - This links generated routes with particular users so that they can pull up the routing
information that is relevant. Additionally, it holds the due date (for scheduling purposes) and the total
time spent surveying (for reporting purposes).

Validation Tables

ValidationRules - This table holds the plain-text serialized validation rules. Each rule is associated with a
plain-text descriptor of the relevant datafield to which it applies. These strings are then used by the
ValidationFactory to construct the proper validation objects.

Data Conversion

Currently existing survey data exist in the form of SAS datasheets. FDOT has provided a data dump of
all their historical PCS data as Excel spreadsheets for inclusion in the XPCS database. ARA will develop a
“one time application” export of the data into the XPCS database. No further data conversion is
required.

Security

Security in the XPCS system is handled via the SecurityManager module. This module allows for the
specification of usergroups and actiongroups. By default, there exist a usergroup called
“administrators” and an actiongroup called “All Actions” which is automatically populated with new
actions and over which they are given the highest level of access (Create/Destroy). While more groups
are possible, FDOT’s requirements only call for two levels of (non-administrator) permissions: office and
field users. As the relevant security actions are discovered, they will be placed into actiongroups
specifically set up for each of these usergroups. The user interface code can then check these
permissions via the SecOps object and enable/disable user controls as required in order to present them
with only valid options.
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Capacity

The XPCS system has more pitfalls in terms of complexity in the business logic than in data capacity
issues. The amount of data being collected and used is relatively small (in the requirements
documentation, 10 GB is the upper limit given and that falls far above what is likely to be produced
under any reasonable scenario). As such, we are free to use what would normally be bulk operations in
order to overcome certain technical limitations of the system. For example, the (currently)
disconnected nature of the data collection vans necessitates backing up the van database, copying it to a
portable device (flash drive, etc.), and restoring it on a database server that can be reached by the XPCS
office software in order to begin synchronization (and then reversing the process to get the
synchronized data back to the van). If this system were more data intensive, this process would be
onerous.

Performance and Timing

The Office XPCS database has been developed with performance in mind. However, performance is not
critical to the operation of the application. Due to the small amount of data the application is required
to handle and the performance boost given by utilizing an object-oriented “Active Record” design
pattern, we expect performance to be at better than acceptable levels. It is much more important that
the Mobile XPCS application have increased performance due to the live nature of the application.
These performance goals will be realized within the Office XPCS Application due to the close nature of
the two programs.

Error Handling

The Office XPCS application will utilize C# standard exception handling and will output data dump files to
the program directory or users directory when application errors occur. This will help users pinpoint
bugs and enable faster turnaround for managing bug resolution. In addition, the users will have access
to the Mantis bug reporting system website for the XPCS application and will be able to report bugs and
monitor their resolution in a timely manner.

Adaptability

In general, the system’s adaptability comes primarily from the parameterization of the validation logic
and the extensibility of the security system and the reports. The system should easily expand to further
survey vans.
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Introduction

Overview

Mobile Extended Pavement Condition Survey (XPCS) is a software application being designed for the
purpose of improving the data collection process of employees of the Florida Department of
Transportation. The improvements focus primarily in three areas: routing/navigation,
validation/verification, and modernization/efficiency.

Scope

The mobile component of the XPCS system is tasked with tackling the ground-level problems of data
collection for FDOT’s pavement condition surveys. Specifically, this means the application is designed to
facilitating the survey crews getting to the test sections, entering manual and automated survey data
into an onboard, disconnected database, and verifying that data against a set established rules.

Although there are data structures common to the mobile and office components of the XPCS system
that naturally lead toward a shared library design, there are higher level concerns that are explicitly not
within the scope of this portion of the system, but are instead left to the office component. Specifically,
the mobile component is not responsible for the generation of optimized test section ordering (but
rather navigation to and between sections), synchronization of the mobile databases with the central
database, or the generation of reports from the central database.

Requirements Compliance Matrix

This table represents current requirements and describes how the proposed design implements them.
Additionally this table can be used to describe and track changes made to the requirements throughout
the development process.

Table D1. Requirements compliance matrix

Description Compliance Assumptions

This requirement is met by the Navigator object and the
MapPoint interface. MapPoint provides the routing to the start
and end of each section and the Navigator polls the GPS device
and fires the relevant event to update the MapPoint interface.

Reduce the time and complexity of
1 identifying the start and end of a
test section.

Pull all pertinent inspection

information for test sections the . _ . .
As part of the synchronization process, section inspection data is

2 surveyor plans to evaluate in a . .
e . automatically pulled in.
specific trip into the vehicle
database
3 Import optimized routing As part of the synchronization process, the optimized section
instructions ordering for a particular run is automatically pulled in.
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Table D1. Requirements compliance matrix (con’t)

