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ProVAL User’s Guide / Introduction

INTRODUCTION

ProVAL (Profile Viewing and Analysis) is an engineering software application that allows you to view and
analyze longitudinal pavement profiles in many different ways. You can import profiles from vatious other
formats and view them in the Viewer window. If needed, you can edit profile information and manipulate
the profiles using the Profile Editor. Entire analysis projects can be saved, which preserves user information
and analysis inputs. After analyses have been performed, you can print a report of the original profile and
the results of any analyses.

The purpose of this document is to describe all software operations and hardware requirements for
ProVAL.
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PROVAL INSTALLATION

Hardware

P While ProVAL should run on any system from the past several years, we recommend at least
the following for the most pleasant experience:

P 2 GHz processor,
» 2 GBRAM,
P 1440x900 display resolution (if widescreen display); 1280x960 resolution (for non-widescreen)

Software

The minimum supported operating system is Windows 7 SP 1 (32 or 64 bit). Microsoft NET Framework
4.5.2 is required.

Installation

If the minimum version of the NET Framework is not installed, it will be downloaded (if necessaty) and
installed.

Previous versions of ProVAL 3.6 will be automatically removed. If installed, ProVAL 3.5 and any older
versions will remain.

After obtaining the ProVAL installation file (normally named as ProVAL 3.xx.xxxx.exe), launch the
executable installation kit and follow the ProVAL Installation Wizard to complete the process. If the
downloaded file is in a zipped form (*.zip), you will need to unzip the file and run the unzipped executable
file (*.exe).

Installation Wizard

Step 1. Run the installation file. A dialog box displays the progress of extracting and copying the necessary
installation files.
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Step 2. The ProVAL End-User License Agreement screen is shown. Read the Agreement and select “I
accept the terms in the License Agreement.” Click the Next button to continue the process.

If you are installing the same version, the “Modify, Repair or Remove installation” window will show
up instead. Select the desired action and proceed. The following steps show only for the new
installation process.

Step 3. The “Select Installation Folder” prompts for you to either use the default installation folder
(recommended) or select a different folder. If all is well, click the Install button to proceed.

Step 4. The installation process may take a moment while the progress bar shows the installation status.

Step 5. When the installation is complete, the final window of the ProVAL Installation Wizard will display.
Click Finish. Navigate to ProVAL 3.6 (All Programs » FHWA) and launch the application to begin. Have
fun!
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GETTING STARTED

Welcome Wizard

Launch ProVAL by locating All Programs » FHWA » ProVAL 3.6.

If no eatlier versions of ProVAL are installed, the first time the software is started a welcome screen will ask
you some basic questions:

>

[ g

>
>

Unit System — Checking the “Use SI Units” would enable SI unit system, otherwise the
application will be in USCS unit system.

Enable Recording Log — Check this option to help with reporting bugs by saving logs of
software operations.

Default File Type — Select the default file type when adding profile data.

Default Project Path — Select the default project path to speed up file lookup.

This gives you a convenient way to specify preferences. The Welcome Wizard only shows once after each
installation. You can also modify those settings later on by using the Options dialog box.

Behavior of User Interface

The following describes the behavior of the ProVAL Graphical User Interface (GUI):

>
>
>

The window position is saved.

The software complies with Section 508 accessibility requirements.

Allows you to minimize navigation elements and analysis inputs to maximize screen real-
estate.
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Home Screen

This is the starting screen when no project is currently open. It consists of three main sections: the toolbar,
Recent Projects, and ProVAL Online (if the Internet is accessible and the “Show Online Content on the
Start Page” is selected in the program Options screen).

F % B @ —J(=
= |
(o
MNew  Open
Recent Projects ProVAL Online
News

Friday, August 26,2016 ProVAL 3.61.17 Released

Monday, August 08, 2006 Continue ProVAL Support with TPF

Tuesday, July 26,2016 ProVAL 3.61.14 Released

Tuesday, July12,2016 ProVAL 3.61.13 Released

Thursday, June 23,2006 ProVAL 3.61.11 Released

Thursday, June16, 2016 New Profile Pooled Fund Study

Thursday, June 09, 2016 ProVAL 3.61.10 Released

Friday, May 20,2016 ProVAL 3.61 Released

Thursday, April 07,2016 ProVAL 3.60 Released

Wednesday, March 03, 2016 ProVAL 3.6 to be released
Workshops
No upcoming workshops.

b

If the Internet is not available, the ProVAL Online section will be blank or on rare occasions, the “Action
canceled” message will be displayed instead.

Under Recent Projects are listed recently analyzed and saved projects. The most recent unsaved project, if
any, will be in the lower left corner.

The Getting Started menu has the following features:

B New: Create a new project.
P Open: Open a previously saved project by specifying the path and filename.
P Clear History: Clear the list of recent projects and unsaved projects.

The Tools menu includes:

P Screenshot: Store a screenshot of the entire application to the Windows clipboard.

P Options: Allows you to customize several features of the application. See the Options
section for details.

P Manage Analysis Templates: Import and export analysis templates.

P Resources
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Save Logs: Save event logs in zip format in order to report bugs or issues.

User’s Guide: This opens the PDF version of the ProVAL User’s manual for viewing,.
Release Notes: Summary of changes in the current and previous ProVAL versions.
Support. Online help via the ProVAL website.

About. About window to show version number and other information.

O O O O O

The Recent Projects screen has the following features:

>

List of recent projects and most recent unsaved project, if any.

The ProVAL Online screen has the following features:

>

Shows the latest news and upcoming workshops. You can elect to turn this off in the
Options.

Once a project has been created or opened, the Project menu contains the following items:

>

>
>
>

Close Project: Close the current project.

Add Files: Add profile data to the current project.

Save: Save the current project or save as a different project.
Report: Create an Excel, Text, or PDF report.

File and Project Management

The file and project management in ProVAL is detailed as follows:

>
>

ProVAL can open ProVAL project files and ProVAL-compatible profile data files.

You may have multiple instances of ProVAL on the same computer. Each instance of the
software can have only one project open. The same file or project cannot be opened in
multiple instances.

The project file (*.pvp) contains both project settings and profile data (stored in PPF formats
- ProVAL’s native data format as well as the ASTM International standard format).

Previous versions of projects (e.g., *.pv3, *.pv2, and associated *.ppf files) can be imported.
Individual profile data files can be extracted in PPF format from the project file in the Viewer
window.

The project files can be opened using standard Windows techniques, including dialog boxes
(i.e., via Open button on the home screen or Open menu from the application menu), drag-
and-drop (i.e., drag a project file from Windows explorer to the ProVAL application areas),
most recently used (MRU) files (i.e., from the Application Menu/Recent Projects ot simply
clicking any recent project listed on the panel under the Getting Started of the ProVAL
starting page), and file association (i.e., double-clicking a *.pvp, *.pv3, or*.pv2 file within the
Windows explorer).

Once a project is active, profile data files can be imported using the Add Files button on the
toolbar or the drag-and-drop option (i.e., drag from Windows explorer to the ProVAL
application ateas, either to the list of profiles or directly to the chart).

Profile data files can also be imported using file association (i.e., double-clicking any ProVAL-
compatible data files such as *.ppf, *.erd, etc. within the Windows explorer). An “Untitled”
project will be created automatically. Users can then use Save As to save it to another
filename or simply discard it (the latter is useful for a quick view of data without saving any
projects).
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Add Files

You can use the Add Files button in the toolbar to select and add profile data files to the current project.

9|9 ","?A’OI'II

Close |AddFiles' Save Report || Viewer | Editor Analysis | Analysis
RQ v

S Al

A dialog box will appear when you click the Add Files button. Files of the Default File Type set in the
Options are displayed. To view other file types, use the dropdown menu.

- G

G Provat 36 Sompics » Dataimpor b | seochvetoimpo 5|

Organize * Mew folder =~ 0 @
¥ Favorites * Name Date medified Type
Bl Desktop |+'| 00_Basic_Sample 1/31/2011 2:37 PM Pavemnent Profile
¥ Downloads

“El Recent Places

m

4 Libraries
@ Documents
J‘ Music
[ Pictures
B Videos I

18 Computer
& os(c)
5 hfs (\\dataserver]
58 ic (\\dataserver) | Il

4| m | 3

File name: - i -

All Files (*.*)

Armes (*.ard, *.adf, *.|df)

Dipstick (*.ehv)
Dynatest (*.rsp) —
ERD (*.erd)

KlLaw (*.a*, *.E"]

Texas (*.pro)

ProVAL-Compatible File Formats

ProVAL recognizes the following file types. The file extension is listed in parentheses after the description:

B ProVAL 3.1+ Project and embedded data file (pvp)

P ProVAL 3.0 Project and embedded data file (pv3)

B ProVAL 2 Project (pv2) (note that the associated ppf files need to be within the same folder
as the pv2 file)

P Pavement Profile File (ppf): This is based on the native file specification of ProVAL. Itis a
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very efficient and secure format. The latest ppf specifications can be downloaded from the
ProVAL website. This format is the basis for the ASTM Profile Data standard.

P ERD (erd): ProVAL recognizes both text formats, and the two 4-byte floating-point binary
formats. Information about the ERD files can be found on the UMTRI website
(http:/ /www.umtri.umich.edu/out-results /publications/erd-file-format-storage-and-analysis-
road-profiles). The profile data and most of the header information ate also imported.

P Dipstick (elv) files: They are Dipstick data in text format without any headers.

P KJLaw Text files (a*): These files usually end with file extensions such as "a01", "a02", etc.
The profile data and most of the header information are also imported.

P KJLaw Binary files (p*): These files usually end with file extensions such as "p01", "p02", etc.
The profile data and most of the header information are also imported.

P Dynatest RSP File (rsp): These files are generated by the field program of Dynatest Mark 11
or III (version 35.00 or above). The rsp event markers and GPS information can be also
imported.

B TxDOT (pro): ProVAL can import the newer TxDOT “pro” format. Event markers will
also be imported.

P Ames File (ard, adf, 1df,): These are file formats (adf is newer than 1df) generated by the
Ames profiler field programs. The GPS information and event markers can also be
imported. Additional event markers for the lead-in and lead-out locations may be added.

File Import Wizard

ProVAL can also import generic files in text format using a File Import Wizard. The generic text file needs
to consist of profile data in column(s) and separated by a symbol. There shall not be blank lines or other
non-data lines in the data block. The file headers are optional and will be skipped during file import. Itis
recommended to inspect the data using a text editor and find out additional information about the profile
before using the File Import Wizard.

The steps to import such files are as follows:

P Use the Add Files button to start the Open file dialog box.

S s HY %@ Ik

Close ‘Add Files| Save Report L\ﬁewer Editor Analysis | Analysis |

RQ | -~

Project

B Sclect “All Files” under the Files of type selection and select a generic text file.
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&' Open E
@@ | « Samplefiles » PV36 » Dataimport « [ ¢ || Search Data import o

Organize « Mew folder ==« 0 @
*  MName . Date modified Type i
4 Libraries o ]
@ 5 " |+'| 00_Basic_Sample 10/29/2001 10:29 ...  ERD Profi
oCuUments
J’ s |='| 00_Basic_Sample 1/31/2011 2:37 PM Pavemen
UsIC .
o ot [ 01_Dipstick.ELV 2/16/2005747 AM  ELV File
ICtures
& v ] 02_Paveset.pvst 1/13/2005116 PM_ PVST File
eees || 03_FHWA-IP.BOL 0/1/20113:25PM  BOL File
- (] 04_Ames.LDF 8/4/2006 420 AM  LDFFile |,
[ t E
LRI [ 05_Ames.adf 4/2/20071:57PM ADF File
& os(c) E
L 1) [ 06_BinaryERD.BIN 12/9/2002202PM  EINFile
1ora H
=5 (\r:d i ] 06_BinaryERD 12/9/2002202PM  ERD Profi
= Z:c ) Z“ENE' || 07_Dynatest RSP 2/2/2007802PM RSP File
= = ::r ) || 08_KLawText.P02 6/30/2005341 PM P03 File
= 5o \;’e L || 09_TxDOTPro.pro 7/30/2004 1142 AM  PRO File
Ic ataserver] —
= el ) | 10_Ames-w-leaveouts.adf 1/6/2012 12:43 PM ADF File
11 Tl T Nem sai lmmssmms e e ANAALINTT 1NN non Cil~ S
€ Metwork RN LI} | *
File name: 02_Paveset.pvst - [Aii Files (.7} V]
’ Open ] [ Cancel ]

# A File Import Wizard will pop up with a table displaying the first 100 rows of information
from the file. Note that the File Import Wizard will also launch when the imported ProVAL-
compatible format is corrupted.

Fill in information including: Sample Interval, Sample Interval Unit, Elevation Unit, Decimal
Symbol, and Data Starting Row. As the correct Data Starting Row is selected, several
selections of data types will be displayed depending on the number of columns in the data
block.

Select the correct data type from the following options for each data column: Left, Center,
Right, Unknown Location, or Not a Profile.
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File Import Wizard
Inputs

File 02_Paveset.pvst v| Type Text
~ 87330

Sample Interval
Sample Interval Unit
Elevation Unit
Decimal Symbol
Data Starting Row

51 =

52 | records:

53 |873.30,0.00, -47.74

54 873.40,000,-47.74

55 |873.51,0.00, -47.74 =l

56 |873.61,0.00, -47.74

57 |873.72,0.00, -47.74

58 873.82,0.00, -47.74

Mext = || Cancel

# Click Next> and Finish to import and save the file into the current project.

Basic Operation

A step-by-step process for a typical viewing and analysis is as follows:

P Step 1: Start a new ProVAL project using the New button on the ProVAL home screen and
it creates an “Untitled” project. You can elect to save it as another file name. Let’s leave it for
now.

P Step 2: Use the Add Files button on the ProVAL toolbar to select profile data to be
imported.

B Step 3: After adding a file, a thumbnail of its profile will be added to the list with imported
profiles available for selection.
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Mm% B o

w ) +
=
Close  AddFiles  Save

P ‘ Qg' G " = W Show Events
L ] = Use Mileposts
Viewer| Editor Analysis  Analysis N
Project - PSD - 5 Units -
150-5280 X e
LElev.
RElev.

analysis functions.

P Step 4: Select or de-select the desired profiles by clicking the corresponding checkboxes.
Selected profile traces will be displayed on the chart. You can then proceed with viewing and

Report Functions

The Report button, once clicked with a mouse, lists options for report functions. Select the location and
type of report. The export functions include: Excel, Text, and PDF.

P Excel: Save report data to various Excel worksheets.
P Text: Save report data in various text files.

B PDF: Generate a secured PDF report.

Click Create to generate the report(s). Select Open folder to view the report folder in Windows
Explorer or choose a file and click Open file to view the selected report.
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=)

|
I Folder for reports

C:\Users\Public\Documents\ProVAL 3.6 Samples

Summary reports Files
[ )0 poF
EEA Secure POF with charts.
x\ Excel
Includes analysis tables only.
| Tex
Text file for each table.
Detailed reports
.x\ Excel
Includes all data.
[ Tex
Includes all data.

Create Open folder Open file

Reports contain the data from the current module — the Viewer or one of the analysis modules. To
generate a report in any module besides the Viewer, first run the analysis. File names are
automatically selected based on the project name and analysis type. New reports overwrite any older
files with the same name at that location.

Charts in the Viewer and some analysis screens can also be exported as images to either files or the
Clipboard in the PNG format. See Viewer and Analyses sections for details.
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Print to PDF

After viewing profiles or finishing an analysis, you can click the Report button and select PDF to generate a
“secured” PDF report that cannot be modified.

If the option to use the alternate chart template is selected in the Options, the alternate chart colors will be
printed.

==

Options
General Settings | Analysis | Chart Style ]I Alternate Chart Colors I
[ Use SI Units
! Enable Recording Log

& Show Online Content on the Start Page

M Use Alternate Chart Template for printing and PDF reports. I

Default File Type Al -

Spreadsheet Program C:\Program Files\Microsoft Office 15\root\officel S\EXCEL EXE | Browse... |
Default Project Path C:\Users\Public\Documents\ProVAL 3.6 Samples | Browse. |
Bing Maps License Key

OK Cancel

The secure PDF has the following restrictions:
P Changing the document

Document assembly

Page extraction

Commenting

Filling of form fields (NA)

Signing

¥ ¥y vywyy

Creation of template pages
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Document Propertis

[ | DSClip’(ion| Security | Fonts I Initial View | Custom | Advanced|

Document Security

The document's Security Method restricts what can be dene to the document. To remove security
restrictions, set the Security Method to Mo Security.

Security Method: | Password Security - | Change Settings... |

Can be Opened by:  Acrobat 3.0 and later Show Details...

All contents of the document are encrypted and search engines cannot access the document's
metadata.

Document Restrictions Summary
Printing:  Allowed
Changing the Document: Mot Allowed
Document Assembly: Mot Allowed
Content Copying:  Allowed
Content Copying for Accessibility:  Allowed
Page Extraction: Mot Allowed
Commenting: Mot Allowed
Filling of form fields: Mot Allowed
Signing: Mot Allowed

Creation of Template Pages:  Not Allowed

& ) [om
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Export to Excel

Chart and table data from all profile analyses can be exported to Excel files by clicking the Report button
and selecting Excel. Detailed reports include all data. For continuous roughness reports these will include
every data point. Summary reports only list defective segments. Fach exported Excel file contains analysis
results from a specific profile trace.

Folder for reports

C:\Users\Public\Documents\ProVAL 3.6 Samples

Surmmary reports Files

| PDF 12 SAM_Sample - SAM - Profile_Full - Left.dsx
pl
EER Secure PDF with charts.

i’ Excel
Includes analysis tables only.
[25 Text

12_SAM_Sample - SAM - Profile_Full - Right.xlsx

Text file for each table.
Detailed reports

y
g | Excel

Includes all data.

[25 Text

Includes all data.

’ Open folder ” Open file ]

Users can launch the Excel application and open the ProVAL-exported Excel files. For each worksheet
within an Excel file, data will be arranged in columns with appropriate headings and units.

Data in tables and charts will be saved to each worksheet for post processing (such as: plug in pay
schedule for bonus/ penalty computation). Due to limitation of rows in Excel 2003 and eatlier, you
should be cautious when exporting data that exceeds 65,536 rows (including the data column
headers). Excel 2007 and later have a maximum of 1,048,576 rows. Report charts will not be
included in the exported Excel files. However, you can use the ProVAL built-in screenshot tool
button to export chart images to the Windows clipboard, then insert into other documents or
spreadsheets.

