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Purpose

This brief document is to explain the ProVAL Profiler Certification Module (PCM) issues that were passed
on to the ProVAL team as follows:

1. The shape coefficient and roughness coefficients are reversed.

2. The IRl agreement is based on the comparison of the IRl over the two entire profiles, rather than
the segments of each profile that was used (by virtue of overlap) to obtain the cross-correlation
result.

An FHWA 2015 profiler round-up data set was used to illustrate the issues and solutions.

Issue No. 1

“The shape coefficient and roughness coefficients are reversed.”

The shape coefficient and roughness coefficients of cross-correlation were defined in AASHTO R56-
2018’s Appendix A, as follows.

X1.1.8. Step 7: Search the function of pn, for its maximum cross-correlation value pmax.

X1.1.9. Step 8: Calculate the adjustment factor for overall roughness as follows:



min (0, 04)
- max(oy, 04)

The ProVAL team implemented this method in PCM by interpreting:

®  pmax from step 7 as the “roughness coefficient” (termed “maximum correlation function” in
AASHTO R56), and
e f from step 8 as the “scale factor” (termed “adjustment factor” in AASHTO R56).

Therefore, the ProVAL team will need the original author of the AASHTO R56 to clarify the above
terminologies regarding Issue No. 1.

Issue No. 2

“The IRl agreement is based on the comparison of the IRl over the two entire profiles, rather than the
segments of each profile that was used (by virtue of overlap) to obtain the cross-correlation result.”

ProVAL PCM and Automated Profile Synchronization Module (APSync) versions calculate the cross-
correlation (CC) for each pair of profiles based on the overlapped sections. Therefore, the CC scores are
always correct.

However, the initial PCM design assumes the certification profiles are of the same or a similar length.
The IRl values from the basic and comparison profiles were used to compute the % differences. The
recent issue occurred when different lengths of profiles were used, causing the IRI values from the
different lengths of profiles be inconsistent with the CC based on the overlapped sections only.

Such an issue was discovered in a recent study, and corresponding changes were implemented in
ProVAL 4.0 beta to handle such a situation.

PCM Test Examples

An FHWA 2015 profiler round-up data set was used to illustrate the issues and solutions.

The tests were conducted on a diamond ground section with relative smoothness by an ICC profiler with
wide sensors running at 50 MPH.

The data set includes 10 ICC runs, uncorrected ("\raw profiles\_Incorrect PPF") and corrected ("\raw
profiles\_Corrected PPF").

The former set has incorrect offset, lead-in, and lead-out that cause different lengths of profiles. The
latter was corrected to obtain similar profile lengths. The corrections were documented in ICC-
corrections.xlsx (under "\raw profiles\_Corrected PPF")).

There was one reference profile, ref_LF.ERD, for the left wheel path.

The followings are the ProVAL 3.61 and ProVAL 4.0 Beta analyses to illustrate Issue No. 2.



ProVAL 3.61

PV36 for Uncorrected Profiles with different lengths
The incorrect profile of different lengths and the reference profile were imported to ProVAL 3.61 and
the project was saved as “DMG_SM_50_UN-ICCWS-PV36-uncorrected.pvp”.

The ProVAL Viewer screens show the profiles in different lengths.
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The PCM analysis uses the following settings:
Profiler Certification: Inputs
Maximum OHset () 5.00 File Profiles Basis Run Sample Interval (in)
V] ICCWS_5_01_01 Left + Right 1 0.82
Minimum Repeatability (%) 92| |1 1CCWS_5.02_01 Left + Right 2 0.82
Minimum Accuracy (%) oo ||M]ICCWS_5.03 01 Left + Right 3 0.82
V] ICCWS_5_04_01 Left + Right 4 0.82
Basis Filter /] ICCWS_5_05_01 Left + Right 5 0.82
IRl (with 250mm Filter) ] ICCWS_5.06_01 Left + Right -+ 0.32
c on il V] ICCWS_5_07_01 Left + Right 7 0.82
S ] ICCWS_5.08_01 Left + Right 3 0.82
IRI (with 250mm Filter) /1 ICCWS_5_09.01 Left + Right 9 0.82
V] ICCWS_5_10_01 Left + Right 10 0.82
W1 ref LF Left 4 0.79



The PCM summary results are as follows.