Description

Display optimized routing

Compliance

Once the user selects a run, the Navigator object uses the

Assumptions

4 . . . . optimized section ordering to create a RoutePlan object and feeds
instructions in MapPoint. - .
the destinations to MapPoint
7 Display current county MapPoint provides this functionality directly.
When traveling to a test section, L . . .
. & ., The Navigation user interface directly shows the ID of the section
8 display the next test section’s ID . . .
. . being navigated to and the start location on the map.
and starting location
9 When testing, display the test The Testing user interface directly shows the current section ID
section ID and the end location and the end location on the map.
When testing, allow the operator | The testing user interface provides the user a checkbox to turn on
10 to increase and decrease the and off auto-following and automatically turns off if the user
segment selects a new segment
The testing user interface presents the user with a segment list
Suggest current segment based on . . [
11 . and attempts to track down the list automatically (indicating the
GPS location -
start and end points of the current segment on the map).
12 Display & edit the State Route The testing user interface allows the user to edit this value in the
Number Sections table.
13 Display & edit the US Route The testing user interface allows the user to edit this value in the
Number Sections table.
14 Display & edit roadway testing The testing user interface allows the user to edit this value in the
direction (ascending/descending) RouteSections table.
15 Display & edit roadway division The testing user interface allows the user to edit this value in the
(composite/divided) Sections table.
. . . The testing user interface allows the user to edit this value in the
16 Display & edit section status . .
inspection tables.
Display beginning milepost for . . .
17 The testing user interface shows this data.
current segment
Display ending milepost for . . .
18 play g P The testing user interface shows this data.
current segment
19 Add breakpoint at user defined The testing interface allows the user to insert a breakpoint
milepost (splitting a segment in two) at any point in the section.
Because of the difficulty in getting the current milepost from just
20 | Add breakpoint at current location the GPS information, the current design does not attempt to
satisfy this requirement.
. . . The testing user interface allows the user to edit this value in the
21 Display & edit testing speed 8 . .
inspection tables.
. . The testing user interface allows the user to edit this value in the
22 Display & edit number of lanes &

Segments table.
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Table D1.

Description

Requirements compliance matrix (con’t)

Compliance

The testing user interface allows the user to edit this value in the

Assumptions

23 Display & edit rated lane . .
inspection tables.
Th i interf I h it thi in th
24 Display & edit pavement type e testing user interface allows the user to edit this data in the
Segments table.
Pavement
25 Change interface based on type of | The data entry grid of the testing interface changes automatically | type does not
pavement: rigid or flexible based on this field. change mid-
segment
The flexible pavement layout of the data entry grid on the testing
I heel path
26 nput obser\_/ed wheel pat user interface provides a field for this value to be edited in
cracking code . .
FlexibleInspectionData table.
Input observed non-wheel path The erxi.bIe pavementilayout F’f the dat.a entry grid on tl:me te.sting
27 cracking code (outside wheel path) user interface provides a field for this value to be edited in
J P FlexibleInspectionData table.
. . The flexible pavement layout of the data entry grid on the testing
Input the predominant raveling . . ) . S
28 user interface provides a field for this value to be edited in
level (may be none) . .
FlexibleInspectionData table.
. . The flexible pavement layout of the data entry grid on the testing
Input the raveling extent (if . . ) . o
29 . user interface provides a field for this value to be edited in
raveling level > none) . .
FlexibleInspectionData table.
Input a manual rutting rating (on The flexible pavement layout of the data entry grid on the testing
30 P . g g ¥ user interface provides a field for this value to be edited in
after completion of run) . .
FlexibleInspectionData table.
The flexible pavement layout of the data entry grid on the testing
31 Input patching extent user interface provides a field for this value to be edited in
FlexibleInspectionData table.
. The flexible pavement layout of the data entry grid on the testing
Input area cracking presence (may . . ) . o
32 . user interface provides a field for this value to be edited in
be none, alligator, block, or both) . .
FlexibleInspectionData table..
33 Display verification flag All data passes through th.e validation engine as soon as it is
entered into the system.
34 Display & edit standard remarks The testing user interface aIIows.the user to edit these values in
FlexibleInspectionData table.
Display net length (length of
35 section minus any length not The testing user interface shows this data from the
recorded due to roughness off/on FlexibleInspectionData table.
flags)
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Table D1.

Description

Requirements compliance matrix (con’t)

Compliance

The testing user interface shows this data from the

Assumptions

36 Display profiler rutting FlexibleInspectionData table.
. . The testing user interface shows this data from the
37 Display profiler IR FlexibleInspectionData table.
. ) . The testing user interface shows this data from the
Displ filer Ride N
38 isplay profiler Ride Number FlexibleInspectionData table.
39 Display previous year values for The testing user interface shows this data from the
items 26-32 and 34-38 FlexibleInspectionData table.
The flexible pavement layout of the data entry grid on the testing
40 Input free-form comments user interface provides a field for this value to be edited in the
FlexibleInspectionData table.
Input number of slabs affected by The rigid pavement layout of the data entry grid on the testing
41 transverse cracking (light, user interface provides fields for these values to be edited in the
moderate, and severe) RigidInspectionData table.
Input number of slabs affected by The rigid pavement layout of the data entry grid on the testing
42 longitudinal cracking (light, user interface provides fields for these values to be edited in the
moderate, and severe) RigidinspectionData table.
The rigi I fth i h i
Input number of slabs affected by e_rlgld pavemen_t ayc_>ut of the data entry grid on t _e te_stmg
43 . user interface provides fields for these values to be edited in the
spalling (moderate and severe) L .
RigidInspectionData table.

Input number of slabs affected by The rigid pavement layout of the data entry grid on the testing
a4 corner cracking (moderate and user interface provides fields for these values to be edited in the
severe) RigidinspectionData table.