Save to Text

Chart and table data from all profile analyses can be exported to text files by clicking the Report button and
selecting Text. Detailed reports include all data. For continuous roughness reports these will include every
data point. Summary reports only list defective segments. One or more files will be generated for the
analysis results from the data sets.
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The text file names correspond to each data set. The text files can then easily be viewed in any text editor or
for any data submission or post processing.

Utility Functions

There are several utility functions in ProVAL for various purposes.
Screenshot Tool
A built-in screenshot tool is included. By clicking the Screenshot button on the toolbat, a screenshot of the

entire application will be stored in the Windows clipboard. You can then open any other Windows
application (such as MS Word) and paste the screenshot there.

o' |E|%K B @~

Copy-Table-to-Clipboard Tool

By clicking any table results with the mouse while using the right mouse button, the entire table can be
stored in the Windows clipboard. Selecting Copy table to Clipboard includes the column headers.
Alternatively, choose Copy table without column names. You can then open any other Windows
application (such as MS Word) and paste the table results there.

% Chan [TT500) & B
et Seop Length LESev, - I
Distance ift) Distance (1) i (nv'ore)
000 52305 52205 18282
S2805 105610 528,05 18255
105630 158415 S28.05 17836
158415 212 S2205 2357
e 268026 s2.05 18944
Copy table 10 Chpboard 31683 2808 18508
Copy table without column naemes I 360636 2805 17603
2.L0% 26 Laaa s5805 18015
244 475248 52805 17663
475246 528051 52805 17663
5205 528527 i ms
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Options

User preferences are divided into four areas: General Settings, Analysis, Chart Style, and Alternate Chart

Colots.

General

Settings

Under General Settings, you can change the following to fit your needs:

>

>

Use SI Units: If checked, SI units will be applied to the application; if not, USCS units will
be used.

Enable Recording Log: If checked, event logs would be recorded. Enabling this option is
recommended and will enable Support to easier diagnose issues.

Show Online Content on the Start Page: If checked, the ProVAL Online section will be
displayed on the application home screen.

Use Alternate Chart Template for printing and PDF reports: If checked, the chart
format on the Alternate Chart Colors tab will be used when printing charts and creating
PDFs. If unchecked, the format on the Chart Style tab will be used.

Default File Type: Used to set the default file type for the Add Files dialog box.
Spreadsheet Program: ProVAL will automatically search for MS Excel and put the location
of it here. If Excel was not found or you prefer to use another program, you can browse for
it here.

Default Project Path: Very useful setting to allow you to quickly access profile data in a
frequently used path.

Bing Maps License Key: If you have your own license key for Bing Maps, you may enter it
here.

7

Options ‘

General Settings | Analysis | Chart Style | Alternate Chart Colors
Use ST Units

/] Enable Recording Log
/] Show Online Content on the Start Page

Use Alternate Chart Template for printing and PDF reports.

Default File Type Pavermnent Profile (ppf) - |
Spreadsheet Program C\Program Files\Microsoft Office 15\root\officel S\EXCEL.EXE Browse...
Default Project Path CihUsers\kiran\Documnents\Projects\ 214032 - SH183ML\Paverr Browse...

Bing Maps License Key

Analysis

The following can be set using this utility:

>
>

Selected Analyses: Any analyses that are checked will be displayed in the Analysis menu.
Default Analysis: Set the default analysis that is displayed on the toolbar for easy access.
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Chart Color Templates

A default color template is provided. A color template defines the chart’s background color, line styles, and
axis fonts. A line style specifies the line color, pattern, and thickness. On each chart the first dataset plotted
will be formatted according to line style 1, the second in line style 2, etc. The template defined on the Chart

Style tab is generally used. If Use Alternate Chart Template is selected in the Options, the alternate chart
colors are used when printing and generating PDF reports.

General Settings | Analysis | Chart Style | Alternate Chart Colors

Auis Font... |

Background Color [ OldLace -

00 =l @ N e L P

Puis
=
w

Line Color I Fed -
Line Pattern Solid -
Line Thickness 7“
Bois X
oK | | Cancel |
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Options

General Settings | Analysis | Chart Style | Alternate Chart Colors

Axis Font...

Background Color [1 White -

Aods ¥
]

Line Color I GBlack -
Line Pattern Solid -
Line Thickness 71:
Axis X
oK | ‘ Cancel

Chart Controls

A common chart is used throughout the software. This feature helps you become familiar with consistent
chart layouts. Specific features include:

P Scroll Bars: Both horizontal and vertical. Only available when zooming into a portion of a
chart.

P Zoom History (backward and forward arrows): Preserve the zoom history so that you can
zoom back and forth, similar to back and forward buttons in a Web browser. They will be
activated (in green) only when zooming to certain levels.

e’ -QOae

P (Zoom) Scale (magnifying glass symbol): When entering this mode, the chart will set a zoom
level equal to a predefined scale. Predefined zoom scales are 0.1 miles, 0.5 miles, and 1 mile
(or 0.1 km, 0.5 km, and 1.0 km if SI unit system is specified in the Options). Zoom scales
cannot be changed at this time.

v QE?IEJ_ - 5

0.5 miles

1.0 mile

4
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P (Overview) “Full” (magnifying glass symbol with a frame): Show the full length of the chart.
= OleER

P Panning: Allows you to ‘grab’ the chart using the right mouse button (the mouse icon would
change into a “hand” symbol) and move it, instead of using the scrollbars.

- A BRS Distance (ft): 1569.6130 Elevation (n): 0.2943

.

M T

4 1/1,/‘/‘/\/\' 8

1,400 1,450 1,500 1,50 1,600 1,650 1,700
Distance (ft)
[—— 00_Basic_Sample_LElev, Ful —— 00_Basic_Sample RElev. Ful |
-

‘ | »

B Copy Image to Clipboard: Allows an image of the chart to be exported to the Windows

Clipboard.
= -0 KR

P Save Image to File: Allows an image of the chart to be exported to a file in the PNG

format.
= -0 ﬁE

A dialog box would pop up for you to save the exported image as a PNG file.

-

Elevation (in)
o

L

.
—

P Print chart: Prints the chart using the standard or alternate chart template, depending on the

Options setting.
o -0 E4 =
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Profile Selection

A group of functions within the Profile Selection menu bar can be used to select one or more profiles.

Select Channels

Five buttons can be used to select all left channels, all middle channels, all right channels, all channels, as well
as clear all selections. This function is available in the Viewer and applicable analyses.

Help and Event Log System

Save Logs

An event log is provided to record any errors that occur. A Recording Log is provided to record all actions
taken by you. This is very useful for debugging. You can opt to turn this off. To save logs for submitting
issues, you can use the application menu and select Help/Save Logs.

A Save As dialog box would prompt for you to save the event log file in zip format to a selected folder.
This file can then be submitted to the ProVAL support team to assist the diagnostics.
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User’s Guide

An electronic User’s Guide (this document) in PDF format can be viewed through the Help menu of the
Home screen.

Release Notes

The release notes in PDF format for this version of ProVAL can be viewed through the Help menu of the
Home screen. This document includes new features, changes, and known issues.

Support

Clicking the Support menu under Help will launch the default web browser on your computer and load the
ProVAL homepage.

About

Clicking the About menu under Help will display the window with information about the version of
ProVAL running, the link to the ProVAL webpage, etc.
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VIEWER

This module is for viewing profiles. Any number of profiles may be selected. Thumbnails of profiles are
displayed on the left of the Viewer screen. Selected profiles will be shown in the chart on the right.

Profile Selection and Display

On the left hand panel of the Viewer screen, all imported files are displayed as thumbnails and available
profiles can be selected to be displayed. Files can be added using the “Add Files” icon within the Project
category on the toolbar.

Compare_01
R [ LElev.
RElev.

v E B

0z
LElev.
RElev.

03
LElev.
RElev.

04
LElev.
RElev.

Elevation (in)

Compare_05
LElev.
RElev.

Ref_LWP_01

LElev.

-

Ref RWP_01

[ RElev.

-

0 50 100 150 200 250 300 350 400 430 500 550
Distance (ft)

Compare_01_LElev. Compare_02_LElev. Compare_03_LElev. Compare_04_LElev. CnmparE_DS_LElev.|

-

‘. »
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Viewing Profile Sections

Clicking a thumbnail with the left mouse button brings up a menu to select which section to view.
Choose from the Full profile or a section that has been created in the Editor. See “Sections and
Event Markers” in this guide for more details on creating sections and selecting the default.

Ride Stats

Section b UseDefault
Rename File v

Delete File

Profile Rename/Delete/Export

The thumbnail menu also includes actions to manipulate files: Rename and Delete. Keep in mind that all

imported profile data is contained within a single project file. Deleting a file will remove it from the project
but will not delete any external files.

File names can be changed by clicking the thumbnail and selecting Rename Profile. Profile names
can be changed by clicking the existing profile names with the right mouse button or the context
menu key and selecting Rename Profile.
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Show Events

Event markers can be turned on and off using the Show Events button on the menu bar. They are

displayed as Flags at the top frame of the chart area. Placing the cursor over an event flag displays the event
name and distance.

M By AKE In

] Use Mileposts
Close AddFiles Save Feport | |[Viewer Editor Analysis | Analysis Mo & Units -
Project . PSD - = - 0
Project [ View Profile Selection | Display
00_Basic_Sample = Chart |ElMap | = = O- || BABR S
LEles. P
o LElev 00_Besic_Sample - My Event - Distance (ft): 1,000.03
W RElev.
15
10
£ 54
[ =
(=]
g
™
-5 f
-10

0 500 1,000 1,500 2,000 2500 3000 3,500 4,000 4,500 5000 5,500
Distance [ft)
[ 30)_Basic_Sample_LElev. Full s 00_Basic_Sample_REev,_Full]
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Use Mileposts

Viewing profiles in milepost fashion can be turned on using the Use Mileposts button on the menu bar.
Both increasing milepost and decreasing milepost can be displayed propetly as long as you defined the
Profiling Direction and Beginning Milepost on the Editor screen.

| Show Events
o e
Ursts .

dlﬂ” J_~ pr—

The following is an Editor screen to define an Fastbound profile in the forward direction and its beginning
milepost.

Editor: Basic File
Location Information IE Map | L | BRRS

3
Samiple Interval (in) 5500037

Length {mile) 53109
Effective bength [mils) 55238
Lead-In Length (ft) a
Lead-Qut Length (ft) 0
Distance Offset (ft) a
Milepost-related inputs

Profiling Direction Forward d

-

Elevation (in)

Beginning Milepost (male) a

=]

Geography
Start Latitude [} a4

Start Longitude 0

Stop Latitude a

Stop Langitude a .2
0 1 2 3 4 5 [

Raute Milepost (mile}
[===Left Wheel Path s Cesiterline == Right Wheel Path]

Create
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The following is an Editor screen to define a Westbound profile in reverse direction and its beginning
milepost.

Editor: Basic Rlef®m - Navigate -

Location Information E‘ Map | 4= =p U~ ERS

Sample Inberval (in) 5.999971
Length [mile) B.O6T2
Effective length (mile) 57089
Lead-In Length (ft) 1]
Lead-Out Length () o

Distance Offset (ft) 0 1 ‘
= " L], ! |

Profiling Direction Reverse - 2 ol | . | g | [fl | il |
& IR o

} Beginning Milepost (mile) 611

Geography

Start Latitude (L] 1=
Start Longitude )
Stop Latitude o

Stop Longitude [} ]

o 1 2 3 4 5 ] T
Milegast (mile)
[ == Left Wheel Path === Centerline —— Right Wheel Fath|
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The following is a Viewer screen for both Eastbound and Westbound profiles with the milepost view

turned off.

™ e EHY A% In

Close AddFiles Save Report

Project -
EB

W] Left Wheel Path
w Centerline
[, | Right Wheel Path
wB

o Left Wheel Path
Centerline
Right Wheel Path

W Show Events
Use Mileposts

Flevation (in)

Viewer Editor A’;ZIKAS‘S Anav\ysls ”) gUmts .
ETmE |« G- R B S
2
1

2 E] 4 5
Distance (mile)

[=—— EB_Left Wheel Path_Full =——— WB_Left Wheel Path_Full|

The following is a Viewer screen for both Eastbound and Westbound profiles with milepost view turned

on.

S b HY A% ¥ I

= b Q% (]

Close AddFiles Save Report | Viewer Editor Analysis | Analysis
SAM -

Project -

Centerline

%:5
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Centerline
.| Right Wheel Path

W/ Left Wheel Path

Right Wheel Path

[ G o |

W Show Events
¥ Use Mileposts
52 units -

2

Elevation (in)
=)

3 4 5 6 7
Milepost (mile)
[=—=EB_Left Wheel Path_Full_mmm== WB_Left Wheel Path_Full|
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Units

The unit system can be specified in the Options by checking or un-checking the Use SI Units option.

Both the distance and elevation units within the selected unit system (in Options) can be selected using the
Units dropdown button on the toolbar.

V| Show Events
| Use Mileposts
2 Uinits -

|| Distance [ Elevation

Miles | Fest

Miles [ inches

feet | feet

| o feet [inches

Map

Current map options include Road and Aerial. When in the Map view, select the map type under the
Map dropdown.

Zoom in and out using the magnifying glass buttons. Alternatively, click or tab to the map and use
the mouse wheel or +/- keys.

Select the location to display using the Locations dropdown. If not automatically detected, the GPS
coordinates of the start and stop locations must be set under Editor/Basic.

Under Export maps can be exported to images, KML, or KMZ files.
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EDITOR

You can select the file to be edited first, then use the Navigate dropdown button to view the Basic,
Events, Sections, Info, and Filtering screens.

M RED AR Iy ===

Close AddFiles Saye Feport | Viewer |Editor | Analysis | Analysis X . .
Project - RQ - 5 Units
Project View Profile Selection Display
Editor: Basic File 00_Basic_Sample - [ Mavigate
Location Information Map | Q- | & =1 W Basic
S — Events
Ri

ﬂl 14 .Eil .Eil Sections

Sample Interval (in) 2483001 Info

Length (mile) 1.0010 12 s Filtering

Basic

The following profile modifications are allowed in the Editor/Basic screen:

Location Information

Reverse: flips the profile so it is a mirror image of the original

Sample Interval: distance between stored sampling points

Length: distance for the entire trace

Effective Length: distance for the trace, omitting leave-out sections.
Lead-In Length: lead-in distance to start location

Lead-Out Length: lead-out distance from the end location

Distance Offset: offset to the start location (i.e., zero distance reference)

YYYYYYY

Click Save to save changes to the location information.
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Editor: Basic

Lecation Information

Reverse

Sample Interval (in) 2483001
Length (mile) 1.0010
Effective length (mile) 0.9063
Lead-In Length (ft) 300
Lead-Out Length (ft) 300
Distance Offset (ft) 0
Milepost-related inputs

Profiling Direction Forward -
Beginning Milepost (mile) 0

Save

Shaded areas will indicate the lead-in and lead-out portions of the profile if assigned as non-zero values.

Editor: Basic File 00_Basic_Sample -
Location Information Map | N | Eil B =]
Reverse
Sample Interval (in) 2.483001
Length (ft) 46852150 121
Effective length (ft) 4185.0070 10+
Lead-In Length (ft) 300.0292 84
Lead-Out Length (ft) 30002 6
Distance Offset (ft) 0 I
Milepost-related inputs g 5
Profiling Direction Forward - g
=R

Beginning Milepaost (mile) ]

-2

44

Geography

Start Latitude 0 - &
Start Longitude 0 81
Stop Latitude 0 -10 T T T T T T T T T - r

-1,000 -500 0 500 1,000 1500 2,000 2,500 3,000 3500 4000 4,500 5,000
Stop Lengitude 0 Distance (ft)

[=—— LElev. = RElev. [ Lead-In & Lead-Out|

Route

Milepost-related Inputs
P Profiling direction: direction regarding the distance reference system (such as: milepost)
P Beginning milepost: reference milepost at the start location

Click Save to save changes to the location information.
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Geography

1t a file includes coordinates, the software attempts to find the start and stop coordinates. Because

coordinates are not always recorded for each data, it is important to verify the discovered information is
correct. 1f a file does not include coordinates, the user must manually set the locations. ProVAL then

attempts to synchronize the profile with a road route. The route and coordinates should not be considered
absolute, but are a guide to supplement distance locations.

YyYYV¥YY

Start Latitude: GPS latitude coordinate of the start location in decimal degrees
Start Longitude: GPS longitude coordinate of the start location in decimal degrees
Stop Latitude: GPS latitude coordinate of the stop location in decimal degrees
Stop Longitude: GPS longitude coordinate of the stop location in decimal degrees

Start and stop locations are marked with flags on the map in the Editor. It is also possible to set start

and stop locations by right-clicking a location on the map in the Editor. From the dropdown menu

select Set start location or Set stop location.

