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1.   introduction
“ProFAA” is the Federal Aviation Administration’s computer program for computing pavement elevation profile roughness indexes. Data analysis performed by the program includes the simulation of the following devices or procedure and the calculation of the associated indexes:
· Straight Edge

· Boeing Bump

· International Roughness Index (IRI)
· California Profilograph (PI)
· RMS Bandpass 
Details of the definitions and procedures for computing the indexes can be found in the documents listed in the references section of this manual. 

Aircraft response can also be simulated for a library of representative commercial aircraft. Root mean square (rms) vertical accelerations and dynamic strut loads are calculated from the simulated responses.

Functions are provided for displaying the profiles and computed index functions. The profiles may also be zoomed to examine details of the profiles and cut to allow analysis of isolated features in the profiles.
Input elevation profile data files must have the following format:
· One elevation profile per file.

· Elevation numerical values stored in sequence as single precision binary format IEEE floating point numbers.

· Implied sample spacing of 25 mm (0.98425 inches).

· Longitudinal distance is not stored in the file.

· The required file extension is .pro.

Additional Visual Basic™ programs, with source code, are provided for converting text based elevation profile files with arbitrary sample spacing to .pro files and for converting .pro files to text based files.
2.   Program Function

The primary functions of ProFAA are;
· Read and display the elevation profile.
· Display the speed of the profiling vehicle if a suitable (.spd) input data file is available.
· Compute and graphically display roughness index component values along the pavement.
· Compute and display summary index values.
· Append all analysis results to a text file.

· Batch process a number of profiles stored under specified path names.
2.1   Program Operation
2.1.1   User Interface
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Figure 1 User Window for “ProFAA”

1. The caption of the primary window displays the path and name of the current profile data file.
2. Six picture boxes are used to plot the roughness index component values along the pavement except that the picture box at the top is used to show the pavement profile. The title of each picture gives the index or profile name and its unit. For example, in figure 1, the top picture “Zprofile EXAMPLE” is the elevation profile in centimeters (cm) along the pavement for input data file EXAMPLE.pro. The bottom picture is the elevation in millimeters (mm) after the “bandpass filter” has been applied to the input profile. In both cases, the horizontal axis is longitudinal distance and its unit is hundreds of meters. That is, the total length of the profile is 100x36.542 = 3,654.2 m (11,989 ft).
3. Twelve command buttons (“Read File”, “In/Out”, “Undo Zoom”, “Zoom”, “Undo NewLen”, “New :Length”, “Run Sim”, “Save Profile”,“Exit”, “Save Indexes”, “ShowBars” and “Automatically Process All”) are used to conduct various operations according to the name of the button. For example, “ReadFile” is to execute the job to read a profile file, and “Run Sim” is to conduct the aircraft simulation. 

4. Three check buttons (“Metric “, “SmoothEnd” and “Runway”) are used respectively to:

· Select metric or English unit system for program output and display.
· Smooth the profile end values for index computation when there is a sudden change in the end values.
· To select a runway pavement instead of the default taxiway pavement.

5. Five option boxes (“Straightedge”, “Boeing Bump”, “IRI(1/4 car)”, “CA Profilograph” and “BandPass Filter”) are used to select and compute a roughness index.

6. The text box below each option box displays the index over the whole length of the pavement. For example, in figure 1, IRI for the EXAMPLE profile is 1.5748 m/km computed for a pavement section length of 3,654.2 m.

7. The Status Bar is used to display the working status when the program is running. In figure1, “Finished Straightedge” expresses that the straightedge simulation has been completed. (x, y) is the current location of the mouse pointer.

2.1.2   Manual Processing of files

Step 1. Select the parameters in the display of profile and the simulations
Check or uncheck “SmoothEnd” in figure 1 to make the appropriate selection.
Check or uncheck “Runway” in figure1 to indicate if the pavement is a runway or taxiway. 

Check or uncheck “Metric” in figure 1 to select the appropriate system of units. 

Click the “In/Out” button in figure 1 to show the input/output window as shown in figure 2. In the window there is a picture box and 3 command buttons (“Straightedge”, “Boeing Bump” and “Run”). After straightedge and/or Boeing Bump indexes have been run on a profile, probability distribution functions of the components of the indexes can be displayed in the picture box as described in the section “Draw the Probability Distribution Function of Straightedge and Boeing Indexes” below. Pavement type can be selected in a set of option boxes at the top right and various parameters are displayed in a grid below the option boxes.
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Figure 2 ‘Input/Output’ Window

· Checking one of the pavement type option boxes changes the length of the simulated straightedge in the straightedge index calculations. Checking concrete sets the straightedge length to 16 ft, checking asphalt sets the straightedge length to 12 ft, and checking unspecified allows the length to be entered by the user. The unspecified default length is 3 m (9.8 ft), the standard for ICAO straightedge measurements. Otherwise, the length is changed by clicking on “Straightedge Length” in the grid below the option boxes and entering a new length in the dialog box which displays.
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Figure 3. One of “Changing value” input boxes changing Straightedge Length

· The other parameters in the grid in figure 2 are as follows:
1. Sample Spacing is the interval between the profile samples. 

2. Averaging Distance is the section length used to calculate index values except for the CA profilograph index. (Note: A profile is divided into several sections along the pavement during index calculation.)
3. Smoothing Distance is the smoothing distance at the profile ends when “SmoothEnds” has been checked. 
4. Straightedge Eval. Position is the portion of the straightedge length over which the maximum deviation is determined. For full length, the maximum deviation is found over the full length of the straightedge. For between, the maximum deviation is found over the length of the straightedge between the support points.
5. Aircraft Speed is the aircraft longitudinal speed in the aircraft simulation. Unit is knots.