Input number of slabs affected by The.rlgld pavemen.t Iayc.>ut of the data entry grid on the te.stmg
45 atching (fair and poor) user interface provides fields for these values to be edited in the
P J P RigidInspectionData table.
Input number of shattered slabs The.rlgld pavemer'ft Iayqut of the data entry grid on the te.stmg
46 user interface provides fields for these values to be edited in the
(moderate and severe) L .
RigidInspectionData table.
Input number of slabs with surface The rigid pavement layout of the data entry grid on the testing
47 deterioration (moderate and user interface provides fields for these values to be edited in the
severe) RigidInspectionData table.
Input number of slabs affected by The rigid pavement layout of the data entry grid on the testing
48 pumping (light, moderate, and user interface provides fields for these values to be edited in the

severe)

RigidInspectionData table.
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Table D1.

Description

Requirements compliance matrix (con’t)

Compliance

The rigid pavement layout of the data entry grid on the testing

Assumptions

49 Input joint condition user interface provides a field for this value to be edited in the
RigidInspectionData table.
The rigid pavement layout of the data entry grid on the testing
50 Input estimated slab length user interface provides a field for this value to be edited in the
RigidinspectionData table.
Input estimated number of slabs The r.igid pavement. Iayout'of the da'fa entry grid on t'he tt'esting
51 . . user interface provides a field for this value to be edited in the
with multiple cracks L .
RigidinspectionData table.
The rigid pavement layout of the data entry grid on the testing
52 Input estimated number of slabs user interface provides a field for this value to be edited in the
RigidInspectionData table.
. The rigid pavement layout of the data entry grid on the testing
Input estimate of the percentage . . . . S
53 . user interface provides a field for this value to be edited in the
of cracked slabs in a segment .. .
RigidInspectionData table.
The testing user interface shows this data after it has been loaded
54 Display profiler IRI from the WinRP profiler output into the RigidInspectionData
table.
The testing user interface shows this data after it has been loaded
55 Display profiler Ride Number from the WinRP profiler output into the RigidInspectionData
table.
. . The rigid pavement layout of the data entry grid on the testing
Display previous year values for . . ) L
56 . user interface provides a field for viewing these values from the
items 41-55 . .
RigidInspectionData table.
57 Display verification flag All data passes through th.e validation engine as soon as it is
entered into the system.
58 Automatically run WinRP when a Currently this requirement is not implemented in the system as
test section is completed. designed.
Automatically pull in WinRP data Currently this requirement is not implemented in the system as
59 from WinRP text files to the RCI ¥ 9 . P ¥
designed.
database.
60 Validate collected data with the The validation engine automatically handles this as soon as data is
vehicle database. loaded from the profiler output file.
Identify segments which need to . . . . .
61 be retested before leaving test The validation engine automatically handles this as soon as data is

section.

loaded from the profiler output file.
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Table D1. Requirements compliance matrix (con’t)

# Description Compliance Assumptions
62 Commit section test data to the The validation user interface allows the data to be committed to
vehicle database. the proper inspection table.
63 Show % test sections completed. The Navigator object automatically tracks this information.
64 | Show % test sections on schedule. The Navigator object automatically tracks this information.
65 Show % test sections validated. The Navigator object automatically tracks this information.
Quality Control
The validation engine automatically checks data as soon as it is
66 Check collected data against base entered into the XPCS system when possible and practical. If
quality standards. automatic validation is not possible or practical, a user function
(i.e., button) will be provided to perform validation checks.
Migrate dat lity standard . . . . .
Igrate data qualty standards Validation rules are stored in the ValidationRules table and are
67 from XPCS database (should be . .
. synchronized out to the collection database.
read only for the mobile software)
. A ta fails th lidati hecks, the field is visuall
68 Visually flag erroneous data s soon as data fails the validation checks, the field is visually
flagged by the UI.
By "vehicle
database" we
69 Synchronize vehicle database with The XPCSSynchronizer object uses a "last wins" rule to logically mean the
XPCS database merge vehicle and central databases. vehicle’s copy
of the XPCS
database.
GPS Tracking
Automatically track the data
70 collection van’s location on a GIS | This requirement is handled automatically by the MapPoint library
map.
MapPoint is
an SDK we
will use to
. . . . . . directly
71 Provide GPS data for MapPoint. The Navigator object feeds GPS data into MapPoint. embed its
functionality
within the
application.
. . The van location is visible at all times while the user is at either
Display the vans location on a map . . . . .
72 . the navigation or collection screens assuming a GPS signal is
at all times to the user. .
available.
Identify the most efficient route to
73 the desired test location on the This requirement is handled automatically by the MapPoint library
GIS map.
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Table D1. Requirements compliance matrix (con’t)

# Description Compliance Assumptions
Issue audible commands via text to
speech to guide the data collection . . ) . -
74 P & . This requirement is handled automatically by the MapPoint library
personnel to the desired test
location.
75 Show nearest test section on Currently, the routing will take the user to the next test section in
interface the generated sequence (unless they rearrange the sequence).
Show next test section on N .
76 In the navigation Ul, the next test section is always shown.

interface

Application Logging

validation events

77 Log user usage time The Navigator object stores this in the RouteAssignments table.
78 Log system errors System errors are caught and written to a dump file.

Log all synchronization and .
79 The XPCS synchronizer produces a log of the most recent sync.

System Description
The mobile system has the responsibility of facilitating the direct data collection process. To that end, it
walks the user through the process of logging on, loading the run that’s been assigned to them,

navigating to test sections, entering survey results for each segment, and validating those entries at the
segment and section levels.