Editor: Basic

Location Information

Sample Interval (in)
Length (ft)

Effective length (ft)
Lead-In Length (ft)
Lead-Out Length (ft)
Distance Offset (ft)
Milepost-related inputs
Profiling Direction

Beginning Milepost (mile)

Geography
Start Latitude
Start Longitude
Stop Latitude

Stop Longitude

Route

Once GPS information is entered, click Create to create the route. An internet connection is

Reverse
5.999931
12225.8600
12225.8600
0
0

0

Forward v

21.279

3252939
-92.45396
3252183

-92.41566

4

File Generic

[ Chart [E]Map | @ @ Locations + Map ~ Export ~ | Location: -92.461882 32.521487

Navigate

Norris Rd

Emory py

€

(80

Tremont

Ga.
> Bing maps

Rocky Ln

0.5 ml

required to see a map and create a route. View the preview in the lower left window. Choose to
Accept or Reject the route. If accepted, you may be prompted to update events that currently have

coordinates.
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Geography
Start Latitude 3252939
Start Longitude -92.45396
Stop Latitude 3252183
Stop Longitude -92.41566
Route
Create ' ‘ Accept ‘ ‘ Reject
S
»
°
Siby,
€Y Rey
<
3
Ry 2
£
\ G
2
& Oyq,
Somppell RS §
3
&
&
©2016 MapQuest ®
m:m OpenStreetMap © Mapbox
Once accepted, the route is shown on the map in the Editor.
Editor: Basic File Generic ~|if Navigate >
Location Information Chart | @ ® Locations + Map ~ Export | Location: -92.460079 32.501076
' Reverse ‘ %i%_ 5
Sample Interval (in) 5999931 i
Length (ft) 12225.8600
Effective length (ft) 122258600
Lead-In Length (ft) 0 ‘g
S
Lead-Out Length (ft) 0 G
Distance Offset (ft) 0 Emory far
Milepost-related inputs
Profiling Direction Forward M
Beginning Milepost (mile) 21279 = Rocky Ln
Save
Geography
Start Latitude 3252939
Start Longitude -92.45396 () :
Stop Latitude 3252183 Tremont i 5
Stop Longitude -92.41566 = v — &
Route ‘
Create ‘ [{ Accept | | Reject )
; 2
[ ‘ £
3 G h-d 1 g
A Stteyn e, 3 : 3
b4 3 | 5
2 7 °"5mw, P \ 2
2 £ i
~—— 6 q 2 ;
3 qyanRd
o i
2 A
2. vt
Comppetird 5 I e o SR M W T e e s
S i
LD penserertin® Mapbos et [ 0.5 L
> Bing maps
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Events

When switching to the Editor/Events window, the Editor button group would be activated in the toolbar

to add and remove Event Markers:

S e HY AKE I

V' Show Events

=% =
Use Mileposts
P('Ion Add Files ST‘ Viewer Editor -'-::Sl-(,;u Am.lym E o 82 Unas ~
Editor: Events File 00_Basic_Sample
Destance (ft) Latitude Longitude
» 20009 0
70000 0

|, Add Event

#L Remove Event

Nawvgate

Name

0 ;E;:m!
0 My Event

Add or remove events using the toolbar, by right clicking the table, or by right clicking the map in
Editor: Events. Events display on the map as red dots. Hover over the location to display information.

Right click the location to remove that event.

= 5 N - = /] Show Events
[ 5 ¢ ﬂ % ‘ 0 ' = £, Add Event
£ —é E |_}) - R .' - D Use Mileposts
Close AddFiles Save Report | Viewer Editor Analysis = Analysis | H B 2 . Remove Event
Project - RQ - 3 Units o B
Project View Profile Selection Display Editor
Editor: Events File Generic v Navigate
Distance (ft) Latitude Longitude Name
» 10350.88 3252279 -92.42141 eventl
& Chart [E]Map ]| & ® Locations - Map ~ Export - | Location: -92.421370 32522862
2.
Rocky Ln .
: @ %
& " a <
o ) ES %
3 ! 2 3
| z2
= "
L80) Generic
eventl
Tremont Distance (ft): 10,350.88 S
5
T §
—— S
& i . Highway 80 W
& . 3
& g
&
n\ﬁ,;? Owan- ~ Lt
‘I? Bing maps

Import of Event Markers: Cutrently, event markers in the ProVAL (ppf),

TxDOT (pro), Dynatest (tsp) and Ames (df, adf) profile data files can be
imported.
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Sections

When switching to the Editor/Sections window, the Editor button group would be activated in the
toolbar.

P Add a Section. A section can added by clicking the Add speed button and select New
Section or From Section Clipboard (if previously Copy all to section clipboard). As new
sections are added, they will sort automatically by start distance. The types of sections
include Generic and Leave-out. The default section for analyses is defined as the Full (or
entire profile trace) section but can be changed using the Default Section dropdown.

5 Y | = ¥ Show Events @
LY
| t} E — d x * '.. - Ui Milepaats _—]
Close  AddFiles  Save viewer  Editer Amalysis  Analyis B2 Urias . fdd | Copy
Prepect - SaM - - -
Mew section
" £ E bpboaard
E'd . 5 s File |Fiide Stats ram iechand chpbea i -
Start Dostancce (M) Stop Ditance (R) | Length (f) Staet Latitude Start Longitsde Stop Latfude Step Longtude Type Hamie
B0.00 140050 559.09 a i} 0 0 Leave-out = Sectionl
» N 0 I MESe [ o o 0 Generic = Section 2
Defauit Full -
(G Chart | I ap Sl L E
15
104 P
ff
L]
o] r
g I
Z.10]
g .18
S
£-20
i
304
354
=401

454
Q S0 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 G500 7000 TS0 EQ00 8500 9000
Distance [f)
[== Left Blevabion === Right Elevatson [0 Genenic 3 Lesveast |

After adding a section, enter the section name, start distance, and stop distance. Set the type to
Generic or Leave-out. Optionally enter the GPS coordinates.
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P Copy all Section definitions to clipboard: Click the Copy button and select All to section
clipboard. The definition of sections will then available to be reused for other profiles in the
same project.

) ¥ Show Evertts o
't' 2 E : d ‘%\ * ... ":,e M-\ec{v‘ct: Q -——“

;:;(:‘;:1 Add Files 3,‘.¢ Viewer Editor ;‘-:;!\,';.n .‘mp-',v.-- 22 Units o :‘f‘: L(;W
All to section chipboard !
Editor: Sections File Fade Stats T ‘r
Selections 10 mew progect
Start Dvstance () Stop Distance (ft) Length (ft) Start Letitude Start Longttude Stop Lattude Stop Lengtude Type = —
80000 160000 po ok 0 0 0 0 Leave-out * Sectionl
» nsns 945 58 14559 0 0 0 0 Generx v Secvon

P Export data in the selected Sections. While the row of the desired section is selected, click
the Copy button and select Selections to PPF or Selections to new project. For a PPF,
browse to the target folder for the file. For a new project, select the target folder and enter
the desired name.

Sections can also be managed on maps by right-clicking the table or the map. Right click a location
on the map to set it as the start or stop position for the section selected in the table. If a route is
defined, the full route is white on the map, generic sections are blue, and leave-out sections are
orange.

Leave-out sections are automatically excluded in the Automated Fault
Measurement (AFM), Ride Quality, and Smoothness Assurance Modules
(SAM) analyses and reports.
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Information

The following modifications are allowed in the Editor/Information:

Editor: Information File 00_Basic_Sample - Navigate
Speed Unit kph - || Tag Marme Unit  Value
271 Agency District Name
Temperature Unit T T 272 Agency District Number 56
Pavement Surface Type Undefined hd [ \mbient Tempesature < |00
283 Begin Station
Climatic Conditions Undefined - 301 Country Name
Profiler T Undefined 273 County Mame
hd
e = neenne 274 County Mumber 0
Sensor Locations History
Left LElew. - Friday, August 17, 2012, 1:29:15 PM - Event Location for My Event set to 1,000.03

Distance (ft)
Menday, August 27, 2012, 6:21:01 PM - Event Location for 500 set to 499.91

Center (None) * | [l Distance (ft)
Right RElew. - E:ri‘cillg, February 07, 2014, 11:52:17 AM - Begin Station changed from 0.0000 to 5
Friday, February 07, 2014, 11:52:41 AM - Begin Station changed from 5.,0000 to 0
Comments {mile)

P Change values or units of non-optional properties or tags. Tags are metadata or “data about
data”.

B Designate sensor locations.

Often the imported profile data (e.g. ERD) may not identify channels (i.e., left or right channel
correctly). These errors may be caused by incorrect channel labels in the original profile data.
Users would need to correct that using the Editor/Info facility. Without the correct channel
designation, many analyses cannot be run propetly (e.g. Profiler Certification).

P Add and edit comments (users need to click the Save Comments button to save the
changes).

P View (profile editing) History. History includes all changes made to the profile data and
properties.

P Add, remove, and change values or units of user-defined properties.

You can use the following steps to add a user-defined property in the Editor/Information screen:

B Step 1. Select the Add Property icon from the toolbar.
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y s > = ¥/ Show Events
L 5 é E :) d % O "' = 3 Use Mileposts &% Add Property

Close AddFiles Syye Report | Viewer Editor Analysis  Analysis A 32 Units - 2

A\

Project - RQ <

P Step 2. Enter the tag number (between 1024 and 2047) in a pop-up dialog box.

P Step 3. Enter the name and value for this tag number.

S REHY AR I === D0 G
i P

Close  AddFiles Ssve Report | Viewer Editor  Analysis | Analysis } : . 2 F
Project . ] - 5 Units

0

Editor: Information File Genesic
Spead Unit kph - Tag Harne Unit | Value
T8 Time Imported (HHMMSS) 145016
Tempemtun: Linit °F - 295 Tme Last Maodified (HHBMMSS) 145016
Pavement Surface Type Undefined - ey ehich D
26l Vehicle Speed kph 0.0
Clirnatic Conditions Undefined b 304 Wind Direction
: 303 Wind Speed kph 0.0
Prefiler Type Undefined I 1024 My Froperty T I
Semsor Locations Histery

Removing a user-defined property is easy. Simply select the tag to be removed and click the Remove
Property button from the toolbar:

The tag numbers for default non-optional tags cannot be changed.

History cannot be modified.

Filtering

The following modifications are allowed in the Editor/Filtering:

P Apply filtering.
P Save filtered file. Default file names will be used, with the current name used as the base
name.

Different wavelength filters can be specified. The following filter types are available:

P Butterworth Band-pass
P Butterworth Low-pass
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Butterworth High-pass
IRI

Moving average Band-pass
Moving average Low-pass
Moving average High-pass

YYY¥YY

The Butterworth filter set is effectively a 6™ order Butterworth filter. It is implemented by cascading a first-
order and second-order Butterworth filters in the forward direction, then repeating in the backward
direction. The performance of this filter was validated with numerous profile data including those from the
FHWA 2004 Profiler Roundup.

The moving average filter is based on standard two-way moving average algorithm.

The IRI filter is a quarter-car filter with the golden car parameters in the ASTM IRI standard. The output of
the IRI filter, unlike others, is in profile slope.

After filtering (except IRI), both the original profile and filtered profile will be displayed on the same chart.

Editor: Filtering File [050-5280 -] et
Filter Type | ¢ Butterworth Band-pass - ‘
Short Cutoff Wawelength {Ft)
Long Cutaff Wavelength {ft) 100.00
A EE

Elewation {in)

il 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Distance {ft)

LElew.: Before Filter RElev.: Before Filter LElew.: After Filer RElev.: After Filter |
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After IRI filtering, only filtered profile “slope” will be displayed on the chart.

050-5280 || mavigate

A

Editor: Filtering File

Filter Type [ m .

| Apply 250mm Filker

1,200
1,000

Slope (inymi)

-1,000 4
-1,200 4

-1,400 ; ; ; ; ; ; ; ; ; ;
i 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000

Diskance (ft)

RElev.: After Filter |

LElev.: After Filker

5,500

Except for IRI filtered slopes, you can save the filtered profile by clicking the Save button below the Filter
button. The filtered profiles will then be stored in the project file with a default filename. The default
filtered filenames are original file name - tag name. Tag names are added depending on the filter type as

follows:

Butterworth Band-pass - BWBP
Butterworth Low-pass - BWLP
Butterworth High-pass - BWHP
Moving Average Band-pass - MABP
Moving Average Low-pass - MALP
Moving Average High-pass — MAHP

YYYYYY

IRI-filtered slope results can not be saved since they are “slope” values
instead of profile elevations.
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You can then switch to the Viewer window for further comparisons.

050-5280 &= e D Eil E
-

V|LElew,
V|RElev.

050-5280 - BWEP

V| LEle,
ViR

Elevation (in)

1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,600 3,000

Distance (ft)

|— 050-5280: LElev, —— 050-5280: RElev, —— 050-5280 - BWEP: LElev. ——— 050-5280 - BWEP: RElev. |

4 I i
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ANALYSES

An analysis can be selected by using the Analysis button on the menu bar. The icon of the currently selected
analysis is displayed next to the Analysis button on the left.

o % B e~

[ = Jllo [ x|

SAM_Example * - ProVAL 3.61

5 B EHE

% W

/] Show Events
[] Use Mileposts

04

0.3

Elevation (in)
) o =} o
[ = [ [

S
i

-0.3

-0.4

Close  AddFiles Save FReport || Viewer Editor Analysis || Analysis ) " .
Project - = B Units
Project View Display
A d Faulting
S (=] Chart & map
W LElev o A
W RElev o5 “§ Optimal WIM Locator

G Power Spectral Density

@ Precision and Bias
"‘ j Profile Synchronization

S Profiler Certification

741, Profilograph Simulation

* Smoothness Assurance

0 20 40 60 80 100120 140 160 180 200 220 240 260 280 200 320 340 360 380 400 420 440 460 480

Distance (ft)
|— Profile_LElev_Ful| s— Pruﬁ\e_REIev_FuII|
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Templates

A template defines a set of input values for an analysis. A default template is provided for each analysis.
You can create new templates and set which template is to be the default.

Template
Crriginal
LongOffast  » | Apply
New... Edit I
Save
Delete

Templates can be imported, exported, renamed, and deleted using the Template dropdown button on the
menu bat.

The Analysis Template function can be illustrated in an example below.

Step 1. Use the Original (program default) analysis template

- =7 > — — _=| | []Show Events Options
S sl AL @ === ¢
: I ] [|Use Mieposts || @] Screenshot || 1
Close AddFiles Save Report || Viewer Editor | Analysis | Analysis | o Template
Project - - - E Units ~ || @) Help - -
- Original |
Power Spectral Density New... [ Navigate
Inputs E3
|| Use Octave Bands File Profile Section | Filter
Curldown [¥]Left Elevation Ful - MNone
En s Right Elevation None
Constant Frequency Interval (cyde/m) Curlelp 7] Left Elevation None
Right Elevation None
| Log Scale ‘ Eﬂ E
-
1.00e-04
T
S
-§ 1.00e-05
Z
Z
2 1.00e-06
=
T
@
&
w 1.00e-07
o
=
@
1.00e-08
0.01 0.1 1 10 100 1000

Wave Length (m/cycle)

Curldown_Left Elevation|

Step 2. Now, change the “bands per octave” from the default value, 12, to a new value, 24. Then,
click the Template button in the toolbar and select “New” to save the current inputs to an analysis
template:
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SRPR=TIPSCNT T

Close AddFiles Save Report || Viewer Editor Analysisj‘ Analysis
Project - - PSD -

A

COriginal

Power Spectral Density validation New...
Use Octave Bands File Profile Section | Filter
Curldown [¥] Left Elevation  Full  ~ Mone

sacer O

nesrer e |71 Right Elevation Mone
Constant Frequency Interval (cyde/m) 0.010000 CurleUp Left Elevation Mone
Right Elevation MNone

Step 3. Then, supply a name for the new template as well as selecting other input settings. Because
wavelength filters can often be set on a per-profile or per-file basis, the template filter must be
specified here.

MyPSD

Make Default

MNaone

IRI

' Butterworth Band-pass
%7 Butterworth Low-pass
% Butterworth High-pass
[ OK o o Cancel -y

Step 4. You can then select either the Original (to the default settings) or use the template menu to
Apply, Edit, Save, or Delete a previously created template.

o e = IR -1 T

Close AddFiles Save Report || Viewer Editor |Analysis | Analysis
Project - - PsSD -

A

Original
Power Spectral Density Vaiidation || MyPSD._».|

New...

File Profile Section | Filter
Curldown [#] Left Elevation Ful = None

|¥| Use Octave Bands

sande e Octave

Right Elevation Mone
Constant Frequency Interval (cyde/m) 0.010000 CurleUp Left Elevation Mone
Right Elevation MNaone

Step 5. After selecting a desired template, simply click the Analyze button to run the analysis based on
the current input settings.
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Automated Faulting Measurements (AFM)

The Automated Faulting analysis identifies joints and reports faults in jointed concrete pavement. Faulting
is calculated based on the AASHTO R36-12 “Standard Practice for Evaluating Faulting of Concrete

Pavements”.

Profile Selection

At least one profile data must be selected. Each profile data must consist of profiles from the right and left
wheel tracks.

53 R B = = =

Close AddFiles Save Report || Viewer Editor |Analysis|| Analysis || |7 <

Project - - AFM -] == E Units -

Automated Faulting: Inputs
Nominal Joint Spading (m) File Profiles Section

01_US49_jnt18 Left +Right

Segment Length (m 160,93
< ngth (m) [F]02_US61_jnts3 Left + Right
Joint Window (mm) 51.00 03_US82_jnt16 Left + Right

Joint Detection Method |Step -|||[F]04_US78 _jnt19 Left +Right
05_US51_jnt31 Left +Right

[#]06_I 55_jnt16 Left +Right Full -

Lse Skewed Joints
Indude Cracks

Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template.
However, the template will set the joint and segment inputs, which affect joint and crack detection. The
inputs include:

P Joint Spacing — nominal joint spacing

B Segment Length — segment or lot length for summary reports

P Joint Window — tolerance for exact joint locations

P Joint Detection Method — method used to identify joint locations
P Use Skewed Joints — whether skewed joints present

P Include Cracks — whether to include cracks in the report

Page 51



ProVAL User’'s Guide / Analyses

Automated Faulting: Inputs

Joint Spacing (ft)
Segment Length (ft)
Joint Window: {in)
Joint Detection Method
" Use Skewed Joints

|Include Cracks

Available techniques for joint identification are:

P Downward Spike

B Step
P Curled-edge

Outputs

After analysis, results are displayed for each segment. On the left, choose which segment to view. The top
chart plots elevation versus distance. Faults are marked with points proportional to the magnitude.

Automated Faulting: Results

[=)-06_1 55 - Left Elevation
+~0to 528
528 to 1056
- 1056 to 1564
1584 tozZ112
+- 2112 ko 2640
2640 ko 3163
3168 ko 3477
[# 06_I 55 - Right Elevation
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The lower chart shows the location and height of each fault.

06_I 55 - Left Elevation

| Distance (ft) | Faulting {in} ‘ ﬁ E
£.8337 0,01
22,9155 0.01
38,7386 0.10
54,7772 0.0z it
70,8159 0.0z
86,8546 0.01
1028070 0.06
115.8885 0.03
1347550 0.03 z
150.7506 0.01 Zoodg
166.?892: 0.03:. %
183.0435 0.05
1959959 0.01
2152502 0.01
231.2026 0.04
247.1551 0.03
263.3231 0.0z Tz B o o0
279,2755 0.0z
205 2577 am ¥

200 250 300 350 400 450 500
Distance (ft)

Select the top-level profile to show the maximum faulting and accumulated faulting for each segment.