Profiler Certification: Summary Results

Statistics

Statistic Repeatability - Left Repeatability - Right Accuracy - Left

Comparisen Count 43 43 0

% Passing 95.56 88.89 0.00

Mean 96.08 9445 86.92

Minimum 89.45 74.89 84.97

Maximum 93.72 98.53 89.47

Standard Deviation 22 5.8 14

Grade Passed Passed Failed

Accuracy | Repeatability - Left Correlations (%) Repeatability - Left Offsets (ft) Repeatability - Right Correlations (%) Repeatability - Right Offsets (ft)

Run | Left Run 2 | 3 4 5 6 7 8|9 10 Run| 2|3 |4|5|6|7|8|9 10|Run| 2 3 4 5 | 6 7 8 |9 10 Run 2|3 |4|5|6|7 89|10
1 89.47 1 98.26 96.30 93.44 93.58 93.48 90.10 95.64 95.61 93.26 101 02 04 03 04 04 03 04 05 1 79.54 76.45 76.99 94.14 94.33 9318 97.64 97.56 74.89 101 02 05 03 04 04 02 03 04
2 8817 2 96.20 9336 93.30 93.59 89.45 96.51 97.14 93.20 2 02 04 02 03 03 02 02 04 2 9501 94.28 93.56 93.36 91.99 97.69 97.68 94.08 2 01 03 02 02 03 02 02 04
3 88.15 3 97.30 95.60 96.34 94.41 97.19 96.74 97.00 3 02 02 03 03 02 03 04 3 95.50 95.91 96.31 9450 96.75 95.66 96.37 3 02/02|03|03(02|02|03
4 87.60 4 98.05 97.69 95.89 98.46 98.57 97.85 4 00 02 02 00 02 02 4 96.72 96.94 96.55 98.19 97.93 96.44 4 00 0.1 02 00 02 02
5 86.53 5 97.11 9499 97.07 96.97 96.45 5 02 02 0102 02 5 94.59 94.82 96.00 95.80 95.71 5 02 02 00 02 02
6 86.09 6 97.66 97.64 97.88 97.84 6 00 00 01 00 6 97.47 96.84 96.53 98.17 6 00 00 0.1 00
7 86.84 7 96.71 97.74 97.87 7 00 02 0.0 7 97.27 97.83 98.20 7 00 02 00
8 8533 8 98.72 97.67 8 02 0.2 8 98.53 98.47 8 0.2 0.2
9 86.05 9 97.75 9 0.0 9 98.02 9 0.0
10 84.97

The accuracy test and left-wheel-path repeatability results were zoomed in:

Profiler Certification: Summary Results

Statistics
Statistic

Repeatability - Left Repeatability - Right Accuracy - Left

Comparison Count 45 45 10
% Passing 95.56 88.89 0.00
Mean 96.08 94.45 86.92
Minimum 89.45 74.89 84.97
Maximum 98.72 98.53 89.47
Standard Deviation 2.2 5.8 14
Grade Passed Passed Failed
Accuracy Repeatability - Left Correlations (%)
Run | Left Run 2 3 4 5 6 7 8 9 10
1 89.47 1 98.26 96.30 93.44 93.58 93.48 90.10 95.64 95.61 93.26
2 8847 2 96.20 93.36 93.30 93.59 B89.45 96.51 97.14 93.20
3 88.15 3 97.30 95.69 96.34 94.41 97.19 96.74 97.00
4 87.60 4 98.05 97.69 95.89 93.46 98.57 97.85
5 86.53 5 97.11 94,99 97.07 96.97 96.45
6 86.09 & 97.66 97.64 97.838 97.84
7 86.84 7 96.71 97.74 97.87
8 85.33 8 98.72 97.67
9 86.05 9 97.75
10 84.97




The first set of the repeatability test and accuracy test were zoomed in. Note that the correlations are
correct, but the IRI differences are not due to the latter using profiles of different lengths.

Profiler Certification: Detailed Results
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ICCWS_5 01_01 1ICCWS_5.05_01
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ICCWS_5 01_01 1ICCWS_509_01
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ICCW5_5_01_01 89.47
ICCW5_5_02_01 88.17
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ICCW5_5 04 01 87.60
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PV36 for Corrected profiles with the same length
The corrected profiles of the same length and the reference profile were imported to ProVAL 3.61 and
the project was saved as “DMG_SM_50_UN-ICCWS-PV36-corrected.pvp”.

The ProVAL Viewer screens show the profiles in the same length. The PCM analysis uses the same
settings as the above test.
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The PCM summary results are as follows.

Profiler Certification: Summary Results

Statistics

Statistic Repeatability - Left Repeatability - Right Accuracy - Left

Cemparison Count 45 45 10

% Passing 100.00 100.00 0.00

Mean 97.89 97.51 86,92

Minimum 95.98 9521 84.97

Maximum 93.99 98.74 2047

Standard Deviation 0.8 09 14

Grade Passed Passed Failed

Accuracy Repeatability - Left Correlations (%) Repeatability - Left Offsets (ft) Repeatability - Right Correlations (%) Repeatability - Right Offsets (ft)