System Software Architecture
The Mobile XPCS system is broken down into the several major software modules as shown in Figure D1.
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MobileXPCSUserlInterface XPCSData XPCSSecurityOperations
T T T
b ) L
| = |
|
[ ] . [ 1y R
XPCSValidation MapPoint DBManager SecurityManager

Figure D1. Module Diagram

MobileXPCSUserInterface
The Mobile XPCS User Interface module. This module houses the user interface elements and MapPoint
control extensions. It is the program entry point.

MapPoint
Microsoft’s GIS software.

XPCSData
Houses the various factory classes that will create business logic and data structures from the database.

DBManager
This contains the generic database wrapper class we use for all database calls and the Microsoft
SQLServer-specific implementation of the class that we make use of for this system.

XPCSSecurityOperations
Provides static classes that hold the specific security check functions for the user interface to utilize.

SecurityManager

Generic security system that provides an easy and flexible method of assigning users to roles, grouping
actions and specifying permissions at any level of user/usergroup : action/actiongroup. The
SecurityManager is further explained later in the report.

XPCSValidation
Provides the business logic objects that perform data validation.

System Hardware Architecture
This section will describe the overall system hardware and communications and their organization.
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GPS Reciever  Onboard Computer Profiler

Figure D2. Hardware Architecture

The primary hardware components of the system consist of the following:

1) High Speed profiler
2) GPS receiver

3) Onboard computer
4) USB key

Figure D2 shows the relationship between these components. The USB key is not shown as it is moved
by the user between various hardware systems in the vehicle and the office.

External Interfaces
This section will describe interfaces with other software applications or modules.

MapPoint

The Mobile XPCS system will interface with the MapPoint SDK to produce information rich maps which
highlight test sections and segments and direct the field user according to the output received from
ArcGIS Network Analyst. MapPoint will interface directly with the XPCSData module classes to generate
the appropriate information.

Design Approach

This section will detail the order of, approach to, and completion milestones for each of the modules
described in the previous section and the approximate amount of time it will take to develop each
module and subsystem.

Please note that several modules, once created for the Office XPCS application, will be used in their
totality in the Mobile XPCS application, and in the Mobile XPCS Software Design Document are listed
with minimal or no development time. These modules include, XPCSData, DBManager,
XPCSSecurityOperations, SecurityManager, and XPCSValidation. The XPCS system will reside within a
single solution file, allowing us to take advantage of the many duplicate requirements between the two
applications. Two separate executables will be generated from the single solution, one for the Mobile
XPCS Application and one for the Office XPCS Application.

Total Development Time: 16 days.
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Milestone: Completed development of all modules. Able to send application for user testing to FDOT.

Develop MobileXPCSUserInterface

Development Time: 15 days.

Milestone: Completion of all user interface elements as described in this document and the SRD.
Successful user testing with FDOT personnel.

The user interface is the key for user interaction with the system. The development of this module will
be very iterative with FDOT personnel, allowing them to pinpoint how the interface requirement
features should be implemented.

Develop XPCS Database

Development Time: O days.
Milestone: Successfully import historical PCS data (already provided by FDOT) into the XPCS database.

Before any of the other modules can really be developed, it will be important to have a working data set
for testing purposes in place. This makes development of the XPCS database and the importing of the
historical PCS data critical in the design path.

Develop DBManager
Development Time: 1 day.
Milestone: Completion of standard /O database functions as they pertain to specific FDOT requirements.

The database manager contains classes and functions for storing, retrieving, and updating information
contained within the XPCS system. ARA will ensure that the DBManager will function in the Mobile
XPCS application as it functions in the Office XPCS application.

Develop XPCSData

Development Time: O days.

Milestone: Completion of underlying data access classes and successful testing of DAL through the
business logic with prototype user interface elements.

The XPCS Data Module contains all of the relevant data access classes and provides an object-oriented
design for the database subsystem.

Technical Specifications

MobileXPCSUserInterface
This module contains all of the form classes the user will interact with while using the mobile
application.

XPCSData
This is the factory floor for the majority of the business logic objects in the application. This module
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contains the data representation, route, and navigator classes that the user interface will hook events
into in order to time the transition between navigation and inspection screens, update the routing
screens, and provide access to appropriate Section and Segment objects for the current part of
RoutePlan being driven. An illustration of the objects that are members of this module are shown in
Figure D3.

Navigator

-navigationPlan : RoutePlan
-gpsChecker : GPSWatcher
-travelTime

_milesTraveled GPSWatcher DriveArea::NavigateArea
-milesTested I-—--J}-watcherThread : BackgroundWorker
+Event: BeginTestArea() +Event: GPSPing()

+Event: BeginNavigateArea()
+Event: GPSPing()
+BeginDrive()

+EndDrive()

T
L

! DriveArea
RoutePlan

-routeLocations : List<DriveArea> |f—=————~-=----—————---——————— +abstract IsAtStart(in location) : bool