-Oto 528
- 528to0 1056

1056 to 1584
1584 to 2112

06_1 55 - Left Elevation

- 21120 2640

- 2640t0 3168
3168t 3477
-06_1 55 - Right Elevation

Maximum Foaulting (in)

0.0
0 200 400 600 800

1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 3,400 3,600

Distance (ft)

06_I 55 - Left Elevation

Start Distance (ft) | Stop Distance (ft) | Maxir | ([ [
0.0000 527.9827
527.9827 1,056.0086
1,056.0086 1,583.9914 .
1,583.9914 2,112.0172
2,112.0172 2,640.0000 1.4
2,640.0000 3,167.9827
3,167.9827 3,477.0290 1.2

-
o

Accumulated Faulting (in)
o o o o
~N - o o

(=
o

0 200 400 600 800

1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 3,400 3,600

Distance (ft)

550
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Use the Navigate button to switch to the Joint Locations view. The top chart shows joint spacing in
comparison to the nominal joint spacing specified in the inputs.

[=)- 06_I 55 - Left Elevation | @ E
0to 528
528 to 1056 .
1056 to 1584 06_1 55 - Left Elevation
1584 to 2112 18
2112 to 2640 16 ] o o . .
2640 to 3168
3168 to 3477 14 4
[+ 06_I 55 - Right Elevation =12 4
10
D
& 81
5 6
8
4
24
0 T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500 550

Distance {ft)

Mominal Jaint Spacing (16 ft) |

The lower chart marks joints and cracks on the elevation plot.

Enabled | Distance {ft) Description | Spacing {ft) k=t v @ E
7| 6.83 Joint Nahl
22,92 Joint 16.1 0
2 38,74 Joint 15.8 5]
54,78 Joint 16.0
70,82 Joint 16.0 .
86.85 Joint 16.0|= %
90.43 Crack 0.0
- -8
102,81 Joint 16.0 £
{=3
118.89 Joint 16.1 2101
134,76 Joint 15.9 Y
w-12 A
150,75 Joint 16.0
| 8]
166.79 Joint 16.0 -144
175.37 Crack 0.0 164
183.04 Joint 16.3
199.00 Joint 16.0 #0]
] 215,25 Joint 16.3 20 : : . v : . . . . .
- R ey o 0 S0 100 150 200 250 300 350 400 450 500 S50
— - : Distance {ft)
] 247.16 Joint 16.0
263.32 Joint 16.2 [ @ Joints ¥  Cracks —— 06_1 55 - Left Elevation |
279,28 Joint 16.0
[ 295,36 Joint 16,1/ %11 4 ’
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In the lower-left panel enable, disable, or reclassify joints and cracks.

Enabled | Distance (ft) Description | Spacing (ft) -
I 5,83 Joint MHaM
V| 22,92 Joint 16.1
& 28,74 Joint 15.8
V| 54.78 Joint 16.0
& 70,82 Joint 16.0

£
]
o
]
a

Joint 16.0

00,43 iCrack 0.0
7 102,81 | Joint 16.0
i 118.89 |Crack 16.1
7 134,76 Joint 15,9
7 150,75 Joint 160

] 1SS IO ek 1s M

Select the top-level profile to show the maximum joint spacing for each segment. It is useful to identify
missing joints for given segments.

E! B R
Oto 528
528 to 1056
1056 ko 1584
1584 to 2112 100
2112 to 2640 [0}
2640 to 3168
3168 to 3477

[+ 06_I 55 - Right Elevation

06_1 55 - Left Elevation

80 A

60 A

40 4

Max Joint Spacing {ft)

20 A

1] 500 1,000 1,500 2,000 2,500 3,000 3,500
Distance {ft)

hominal Joint Spacing (16 Ft) |

Use the Add Joint button to add missing joints if necessary. Users need to click the Analyze button to
refresh the fault results if any changes to the joints results occur.

ProVAL AFM will disable any joints and faults that fall within any exclusions defined in the
Editor/Sections.
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Automated Profile Synchronization (APS)

The Automated Profile Synchronization (APS) is a tool to synchronize profiles using the cross-correlation
technique.

The Cross-correlation (CC) is a statistical metric to measure correlation between two random signals. A CC
value of 100% (or 1.0) indicates the signal pairs are perfectly correlated; 0, no correlation; and -100% (ot -
1.0), perfect, but “negatively” correlated. This technique has been proven to be successful to compare
pavement profiles for repeatability tests and accuracy tests.

When CC is applied to pavement profile compatrison, the process would require additional, special
treatments (or conditioning) of raw pavement profiles. The “conditioning” includes: same filtering history
for both basis and compatison profiles, interpolate comparison profile to the recording interval of the basis
profile (only when the recording intervals are different). “Conversion to slope”, as a part of the
conditioning, is recommended for comparison of large wave bands to make sure the influence of the long
wavelength content does not eclipse the influence of the shorter wavelength content. Once the CC rating
for comparison pair is obtained based on the standard CC formula, the value is scaled to consider the ratio
of variance of each conditioned profile. This last process is to compensate the CC error when two profiles
have exactly the same shape but very different amplitude. The analysis is fully compliant with the AASHTO
standard, R56, “Standard Practice for Certification of Inertial Profiling Systems.”

The ProVAL Profile Synchronization analysis uses two or more profiles of the same section that have been
measured at approximately the same time (usually subsequent runs). The starting points of the data in the
measured profiles do not always match. To correct for this, the Profile Synchronization can be used to
determine the proper offset of the comparison profile(s) to match the starting point of the basis profile.
Since any two measured profiles are not exact copies of each other, the software must utilize statistical
techniques to determine the optimum offset.

Profile Selection

>

At least two profiles must be selected, each in a different file. One profile must be designated as the “basis’
while the others are considered as “comparison”. For informational purposes, the sampling interval is
shown for each file.

" g : O V] | [V Show Events
5 sHY »2ZE In ke
> | | |Use Mileposts
Close AddFiles Save  Report Viewer Editor Analysis | Analysis H :
Project - - APS - £ 52, Units 52
Profile Synchronization Valdation Wy |y dinalyze
Maximum OFffset (ft) 20| | File Profiles Basis = Section | Sample Interval (in)
v|RefProfile Left +Right @] Full ~ 12,000000
Profile Location Left v | T'\\\L : -
—— |[¥|Run01 eft + Right [7] Ful ~ 12.000000
Basis Filter WRun0Z  Left+Right [ Ful - 12,000000
IRI {with 250mm Filter) V|Run03  Left+Right [7] Ful ~ 12.000000
Comparison Filter [¥]Run04 Left +Right [T Ful ~ 12.000000
IRI {with 250mm Filter ¥|Runos Left + Right [7] Full ~ 12,000000
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Inputs

Input Templates are available for this analysis. The template sets the wavelength filter for each profile but
changing the selected profiles would not affect the template.

P Maximum offset is the range of horizontal offset within the CC sweep analysis. While the
basis profile is fixed, the comparison profile would be shifted to the left or to the right side of
the basis profile at any possible sample interval increments (i.e., offsets).

P Profile Location is the channel of profiles to be used for the cross-correlation analysis.

Profile Synchronization

Maximurn OFffset {ft)

Profile Location

Basis Filter W
Center

L

IRI {with 250mm Filter)

Comparison Filter

IRI {with 250mm Filter)

Right

B A different wavelength filter setting can be specified for the Basis profile and the Comparison
profile(s) by clicking the hyperlinks. A Wavelength Filter dialog box would pop up for user
defined setting.

Wavelength Filter

Filker Twpe IRI -

Mone
% Butterworth Band-pass
5 Butterworth Low-pass
 Butterworth High-pass

Close

The following filters are available:
» None
IRI

|

P Butterworth Band-pass
P Butterworth Low-pass
>

Butterworth High-pass
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The cross-correlation module will automatically pre-process/condition the
entire profile traces, crop the profile between the lead-in and lead-out (i.e.,
the Full section), and perform interpolation (if sampling intervals are
different between the basis and comparison profile) prior to computation
of coefficient of cross correlation. This process complies with the US
AASHTO R56 specification.

Users need to input lead-in/lead-out distances, left/right channels for each
profile on the Editor/Basic screen, if they are not defined.

Outputs

The outputs of Profile Synchronization include a table of relative offsets and maximum correlation
with the basis profile.

File Relative Maxirmum
Offset (ft) | Correlation (%

Run1 0.00 100.0
Runi2 -1.00 6a.0
Runi3 -1.00 63.6
Run4 -1.00 63.7
Run5 -1.00 66.8
Run0& -1.00 63.2
Run(7 -1.00 4.1
Run0& -1.00 80.8
Run09 0.00 92.5
Runl0 0.00 811

The Navigate button can be used to switch among different output charts, which include:

P Correlation Chart or Correlogram - Correlation coefficient values at all tested offsets.

Page 58



ProVAL User’'s Guide / Analyses

Profile Synchronization: Correlation Apply Offscts) | Navigate -
File Relative Maximum .
Offset (ft) | Correlation (35)
Run01 0.00 1000
Run02 -1.00 68.0 100
Run03 -1.00 636 90
Run04 -1.00 637 "
Run5 -1.00 668
Run06 -1.00 632 70
Run07 -1.00 241 60
Run08 -1.00 208
Run09 0.00 925 = 301
£
Run10 0.00 811 < 40
5 201
3
204 k
104 z:—?iﬂ\
i, §
0 \/ L
-104
_20 4
30 +—— y

-20-18-16-14 -12-10 -8 6 4 -2 0 2 4 6 8§ 10 12 14 16 18 20

Offset (ff)
Run01_Left Elevation Run02_Left Elevation
Run04_Left Elevation Run05_Left Elevation
Run07_Left Elevation Run08_Left Elevation
Run10_Left Elevation

Run03_Left Elevation
Run06_Left Elevation
Run09_Left Elevation

P Shifted Profiles Chart (Elevation) - Basis profile compared with the shifted comparison
profile.

0.3

0.24

0.1+

=
=
L

Elevation {in)

-0.1

-0.2

-0.3 T
-200

=

200 400 600 B00 1,000 1,200
Distance (ft)
RefProfile_LeftElevation Run01_Left Elevation
Run03_Left Elevation Run04_Left Elevation
Run06_Left Elevation Run07_Left Elevation
Run09_Left Elevation Runl0_Left Elevation

Run02_Left Elevation
Run05_Left Elevation
Run08_Left Elevation
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P Shifted Filtered Profiles Chart (Slope) - Basis profile slope compared with the shifted
comparison profile slope, after filtering (if applicable).

160
140 4
120 1
100 1
B0 1
60 1
401
201
0 4
_20_
~40
-A0
_80.
-100 1
-1201
-1401
-160
-1801

-200 T
-200 0

Slope (infmi)

400 600 800 1,000 1,200
Distance (ft)
Run01_Left Elevation
Run04_Left Elevation
Run07_Left Elevation

Runi0_Left Elevation

200

Run02_Left Elevation
Run05_Left Elevation
Run08_Left Elevation

— RefProfile_LeftElevation
Run03_Left Elevation
Run06_Left Elevation
Run0%_Left Elevation

A zoom-in view between 10 and 140 ft:

120

Slope {in/mi)

-100 4

10 20 30 40 50 60 70 BO 90
Distance (ft)

100 110 120 130 140

— RefProfile_LeftElevation
Run03_Left Elevation
Run06_L eft Elevation
Run09_L eft Elevation

Run01_Left Elevation
Run04_Left Elevation
Run07_Left Elevation
Run10_Left Elevation

Run02_Left Elevation
Run05_Left Elevation
Run0&_Left Elevation
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You can apply the optimal offsets to all comparison profiles by clicking the “Apply Offsets” button. You
can then examine the synchronized profiles in the Viewer and the specific offsets applied to each profile in
the Editor.

Profile Synchronization: Correlation o anaiye || pApply Ottsetsy hof  Newgate

File Relative  Maxamum «msu-NRBES
Offset (ft) | Correlation (%)

Rudl 000 1000

Rurd2 100 680

Rud3 100 636

Rundd -100 63.7

RurdS 100 663

Runds 100 632

Rurd 100 841

Rud8 100 ®38

Run0d 000 92.5

Runld 000 a1

Correlation (26)

-30 vy .
<2018 -16-14-12-10 -8 6 -4 -2 0 2 4 6 8 10 12 14 16 18 20
Offset ()
" Run01_Left Blavation Run02_Left Elevation — — Aun3_Left Blevation|
——— Run04_Left Elevation Run0S_Left Elevation —— Runlé_Left Elevation|
Run07_Left Elevation Run08_Left Elevation — Runé3_Left Elevation|
Runi0_Left Elevation
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The following is an example of profiles before and after the automated profile synchronization.

Before automated profile synchronization:

- - Bl R
0.2 4
=
c 0.1 4
=
]
@
w
0.04
-0.1 4
0 20 40 60 80 100 120 140 160 180 200 220 240
Distance (ft)

Run02_Left Elevation_Full Run03_Left Elevation_Full
- Run06é_Left Elevation_Full Run07_Left Elevation_Full
Run10_Left Elevation_Full

RefProfile_Left Elevation_Full Run01_Left Elevation_Full
- Run04_Left Elevation_Full Run0S_Left Elevation_Full
Run08_Left Elevation_Full Run09_Left Elevation_Full

After automated profile synchronization:

L " G B @ E\
0.2 4
<
c 0.1 4
2
ki
3
w
0.0 4
-0.1 %
-20 0 20 40 60 80 100 120 140 160 180 200 220 240
Distance (ft)

Run02_Left Elevation_Full Run03_Left Elevation_Full
Run06_Left Elevation_Full Run07_Left Elevation_Full
Run10_Left Elevation_Full

RefProfile_Left Elevation_Full Run01_Left Elevation_Full
- Run04_Left Elevation_Full Run0S_Left Elevation_Full

Run08_Left Elevation_Full Run09_Left Elevation_Full
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Power Spectral Density (PSD)

The Power Spectral Density (PSD) function of road profiles is a statistical representation of the importance
of various wave numbers (or wave lengths). Pavement profiles can be decomposed into series of sinusoids
using techniques (such as Fast Fourier Transform or FFT) to show how the variance is distributed over
wave numbers. The PSD implementation in ProVAL is similar to the method used by University of
Michigan — Transportation Research Institute (UMTRI) researchers with a drift removal technique.

o % 9~ PSD_Example * - ProVAL 3.61 — (o x
5 é E| "_I | d; Q§ [ G | 'i e o 1 Show Events .
l- - L | = - = [] Use Mileposts
pCID';E AddFiles Saye |Report | Viewer Editor | Analysis || Analysis ie 52 Units . Template
roject - PSD 7 = 7
Project View Profile Selection Display Analysis
Power Spectral Density Analyze Navigate v
/] Use Octave Bands File Profile Section | Filter
- || CurlDown ELE&EIe\rat\on Full = Mone
Bands Per Octave 12 [T] Right Elevation Mone
Constant Frequency Interval (cycle/ft) Curllp [ Left Blevation  Full None
[_] Right Elevation MNone
| Log Scale | @ B s Wave Length (ft/cycle): 1.1907 Slope Spectral Density (ft/cycle): 0.0004
1.0e-03
=
ES
0'1.0e-04
)
%1.0&-05
=)
=1
E1.0e-06
8
a
w 1.0e-07
[=%
=
v
1.0e-08 T T . T
0.1 1 10 100 1000 10000
Wave Length (ft/cycle)
|— CurlDown_Left Elevation|

Profile Selection

Any number of profiles may be selected.
Power Spectral Density

/! Use Octave Bands File Profile Section | Filter
| CurDown E Left Elevation Full + None

Bands Per Octave 12 0 Right Elevation Mone
Constant Frequency Interval (cycle/ft) CurlUp L] Left Elevation  Full None
0 Right Elevation Mone

A different filter can be specified for each profile by clicking the hypetlink in each input field. A dialog box
would prompt for you to select a filter.
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The following filters are available:

None

IRI

Butterworth Band-pass
Butterworth Low-pass
Butterworth High-pass

YYYTYY

Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template.
However, the template will set the wavelength filter for each profile.

P Octave Bands - Enabling Octave Bands will enable Bands Per Octave and disable Constant
Frequency Interval.

P Bands Per Octave - Number of reported data points when a frequency or wavelength is
doubled or halved.

P Constant Frequency Interval - The frequency interval when the narrow band report is
desired.

Power Spectral Density

7] Use Octave Bands File Profile Section | Filter
CurlDown [/ Left Elevation Full = Mone
Bands Per Octave 12 Right Elevation Mone
CurlUp Left Elevation  Full MNone

Constant Frequency Interval (cycle/ft)
Right Elevation MNone

Outputs

Four output charts are available via the Navigate button: Elevation PSD against Wave Length, Elevation
PSD against Wave Number, Slope PSD against Wave Length, and Slope PSD against Wave Number. The
Slope PSD vs. wavelength is recommended as the default view.

Power Spectral Density [ Navigate M| I
¥| Use Octave Bands File Profile Section | Filter Elevation PSD (Wave Length)
Curldown [#] Left Elevation Full  + MNone Elevation PSD (Wave Number)
Bands Per Octave "| Right Elevation MNone |/ Slope PSD (Wave Length)
Constant Frequency Interval (cycle/ft) l:l CurlUp  [C] Left Elevation MNone Slope PSD (Wave Number)

" | Right Elevation None ’Ir
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. Slope PSD vs. Wave Length chart

|[ogSede)| @ B S

1.0e-03

1.0e-044

1.0e-07 4

Slope Spectral Density

1.0e-08 T T r T
0.1 1 10 100 1000 10000
Wave Length (ft/cycle)

| e Curldown_Left Elevati 0n|

. Slope PSD vs. Wave Number chart

| Log Scale | Ei BS Wave Number (cycle/ft): 0.,0671 Slope Spectral Density (ft/cycle): 0.0003

1.0e-03

1.0e-044
1.0e-054
1.0e-06 4

iy
5
5
£

1.0e-07 4

Slope Spectral Density

1.0e-08 T T T T
0.0001 0.001 0.01 0.1 1 10

Wave Number [cycle/ft)

| s Curldown_Left Elev ati0n|
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A Log Scale button in the chart control toolbar can be used to toggle the chart y-axis between log scale and
linear scale. This is useful to make peaks easier to see.