Run | Left Run| 2 3 4 5 6 7 8 9 10 Run(2 3 /4|5|6|7 8|9 |10||Run| 2 3 4 5 6 7 8 9 10 Run|2 | 3|4 |5|6 78|91
1 8947 19874 97.93 97.51 97.00 95.98 96.78 96.93 96.56 96.37 101 01 02 01 01 01 01 0202 197.41 95.56 97.57 96.25 97.88 97.87 96.62 97.14 97.24 101 00 01 01 01 01 01 02 02
2 8817 2 98.29 97.91 9737 96.34 97.34 97.62 97.10 97.15 2 00 0.0 00 00 0.0 00 0.1 01 2 9521 98.69 96.76 98.04 98.01 97.11 97.05 97.33 2 00 00 00 0.0 0.0 00 0.1 0.0
3 88.15 3 93.47 98.10 96.95 93.01 98.19 97.78 97.57 3 01 00 0.0 00 01 0.1 01 3 96.04 97.23 96.32 96.34 97.84 96.56 96.89 3 01 01 01 01 01 02 02
4 87.60 4 98.73 97.68 98.49 98.65 98.29 98.16 4 00 00 00 0.0 0.1 0.0 4 97.05 98.45 98.46 97.62 97.68 98.04 4 00 00 00 0.0 0.1 0.1
5 86.53 5 93.17 98.99 93.62 93.85 98.82 5 01 00 01 02 0.1 5 97.35 97.02 98.31 97.54 97.64 5 0.0 00 00 02 0.1
6 86.09 6 98.14 97.56 98.46 97.86 6 00 0.0 0.1 01 6 98.74 97.90 98.53 98.67 6 00 0.0 0.1 01
7 86.84 7 93.46 98.72 92.69 7 0.1 0101 7 97.86 98.54 9834 7 00 0.1 01
8 85.33 8 9832 98.52 8 0.1 0.0 8 98.15 98.46 8 0.1 0.1
9 86.05 9 98.69 9 0.0 9 98.74 9 0.0
10 84.97

The accuracy test and left-wheel-path repeatability results were zoomed in and compared with the

results from uncorrected profiles:

Profiler Certification: Summary Results

Profiler Certification: Summary Results Statistics
Statistic Repeatability - Left Repeatability - Right Accuracy - Left
el Comparison Count 43 45 10
Statistic. Repeatability - Left Repeatability - Right Accuracy - Left % Passing 95,56 8889 0.00
Compa.rlson Count 45 43 10 Mean 96,08 94,45 86.02
:p“"”g 1$'$ 122':’ 32'32 Minirmum 89.45 74,89 84,97
€an ¥ . v .
Minimum 95.98 95.21 gy Maximum e %33 go4r
Maximurm 98,90 98.74 20,47 Standard Deviation 2.2 5.8 .'I.d
Standard Deviation 0.8 0.9 14 Grade Passed Passed Failed
Grade Passed Passed Failed  Accuracy Repeatability - Left Correlations (%)
Accuracy Repeatability - Left Correlations (%) Run  Left Run| 2 3 4 5 ) 7 8 9 10
Run | Left Run 2 3 4 3 ] 7 & 9 |10 1 89.47 1 5326 96.30 93.44 93.58 93.48 90.10 95.64 95.61 93.26
1 89.47 198.74 97.93 97.51 97.00 9598 96.78 96.93 96.56 96.37 2 8817 2 96.20 93.36 93.30 93.59 89.45 96.51 97.14 93.20
2 8817 2 93.29 97.91 97.37 96.34 97.34 97.62 97.10 97.15 3 BR.15 3 97.30 95.60 96.34 04.41 97.19 96.74 97.00
38845 2 9347 9810 9695 9801 98.19 97.78 97.57 18760 4 98,05 97.60 95.80 08.46 98,57 97.85
Saan| | 4 LTS (i S5D T E3A) SRk 5 86.53 5 97.11 9489 97.07 96.97 96.45
Z g:;; Z e i'ﬁ 3_?':2 i'ié 33'3‘; 68600 | 6 97.66 97.64 97.88 97.34
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Corrected profiles of the same length