+abstract StartLoc() : string
+abstract EndLoc() : string

DriveArea::TestArea

Section -toTest : Section

-sectionSegments : List<Segament>
-CountyCode

-SectionID

-SubsectionID

InspectionData :: RigidinspectionData

T -lightTransverseCrackingSlabs
|

N -moderateTransverseCrackingSlabs
Segment -ﬁe;:e[eTrinzyerlsgCrak(?kiné;ISIk)abs
. -lightLongitudinalCrackingSlabs
—SegTentSurface - enum SurfaceType - P -moderateLongitudinalCrackingSlabs
-numLanes b 2nsp -severeLongitudinalCrackingSlabs
-3PP3'\;|9F|,'11A9€ -collectionYear -moderateSpallingSlabs
-stadrtMP -severeSpalllingSlabs
-en R \ -moderateCornerCrackingSlabs
-Staée tOl-l’\tje mebef -severeCornerCrackingSlabs
::Jesstiﬁu Igir:crzosr -fairPatchinlgSIabs
—roadwgayDivision -poorPatchingSlabs
_segmentData : Dictionary<year, InspecitionData> InspectionData :: FlexiblelnspectionData -mOderastESSanedrgf?)labs
: i - -severeShatteredSlabs
+AddBreakpoint() : Segment -wheelCrackingCode -moderateSurfaceDetSlabs
T '?J:gg;zt"i‘r‘:g“ngl-a"e -severeSurfaceDetSlabs
! R L )
‘ -patchingExtent -lr:'?:é’::lar?:;:lgrr?;l)?::SIabs
enum SurfaceType -areaCrackingPresence -severePumpingSlabs
Rigid -standardRemarks jointCondition
-Flexible -customRemarks -slabLength
'S;gg:g:;“lﬁ'"g -multipleCrackSlabs
ey -profilerIRI
-profilerRideNumber -profilerRideNumber

Figure D3. XPCSData module objects

DBManager

This module’s primary purpose is to make the abstract Database class (and a SQL Server specific
implementation class) available to the rest of the program. This class acts as a wrapper for database
calls and creates the connection, command, and adapter objects when queries are run.

XPCSSecurityOperations
This module’s primary purpose is to supply a static SecOps object to the user interface. The
SecurityManager is a very general system that handles resolving a user specifier/action specifier pair
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into some permission level. The purpose of the SecOps object is to hold well named functions that
contain the context-specific blueprints of the action specifiers for each relevant security check. This
allows for a highly granular breakdown of permissions as needed without cluttering user interface code
with large amounts of action specifier code.

SecurityManager

The primary purpose of the module illustrated in Figure D4 is to supply the SecurityManager class to be
used by the SecOps layer. SecurityManager is responsible for resolving a descriptor of a specific user
and a specific action into a permissions level (None, ReadOnly, ReadWrite, Create, CreateDestroy)
against a set of (user/usergroup)->(action/actiongroup) permissions. Permissions are evaluated from
least specific to most specific (with user specificity trumping action specificity) in the following way:

1. Usergroup->Actiongroup
2. Usergroup->Action
3. User->Actiongroup

4. User->Action

SecurityUser SecurityUserGroup
-ID -List<SecurityUser> _members
-passwordHash K= === ============~-~+—+ +Belongs(in toCheck : SecurityUser) : bool
-email YOS
|
|
|
! i
! |
! |
! i
! |
|
|
! enum PermissionsLevel
SecurityManger

-Liot<SecurityUser> allUsers -None

-List<SecuirtyUserGroup> allUserGroups >s::g\?v::¥e
-List<SecurityAction> allActions _Create
-List<SecurityActionGroup> allActionGroups _CreateDestroy

+GetPermissions(in Dictionary<string,string> userSpecifier, in Dictionary<string,string> actionSpecifier) : enum PermissionsLevel
T

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

SecurityAction SecurityActionGroup

-description : string %

B -List<SecurityAction> _members
-category : string

+Belongs(in toCheck : SecurityAction)

Figure D4. Security manager objects

XPCSValidation

This module supplies the RigidSegmentValidator, RigidSectionValidator, FlexibleSegmentValidator and
FlexibleSectionValidator classes. These classes are used to verify the entry of data and flag whether or
not the section needs to be retested. These classes implement the base XPCSValidator class and are
themselves composed of internal XPCSValidator objects that check specific requirements derived from
FDOT’s documentation. An example of an existing data validation process currently used by FDOT is
shown in Figure D5.
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APPENDIX B

.4 Ride Rating Re-run Procedure

Note 1

- If more than one section requires re-runs within any project:
1 - Clean Laser Lenses

Make | - Verify Passing Accelerometer Calibration

Rerun - Verify profiler by re evaluating project collected earlier
that was accurate based upon last year's data.

Use Initial Yes

Run

Initial Run +8
of Last Year?

Section
< 0.5 Mile and
Urban Area? ,

Rerun' +2
of Initial Run?

Rerun' +8
of Last Year?

| Yes

le——  useRerun"

00Z BUNP* O0qPUEH ASAING UONIPUOD) WUBWaAEd B]qixald

Use Closest of Rerun’ or
Initial Run to Last Year

Make Section i
No Ride |

Use Run Closest to
Last Year

Profiler
Verified?

I abed

Re-Calibrate or Repair Profiler

Figure D5. Ride rating rerun procedure

of Last Year?