Power Spectral Density trabyze 4 . Navigme W)
[#] Use Octave Bands File Profile Section | Filter
—| Curldown [ Left Elevation Full = Mooe
Bands Per Octave : 1 [ Right Elevation Mone
Cionstant Frequency Irterval (cycle/it) oo0304s| || Cumlip ] Left Elevation Mane
[ Righit Elevation Mone
= T LegSale [ IR 3
&
§ 3004
oy
£ F2oe0d
iz
§ 10e-04 iLﬁ /\{\
& i f ‘"
00600 T ‘“"""‘“t'\-"'-'U\-Jnl.HJII' . 'r’-,,-"'h't,-'\' Nﬁu ~——
01 1 10 100 1000 10000
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Precision and Bias (ASTM E 950)

The precision and bias analysis based on the ASTM E 950-98 “Standard test Method for Measuring the
Longitudinal Profile of Traveled Surfaces with an Accelerometer Established Inertial Profiling Reference”
requires 11 profiles (including one reference profile measured with a reference profiler such as rod-and-level)
along the same pavement section. This ASTM specification also requires that the pavement section be
321.8 m (1056 ft) long, with the profile measured at increments of 0.3048 m (1 ft). Beginning at 0, and
taking 1056 additional measurements, each of the profiles must have 1057 data points.

8! 9% (e PB_Example - ProVAL 3.61 — o[ x

® A B8Y 4#%O|In = Yoot

Close  Add Files Report | Viewer Editor | Analysis || Analysis i .
Project Sa:re l PBy 'y et & Units M
Project View Profile Selection Display

Precision and Bias Analyze
File Profile Basis Sample Interval (in) =
RefProfile [ | Left Elevation  [] 12,00

! Right Elevation [/
Run01 [] Left Elevation ~ [| 12.00

! Right Elevation []
Run02 [ Left Elevation [ ] 12.00

! Right Elevation []
Run03 [] Left Elevation ~ [| 12.00

W Right Elevation [ ]
Run04 [ Left Elevation O 12,00

W Right Elevation []
Run03 [ Left Elevation [ 12,00 M

The ASTM E17 Vehicle-Surface Interaction committee is currently
revising the ASTM E950. This module may be deprecated soon.
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Profile Selection

Eleven profiles must be selected, one reference profile and ten comparison profiles. The section length
must be 1056 ft and the sample interval must be 1 ft, for a total of 1057 data points.

Precision and Bias
'File Profile Basis | Section | Sample Interval in) 1:
RefProfile [ Left Elevation - 12.0
" |Right Elevation  [Z]  Full
Run01 V| Left Elewation o Fdl - 12.0
" |Right Elevation [T
Runiz | Left Eleyation F Ful = 1z.0
" |Right Elevation |7 =
Run0z /| Left Elewation o Fdl - 12.0
" |Right Elevation [T
Runi4 V| Left Elevation o Rl - 12.0
" |Right Elevation [T
Runos V| Left Eleration o Rl - 1z.0
" |Right Elevation [T L
Run0é V| Left Elewation o Fdl - 12.0
" |Right Elevation [T
Runad? | Left Eleyation F Ful = 1z.0
" |Right Elevation |7
Run0g 11 eft Flewatinn 1 Full - 12.0 h.d

Inputs

N/A

Outputs

The outputs of the precision and bias analysis are:

Bias

Precision

Bias Classification
Precision Classification

YyYYyVvYY
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Profiler Certification Module (PCM)

The Profiler Certification analysis includes the ability to compate multiple runs of a profiler (i.., repeatability
test) and compare those repeats with a basis profile (i.e., accuracy test). The Profiler Certification analysis is
based on the guidelines in the AASHTO R56 “Standard Practice for Certification of Inertial Profiling
Systems”.

Profile Selection

Comparison profiles and one basis (in a two-channel format) or two basis (in a one-channel format) profiles
may be selected. Selection of a basis profile is only required for the accuracy test. Selection is on a file basis;
all profiles in a selected file will be used, if possible. Only profiles marked as Left or Right will be analyzed.
Left profiles will only be compared against other Left profiles and the same for the Right profiles. All user-
selected files will be assigned a run number by the program — starting at number 1 or whatever lowest,
missed consecutive number for the current selection. The users, however, can edit the numbers as needed.
The run numbers will disappear if a selected profile is assigned as “basis” or reference profile. For
informational purposes, the profiles available in each file will be listed, as will the sample interval.

.
8! g9 B e~ PCM_Example - ProVAL 3.61 — (o[ x
" é E ~ = @ a\ l—" ) 'i' = = = &/ Show Events ‘
L= — . - o o Use Mileposts
Close  AddFiles  Saye FReport | Viewer Editor | Analysis | Analysis | {77 <) . . . | Template
Project - PCM - ' & Units -
Profiler Certification Analyze avigate v
Maximum Offset (ft) 500 File Profiles Basis Run Sample Interval (in}
| Compare 01 Left + Right 1 1.00
Minimum Repeatability (%) 92| |/ Compare 02 Left + Right 2 1.00
Minimum Accuracy (%) a0 W] Compare 03 Left + Right 3 1.00
W Compare_04 Left + Right 4 1.00
Basis Filter W/ Compare 05 Left + Right 5 1.00
IRI (with 250mm Filter) W Ref LWP 01 Left 4 1.00
& Ref RWP_ 01 Right i 1.00

Comparison Filter

IRI {with 250mm Filter

Two wavelength filters can be specified, one for the basis profile(s) and one for the compatison profiles.
You can click on the hyperlink for either Basis Filter or Comparison Filter to access a pop-up window and
change the filter settings.

The following filters are available:

None

IRI

Butterworth Band-pass
Butterworth Low-pass
Butterworth High-pass

YYYT¥YY
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Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template.
However the template will set the wavelength filter for each profile. The inputs include:

P Maximum Offset (see Cross Correlation for detailed description)
P Minimum Repeatability or Passing Score for average coefficient of cross correlation
P Minimum Accuracy or Passing Score for average coefficient of cross correlation

Profiler Certification: Inputs

Maximum Offset (ft) 5.00
Minimum Repeatability (%) 92
Minimum Accuracy (%) a0
Basis Filter

IRI (with 250rm Filter
Comparison Filter

IRI {with 250mm Filter

It a basis profile is selected, the sample interval should be less than 2.75 in. If not, a
warning would be issued along with the analysis results.

Similar to the Profile Synchronization module, the Profiler Certification Module will
automatically pre-process (condition) the entire profile traces, crop the profile
between the lead-in and lead-out (i.e., the Full section), and perform interpolation (if
sampling intervals are different between the basis and comparison profile) prior to
computation of coefficient of cross correlation.

Users need to define lead-in/lead-out distances on the Editor/Basic screen, and
left/right channels for each profile on the Editor/Info screen.
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Outputs

Under Navigate, choose from the Summary Results or Detailed Results.

Profiler Certification: Summary Results wyre (e Noig v
. Inputs i
Sum
Statustic Repestability - Left Repestabiity - Rught | Accuracy - Left  Accuracy - Right "“‘-Ir-r- MMV*
Comparison Count 10 10 5 5 \. Detailed Results
% Passing 10000 10000 100.00 100,00

The summary results include the following:
Repeatability - Separate results will be listed for each profile type (left and right). The distance and

correlation value at the point of maximum correlation will also be shown for each combination of profiles.
Accuracy - Separate results will be listed for each channel type.

Statistics - Summary of statistics (including: comparison count, %o passing, mean, minimum, maximum,
standard deviation, and grade.).

Profiler Certification: Summary Results Analyze Navigate
btat'ﬁ‘tim
Statistic Repeatability - Left | Repeatability - Right | Accuracy - Left | Accuracy - Right
Comparison Count 10 10 5 5
% Passing 100.00 100.00 100.00 100.00
Mean 9553 98.07 96.47 9767
Minimum 9397 97.08 9517 96.74
Maximum 9745 9881 97.98 98.88
Standard Deviation 11 05 10 0a
Grade Passed Passed Passed Passed
IAccuracy Repeatability - Left Correlations (%) | Repeatability - Left Offsets (ft) | |Repeatability - Right Correlations (%) | Repeatability - Right Offsets (ft)
Run Left Right | |[Run 2 3 4 5 Run| 2 | 3 |4 5 Run 2 3 4 5 Run 2 | 3 | 4|5
1 9798 9830 1 9654 9745 9518 9513 1/01(-01|02-03 19876 9818 98.48 97.87 101 -0102 -03
2 9669 98.88 2 9511 96.88 95.91 2 03 00 04 2 97.43 98.09 97.08 2 -03 01 04
39633 96.74 3 04.47 94.69 3 02 02 3 9819 98.81 3 03 02
4 9517 97.54 4 9397 4 -0.4 4 97.81 4 05
5 9617 96.87
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The detailed results contain additional information about each repeatability and accuracy comparison.
Statistics include correlation, shape coefficient, roughness coefficient, offset, basis IRI, comparison

IRI, and IRI difference.

Profiler Certification: Detailed Results Analyze Navigate v
Compare_02 Compare (3 96.88 0.995 97.39 0.0 293.37 295.08 0.58
Compare_02 Compare_ 05 9591 0996 96.25 04 29337 29517 061
Compare_04 Compare 03 94.47 04973 9711 02 286.84 295.08 287
Compare_04 Compare 05 94 .69 0.881 9649 -0.2 286.54 29517 240
Compare 03 Compare 05 9397 0.991 9479 04 295.08 29517 0.03
Repeatability - Right

Basis Comparison  Correlation (%)  Shape Coefficient Roughness Coefficient Offset (ft) Basis IRI (in/mi) Cemparison IRI (in/mi) IRI Difference (%5)
Compare 01 Compare 02 98.76 0.094 9932 01 273,17 270,23 -1.29
Compare 01 Compare 04 9818 0992 98.94 01 27377 277.88 1.50
Compare 01 Compare 03 98 48 0897 9881 0.2 27377 27693 115 =
Compare_ 01 Compare 05 9787 0.990 9889 0.3 273.17 276.04 116
Compare_ 02 Compare 04 9743 0987 98.73 -0.3 270.23 277.88 283
Compare 02 Compare 03 98.09 0.991 98.98 01 270.23 27693 248
Compare_02 Compare 05 97.08 0.984 98.63 -0.4 270,23 276.04 248
Compare_04 Compare 03 9819 0.996 98.63 03 277.88 276.93 -0.24
Compare_04 Compare 05 98.81 0.997 99.07 -0.2 27788 276.94 -0.34
Compare_03 Compare 05 9781 0.993 98.50 0.5 276.93 276.04 0.00

WAccuracy - Left
Compare_01 97.98
Compare_02 96.69

Page 72

0.997
0.985

98.25
93.19

-0.7
-06

288.07
288.07

28845
293.37

Comparison | Correlation (%2) Shape Coefficient Roughness Coefficient  Offset (ft) Basis IRI (in/mi) Comparison IRI (in/mi) IRI Difference (%)

013
1.84




ProVAL User’'s Guide / Analyses

Profilograph Simulation

The Profilograph simulation emulates Profilograph traces (such as California Profilograph) from true
profiles collected using inertial profilers or other devices that are capable doing so. Profilograph indexes are
computed and scallops can be identified and viewed graphically.

Profile Selection

Any number of profiles may be selected. The section to be analyzed can be specified for each file. A basis
profile must be selected. When profiles from different files are selected, the basis profile will be used to
determine the locations of segments.
-f Show Events
Use Mileposts ‘

M REHY 4R I =

p(il;:t Add Files Savve Report | Viewer Editor An;lgsis Anavl}rsis o B2 Units . Temvplate
Profilograph Simulation Analyze
Inputs File Profile  Basis Section | Filter
Blanking Band (in 020 || Profile WILEev &1 Full ~ Butterworth Low-pass (197 ft)
RElev Mone
Minimum Scallop Width (ft) 2,000
Minimum Scallop Height (in) 0.030
Scallop Rounding Increment (in) 0.05
Segment Length (ft) 528.00
() Raw Profile Index Wheel Offsets...

(@ Rounded Profile Index

A different wavelength filter can be specified for each file by clicking the hyperlink for each input field. A
pop-up dialog box would appear to allow you to select filter settings.

The following filters are available:

B Butterworth Low-pass
P Moving Average Low-pass

Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template.
However, the template will set the wavelength filter for each file. The inputs include:

Blanking Band

Minimum Scallop Width
Minimum Scallop Height
Scallop Rounding Increment
Segment length

Selection for reporting Raw or Rounded Profilograph Index
Wheel Offsets

YYYYYYY
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Profilograph Simulation

Inputs

Blanking Band (in) 0.20
Minimum Scallop Width (ft) 2.000
Minimum Scallep Height (in) 0.030
Scallop Reunding Increment (in) 0.05
Segment Length (ft) 528.00

() Raw Profile Index Wheel Offsets...

(@ Rounded Profile Index

Segments can be defined and the analysis will report statistics for each segment, rather than the entire
section. You can specify the length of the segment, and multiple segments will be added at that interval.
For example, if the segment length is 528 feet, segments would be added every 528 feet. A length of 0
means no segments would be added. Segments at the end of a profile may be less than the specified length.

Rounded Profilograph index is computed by rounding to the scallop rounding increment.

Users can click the Wheel Offsets button to pop up a dialog box to define number of wheel offsets and
wheel offset values.

Whee!

Witis] Gt 12-wheel Model
Mame Walue (ft)
¥ Offset 1 8.75
Offset 2 11.35 . /—\ offseth .
Offset 3 13.75 E A offsetd
Offset 4 16,25
Offset 5 11.25
Offset & 13.75

offsetd

HEFEE=  Hdhdd

affset1

| Ok | | Cancel |
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Outputs

Simulated Profilograph traces and computed Profilograph indexes- A chart will display the
Profilograph response (in, mm) for the selected profiles. The segment markers would be shown. A table
will display the Raw or Rounded Profilograph index for each segment. The start and stop positions for each
segment would be listed. For files that have a left and right profile selected, the Average index would also be
displayed. An index value of N/A will be displayed for segments that do not fall within the section of a
profile.

Results
Start Stop Profile_LElev - B =
Distance (ft) Distance (ft)  (in/mi) N | G‘il
16.30 528.00 1.55
528.00 1,056.00 0.00 = 0.61
1,056.00 1,584.00 0.00 E' '
1,584.00 2112.00 0.00 § 0.4+
o
2112.00 2,640.00 0.00 é 0.2]
2,640.00 3,168.00 0.00 =
3,168.00 3,696.00 1.50 g 0.0
3,696.00 4,224.00 2.00 2
=-0.24
4.224,00 4.752.00 7.50 E
4.752.00 5,280.00 1.50 -0.4 T T T T . . . . . .
5,280.00 5,483.60 0.00 0 500 1,000150020002500 3,000 3,5004,0004,5005,0005,5006,000
Distance (ft)

Scallops - A chart will display the Profilograph response (in, mm) for the selected profiles. Scallops will be
highlighted on the chart. You can select to show Up, Down, or All scallops. A table will show a tabular
version of the chart.

Results

Profile Profile_LElev - GO BB S
Scallops All -
Scallop Start Stop Height - T 0.44

Distance (ft) Distance (ft) (in) =
Up 214.52 223.53 0.05 EL: 0.24
Down 281.77 296.82 0.05 é 0.0
Up 308.44 310.99 0.05 =

= T—
Down 319881 3,205.55 0.05 5-0.2 4
[=}
Up 347809 3,492.95 0.05 z
Up 364337 3,648.03 0.05 e -0.44
v] 3,794.22 3,800.61 0.05 ) T ! ! ! T ! ! ! T !
Ly ! ’ 0 500 1,000 1,500 2,000 2,5003,000 3,500 4,000 4,500 5,000 5,500 6,000
Up 403544 404514 0.05 ]
Distance [ft)

Up 4193.79 420639 010
Down 421914 4.224,00 010
Down 4,224,00 4,229.38 010 ~
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Ride Quality

The Ride Quality module includes three types of ride statistics analyses: Overall (for the entire trace),
Continuous (reporting at every sample location), and Fixed Interval (reporting at a fixed interval or a lot

length).

Ride Quality

Arakyis Type [ST— = [File Fralile Section | Apply 250mnm Filier
Diverall e Stats ¥ Left Elevation Full - w

e Conlinssus Faght Elevaticn

——

Segment Length (ft) ]

Profile Selection

Any number of profiles may be selected. The section to be analyzed can be specified for each file. You need
to determine whether the Apply 250mm Filter should be applied depending on whether the profile has been
previous smoothed or filtered with a low-pass filtering. 1f in doubt, contact your profiler manufacturers.

Ride Quality

Analysis Type Contiruous - | | File Profile Section | Apphy 250mm Filter
Facle Mats :-l' Ledt Ebevabion Full = v

R Cusality Incex L] Fight Eirvation

Threshald (in/mi) D0

Segment Length (R} 25,000

Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template.
The inputs include:

P Analysis Type: Selection from Overall, Fixed Interval, Continuous

P Ride Quality Index: Select from: IRI, HRI, MRI, and RN. Overall and Fixed Interval
analyses also include options for simultaneously determining HRI and IRI as well as MRI and
IRI.

P Threshold: Available if the Analysis Type is Fixed Interval or Continuous. Note that you
need to input proper input value depending on the Baselength input due to averaging effects.

P Segment Length: Used for Continuous and Fixed Interval analyses. The input value should
be less than the entire length of the profile. Otherwise, the Analysis button will be grayed
out.

Ride Quality

ﬂmll_'.rsis T:p'p-e Chwerall - Fle Profle  Section | Apply Z50men Filter

Pcdils ¥ LEley Fill = L

Ride Quality Index IRl To.

CO—
HERI
MFI

BN
HR] and B
ME] and IF]
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Display of profile selection is determined by the ride indexes that are selected by you. If IRI is
selected, both left and right profiles are available for profile selection (i.e., check boxes would appear
next to each profile.) If either HRI, MRI, or RN is selected, only entire files can be selected (i.e. check
boxes appear only next to files).

If the Overall analysis is selected, no additional inputs are needed.
Ride Quality
Analysis Type File Profile Section | Apply 250mm Filter

Ride Quality Index Rl -

1f the Continuous analysis is selected, a sliding baselength can be defined to apply a moving average to
produce continuous reports.

Ride Quality

Analysis Type Section | Apply 250mm Filter
Full - i

Ride Quality Index " Right Elevation

Threshold (in/mi) 90.00

Segment Length (ft) 25.00

If the Fixed Interval analysis is selected, segments can be defined and the analysis reports statistics
for each segment, rather than the entire profile. The length of the segment can be specified, and
multiple segments will be added at that interval. For example, if the segment length is 528 feet,
segments will be added every 528 feet. The exception is when exclusions are defined in the
Editor/Sections. In this case, segments will be added until one hits the beginning location of an
exclusion area. Therefore, the length of the last segment before an exclusion area may be less than
the fixed length. Segments will then be added again starting at the end of an exclusion area and repeat
the above process if any additional exclusion areas occur.