Uncorrected profiles of different lengths



Profiler Certification: Detailed Results

Repeatability - Left

Basis Comparison Correlation (%) Shape Coefficient Roughness Coefficient Offset (ft) Basis IRl (in/mi) Comparison IRl (in/fmi) | IRl Difference (%)
ICCWS_5_01_01 ICCWS_5_02_01 98.74 0.996 99.17 0.1 64.85 65.04 0.30
ICCWS_5.01_01 ICCWS_5.03.01 97.93 0.989 99.05 0.1 64.85 65.65 1.24
ICCWS5_5.01_01 ICCWS_5_04 01 97.51 0.983 99.17 0.2 64.85 66.46 248
ICCWS_5.01_01 ICCWS_5_05_01 97.00 0.978 99.14 0.1 54.85 66.25 216
ICCWS_5.01_01 ICCWS_5_06_01 95.98 0.970 98.94 0.1 64.85 67.52 412
ICCWS_5.01_01 ICCWS_5_07_01 96.78 0.978 98.98 0.1 64.85 66.17 203
ICCWS_5_01_01 ICCWS_5_08_01 96.93 0.982 98.70 0.1 64.85 66.76 295
ICCWS_5_01_01 ICCWS_5_09_01 96.56 0.976 93.99 0.2 64.85 66.92 3.19
ICCWS_5.01_01 ICCWS_5_10_01 96.37 0.978 93.56 0.2 64.85 66.78 298
ICCWS_5.02_01 ICCWS_5_03_01 98.29 0.933 928.99 0.0 65.04 65.65 0.94
ICCWS_5_02 01 ICCWS_5_04 01 97.91 0.988 99.13 0.0 65.04 66.46 20
ICCWS_5.02 01 ICCWS_5_05.01 97.37 0.983 99.07 0.0 65.04 66.25 1.85
ICCWS5_5.02 01 ICCWS_5_06_01 96.34 0.974 98.89 0.0 65.04 67.52 3.81
ICCWS_5.02 01 ICCWS_5_07_01 97.34 0.982 99.14 0.0 65.04 66,17 1.72
ICCWS_5.02 01 ICCWS_5_08_01 97.62 0.986 98.97 0.0 65.04 66.76 2.64
ICCWS_5_02_01 ICCWS_5_09_01 97.10 0.980 99.12 0.1 65.04 66.92 2.88
ICCWS_5_02_01 1CCWS_5_10_01 97.15 0.982 98.92 0.1 65.04 66.78 267
ICCWS_5.03_01 ICCWS_5_04 01 98.47 0.995 99.02 0.1 B65.65 66.46 1.22
ICCWS_5 0301 ICCWS_5_05.01 98.10 0.930 99.14 0.0 B65.65 66.25 0.91
ICCWS5_5_03_01 ICCWS_5_06_01 96.95 0.981 98.82 0.0 65.65 67.52 2.83
ICCWS_5.03_01 ICCWS_5_07.01 98.01 0.989 99.11 0.0 65.65 66.17 0.78
ICCWS5_5.03_01 ICCWS_5_08_01 98.19 0.993 98.88 0.1 65.65 66.76 1.69
ICCWS_5.03_01 ICCWS_5_09.01 97.78 0.987 99.11 0.1 B5.65 66,92 1.93
ICCWS_5.03_01 ICCWS_5_10_01 97.57 0.989 98.65 0.1 B5.65 66.78 1.72
ICCWS_5_04_01 ICCWS_5_05_01 98.73 0.995 99.22 0.0 66.46 66.25 -0.31
ICCWS_5_04_01 ICCWS_5_06_01 97.68 0.987 99.01 0.0 66.46 67.52 1.60
ICCWS_5_04_01 ICCWS_5_07_01 98.49 0.934 99.05 0.0 B66.46 66.17 -0.44
ICCWS_5 04 01 ICCWS_5_08_01 98.65 0.939 98.79 0.0 B66.46 66.76 0.46
ICCWS_5_04_01 ICCWS_5_09_01 98.29 0.932 99.09 0.1 66.46 66.92 0.70
ICCWS5_5_04 01 ICCWS_5_10_01 98.16 0.994 98.70 0.0 66.46 66.78 0.49
ICCWS_5_05.01 ICCWS_5_06_01 98.17 0.991 99.03 0.1 66.25 67.52 1.92
ICCWS5_5_05.01 ICCWS_5_07_01 98.99 0.999 99.06 0.0 66.25 66.17 -0.13
ICCWS_5_05.01 ICCWS_5_08_01 98.62 0.9%96 98.98 0.1 66.25 66.76 0.78
ICCWS_5_05.01 ICCWS_5_09_01 98.85 0.997 99.17 0.2 66.25 66.92 1.01
ICCWS_5_05_01 ICCWS_5_10_01 98.82 0.939 98.88 0.1 66.25 66.78 0.80
ICCWS_5_06_01 ICCWS_5_07_01 98.14 0.9%2 98.91 0.0 67.52 66.17 -2.01
ICCWS_5_06_01 ICCWS_5_08_01 97.56 0.988 98.77 0.0 67.52 66.76 -1.12
ICCWS_5_06_01 ICCWS_5_09_01 98.46 0.933 99.01 0.1 67.52 66.92 -0.89
ICCWS_5_06_01 ICCWS_5_10_01 97.86 0.932 98.64 0.1 67.52 66.78 -1.09
ICCWS_5 0701 ICCWS_5_08_01 98.46 0.996 98.89 0.1 66.17 66.76 0.91

ICCWS 5 07 01 ICCWS 5 09 01 98.72 0.998 98.96 0.1 66,17 66.92 1.14




The first set of the repeatability test and accuracy test were zoomed in. Note that Correlations are
correct and consistent with the IRI differences since the profiles are of the same lengths or similar.