Use Rerun®

Use Run Closest to
Last Year

Verify Profiler
See Note 1

Rerun® +8 No

Max - Min
of Initial Run,
Rerun® and
Rerun®
<4

The validation classes all serialize into basic (human readable/editable) descriptors of input and rules

(which can then be used by the ValidatorFactory to produce the current rule objects for checking each

segment/section. The objects involved in the validation process are shown in Figure D6.
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static ValidatorFactory

+BuildValidator(in inputSpecifier : string, in ruleSpecifier) - o - -
; XPCSValidator :: FlexibleSegmentValdiator

e

6
<h

XPCSValidator
XPCSValidator :: WithinPercentValidator
-yearToCheck - <|’1 XPCSValidator :: FlexibleSectionValdiator
+abstract Validate() : bool
-valueToCheck . . .
+abstract FailureExplanation() : string
JAN ‘
| |
L ,,,,,,,,,,,,,,,, N e e r ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,J
XPCSValidator :: AbsoluteThresholdValidator
:z:‘ﬁg?ggﬁglék XPCSValidator :: RigidSectionValidator
-min
-max
XPCSValidator :: RigidSegmentValidator
XPCSValidator :: TypeValidator XPCSValidator :: CWValidator
XPCSValidator :: AndValidator
-subValidatorl : XPCSValidator
- - -subValidator2 : XPCSValidator
XPCSValidator :: LaneCountValidator XPCSValidator :: RatedLaneValidator

XPCSValidator :: OrValidator

-subValidatorl : XPCSValidator
-subValidator2 : XPCSValidator

XPCSValidator :: COValidator

XPCSValidator :: SpeedValidator

XPCSValidator :: RavelingValidator XPCsValidator :: NetLengthValidator

XPCSValidator - Remarksvalidator XPCSValidator :: LaserRutValidator

XPCSValidator :: ManRutValidator XPCSValidator :: PtValdator

XPCSValidator :: CrkTypeValidator

Figure D6. Validation module objects
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User Interface Design
The user interface design will be managed dynamically with FDOT staff, within the bounds of the
interface requirements as described in the Mobile XPCS SRD.

Data Architecture
This section of the design will discuss the database schema and design decisions made regarding how
data is stored in the XPCS system.

Database Management System Architecture
The database schema used to represent the inspection data and security settings is shown in Figure D7.
The individual objects within this schema are discussed in detail within this section.

Data Conversion

Currently existing survey data exist in the form of SAS datasheets. FDOT has provided a data dump of
all their historical PCS data as excel spreadsheets for inclusion in the XPCS database. ARA will develop a
“one time application” export of the data into the XPCS database. No further data conversion is
required.

Security

Security in the XPCS system is handled via the SecurityManager module. This module allows for the
specification of usergroups and actiongroups. By default, there exists a usergroup called
“administrators” and an actiongroup called “All Actions” which is automatically populated with new
actions and over which they are given the highest level of access (Create/Destroy). While more groups
are possible, FDOT’s requirements only call for two levels of (non-administrator) permissions: office and
field users. As the relevant security actions are discovered, they will be placed into actiongroups
specifically set up for each of these usergroups. The user interface code can then check these
permissions via the SecOps object and enable/disable user controls as required in order to present them
with only valid options.

Appendix D: Software Design Document: Mobile Component 98



- RouteSections: Routes
Sections
PK,FK2 | PlanID ».| PK | PlanID
PK | SecDatalD < PK,FK1 DatalD ld - P RouteAssignments
<
PK,FK2 | PlaniD
CountyCode DriveReveresed ’ UserlD
SectionID PK,FK1 | UserlD
SubsectionlD
“ ! DueDate
A
FlexibleInspectionData
PK,FK1 | SegmentID SecUserActionPerms
PK Year PK,FK1 | UserlD
PK RunAttempt y ser
Segments v PK,FK2 | ActionlD
FK2 UserlD <
PK | SegmentID Accepted SecUsers o — PermissionsLevel
— WheelCrackingCode PK | UserlD .
FK1 g:::atam PredomRavelLane g PK | ActionlD
EMP RuttingRating UserPasshash a
SurfaceType PatchingExtent UserEmail Category
yp AreaCrackingPresence A Description
A Comments AA
ProfilerRutting
ProfilerlRI
ProfilerRideNumber
1 SecUserActiongroupPerm
RigidInspectionData PK,FK1 | UserlD
T i ActiongrouplD
PK,FK1 | SegmentID SecUserMembership PK,FK3 | ActiongroupiD
PK Year SecUsergroupActionoPerm . N -
PK RunAttempt PK,FK2 | UsergrouplD PermissionsLevel SecActionMembership
PK,FK1 | UserlD PK.FK1 | UserarouplD PK,FK2 | ActiongrouplD
PK,FK2 | ActionID - g Actionaroupll)
FK2 | UserlD -FK2 | ActionlD PK ActoiniD
Accepted —
LiTransCrackCount PermissionsLevel FKA ActionID
MTransCrackCount
STransCrackCount A\ 4
LLongCrackCount SecActionGroups
MLongCrackCount r -
SLongCrackCount A 4 A PK | ActiongroupID <
MSpallCount SecUsergroups
SSpallCount ActiongroupName
MCornerCrackCount PK | UsergroupiD A
SCornerCrackCount U N
FPatchingCount sergroupName
PPatchingCount A
MShatteredCount
SShatteredCount ValidationRules
MSurfaceDetCount PK | InputDescriptor SecUsergroupActiongroupPerm
SSurfaceDetCount ‘nputlescriptor PKFK1 | UserarouniD
LPumpingCount . g J—L,
MPumpingCount RuleDescriptor PK,FK2 | ActiongrouplD
SPumpingCount .
JointCondition PermissionsLevel
SlabLength
MultipleCrackCount
ProfilerRI
ProfilerRideNum

Figure D7. Overall database schema

Capacity

The XPCS system has more pitfalls in terms of complexity in the business logic than in data capacity
issues. The amount of data being collected and used is relatively small (in the requirements
documentation, 10 GB is the upper limit given and that falls far above what is likely to be produced
under any likely scenario).