Ride Quality

Analysis Type
Ride Quality Index

Threshaold (in/mi)

Segment Length (ft)

Once inputs have been entered, click Analyze to display the results.

Outputs

B Opverall: The Ride Quality statistic for each profile or file is displayed.

P Continuous: Table listing the locations and maximum value of the out-of-threshold or “hot
spots” statistic. A chart shows continuous roughness results for the selected profiles.

P Fixed Interval: The Ride Quality statistic for each profile or file is displayed for each segment.
A chart shows a graphical representation of the stats.

Page 77



ProVAL User’'s Guide / Analyses

Overall analysis results.
Ride Quality
Analysis Type File | Profile | Section | Apply 250mm Filter
Profile [¥ LElev Full - v
Ride Quality Index IRI - ¥ RElev Full - Fi

File | Profile | IRI (in/mi)
¥ |Profile LElev 39.02
Profile RElev 58.55

Continuous analysis results. You can select each profile or file (for two-channel indexes) to display the
analysis results. Select which profile to view using the dropdown box above the output window. Toggle
between the chart, table, and map data (if a route is defined). On the chart the threshold is shown as a
horizontal red line. Locations above the threshold are displayed as red-coded segments on the map,
indicating hot spots or failed areas. Mouse over each hot spot to show information including the start/stop
distance and the ride index value.

Ride Quality
Analysis Type File | Profile | Section | Apply 250mm Filter
Profile [¥|LElev Full - i
Ride Quality Index IRI - F1RElev
Threshold (in/mi) 90,00
Segment Length (ft) 25,00
|Profile_LElev -
jTable | - |[,[;, [ S5 Distance (ft): 493.2735 IRI (in/mi): 1876777
200
1504
.‘E
E100q ol .
= ¥
50
0 T T T T T T T T T T
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500
Distance (ft)
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Fixed Interval analysis results. You can select each file to display the analysis results. Toggle between the
chart, table, and map data (if a route is defined). Color-coded segments on the map indicate pass (blue) or
fail (red). Mouse over each segment to show information including the start/stop distance and the ride index
value.

Tahlt By | BB S

an
801
704

60 4 —
Esp

=

Edlil-
30
201
104

0

1] 2,000 4,000 6,000 8,000 10,000 12,000 14,000
Distance (ft)
[=== Left Wheel Path === Right Wheel Path|

s i
Start Stop Length Left Wheel Path - IR] Right Wheel Path - IRl
Distance (ft) Distance (ft) () (in/mi) (in/mi)
0.00 52799 52799 55.08 60.36
52799 105599 527199 6542 5437
105599 158398 52799 5888 49561
158398 211198 527199 5980 Q24
211198 263997 52199 5503 4514
263997 316796 52799 60.86 5165
3,167.96 369596 52199 4958 4436
369596 422395 52799 4254 4445
422395 446045 23650 89.40 7694
4,79945 532644 526.99 5897 6383
568044 6,20843 52199 SL75 6290
620843 651243 304.00 8089 68.36
2 Chart 7] Table E@| & ® Locations pon - ] Location:

Start Distance (ft): 4 22395

Stop Distance (ft): 4 46045

Left Wheel Path - IRI (in/mi): 89.40
Right Wheel Path - IRI (in/mi): 76,94
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Analysis by Excluding Leave-outs
The exclusion analysis excludes the results with the leave-out sections. Leave-out sections can be

defined using the Editor/Section screen. An example with two leave-out sections is shown below:

Editor: Sections File Profile - Navigate v
Start Distance (ft) Stop Distance (ft) Length (ft) Start Latitude Start Longitude Stop Latitude Stop Longitude Type Name
400.00 600.00 200.00 0 0 0 0 Leave-out = Ignorel
3 3033.00 3450.00 417.00 0 0 0
Default Full -
%] Chart E‘Map| . |L‘;‘1_P@

0.5

Elevation {in)

0.0
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000
Distance (ft)
|— LElev m— RElev — Lea\.'e-out|
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Overall analysis results are computed by including only the results within non-leave-out sections.

Continuous analysis results excluding leave-outs. You can select each profile or file (for two-channel
indexes) to display the analysis results. The “hot spots” table will exclude any such hot spots falling within
the leave-outs, and the continuous roughness plots within the leave-out will not be displayed. For the
continuous analysis, one-half of the segment length both before and after a leave-out is also excluded.

Ride Quality
Analysis Typa Continuous - |File  Profile  Section | Apply 2Z50mm Filter
Profile 3/ LElev Full = vl
Ride Quality Index L] * RElev
Threshold (in/mi] a0
Segment Length (ft) 25
Profile_LElew i
[E=Chart) 3 Table RS
200
E
£1004 4 h . | h
. 50 ﬂi‘b]ﬁ JU A MUL‘\/\]
I Mmmﬁﬂw%mﬁ WA AT
1] S0 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500
Distance (ft)
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Fixed Interval analysis results excluding leave-outs. You can select each profile or file (for two-channel
indexes) to display the analysis results. The Length column in the table shows the actual length used for ride
index computation by excluding the leave-out sections. The segments would advance until one reaches the
start of a leave-out location and this specific segment may contain less than a full interval. After passing the
end of a leave-out, the segments would re-start advancing with the fixed interval again. It would repeat the
above process once encountering other leave-outs. Roughness indexes will be reported within each segment
(full fixed interval or partial interval) and the actual lengths for all segments are also reported. Leave-out
areas are not plotted in the bar chart.

Ride Quality
Analysis Type Fixed Ingenval «|/| File |Profile | Section  Apphy Slemen Filbes
_ _ . | Prefile ¥ LEley F - ¥
Ride Quality Index IR1 o  REley .
Thieshald (in/emi) _ wm:
Segererit Length [#) 528,00
_Fruflle .
(TG o | B 5
65
&0
55
50
45
-4
38
£
=
20
15
10
5
1] 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5000 5500
Dhstance [ft]
:'I}-uhle IE
5 Chart [ Table || It IR &
Sart Sep Length LEley - IR]
Distance (ft) Dustance (Ft] i) [any mma)
AU . 1 . A 5004
28.50
112810 165610 S28.00 2958
1,656.10 218410 528,00 3120
218410 21210 528,00 3253
345010 337810 528,00 47567
39840 4,50610 528,00 6357
4,506.10 503410 S28.00 4376
503410 5,499.50 465,00 2847
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Rolling Straightedge (RSE)

This analysis simulates the rolling straightedge (RSE) measurement from profiles collected using inertial
profilers. It can determine the vertical deviation between the center of the straightedge and the profile for

every increment in the profile data.

Profile Selection

Any number of profiles may be selected. The section for each profile may be selected.
Show Events « Options .

- - ~ :

5 V@

l _é E —) . | | i' — Use Mileposts Screenshot Temlat
el | @) Help . emfra €

Viewer Editor [Analysis| Analysis i
L & - B Units -

-

Close AddFiles Save FReport
Project K RSE
- Analyze

Rolling Straightedge

1000| | File | Profile | Section | Filter
{Full  ~ Butterworth Low-pass (1.97 ft

Straightedge Length (ft)
Profile
None

Deviation Threshold (in) 0.100

A different wavelength filter can be specified for each file by clicking the hyperlink for each input field. A
pop-up dialog box would appear to allow you to select filter settings.

The following filters are available:

» None
P Butterworth Low-pass

P Moving Average Low-pass

Inputs

Input Templates are available for this analysis. Changing the selected profiles will not affect the template,
however the template would set the wavelength filter for each profile.

P Straightedge Length: This is the baselength of the simulated straightedge.

P Deviation Threshold: This is the threshold values to determine out of spec areas.

Rolling Straightedge

Straightedge Length (ft) 10.00
Deviation Threshold (in) 0100
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Outputs

The outputs include:

P Surface Deviation Chart (the ranges within the thresholds are shaded)
P Defective Segments Table (i.e., hot-spots or out-of-spec areas and maximum surface
deviations)
An example of a surface deviation chart:

Results
Profile_LElev - Q- | E!‘ S
Start Stop Deviation
Distance (ft) Distance (ft) (in) 0.2
364510 364540 0101
4.201.60 420390 0119
4,234.50 4.238.70 0144
433410 4,338.90 0137
477370 477590 -0.117

Surface Deviation (in)

-0.2

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5500 6,000
Distance (ft)

= Profile_LEle

A zoomed-in view of the above example:

Results
Profile_LElev MEC Q- m | E‘ S
Start Stop Deviation
Distance (ft) Distance (ft) (in)
3,645.10 3,645.40 0101
4,201.60 4,203.90 0119
4,234.50 4,238.70 0.144
433410 4,338.90 0137 = 01
477370 477590 -0.117 E
E
=]
S 0.0
‘=
A

-0.1

4,000 4050 4100 4150 4,200 4,250 4300 4350 4400 4,450 4,500
Distance (ft)

s Profile_LEle
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Smoothness Assurance Module (SAM)

The Smoothness Assurance Module can be used to produce ride quality reports and optimize grinding
strategies by analyzing measurements from profiles collected using inertial profilers. It can determine the
out-of-spec locations and recommend must-grind locations. It also provides very flexible user-defined
grinding strategies. A comprehensive report can then be generated to include ride quality reports before and
after grinding.

Three types of ride quality (RQ) analyses can be performed: Short Continuous, Long Continuous, and
Fixed-interval. This module is divided into four sections: Inputs, Ride Quality Analysis, Grinding, and
Grinding Analysis. The comparison analysis shows a chart side-by-side with the other analyses. The
comparison chart can be synchronized with the continuous charts, so that zooming and scrolling take place
simultaneously in both charts.

Smoothness Assurance: Inputs Analyze Grine avigate v
Ride Quality File Profiles Section Apply 250mm Filter

Ride Quality Index = W Profile Left+ Right Full ~ ¥
Analysis Segment Length Threshold Histogram

(ft) (in/mi)

Short Continuous 25 120 Histogram
Long Continuous 528 50 Histogram
Fixed Interval 528 50

Comparison

Type Profile -

Straightedge Length (ft)

Filter Butterwerth High-pass (100.00 ft)

Profile Selection

The number of profiles required varies depending on the Ride Quality Index selected. IRI requires a file
containing at least one profile. Other indices (HRI, MRI, and RN) require selection of a file that has both
the Left and Right profiles marked. The section must be specified for the file or profile. You may also
select whether or not to apply a 250mm Filter to the profile.

Smoothness Assurance: Inputs Analyze
Ride Quality File Profiles Section Apply 250mm Filter
Ride Quality Indlex W _|||M Profile Left + Right Full ~ W
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You need to determine whether the Apply 250mm Filter should be applied depending on whether the
profile has been previously smoothed or filtered using the 250mm moving average filter. If in doubt,
contact your profiler manufacturers.

Input Templates are available for this analysis. Changing the selected profiles would not affect the template.
The inputs include: Inputs (for ride quality analyses) and Grinding (for grinding simulation). The latter is
optional, and the “after-grinding” results would be included in all result screens for compatrison if
performed.

Ride Quality Inputs and Analysis

The Ride Quality inputs include:

P Ride Quality Index: Select from: IRI, HRI, MRI, and RN. This input determines if you
need to select a file and profile, or just a file. See the above Profile Selection section for
details.

Smoothness Assurance: Inputs Navigate

Ride Quality File Profiles | Section Apply 250mm Filter

Ride Quality Index R ||| Profile Left + Right Full ~ 4l

Analysis Segment Length IRI
(ft) HRI

Short Continuous 25 [MRI

Leng Continuous 528 RN

Fixed Interval 528 50

Comparison

Type Profile -
Straightedge Length (ft)

Filter Butterworth High-pass (100.00 ft)

P Segment length: Different values can be specified for the three Ride Quality analyses.
Normally, a shorter segment or baselength would be used for the Short Continuous analysis
(e.g., 25-ft for finding localized roughness) while a longer one would be used for the Long
Continuous analysis (e.g. 528-ft for ride quality report).

P Threshold: Different values can be specified for the three Ride Quality analyses. A good
example of combination of baselengths and threshold is as follows:

Smoothness Assurance: Inputs Navigate

Profiles Section Apply 250mm Filter
e Left + Right Full = 4

Ride Quality

Ride Quality Index IRI -

Analysis Segment Length Threshold Histogram
(ft) (in/rni)

Short Continuous 25 120 Histogram

Long Continuous 528 50 Histegram

Fixed Interval 528 50

P Histogram: A default histogram would be provided for the continuous analyses. A dialog
box would pop up when clicking the Histogram hyperlink input.
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Histogram

Lower Bound {infmi)

Uppetr Bound {infmi) 120.00

Class Inkerval (infmi) 10.00

Cancel

The Comparison inputs include:

P Comparison Analysis: Select from: None, Profilograph Simulation (a California type of
Profilograph is assumed), Profile, and Rolling Straightedge

Smoothness Assurance: Inputs Navigate
Ride Quality File Profiles Section Apply 250mm Filter
Ride Quality Index g W Profile Left+ Right Full ~ !
Analysis Segment Length Thresheld Histogram
(ft) (in/mni)
Short Continuous 25 120 Histogram
Long Continuous 528 50 Histogram
Fixed Interval 528 30
Comparison
Type Profile -

. Mone
SRl iy Profilograph Simulation
Profile

Rolling Straightedge

Filter

P Straightedge Length: If Rolling Straightedge is selected, straightedge baselengths need to be
an input.

P Filter: If the comparison selection is other than None, you can click the filter hyperlink to
access the Wavelength Filter dialog box.

Filter can be selected from:

None

Butterworth Low-pass
Butterworth High-pass
Butterworth Band-pass
Moving Average Low-pass
Moving Average High-pass
Moving Average Band-pass

YYYYYTYY

When Profilograph is selected as Comparison, California
Profilograph simulation is used.
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To perform ride quality analysis, simply click the Analyze button on the analysis menu bar. Use the
Navigate button to view all results or proceed to Grinding to perform the grinding simulation.

Analyze Grind

MNavigate v| ‘ ‘

Smoothness Assurance: Inputs

Ride Quality

Ride Quality Index IRI -
Analysis Segment Length Thresheld Histogram

(ft) (in/mi)

Short Continuous 25 120 Histogram
Leng Continucus 528 50 Histogram
Fixed Interval 528 50

Comparison

Type Profile -
Straightedge Length (ft) 10.00
Filter Butterworth High-pass (100.00 ft)

Grinding Screen

File Profiles Section Apply 250mm Filter

W Profile Left + Right Full ~ M

v Inputs
Grinding
Left Profile
Short Continuous
Short Continuous Histogram
Leng Continuous
Leng Continuous Histogram
Fixed Interval
Right Profile
Short Continuous
Short Continuous Histogram
Leng Continuous
Leng Continuous Histogram

Fixed Interval

The Grinding Screen of SAM provides options for grinder selection and grinding strategy
management. The toolbar also includes a group of speed buttons for grinding simulation, managing
strategy, and selecting grinding locations.

r 1 pr—y
; 5 E o’ ‘ %\ ‘ ,“,, ' = = -= | i Showkvents ‘ } f ':il
15 -0 : o .' = 7 7| [ Use Mileposts K’
Close AddFiles Save Report Viewer Editor Analysis  Analysis ) ¥ Units o [ Template Strategy Locations
Project - SAM v - v -
Smoothness Assurance: Grinding Grind Navigate v
Grinder Enabled Start Stop Direction Head Height Waming Length ~
. Distance {ft) Distance (ft) (in) (ft)
Gindat Type B-foot Whedbise i | TS 1375 6017 Forward 0.00 n/a 1642
Maximum Grinding Depth (in) 030 v 9183 11267 Forward 0.00 n/a 2083
Head P 0% V4 12475 13508 Forward 0.00 n/a 1033
Sitio
i . v 14658 16833 Forward 000 nva a7s
Wheelbase (ft) 2500 4 17407 193.33 Forward 000 n/a 1937
Tandem Spread () 249 v 195.00 20083 Forward 000 n/a 1483 !
N4 M50 236 MR Faruoed N00 nis 1100
Short Cutoff Wavelength {ft) 0820 Total Ground (ft) 685

| RS

Elevation {m)

1,000
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Grinder Selection and Settings
A simulated grinder can be selected from: 18-foot Wheelbase, 25-foot Wheelbase, and Custom.

Smoothness Assurance: Grinding

Grinder Type

Maximum Grinding Depth {in)

18-foot Wheelbase
Head Position 25-foot Wheelbase

-
Tandem Spread (ft)
Short Cutoff Wavelength (ft)

If you select to create a custom grinder, you are able to edit all of the grinder inputs. Otherwise, you can
only edit the maximum grinding depth for warning reporting.

P Max Grinding Depth (a threshold value for warning report only)
Head Position

Wheelbase

Tandem Spread

>
>
>
B Short Wavelength Cutoff (used to simulate the tire filtering of the grinder)

Tandem Spread Tandern Spread

Lr Lf
Wheel Base

Head Position = Lf / Wheel Base

The above diagram does not include an additional support
wheel to reflect grinder dimensions during grinding
operation.

Page 89



ProVAL User’'s Guide / Analyses

Grinding Strategy
Management of the grinding locations can be performed using the Strategy button in the toolbar.

The Automatic Grind would allow ProVAL to recommend locations for grinding based on the grinder
settings and assumed basic grinding pattern.

S BEHD AR I === Tn~ B @

Close AddFiles Saye Report | Viewer Editor | Analysis = Analysis

L2 Unite Template | Strategy Locations
Project - SAM ~ = ~ ~ ~
Project Vie Profile Selection Display One Grind
c c Automatic
Smoothness Assurance: Grinding Grind
Mew...

The basic grinding pattern is one pass in the forward direction with zero head height (i.e., flushing
grinding head with the pavement surface) at the start. The grinding location information is tabulated
and in a chart where shaded areas indicate grinding locations. The lengths for all grinding locations as
well as the Total Ground length are displayed. If a route is defined, grinding locations are shaded
orange on the map. Mouse over a location to show the start/stop distance.

The resulting strategy would be saved as Automatic under the Strategy selection.