Profiler Certification: Detailed Results

Repeatability - Left

Basis Comparison Correlation (%) Shape Coefficient Roughness Coefficient Offset (ft) lasis IRl (in/mi) Comparison IRl (in/mi) | IRl Difference (%)
ICCWS_5.01_01 ICCWS_5_02_01 98.74 0.996 99.17 0.1 64.85 65.04 0.30
ICCWS_5.01_01 ICCWS_5_03_01 97.93 0.989 99.05 0.1 64.85 b65.65 1.24
ICCWS_5_01_01 ICCWS_5_04_01 97.51 0.983 99.17 0.2 64.85 66.46 248
ICCWS_5_01_01 ICCWS_5_05_01 97.00 0.978 99.14 0.1 64.85 66.25 2186
ICCWS_5_01_01 ICCWS_5_06_01 95.98 0.970 93.94 0.1 64.85 67.52 412
ICCWS_5.01_01 ICCWS_5_07_01 96.78 0.978 92.98 0.1 64.85 66.17 203
ICCWS_5 0101 ICCWS_5 08 01 96.93 0.982 498.70 0.1 64.85 66.76 295
ICCWS5_5_01_01 ICCWS_5_09_01 96.56 0.976 98.99 0.2 64.85 66.92 3.19
ICCWS_5.01_01 ICCWS_5_10_01 96.37 0.978 98.56 0.2 64.85 66.78 2.98
Accuracy - Left

Comparison Correlation (%) Shape Coefficient Roughness Coefficient Offset (ft) Basis [RI (in/mi) Cemparison IRl (in/mi) IRl Difference (%)

ICCWS 5 01_01 89.47 0.997 89.73 0. 64.95 64.85 -0.16
ICCWS_ 50201 8817 0,999 28.29 0. 64.95 65.04 0.4
ICCWS 5030 88.15 0,992 28.89 0. 64.95 65.63 1.08
ICCWS 504 01 87.60 0.986 88.80 0. 64.95 66.46 231

ICCWS_5.05.01 86.53 0981 asa7 0. 64.95 66.25 1.99
ICCWS_5_06_01 86.09 04973 2847 0. 64.95 67.52 3.95
ICCWS 507 01 86.84 0.981 88.55 0. 64.95 66.17 1.86
ICCWS_5.08 01 85.33 0.985 26,63 0. 64.95 66.76 2.79
ICCWS_ 5000 86.05 04979 8704 1 64.95 66.92 3.02
ICCWS_5.10.01 84.97 0931 26.62 0. 64.95 66.78 2481




ProVAL 4.0. Beta

PV40 for Uncorrected Profiles with different lengths
The incorrect profile of different lengths and the reference profile were imported to ProVAL 4.0 beta
and the project was saved as “DMG_SM_50_ UN-ICCWS-PV40-uncorrected.pvp”.

The ProVAL Viewer screens show the profiles in different lengths.

IL/ MED o
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Project = AM - B2 units o
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Elevation (in)
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ref LF
L

The PCM analysis uses the following settings: Note that the options for decimation, sample interval
adjustment, padding, and upsampling were turned off for the comparison against ProVAL 3.61 results.

Profiler Certification: Inputs

Minimum Repeatability (%) 9

!I

Minimum Accuracy (%)

Maximum offset (ft) 5.00
] Use decimation 10
[] Use interval adjustment (%) 1.00

[] Use padding
[] Use upsampling

Basis Filter

IRI (with 250mm Filter)

Comparison Filter

IRI (with 250mm Filter)

File

M ICCWS_5_01_01
M ICCWS_5_02_01
M ICCWS_5_03_01
M ICCWS_5_04 01
M ICCWS_5_05_01
M ICCWS_5_06_01
M ICCWS_5_07_01
M ICCWS_5_08_01
M ICCWS_5_09_01
M ICCWS_5_10_01
W ref LF

Sample Interval (in) Profiles Basis Run
0.82 Left + Right
0.82 Left + Right
0.82 Left + Right
0.82 Left + Right
0.82 Left + Right
0.82 Left + Right
0.82 Left + Right
0.82 Left + Right
0.82 Left + Right
0.82 Left + Right
0.79 Left

- - - BT R R SR




The PCM summary results are as follows.