As such, we are free to use what would normally be bulk operations in order to overcome certain
technical limitations of the system. For example, the (currently) disconnected nature of the data
collection vans necessitates backing up the van database, copying it to a portable device (flash drive,
etc.), and restoring it on a database server that can be reached by the XPCS office software in order to
begin synchronization (and then reversing the process to get the synchronized data back to the van). If
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this system were more data intensive, this process would be onerous.

Performance and Timing

The Mobile XPCS database will be developed with performance in mind. However, performance is not
critical to the operation of the application. Due to the small amount of data the application is required
to handle, and the performance boost given utilizing an object-oriented “Active Record” design pattern
we expect performance to be at better than acceptable levels.

It is much more important that the Mobile XPCS application have increased performance due to the live
nature of the application. This is especially importation with regards to the MapPoint Navigation user
interface. These performance goals will be realized within the Office XPCS Application due to the close
nature of the two programs.

Error Handling

The Mobile XPCS application will utilize C# standard exception handling and will output data dump files
to the program directory or users directory when application errors occur. This will help users pinpoint
bugs and enable faster turnaround for managing bug resolution. In addition, the users will have access
to the Mantis bug reporting system website for the XPCS application and will be able to report bugs and
monitor their resolution in a timely manner.

Adaptability

In general, the system’s adaptability comes primarily from the parameterization of the validation logic
and the extensibility of the security system and the reports. The system should easily expand to further
survey vans.
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Description

As a part of the improvement process, ARA and FDOT started with the existing workflow of the current
Pavement Condition Survey (PCS) process to determine how to what features and routines should be
included in the Extended Pavement Condition Survey (XPCS). This appendix contains a series of
flowcharts that show the original process and the process as modified by the XPCS system. Please note
that the original process flowchart (Figure E1 through Figure E6) is based on an Excel spreadsheet
created by the State Materials Office (SMOQ). Another item that may be compared between the original
and modified process charts are the step numbers; the numbers from the original process were
maintained which means that processes that are no longer required have created skips in the
numbering within the enhanced workflow. This is intentional to maintain a link between the two
process charts.

Pavement Condition Survey Process Workflow

(Mainframe and SAS)

(Excel, SAS, and Mainframe)

Figure E1. Overview of PCS process
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-Load Finalized Data from PMO into New Mainframe SAS
Datasets
-Remove previous year's data in preparation for new
survey
-New menu to input data is built for PCS Operators

-Create text file from SAS dataset

-Download to Local Area Network (LAN) in
preparation for new survey. (SAS 9.2 for
PC used to download data from
Mainframe)

-Load text file into

spreadsheet using Excel
Macro

-Builds "Master" Workbook
for Flexible and Rigid,
(contain all counties to be
tested

EN

-County workbook generated by
Excel Macro from the "Master"
Workbook

-Copy to USB Thumb Drive

Gather all materials/reports and
proceed with field testing.

-Log onto intranet
-Locate SLD's and Keysheets for
county

-Copy to USB ThumbDrive

=]

Print section map as
needed.

-Logon to Mainframe
(SAS AF)

-Run RCl report for county
(Provides details for
roadways that differ from
previous years survey)

Log onto Iview

(Department GIS) and
research each section
in question.

Operator confident about
location of
each county section?

Figue E2. PS workflow, pag 1
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-Launch WinProlin van
-Enter information from County Workbook

Operator carries paper reports . q
and electronic dataon USB Thumb Ecelnibatalcolicction
Drive to van

(=]

-Operator collects data on selected
roadway

-Makes noteson printed Excel Workbook of
observed defects

-If Rigid Pavement, make second pass to
collect detailed defects

Does section need partitioning into smaller
segments based on observed condition?

-Data collection is completed and data is
stored in three binary files (*.E01, *.P01,
*.V01). (The numeric sequence of the file
extension can increase if multiple runs are
made on the same section (*.E02, *.P02,
*.V02, etc))

Binary files are processedby WinReportlto
generate report. Report output consists of
*.60x text files.

County Excel Workbook -

Macro loads*.601 file report
into spreadsheet.

(2]

Various error checking conditional
formats and formulas in Excel verify data
and alerts operator if ReRun is necessary.

(Follow ReRun Flowchart below)

(=]

Operatorcarries completed Hand
Written Workbook with defects,
Electronic Excel Workbookand Raw
Profiler Data files to office on USB
Thumb Drive

Note 1:

Software used for Data Collection
and Reporting is Copyright
International Cybernetics
Corporation

-Operator partitionssection with WinProl
-Makes note on hard copy defect sheet

Was section partitioned based on pavement
condition?

County Excel Workbookis updated to reflect
changes.

(2]

Last section in county?

Figure E3. PCS workflow, page 2
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Operator carries completed
Hand Written Workbook with
defects, Electronic Excel
Workbook and Raw Profiler
Data files to office on USB
Thumb Drive

-Research (on departmen

Intranet sites)all New
Pavement (Type=7) sections
for county to find
appropriate FIN
-Enters FIN into same Excel
workbook used to load
profiler data in field

Limits of FIN found on intranet
match actual tested limits in
the field?

Are the field tested limits
> 0.100 mile of limits found
on intranet?

-Change mileposts
of actual test limits
to match FDOT
database limits.

Leave milepost limits as
tested in field.

Excel Macro EI

uploads data as

[users high level -Corrects errors in
qualifier].csv to Excel workbook
Mainframe profile

-Log into Mainframe (SAS
AF)
-Import CSV file to dataset

Any errors in edit check
or compare reports?