Smoothness Assurance: Grinding Grind Navigate
Grinder Enabled Start Stop Direction | Head Height Warning  Length
- - Distance (ft) Distance (ft) {in) (ft)

Grindler Type Custom (NI~ 1375 60.17 Forward 0.00 n/a 1642
Maximum Grinding Depth (in) 0.30 \f 91.83 11267 Forward 0.00 n/a 20.83

i 124,75 135.08 Forward 0.00 n/a 10.33
Head Position 0.50

i 146,58 168.33 Forward 0.00 nfa 21.75
Wheelbase (ft) 18.00 i 17417 193.33 Forward 0.00 nfa 1917
Tandem Spread (ft) 249 i 195.00 20983 Forward 0.00 nfa 1483

.| 22508 23608 | Fanaard AN nla 11.00
Short Cutoff Wavelength (ft) 0820 Total Ground (ft) B85

. |@ [ & Distance (ft): 3415.4460 Elevation (m): 0.1284

=4
J=

=
=]
L

Elevation {rm)
(=]
(=]

‘0.2 4
-04 T T T T T T T T T
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Distance (ft)
|— Profile - LElev m—— Profile - RElev Grindinglocations{

Page 90



ProVAL User’'s Guide / Analyses

You can click the Locations dropdown and select the Enable All Locations or Disable All Locations to
quickly select and de-select all grinding locations.

M EHE & L[ I

W Show Events a :L | [I_M{:J |

Use Mileposts

Close AddFiles Save Report | Viewer Editor | Analysis | Analysis . Template Strategy | Locations
; & Units
Project - SAM 7 = 7 7 =
P Profile 5 Display Analysis Enable All Locations
. c Disable All Locations
Smoothness Assurance: Grinding Grind Naviga. .
Grinder Enabled Start Stop Direction Head Height Warning Length =
_ - Distance (ft) Distance (ft) (in) (ft)
SREETRTE LCustom T ™ 1375 6017 Forward 0.00 n/a 1642
Maximum Grinding Depth (in) 0.30 i 91.83 11257 Forward 0.00 n/a 20.83
. ¥ 124.75 13508 Forward 0.00 n/a 1033
Head Position 0.50
M 146.58 16833 Forward 0.00 n/a 21.75
Wheelbase (ft) 18.00 W 17417 19333 Forward 0.00 n/a 1917
Tandem Spread (ft) 249 M 195.00 20983 Forward 0.00 n/a 1483 )
A 275 @ 3608 Ennuard 000 nia 1100
Short Cutoff Wavelength (ft) 0820  Total Ground (ft) 685

Spot grinding locations can be displayed as orange-coded segments on the map. Mouse over each
grinding spot to show information include the start and stop distances.

If grinding occurs at the beginning or end of a profile, there may be a sharp change in the raw profile.
Because of the grindet's wheelbase, gtinding cannot occur at the vetry beginning or end of the profile, so
those segments should be ignored.

It is recommended to provide profile that extends beyond the project range, with extra lengths at the
beginning and end in order to propetly “sit” the grinder.

Grinding location tables include the following information that can be edited:

P Enabled (Yes/No)
P Start Distance
P Stop Distance
» Direction; Selection from:
P Forward
» Forward, Forward
B Forward, Reverse
P Reverse
B Reverse, Forward
P Reverse, Reverse
Smoothness Assurance: Grinding Grind Navigate v
Grinder Enabled Start Stop Direction Head Height Warning Length =
_ Distance (ft) Distance (ft) (in) (ft)
EET T Custom MIFI~| 13.75 For.. v 000 n/a 46.42
Maximum Grinding Depth (in) 030 M 01,83 112,67 |Forward 000 n/a 2083
» W 12475 13508 | Forward, Forward | 5 5q /g 1033
Head Position 050 Forward, Reverse
i 146,58 16833 000 nfa 275
Wheelbase (ft) 1800 il 17417 19333 |Reverse, Forward | 000 n/a 1917
Tandem Spread (F) 240 i 195,00 209.83 |Reverse, Reverse | 0.00 n/a 1483 )
.| 25 N8 2R N2 Enrnseard NNN wia 11 00
Short Cutoff Wavelength (ft) 0820 Total Ground (ft) 685
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Head Height (distance between the grinding head and the pavement surface at the starting

location)
Warning (e.g. deep grinding or when the grinding depth exceeds the user-defined maximum

grinding depth)
Length

.

NV

Head Height

S

The above diagram does not include an additional support
wheel to reflect grinder dimensions during grinding
operation.
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You can use the Strategy dropdown button to select One Grind (i.e. grind the entire length), Automatic,
or a New strategy. Changes to the grinder type and grinder settings would lead to changes in the Auto
Grind strategy.

N B EHY AKX I === T BB

Close  AddFiles Save Repert | Viewer Editor | Analysis || Analysis \ . Template Strategy Locations
- 52 Units
Project - SAM 4 = ~ ~ ~
Smoothness Assurance: Grinding Grind Navigate
Grinder Enabled Start Stop Directiocn  Head Height Warning  Length
Distance (ft) Distance (ft) (in) (ft)

Grinder Type 18-foot Wheelbase MY~ 000 458325 Forward 000 nfa  4583.25
Maximum Grinding Depth (in) 0.30

Head Position 0.50

Wheelbase (ft) 18,00

Tandem Spread (ft) 249

Short Cutoff Wavelength (ft) 0820 Total Ground (ft) 4,583

GO BRS
0.4

E 0.2 1

5 00

u—a_, -0.2 4

-0.4 T T T T T T T T T
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Distance [ft)
|— Profile - LElev = Profile - RElev Grindinglocationﬂ

You can select New to start a new strategy based on current displayed grinding information. A dialog box
would allow the user to name this new strategy.

New and existing strategies can be Applied to the current display, Renamed, and Deleted.

M REHD &K I = v R[] @

Close  AddFiles Save Report | Viewer Editor | Analysis || Analysis 52 Unit Template | Strategy  Locations
Project - SAM 4 = s 4 = ~
Project Vie on Display One Grind E
E - Automatic
Smoothness Assurance: Grinding Grind
MyGrind 3 Apply
Grinder Enabled Start Stop Direction Head Height Warning
_ Distance (ft) Distance (ft) (in) New.. Rename
Grinder Type 18-foot Wheelbase MR "t 13.75 6017 Forward 0.00 n/a 1642 Delete
Maximum Grinding Depth (in) 030 ¥4 91.83 11267 Forward 0.00 n/a 2083
- ¥4 12475 13508 Forward 0.00 n/a 1033
Head Position 0.50
¥4 146.58 16833 Forward 0.00 n/a .75
Wheelbase (ft) 18.00 ¥ 17417 192.33 Forward 0.00 n/a 1917
Tandem Spread (ft) 249 ¥4 195.00 20983 Forward 0.00 n/a 1483 )
v 275 N2 196 N8 Ennard 000 nia 1100
Short Cutoff Wavelength (ft) 0.820  Total Ground (ft) 685

To perform grinding simulation, simply click the Grind button on the analysis menu bar. Deep
Grinding Warning may be issued in the grinding information table if any of the grinding locations
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has exceeded the user-defined Maximum Grinding Depth. Use the Navigate button to view all
results, including Before Grinding and After Grinding results.

M A HS A% I =

K/ Show Events “ :L @

Use Mileposts

Close AddFiles Save Report | Viewer Editor | Analysis = Analysis . Template Strategy Locations
; 2 Units A
Project - SAM 7 = 7 7 7
Smoothness Assurance: Grinding
Grinder Enabled Start Stop Direction  Head Height Warr Inputs
Distance (ft) Distance (ft) (in) /' Grinding
Grinder Type 18-foot Wheelbase MR~ 1375 5017 Forward 000 nfa Left Profile
Maximum Grinding Depth (in) 030 il 9183 11267 Forward 0.00 n/a Short Continuous
T, T v 124.75 135.08 Forward 0.00 n/a Short Continuous Histogram
v 146.58 168.33 Forward 0.00 n/a .
Long Continuous
Wheelbase (ft) 18.00 ¥ 17417 193.33 Forward 0.00 n/a . .
i 195.00 20983 F 4 0000w Leng Continuous Histogram
Tandem Spread (ft) 249 : i ] .5 Fixed Interval
v | 27502 73R 02 Fansard A00 ni=
Short Cutoff Wavelength (ft) 0.820 | Total Ground (ft) 685 Right Profile
Short Continuous
«7 | Eil =] Short Continuous Histogram
Leng Continuous
0.4 Leng Continuous Histogram
= 0.2 Fixed Interval
£ 0,07
ma -0.2 4
-0.4 T T T T T . . . .
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Distance (ft)
|— Profile - LElev e Priofile - RElev Grindinglocation#
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Short Continuous Report

The Short Continuous roughness report (normally indicates localized roughness) includes the following for
before and after grinding:

P Defective segments table, with tabs for No Grinding and After Grinding

P Continuous ride index chart and comparison chart

P Map showing locations above the threshold, indicating hot spots or failed areas. Mouse over
each hot spot to show information including the start/stop distance and the ride index value.

An example of a continuous report without a comparison chart:

Smoothness Assurance: Short Continuous - Left Profile Navigate
Before Grinding After Grinding GOl RERS
Start Stop IRI
Distance (ft) Distance (ft) (in/mi)
26367 266.00 12294
3,512.50 3,506.33 18232
3,603.50 363508 216.33 2004
3,639.50 3,641.50 12193
398242 3,998.83 151.44
401183 401542 82| 101 l
£
E100
50 ?
0

] 500 1,000 1500 2000 2500 3,000 3500 4000 4500 5000
Distance (ft)
|— Before Grinding === After Grinding |

Long Continuous Report

The Long Continuous roughness report (normally indicates general ride quality) includes the following for
before and after grinding:

P Defective segments table, with tabs for No Grinding and After Grinding

P Continuous ride index chart and comparison chart

B Map showing locations above the threshold, indicating hot spots or failed areas. Mouse over
each hot spot to show information including the start/stop distance and the ride index value.
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An example without a comparison chart:

Smoothness Assurance: Long Continuous - Left Profile Navigate

Before Grinding After Grinding ol BERS
Start Stop IRI
Distance (ft) Distance (ft) (in/mi)
264,08 38558 54.18
2,801.58 3,883.83 74,60

[ T = R B |
[, B R B = |

IRI {in/mi)
= L LN
(=]

o

[EE YR Y
(= T = ]

Fa
Ln

0 500 1,000 1,300 2000 2500 3,000 3,500 4000 4500 5000
Distance (ft)
|— Before Grinding = After Grinding |

Fixed Interval Report

The Fixed Interval roughness report (normally for most agencies’ lot report) includes the following for
before and after grinding:

P Fixed interval ride index report table
P Fixed interval ride index chart and comparison chart
P Fixed interval ride index map

Toggle between the Chart, Table, and Map views using the buttons.
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Smoothness Assurance: Fixed Interval - Left Profile

[ Can D Tavie | IR S

0 200 400 600 E00 10001200 14001600 16002000 2,200 2,400 2,600 2,500 3,000 3.200 3,400 3,600 3.86004,000 4,200 4 400 4,600

Distance [Ft)

Before Grindin After Grin
5 . g

The table data includes the following for each interval: location, length, IRI, and number of defective
segments within the interval (based on Short Continuous specifications).

Smoothness Assurance: Fixed Interval - Left Profile

5 o)
Start Sto

Distance (ft) Distponce ()

000

528,00

1,056.00

1,584.00

211200

2,640.00

3,168.00

3656.00

4,22400

528.00
1,056.00
1,584.00
2112.00
2,640.00
3,168.00
3,696.00
422400
458325

Length Before Grinding

R (in/oni)
528.00 5400
528.00 3116
528.00 3225
528.00 3254
528.00 36.23
528.00 5480
528.00 71.04
528.00 4568
35842 1487

ON WO OO O O -

4687
3116
3225
3254
36.23
4934
4836
3694
3187

The map includes information for each interval, displayed when hovering over a section.

Smoothness Assurance: Fixed Interval - Left Profile

Navigate v
After Grinding
Defect Count
1
0
0
0
0
0
2
0
0
Navigate S

b Bing maps

After Grinding IRI (in/mi): 5831

Start Start Distance (it 7,391.91
Stop Stop Distance (ft): 7,910.91
Before Grinding IRI (inv'mi): 65.67
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Short Continuous Histogram Results

The results for the histogram of the Short Continuous roughness reports include:

P DPercent of Pavement Out of Spec

P Distance Out of Spec
P Histogram tables
P Histogram charts

A view of the short continuous histogram data for before and after grinding:

Smoothness Assurance: Short Continuous Histogram - Left Analyze Grind Navigate v
Profile
. ae MaxIRI MinIRI  Befere Grinding Befare Grinding After Grinding After Grinding -
Before Grinding (in/mi)  (in/mi) (%) {ft) (%) (ft)
Total Percent Out of Spec 197 = L Ly = L L=
12000 11000 091 42 0.50 23
Total Distance Out of Spec (Feet) 90 110.00  100.00 166 76 0.72 33
100.00 90.00 143 66 119 55
After Grinding 9000 8000 229 105 148 68
80.00 70,00 401 183 2.74 125
Total Percent Out of Spec 0.28 70.00 50.00 377 172 448 205
Total Distance Out of Spec (Feet) 13 FrI il Zal m 6.20 23
BES BS
150 150
-‘E 100 -’El[l[]
= =
E 501 E so
0 T T T T T T T T T 0+ T T T T T T T T T
0 0 20 30 40 50 60 70 80 90 100 0 20 30 40 50 &0 70 B8O 90 100

Ccecurrences - Before Grinding (32)

Long Continuous Histogram Results

Ccourrences - After Grinding (32)

The results for the histogram of the Long Continuous roughness reports include:

B Percent of Pavement Out of Spec

P Distance Out of Spec
P Histogram tables
P Histogram charts
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A view of the histograms of long continuous reports for before and after grinding:

Smoothness Assurance: Long Continuous Histogram - Left Analyze Grind | | Navigate

Profile

Before Grinding MaxIRI MinIRI  Befere Grinding Before Grinding After Grinding After Grinding

{infmi)  (in/mi) (%) (ft) (%) (ft)
Total Percent Out of Spec 2968 = Ll e L Fl L
12000  110.00 0.00 0 0.00 0
Total Distance Out of Spec (Feet) 1,282 110.00  100.00 0.00 0 0.00 0
100.00 90.00 0.00 0 0.00 0
After Grinding 9000  80.00 0.00 0 0.00 0
80.00 70.00 233 100 0.00 0
Total Percent Out of Spec 5.28 70.00 50.00 1082 467 0.00 0
Total Distance Qut of Spec (Feet) 228 60.00 5000 1653 14 5.28 28
BRS BRsS
150 150
E 100 -‘gl[][]
= ; =
E s0 | E so
i) | | | | | | | | | o4 | | | | | | | | |
0 10 20 30 40 50 60 7O &0 90 100 0 0 20 30 40 30 B0 V0O B0 90 100
Ccecurrences - Before Grinding (%) Ccecurrences - After Grinding (%)

Analysis with a Comparison Chart

The above illustrated SAM analysis results are without any compatison charts. We show an analysis
example with the comparison chart below:

Step 1. In the Inputs screen, select a desired compatrison type and associated input settings. (E.g. select
Profile and Moving Average High-Pass filter with a cutoff wavelength at 150 ft. This way you can view and
compare the roughness plot with the filtered profile plot side-by-side.)

Smoothness Assurance: Inputs Analyze Grine avigate v
Ride Quality File Profiles Section | Apply 250mm Filter
Ride Quality Index = W Profile Left + Right Full ~ vl
Analysis Segment Length Threshold Histogram
(ft) (in/mi)
Shert Continuous 25 120 Histegram
Long Continuous 528 50 Histogram
Fixed Interval 528 50

Comparison
Type Profile -
Straightedge Length (ft)

Filter Butterworth High-pass (100.00 ft)
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Step 2. Click the Analyze button and Navigate to the Grinding screen. Rerun the Auto Grind by clicking
the Auto Grind in the toolbar. Then, click the Grind button to perform the grinding simulation.

Smoothness Assurance: Grinding

Grind

Mavigate

Grinder Enabled Start Stop Direction Head Height Warning Length
Distance (ft] Distance (ft) (in) (ft)
Grinder Type 18-foot Wheelbase - i 1258 62,67 Forward 000 n/a 50.08
Maximum Grinding Depth (in) 030 \” 7392 112,67 Forward 0.00 n/a 3875
. ] 124 42 135.08 Forward 0.00 n/a 1067
Head Position 0.50
! 151.00 166.58 Forward 0.00 n/a 15.58
Wheelbase (ft) 18.00 ! 178.08 180.00 Forward 0.00 n/a 1192
Tandem Spread () 249 ¥ 196,58 212,25 Forward 0.00 n/a 1567
. 27500 23707 Ennuard .00 nia 1242
Short Cutoff Wavelength (ft) 0820 | Total Ground (ft) 601
GO RRS
0.4+

Elevation (in)
: [= [=
= [

=
i
L

=
Ia
L

500 1,000 1,500

[=]

2,000

2,500

Distance [ft)

3,000

3,500

|— Profile - LElew

= Profile - RElev

Grindinglocations#
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Step 3. Navigate to Short Continuous to view the short continuous roughness report vs. filtered profile plot.
You may zoom in to examine detailed comparison.

Smoothness Assurance: Short Continuous - Left Profile Navigate
Before Grinding After Grinding v 7 | E_i: BES
Start Stop IRI
Distance (ft) Distance (ft) (in/mi) 100
263.67 266.00 12294 >50]
3,512.50 3,546.33 8332 _
3,603.50 3,635.08 21633| £ 1501 "
3,639.50 3,641.50 ezl = |
Z 100
398242 3,998.83 151.44
4,011.83 4,015.42 12282 307

0 500 1000 1500 2000 2500 3,000 3,500 4000 4500 05,000
Distance (ft)
|— Before Grinding e After Grinding |

AR RR S
04
EDQ-
-4% 0.0
._TS_. 0.2
04 T T T T T T T r r
0 500 1,000 1,500 2000 2500 3,000 3500 4000 4500 5000

Distance (ft)
|— Profile: LElev: Before Grinding === Profile: LElev: After Grinding |

The chart control for the compatrison charts includes a button with two-way arrows to turn on and off of
the synchronized viewing for both charts.

[z B

dp

-~ o A

X
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Step 4. Navigate to Long Continuous to view the long continuous roughness report vs. filtered profile plot.
You may zoom in to examine detailed comparison.