Profiler Certification: Summary Results

Statistics

Statistic

% Passing
Mean

Minimum
Maximum

Grade

Repeatability - Left Repeatability - Right Accuracy - Left

Comparison Count 45

95.56
96.08
89.45
98.72

Standard Deviation 22

Passed

45 10
88.89 0.00
9445 86.92
74.89 84.97
9853 8947

58 14

Passed Failed

189.47
2 88.17
3 88.15
4 87.60
5 86.53
6 86.09
7 86.84
8 85.33
9 86.05

(RN RN T R N

Accuracy | [Repeatability - Left Correlations (%)
Run Left Run 2 3 4 5
19826 9630 93.44 9358 93.48 90.10 05.64 95,61 93.26
2 96.20 92.36 93.30 93.50 89.45 96,51 97.14 93.20
97.30 95.69 9634 9441 97.19 96.74 97.00

98.05 97.69 95.89 9846 98.57 97.85
97.11 9499 97.07 96.97 9645

97.66 97.64 97.88 97.84

6 7

8 9 10

96.71 97.74 97.87
98.72 97.67
97.75

Run 2 3 4 5 6
101 02 04 03 03
2 01 03 02 03

02 01 03
-0.1 0.1
0.2

Ve N v AW

7
0.4
0.3
03
0.1
02

0.0 -0.

Repeatability - Left Offsets (ft)

8

- Right Ct ions (%)

Run 2 3 4 5 6 7 8 9 10
179.54 76.45 76.99 94.14 9433 93.18 97.64 97.56 74.89

2 95.01 94.28 93.56 93.36 91.99 9769 97.68 94.08
95.50 95.91 96.31 94.50 96.75 95.66 96.37
96.72 96.94 96.55 98.19 97.93 9644

94.59 94.82 96.00 95.80 95.71

97.47 96.84 96.53 98.17

97.27 97.83 98.20

98.53 9847

98.02

W ENO v s W

Repeatability - Right Offsets (ft)

Run 2

3 /4|5

10101 05 03

2|

[ RN LT R Y]

0.1 03 02
0.1 01
0.0

6

7
03

8

9

10 84.97

The accuracy test and left-wheel-path repeatability results were zoomed in:

Profiler Certification: Summary Results

10 84.97

Statistics
Statistic Repeatability - Left Repeatability - Right Accuracy - Left
Comparison Count 45 45 10
% Passing 95.56 88.89 0.00
Mean 96.08 94.45 86.92
Minimum 8945 74.89 84.97
Maximum 98.72 98.53 89.47
Standard Deviation 2.2 5.8 14
Grade Passed Passed Failed
Accuracy | Repeatability - Left Correlations (%) F
Run Left Run 2 2 4 5 6 7 8 9 10 f

1 89.47 19826 96.30 93.44 93.58 93.48 90.10 95.64 95.61 93.26

2 88.17 2 96.20 93.36 93.30 93.59 89.45 96.51 97.14 93.20

3 88.15 3 97.30 95.69 96.34 9441 97.19 96.74 97.00

4 87.60 4 98.05 97.69 95.89 98.46 98.57 97.85

5 86.53 5 97.11 94.99 97.07 96.97 96.45

6 86.09 6 97.66 97.64 97.88 97.84

7 86.84 7 96.71 97.74 97.87

8 85.33 8 98.72 97.67

9 86.05 9 97.75




The first set of the repeatability test and the accuracy tests were zoomed in. Note that the Correlations
are correct, and the IRI differences are correct (in the orange box) based on the overlapped sections,
although the profiles are of different lengths.

Profiler Certification: Detailed Results

Repeatability - Left

Basis Comparison Correlation (%) Shape Coefficient Roughness Coefficient Offset (ft)| Basis IRI (in/mi) Comparison IRI {(in/mi} IRl Difference (%)
ICCWS_5 01 01 ICCWS_5 02 01 98.26 0.995 98.77 0.1 74.30 74.35 0.07
ICCWS_5_01_01 ICCWS_5_03_01 96.30 0.991 97.13 0.2 74.23 74.75 0.70
ICCWS_5 01_01 ICCWS_5 04 01 93.44 0.988 94.63 0.4 T74.27 7546 1.61
ICCWS_5_01_01 ICCWS_5_05_01 93.58 0.985 95.00 0.3 7298 74.89 2.62
ICCWS_5_01_01 ICCWS_5_06_01 93.48 0.983 95.09 0.3 71.87 73.79 2.66
ICCWS_5_01_01 ICCWS_5_07_01 90.10 0.998 90.33 04 7305 73.13 0.11
ICCWS_5_01_01 ICCWS_5_08_01 95.64 0.976 98.00 0.3 71.95 73.55 2.23
ICCWS_5_01_01 ICCWS_5_09_01 95.61 0.974 98.12 0.3 71.20 7253 1.87
ICCWS_5_01_01 ICCWS_5_10_01 93.26 0.994 93.83 0.5 73.56 74.49 1.27

Accuracy - Left
Comparison Correlation (%) Shape Coefficient Roughness Coefficient Offset (ft)| Basis IRI (in/mi) Comparison IRl (in/mi} IRl Difference (%)