6. Airframe Damping Factor is the damping factor of airframe vibration.

7. Aircraft Type is the aircraft used in the aircraft simulation.

8. Number of modes is the number of the vibration modes used in the aircraft simulation.
9. Cutting length at end is the deleting length at the profile ends in index calculation.
10. Section length for CA PI is the section length used to calculate CA profilograph index values.
Parameter values are changed in the same way as described above for straightedge length.
When the row of “Aircraft Type” is clicked, a list of aircraft appears in figure 2 (see figure 4) and the user clicks an aircraft name to select the simulation aircraft.
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Figure 4 Changing Aircraft Type

After all parameters are have been set satisfactorily, click “Close” in figure 2 to exit the “Input/Output” window and go back the user window (figure 1).

Step 2. Click “ReadFile” in figure1 to show the ‘Open file’ window in figure 5.
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Figure 5 “Open File” window with .Pro File Type

Step 3. Select the path and a *.pro file, then click “Open” in figure 5 to go back the user window. The program will read the *.pro file and *.spd file (speed file, if available), and plot the profile and speed in the top two picture boxes (figure 6).
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Figure 6 
Read *.pro and *.spd files 

Step 4. To calculate the roughness indexes, click one of index option boxes in figure 6. User click “Run Sim” button to conduct the aircraft simulation.

The roughness indexes along the pavement will be graphically displayed in the picture boxes respectively and store a text file named as “Results” in the same sub-directory as stored *.pro files.

2.1.3   Automatic (batch) File Processing

Step 1. Select the parameters in the display of profile and simulations (see step 1 in ‘Manually process a file of profile’).

Step 2. Click “Automatically Process All “button in figure 1. ‘Open file window’ in figure 2 is popped up.

Step 3. Select the path and the names of a batch .pro files, then click “Open” in figure 2 to go back the user window (figure 1) to automatically process the batch files. All are completed until a message ‘All processed’ (figure 7) appears in figure 1. figure 7 indicates all operations elapsed 127 seconds.
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Figure 7. All Processed’

The automatic process includes the following:

1. Read *.Pro file.

2. Calculate the indexes of “Straightedge”, “Boeing Bump”, “IRI (1/4 car)”, “CA Profilograph” and “Bandpass Filter”.

3. Simulate B-727 and B-747 to taxi on the pavement (profile) in which the aircraft speed 20 knots is used for taxiways, 20 and 100 knots is used for runways.

4. Plot the probability distribution function of Straightedge and Boeing Indexes

5. All results for each profile including graphs and data are sorted into a word file of the same name of the profile. 

To Draw the Probability Distribution Function of Straightedge and Boeing Indexes.

Step 1. Click “In/out” button in figure 1 after Straightedge and Boeing Indexes have been calculated.

Step 2. Select the option box “Straightedge” or “Boeing Bump” in figure 2.

Step 3. Click “Run” in figure 2 to draw the probability distribution function in the picture box.

2.1.4   Draw Bar-Charts for the Section Indexes
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Figure 8. Index Chart Window

In figure 8, one picture box is used to draw the bar chart for the section indexes. The command button “SaveToWordFile” is used to save the bar chart to a word file in ‘Chartfile’ directory. The word file is named as the profile name + suffix ‘Chart’, such as ExampleChart. Other command button “Back” is used to exit the window (figure 8) and go back the user window (figure 1). Two sets of the option boxes (‘index charts’ and ‘Simulation Charts’) are used to select which index bar chart is drawn. The operation guide for the window has been displayed in the text box at the right bottom of figure 8.

Index Chart Window Operation:

Step 1. Click “ShowBars” in figure 1 to show index chart window (Bars are not drawn in the picture box in figure 8).

Step 2. Click an option box in figure 8 to draw an index bar chart in the picture box.

Step 3. Click “SaveToWordFile” to copy the chart defined by step 2 into a word file. “Running” displayed in the text box. When step 2 is complete, the original operation guide is shown in the text box again.

Step 4. Repeat Step 2 - 3 to draw and copy the other index charts

Step 5. Click “Back” to go back the user window in figure8

Note: if an index has not been calculated, the index option boxes in figure 8 is gray and can not respond to any operation.

2.1.5   To Define The Profile With A New Length And Return To The Original Length
Step 1. Read a data file (see Manually Process a Data File Step 1-2)

Step 2. Click “New Length” to enter the mode of changing profile length in figure 10, then click mouse at the start point and at the end point of new length on the ‘speed’ or ‘ZProfile’ picture. The profile with new length will display in the top picture. 

Note: After new length is defined, all indexes are calculated in new length.

Step 3. Click “Undo NewLen” to return to the original length.

2.1.6   To Zoom and Undo-Zoom a Picture

Step 1. Click a picture user want to zoom in the user window.

Step 2. Click “Zoom” to enter the zoom mode.

Step 3. Click mouse at the start point and at the end point of the zoom length in the picture assigned by step 1.

Step 4. Click “Undo Zoom” to go back the picture before the zoom action 

Note: “Zoom” doesn’t change the profile length for calculating indexes.

2.1.7   Save Profile 
Step 5. Click “Save Profile” popping up “Save as” window (figure9).
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Figure 9  “Save as” window

Step 6. Type a file name, then click “Save” in figure 9 

Note:  Only after new length is defined, the profile is saved with new length. 

Save indexes:  click “Save Indexes” button in user window.  Five indexes (Straightedge, Boeing Bump, IRI, CA Profilograph and Bandpass Filter) of the input profile will be output to an “Indexes” text file in the same directory as the profile.

Exit “ProFAA”: click the button “Exit” in user window.

2.1.8   References

· FAA AC 150/5370-10A

· Boeing D6-81746

· ASTM E 1170-92, World Bank technical paper No. 46
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