Smoothness Assurance: Long Continuous - Left Profile Navigate
Before Grinding After Grinding T | L:_i_' F ﬁ

Start Stop IRI

Distance (ft) Distance (ft) (in/mmi) 50

264.08 385.58 5418 701

2.801.58 3,883.83 74.60

‘ , £ 60 m
_“550 "-"‘V\JA

240- W \!L\tq

301

0 500 1,000 1500 2000 2500 3,000 3,500 4000 4500 5000

Distance (ft)
|— Before Grinding == After Grinding |

S

Elevation (in)
! [=] [=] [=]
=1 P

=
%]

_ID
ey
=]

500 1000 1,500 2000 2500 32,000 32500 4000 4,500 5,000
Distance (ft)
|— Profile: LElev: Before Grinding == Profile: LElev: After Grinding |
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Step 5. Navigate to Fixed Interval to view the fixed interval roughness report vs. filtered profile plot. You
can not zoom in for this case due to the nature of the plots. Use the buttons to toggle between the chart
and the table data.

Smoothness Assurance: Fixed Interval - Left Profile Analyze Grind | [ Navigate v

Eam o | & B S

= R R R A = A =

601 ’ﬁ
z
=40
=
20
]
0 200 400 600 800 1,0001,2001,4001,600 1,8002,0002,2002,400 2,600 2,800 3,0003,200 3,400 3,600 3,800 4,000 4,200 4,400 4,600
Distance (ft)
| [ Before Grinding [ After Grinding |
=)
04
= 0.2
2 0.0
=
g
T g2
-04 T T T . . . . T .
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Distance [ft)
|— Profile: LElev: Before Grinding === Profile: LElev: After Grinding |
Smoothness Assurance: Fixed Interval - Left Profile Analyze Gind | Navigate -
Chart [ Table |
Start Stop Length Before Grinding Before Grinding After Grinding After Grinding
Distance (ft) Distance (ft) (ft) IRI (in/mi) Defect Count IRI (in/mi) Defect Count
0.00 528.00 528.00 54.00 1 46.88
528.00 1,056.00 528.00 3116 0 3116
1,056.00 1,584.00 528.00 32.25 0 32.25
1,584.00 211200 528.00 32.54 0 32.54
2,112.00 2,640.00 528.00 3623 0 3623
2,640.00 3,168.00 528.00 54.80 0 5011
3168.00 3,696.00 528.00 71.04 3 4752
3,696.00 4,224.00 528.00 45.68 2 37.30
4,224.00 4,583.25 35842 31.87 0 31.87
BES
04
= 0.2
2 0.0
&
w '0.2'
-04 T T T T T T T T T
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Distance (ft)

|— Profile: LElev: Before Grinding == Profile: LElev: After Grinding |
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Step 6. Navigate to Short Continuous Histogram to view the histogram of the short continuous roughness

report.

Smoothness Assurance: Short Continuous Histogram - Left

Profile

Before Grinding

MaxIRI | MinIRI

(in/mi) | (in/mi)
Total Percent Out of Spec 197 o LD
12000 110.00
Total Distance Out of Spec (Feet) 90 110.00  100.00
100.00 30.00
After Grinding 9000  80.00
80.00 70,00
Total Percent Out of Spec 0.06 70,00 0,00
Total Distance Out of Spec (Feet) 3 60.00 50.00
LRSS
140
120
100
£ 0
=
= 60
401
201
0 10 20 30 40 50 60 70 80 90 100

Ccecurrences - Before Grinding (%)
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Cccurrences - After Grinding (32)

Mavigate V
Before Grinding Before Grinding After Grinding After Grinding -
(ft)
147 a0 0.06 3
0.5 42 0.8 26
166 76 0.66 30
143 66 118 54
229 105 143 65
4.0 183 2.70 123
37 172 4.54 pral
611 273 6.11 79|
BES
140
120
100
T 80
=
= 60
40
20
04 . . . . . . . .
0 0 20 30 40 50 60 70 B0 90 100
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Step 7. Navigate to Long Continuous Histogram to view the histogram of the long continuous roughness

report.

Smoothness Assurance: Long Continuous Histogram - Left

Profile

Before Grinding MaxIRl | Min IRI

(in/mi)  (in/mi)
Total Percent Out of Spec 2968 m L)
12000 11000
Total Distance Out of Spec (Feet) 1,282 110,00 100,00
100,00 90.00
After Grinding 9000  80.00
80.00 70.00
Total Percent Out of Spec 483 70.00 50.00
Total Distance Out of Spec (Feet) 209 60.00 50.00
EERS
140
120
100
£ 80
= |
E 60 :l:l_‘
40 |
20
0 10 20 30 40 50 o0 VO B0 90 100

Cccurrences - Before Grinding (32)

Analysis by Excluding Leave-outs

If Leave-out sections are defined, the SAM analysis will exclude results within the leave-out sections.

Occurrences - After Grinding (35)

For the continuous analysis, one-half of the segment length both before and after a leave-out is
excluded. The behaviors are similar to those for the Ride Quality analysis module.

The grinding locations and profile plots within leave-outs will also be excluded.
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nalyze Grind Mavigate V
Before Grinding Before Grinding After Grinding After Grinding -
(ft) (% (ft)
0.00 0 0.00 0
0.00 0 0.00 0
0.00 0 0.00 0
0.00 0 0.00 0
0.00 0 0.00 0
233 100 0.00 0
10.82 467 0.00 0
16.53 714 483 209
(ol =)
140
120
100
£ 80
=
= 60
40
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Smoothness Assurance: Grinding Analyze Grind Mavigate
Gander Enabled Start Stop Direction Head Height Warning Length
_ Distance (ft) Distance (ft) fin} (f)

[T 18-foot Wheelheoe | ] 6320 75.70 Forward 000 n/a 1250
Maximum Grinding Diepth (in) 0.30 | B& 50 9950 Forward 000 nfa 11.00

— ¥ 106.50 13530 Forward 0.00 nfa 80
Head Postion 0.50

¥ 146.70 16720 Forward 0.00 nfa 1840

‘Wheelbase (ft) 18.00 o 182.20 200.10 Forward 000 nfa 1650
Tandem Spresd {ft) 2_49. il 20940 22820 Forward 000 nfa 1880

. L | oo WI IBEN Eonwaed A00 nis L
Short Cutofi Wavelength (ft) 0820 | | Total Grownd (ft) 72

4= wp O O |ﬁ| B S Distance (ft): 2008634 Elevation (in): -0.0421

E
5 Ao, M e A AR AR AN A
£
= 11ma L
o 500 1,000 1500 2000 2500 3000 3500 4000 4500 5000 5,500
Dastance (ft)
[==—— Profile - LEley === Profile - RElay  ——— Grindinglocations]

The roughness plots and profiles within the leave-outs will be excluded in the short continuous
repott.

Smoothness Assurance: Short Continuous - Left Profile Anahyze Grind Navigate
Before Grinding After Grinding | e a-A|BEBS
Start Stop IF1
Distance (ft) Distance [ft) (in/mni) 200
25840 M 14347

4,226.70 425240 17399 i l

E .
4327.00 435770 10269 1004
4.782.50 4,789.50 1743 E oo T e

0 o 1000 1,500 ZOOO Z500 3,080 3 4000 4500 5000 5500 6000
Dssange (f]
[===Before Grinding mefem &ffer Grinding |

:

G RR S

WWWWW

o 300 1,000 1,500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Cestance (i)
[=—= Profile: LElav: Before Grinding s Profile: LElev: After Grinding |

=
n

Elesvation (s
=3
(=1

o
L
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The roughness plots and profiles within the leave-outs will be excluded in the long continuous report.

Smoothness Assurance: Long Continuous - Left Profile nalyze [ Nevigate W
Before Grinding After Grinding v | BERS

Start Stop Rl
Distance (ft) Distance (ft) {indrmi) m

3,674.10 3.909.10 5053 &0 J\(‘\

3,842.00 4,501.90 875 E., \'.'A

454520 460350 5367 E ] w

E 30 W
20

] 500 1000 1500 2000 2500 3,000 3,500 4000 4500 5000 5500 6000
Distance (%)
[ Biefuire Grinding e after Grinding |

FARGaR S

=
=

¥ /IR

Elmvation (in)

] 500 1000 1500 2000 2500 3,000 3,500 4000 4500 5000 5500 6,000
Distance (F)
[====Profile: LElev: Before Grinding s Profile: LElev: After Grinding |

The profiles within the leave-outs will be excluded in the fixed interval report. The Length column in
the table shows the actual length used for ride index computation by excluding the leave-out sections.
The segments would advance until one reaches the start of a leave-out location and this specific
segment may contain less than a full interval. After passing the end of a leave-out, the segments would
re-start advancing with the fixed interval again. It would repeat the above process once encountering
other leave-outs. Roughness indexes will be reported within each segment (full fixed interval or
partial interval) and the actual lengths for all segments are also reported. Leave-out areas are not
plotted in the bar chart.

Smoothness Assurance: Fixed Interval - Left Profile Analyze —
] Chart
Start Stop Length Before Grinding Before Grinding
DS e L T v T ) S L) e

e 000000040000 59.94 .

600.10 1,128.10 528.00 28.90 0

112810 1,656.10 528.00 20.59 0

1,656.10 218410 528.00 31.20 0

218410 271210 528.00 32.53 0

O I S 0

3,450.10 3,978.10 528.00 4767 0

397810 4,506.10 528.00 63.57 2

4,506.10 5,034.10 528.00 43.76 1

5,034.10 5,499.90 465,00 2847 0
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Smoothness Assurance: Fixed Interval - Left Profile Analyze Srind
[ Chart) T Teble | [y B S

0

. 50
a0
=30
20
10

0
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000

Distance (ft)
Befora Grinding [ After Grinding |

IRI imy'rr

ERS

o ]

4,500

5,000

5,500

04

0.2

0,2

Elevation (in)

04

0 500 1000 1500 2,000 2,500 3,000 3,500 4,000
Distance (ft)
[ Profile: LElev: Before Grinding s Profile: LElev: After Grinding |
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Optimal WIM Site Locator (OWL)

The Optimal Weigh-In-Motion Site Locator (OWL) module can be used to determine qualified locations
for Weight-In-Motion (WIM) sites from profiles collected using inertial profilers per the AASHTO MP 14
“Standard Specification for Smoothness of Pavement in Weigh-in-Motion (WIM) Systems”. It also
provides optional but very flexible user-defined grinding strategies. A comprehensive report can then be
generated to include WIM index reports before and after grinding.

The WIM error index thresholds are adopted from the AASHTO MP14-
11 Standard Specification for Smoothness of Pavement in Weigh-in-
Motion (WIM) Systems:

Type I: lower threshold is 1.339 m/km, upper threshold is 2.700 m/km.
Type II lower threshold is 1.861 m/km, upper threshold is 3.752 m/km.

This module is divided into three sections: Inputs, Grinding, and Results.
Profile Selection

The OWL analysis requires one profile of a file. The section must be specified for the file or profile.

- 5 [P [ W/ Show Events
!5 é E : ﬂ Q%\ u 'i' === zteMli:_lepotsts ‘ J% L IJW:

Close AddFiles Saye FReport | Viewer Editor |Analysis | Analysis | (7% N - Template Auto G

Project - owWL - B2 units -
Proj i Profile Selection Display Analysis
Optimal WIM Locator: Inputs Analyze Grine avigate v
Site Type File Profile Section
KeyTestCaseEastlanel

@ Typel

s Typell KeyTestCaseEastlane2 Left Elevation

] Right Elevation

/| Use Bridging Filter KeyTestCaseWestLanel Left Elevation

Right Elevation
! Show Comparison KeyTestCaseWestLane2 Left Elevation

Right Elevation

Comparison Filter

Butterwerth High-pass (100.00 ft

Input Templates are available for this analysis. Changing the selected profiles would not affect the template.
The Grinding simulation is optional, and the “after-grinding” results would be included in all result screens
for comparison if performed.
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WIM Index Inputs and Analysis

Optimal WIM Locator: Inputs
Site Type

@ Typel

-:-T)rpe]I

&/ Use Bridging Filter

¥ Show Comparison

Comparison Filter

Butterworth High-pass (100.00 ft

The inputs include:

P Site Type: Select from: Type I and Type 1I. This input would determine what WIM index

[ g

threshold values be used as per the AASHTO MP14 specification.

Tire Bridging Filter: User can choose whether to apply tire-bridging filter to the profile
prior to WIM index analysis. If the Tire-bridging filter option is not selected, a default
moving average filter will be applied with a cutoff baselength of 250 mm.

Show Comparison chart: User can choose whether to show comparison profile chart. If
so, user can select a filter type and associated cutoff wavelength inputs to apply on the
comparison profile.

Comparison FHilter can be selected from:

YYYYTYTYY

None

Butterworth Low-pass
Butterworth High-pass
Butterworth Band-pass
Moving Average Low-pass
Moving Average High-pass
Moving Average Band-pass

Grinding Inputs

The Grinding Inputs work in the same manner as the one in the Smoothness Assurance Module

(SAM).

Please refer to the SAM Grinding Screen for further details.

WIM Locator Report

The WIM Index report includes the following items:

P A table for qualified WIM site locations
P A WIM index chart
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Qualified WIM sites are those where the WIM index is within the specified upper and lower thresholds. If
grinding simulation is performed, the WIM Index report would include reports for before and after

grinding.

Analysis without a Comparison Chart
An example of WIM index report without a comparison chart and grinding results:

Optimal WIM Locator: Acceptable Locations Navigate

Before Grinding
Start Stop
Distance (ft) Distance (ft)
21,966.14 2198347
21,990.66 22,041.98
22,049.50 22,061.60
22109.32 2210998
2211815 2212665
22179.28 2221557
22,216.22 22 258.06
22,265.91 2226852
22,273.15 22,308.73
22,322.19 2232344
22,332.60 2233881
22,391.76 2243851
22 458.78 2246531
22 467.93 2248395
22,522.52 2253331
22,545.08 22,562.08
22,609.15 2264413
22,645.76 2265786
22,672.24 2271147
22,737.62 22,749.06
22,755.27 22.762.79
22,852.03 22 871.65
2287230 2287524 -

BB S

4504
400+
350

300

2504

WIM Indes (infmi)
~a
=
[ =]

150

100

504

Iy VM
NN \ \T\J\ P
H \r W \"\l\'\l'\"\J 'l

22,000 22,200 22,400 22,600 22,800 23,000
Distance (ft)
|— KeyTestCaseEastLanel_LeftElevation (BeforeGrindingj

An example of WIM index report without a comparison chart but with grinding results:

Optimal WIM Locator: Acceptable Locations

Before Grinding

Start

Distance (ft)
21,966.14
21,990.66
22,049.50
2210932
2211815
22179.28
22216.22
22,265.91
22 27375
2232279

After Grinding

Start

Distance (ft)
21,966.14
22,049.50
2210932
2211815
22179.28
22 251 .85
2225479
22,265.25
2227310
22331.29

Stop
Distance (ft)

21,98347
22,041.98
22,061.60
22,109.98
22,126.65
22,215.57
22,258.06
22,268.52
22,308.73
2232344

Stop
Distance (ft)

2198314
22,065.85
2211063
2212665
22,214.26
22,252.83
22,258.39
22,268.52
22,308.08
22.340.77
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Analysis with a Comparison Chart
An example of WIM index report with a comparison chart but without grinding results:

Optimal WIM Locator: Acceptable Locations Navigate
Before Grinding - | BES
Start Stop =
Distance (ft) Distance (ft)
2196614 2198347 400 4
21,990.66 22,041.98 3 _300] [\ H\ J\
22,049.50 22,061.60 é “gzon 1 . f\ . n
22109.32 2210998 g “—’100 ] N I[\J\ N Jf \N ’l \N IN' R \h ]\ N J'I
2211815 22126.65 i o ~ i
22 220 ’ 22,000 22,200 22,400 22,600 22,800 23,000
22.16.22 22 258.06 Distance (ft)
22,265.91 22,268.52 |— KeyTestCaseEastLanel_LeftElevation (BeforeGrindingj
22 273.75 22,308.73
22322.79 2232344
2233260 2233881 - .| Ej-: E =
22,391.76 22438.51
22 458.78 2246531
22 46793 2248395
2252252 2253331 £
22,545.08 22,562.08 500
22,609.15 2264413 H
22,645.76 22,657.86 =
Al EETILAT 22_.‘00[1 22_.‘200 22_.‘4[10 22_.‘600 22_.‘80[] 23,000
2273762 22,743.06 Distance [ft)
22,755.21 22,762.19 |— KeyTestCaseEastLanel_LeftElevation (BeforeGrindingj
2285203 22 87165
2287230 2287524 -

An example of WIM index report with a comparison chart and (auto-grind) grinding results: This is a
powerful combination of charts to examine grinding effects on the WIM index report. Therefore, an
adequate grinding strategy can be selected to obtain a desired location for a WIM site.

Optimal WIM Locator: Acceptable Locations Navigate
Before Grinding - | BB S
Start Stop -
Distance (ft) Distance (ft)
21 966.14 2198347 400
21 990.66 2204198 _é —
22,049.50 2206160 § E;gg [\ A .
£ 9 . Iy
22109.32 22109.98 E= I\:\ Jr W‘ J \\h IN W J'\
] AN
2211815 2212665 10[[: i <7 ~ e e
e A 22,000 22,200 22,400 22,600 22,800 23,000
22,216.22 22,258.06 Distance (f)
22,265.91 22,268.52 |— KeyTestCaseEastLanel_LeftElevation (BeforeGrinding) mem KeyTestCaseEastlanel_Left Elevation(After Grinding) |
2227375 2230873
2232279 2232344 ~
After Grinding L | BRERS
Start Stop =
Distance (ft) Distance (ft)
21,966.14 2198314 .
22,049.50 2206585 §
2210932 2211063 20,0
2211815 22,126.65 8
2217928 2221426 -
HLEaE S 22,000 22,200 22,400 22,600 22,800 23,000
22,254.79 22,258.39 Distance (ft)
22,265.25 22,268.52 |— KeyTestCaseEastLanel_LeftElevation (BeforeGrinding) === KeyTestCaseEastlanel Left Elevation{After Grinding) |
2227310 22 308.08
22.331.29 2234077 7
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OTHER INFORMATION

Web Sites

The ProVAL website is: http://www.RoadProfile.com.
The Smoothness Specification website is: http:/ /www.SmoothPavements.com.
The Road Profile Users’ Group: http:/ /www.tpug.org

The University of Michigan Transportation Research Institute (UMTRI) Road Roughness Home Page:
http:/ /www.umtti.umich.edu/erd/roughness/index.html
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An extensive bibliography can be found at the UMTRI website:
http:/ /www.umtti.umich.edu/divisionPage.phprpagelD=64
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