ICCW5_5_01_01 89.47 0.997 89.73 0.1 64.95 64.88 -0.12
ICCW5_5_02_01 88.17 0.999 88.29 0.1 64.95 65.07 0.18
ICCW5_5_03_01 88.15 0.992 88.89 0.1 64.95 65.67 1.11
ICCW5_5_04_01 87.60 0.986 88.80 0.1 64.95 66.48 2.35
ICCW5_5_05_01 86.53 0.981 88.17 0.1 64.95 66.30 2.07
ICCW5_5_06_01 86.09 0.973 88.47 0.1 64.95 67.54 3.98
ICCW5_5_07_01 86.84 0.981 88.55 0.1 64.95 66.19 1.91
ICCW5_5_08_01 85.33 0.985 86.63 0.1 64.95 66.79 2.83
ICCWS_5_09_01 86.05 0.979 87.94 0.2 64.95 66.95 3.07

ICCW5_5_10_01 84.97 0.981 86.62 0.2 64.95 66.81 2.85



PV40 for Corrected profiles with the same length

The corrected profiles of the same length and the reference profile were imported to ProVAL 4.0 Beta,
and the project was saved as “DMG_SM_50_ UN-ICCWS-PV40-corrected.pvp”.

The ProVAL Viewer screens show the profiles in the same length. The PCM analysis uses the same
settings as the above test.
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The PCM summary results are as follows.

Profiler Certification: Summary Results

Statistics
Statistic

Comparison Count

Repeatability - Left Repeatability - Right Accuracy - Left
45 45 10

The accuracy test and left-wheel-path repeatability results were zoomed in and compared with the
results from uncorrected profiles:

Profiler Certification: Summary Results Profiler Certification: Summary Results
Statistics Statistics
Statistic Repeatability - Left Repeatability - Right Accuracy - Left | Statistic Repeatability - Left Repeatability - Right Accuracy - Left
Comparison Count 45 45 10 |Comparison Count 45 45 10
% Passing 100.00 100.00 0.00 |% Passing 9556 89.89 0.00
Mean 97.89 9751 8692 |Mean 96.08 94.45 86.92
Minimum 95.98 95.21 84.97 |Minimum 8945 74.89 84.97
Maximum 98.99 98.74 8947 |Maximum 9872 98.53 8947
Standard Deviation 0.8 09 1.4 |Standard Deviation 2.2 58 1.4
Grade Passed Passed Failed |Grade Passed Passed Failed
IAccuracy | Repeatability - Left Correlations (%) | Accuracy | Repeatability - Left Correlations (%) F
Run Left Run 2 3 4 5 6 7 8 [#] 10 Run Left Run 2 3 4 B 6 7 8 9 10 F

1 89.47 198.74 97.93 97.51 97.00 95.98 96.78 96.93 96.56 9637 1.89.47 198.26 96.30 9344 93.58 93.48 90.10 95.64 95.61 93.26

2 88.17 2 98.29 97.91 97.37 96.34 97.34 97.62 97.10 97.15 2 88.17 2 96.20 93.36 93.30 93.59 89.45 96.51 97.14 93.20

3 88.15 3 98.47 98.10 96.95 98.01 98.19 97.78 97.57 3 88.15 3 97.30 95.69 96.34 9441 97.19 96.74 97.00

48760 | 4 98.73 97.68 9849 98.65 98.29 98.16 4 87.60 4 98.05 97.69 95.89 9846 98.57 97.85

5 86.53 5 98.17 98.00 98,67 9B.65 9882 5 86.53 5 97.11 9499 97.07 96.97 96.45

68609 6 98.14 97.56 98.46 97.86 686.09 6 97.66 97.64 97.88 97.84

7 86.84 7 98.46 98.72 98.59 7 86.84 7 96.71 97.74 97.87

8 85.33 ) 98.32 98.52 8 85.33 8 98,72 97.67

9 86.05 9 98.69 9 86.05 9 97.75 | |

10 84.97 10 84.97

Corrected profiles of the same length

Uncorrected profiles of different lengths

% Passing 100.00 100.00 0.00

Mean 97.89 97.51 86.92

Minimum 95.98 95.21 8497

Maximum 98.99 98.74 89.47

Standard Deviation 08 09 14

Grade Passed Passed Failed

Accuracy - Left Cor (%) Repeatability - Left Offsets (ft) - Right Cor (%) Repeatability - Right Offsets (ft)