-Run mainframe edit checks
-Run Compare reports (Last
Year to Current)

Manual Line by Line County data
Comparison between: submitted to Admin
(1) Printed laser profiler files Asst

and

(2) hand entered defects from

Field Worksheet Compared to

the Final Electronic Excel

Workbook

Return data to
operator for
corrections

Errors Found?

Final County Folder is
assembled and
submitted to PCS
Administrator for
review

Figure E4. PCS workflow, page 3
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Final County Folder is
assembled and submitted to
PCS Administrator for review

-Download SAS Datasets
-Store on LAN-Convert to Excel (PC-

SAS 9.2)

-Excel macro builds

reports
-Send Flexible Data to
District for Verification

-Run editcheck report
-Run compare reports for
Flexible and Rigid PCS Datasets

Log on!o

Mainframe and
send Flex and Rigid
data to PMO for
further edit checks

Send errors back to PCS
Administrator for
corrections

Errors Found?

Log onto Mainframe and
runs program (SAS AF) to
combine datasets into

one final dataset (Flatfile)

Last county tested for
Annual Survey?

Errors Found?

Errors Found by
PMO?

Flexible and Rigid Data
Finalized by PMO

Figure E5. PCS workflow, page 4
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Legend & Acronyms

PCS= Pavement Condition Survey

PMO= Pavement Management Office

RCl= Roadway Characteristics Inventory

SLD= Straight Line Diagram (Per Roadway ID)

Keysheet= County Map containing Roadway ID’s

FIN= Financial Identification Number (aka, Project Number)

Final County Folder= Contains all reports from Mainframe and Excel Workbooks

Figure E6. Legend and acronyms used in workflow charts
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-Load Finalized Data from PMO into PCS SQL Server 2008
database.

Export data from the SQL

Server database into county
based spreadsheets.
(Optional)

[« ]

Copy PCS database to thumb
drive.

Gather all materials/reports and
proceed with field testing.

-Log onto intranet

-Locate SLD's and Keysheets for
county
-Copy to USB ThumbDrive

Are the SLD’s and keysheets
necessary anymore?

(=]

Print section map as
needed.

-Logon to Office XPCS
Application

-Run RCI report for county
(Automatically updates
PCS database with RCI
changes, and generates
report detailing changes)

Log onto Iview

(Department GIS) and
research each section
in question.

Operator confident about
location of
each county section?

Figure E7. Enhanced workflow, page 1
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(=]

-Launch WinPro in van
- Restore XPCS database
Operator carries paper reports -Launch Mobile XPCS Application
and electronic data on USB Thumb -Enter information from XPCS application in
WinPro

Drive to van
-Begin Data Collection

Note 1:
Software used for Data Collection
and Reporting is Copyright
International Cybernetics
Corporation

(=]

-Operator collects data on selected
roadway

-Makes notes in Mobile XPCS application of
observed defects

-If Rigid Pavement, make second pass to
collect detailed defects

Does section need partitioning into smaller
segments based on observed condition?

-Operator partitions section with WinPro
-Operator partitions section in mobile XPCS

app

-Data collection is completed and data is
stored in three binary files (*.E01, *.P01,
*.V01). (The numeric sequence of the file
extension can increase if multiple runs are
made on the same section (*.E02, *.P02,

*V02, etc))

Binary files are processed by WinReport to
generate report. Report output consists of
*.60x text files.

Mobile XPCS app loads*.601
file report into PCS database
for validation.

Various error checking conditional
formats and formulas in the mobile XPCS
app verify data and alerts operator if
ReRun is necessary. (Follow ReRun

Flowchart below)
Last section in county?

Operator backs up PCS database and
puts .bak file on USB key. USB key is
taken back to the office for data
transfer and synchronization.

Figure E8. Enhanced workflow, page 2
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Operator backs up PCS
database and puts .bak file on
USB key. USB key is taken back

to the office for data transfer
and synchronization.

-Research (on department
Intranet sites)all New
Pavement (Type=7) sections
for county to find
appropriate FIN
-Enters FIN into office XPCS
app for that section.

Limits of FIN found on intranet
match actual tested limits in
the field?

Are the field tested limits
> 0.100 mile of limits found
on intranet?

-Change mileposts
of actual test limits
to match FDOT
database limits.

-Run office XPCS edit
checks
-Run office XPCS validation
checks (Last Year to
Current)

(=]

Manual Line by Line
Comparison between:
(1) Printed laser profiler files

and
(2) Office XPCS test sections

Errors Found?

PCS Database is now
ready for PCS
administrative review

Leave milepost limits as
tested in field.

-Corrects errors in
office XPCS app.

Any errors in edit checks
or validation?

Run XPCS Data Synchronizer

Admin Assistant
reviews PCS
database in office

XPCS app

Figure E9. Enhanced workflow, page 3
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PCS Database is now ready for
PCS administrative review

- Office XPCS app

generates county reports
-Send Flexible Data to
District for Verification

Last county tested for
Annual Survey?

-Run editcheck report
-Run compare reports for
Flexible and Rigid PCS Datasets

Log on!o

Mainframe and
send Flex and Rigid
data to PMO for
further edit checks

Send errors back to PCS
Administrator for
corrections

Errors Found?

Errors Found?

Errors Found by
PMO?

Flexible and Rigid Data
Finalized by PMO

Figure E10. Enhanced workflow, page 4
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