Run Left Run| 2 3 4 5 6 7 8 9 10 Run| 2|3 |45 6 7 8 9 10| Run 2 3 4 5 6 7 8 9 10 Runj 2|3 4 5 6 7 8 9 10
1.89.47 19874 97.93 97.51 97.00 95.98 96.78 96.93 96.56 96.37 101 01 01 01 01 01 01 01 01 19741 95.56 97.57 96.25 97.88 97.87 96.62 97.14 97.24 101 00 01 01 01 0.1 01 0.1 0.1
2 8817 2 98.29 97.91 97.37 96.34 97.34 97.62 97.10 97.15 2 00 0.0 -01 00 00 00 01 01 2 95.21 98.69 96.76 98.04 98.01 97.11 97.05 97.33 2) -0.1 0.0 0.0 00 00 00 0.1 00
3 88.15 3 9847 98.10 96.95 98.01 98.19 97.78 97.57 3 01 00 00 00 01 01 01 3 96.04 97.23 96.32 96.34 97.84 96.56 96.89 3 0.1 0.1 0.1 01 01 0.1 01
4 87.60 4 98.73 97.68 98.49 98.65 98.29 98.16 4 -0.1 -0.1 -0.1 00 0.1 0.0 4 97.04 98.45 9846 97.62 97.68 98.04 4 00 00 00 00 0.1 0.1
5 86.53 5 98.17 98.99 98.62 98.85 98.82 5 01 00 01 Q1 01 5 97.35 97.02 9830 97.53 97.63 5 00 00 00 041 01
6 86.09 6 98.14 97.56 98.46 97.86 6 00 00 01 01 6 98.74 97.90 98.53 98.67 6 0.0 00 0.1 01
7 86.84 7| 98.46 98.72 98.69 7| 01 01 01 7 97.86 98.54 98.34 7 00 0.1 01
8 85.33 8 98.32 98.52 8 0.1 00 8 98.15 9846 8 0.1 01
9 86.05 9 98.69 9 0.0 9| 98.74 9 0.0
10 84.97




The first set of the repeatability test and the accuracy test were zoomed in. Note that correlations are
correct and consistent with the IRI differences for the profiles that are of the same lengths or similar.

Profiler Certification: Detailed Results

Repeatability -

Basis

ICCWS_5_01_01
ICCWS_5_01_01
ICCWS5_5_01_01
ICCWS_5_01_01
ICCWS_5_01_01
ICCWS_5_01_01
ICCWS. 5 01.01
ICCWS_5_01_01
ICCWS_5_01_01

Left
Comparison
ICCWS_5_02 01
ICCWS_5_03_01
ICCWS_5_04 01
ICCWS_5_05_01
ICCWS_5_06_01
ICCWS_5_07_01
ICCWS_5_08 01
ICCWS_5_09_01
ICCWS_5_10_01

Accuracy - Left

Comparison

ICCWS_5_01_01
ICCWS_5_02_01
ICCWS_5_03_01
ICCWS_5_04_01
ICCWS_5_05_01
ICCWS_5_06_01
ICCWS_5_07_01
ICCWS_5_08_01
ICCWS_5_09_01
ICCWS_5_10_01

98.74
9793
97.51
97.00
95.98
96.78
96.93
96.56
96.37

0.996
0.989
0.983
0.978
0970
0.978
0.982
0976
0978

99.17
99.05
99.17
99.14
98.94
98.98
98.70
98.99
98.56

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

64.85
64.85
64.85
64.85
64.85
64.85
64.85
64.85
64.85

65.04
65.65
66.46
66.28
67.52
66.17
66.76
66.92
66.78

Caorrelation (%) Shape Coefficient Roughness Coefficient Offset (ft) Basis IRl (in/mi) Comparison IRI (in/mi) IRl Difference (%)

0.30
1.24
248
2.20
412
2.03
2.95
3.19
2.98

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

89.47
88.17
88.15
87.60
86.53
86.09
86.84
85.33
86.05
84.97

0.997
0.999
0.992
0.986
0.981
0973
0.981
0.985
0.979
0.981

89.73
88.29
88.89
88.80
88.17
88.47
88.55
86.63
87.94

86.62

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.2

64.95
64.95
64.95
64.95
64.95
64.95
64.95
64.95
64.95

64.88
65.07
65.67
66.48
66.30
67.54
66.19
66.79
66.95
66.81

-0.12
0.18
1.11
2.35
2.07
3.98
1.91
2.83
3.07



Conclusions

Based on the above test results, the following conclusions can be drawn:

e Issue 1: “The shape coefficient and roughness coefficients are reversed”

O

The ProVAL team implemented it based on interpreting the terms in AASHTO R56, and
they will need the original author of the AASHTO R56 to clarify the terminologies.

e |ssue 2: “The IRl agreement is based on the comparison of the IRI over the two entire profiles,
rather than the segments of each profile that was used (by virtue of overlap) to obtain the cross-
correlation result.”

O

ProVAL 3.61 PCM'’s cross-correlation values are correct based on the overlapped
sections of a profile pair. Therefore, anyone who uses the CC values for PCM’s Summary
Results that follow AASHTO R56 should have no issues.

Researchers or some agencies who also use the IRI differences in PCM’s Detailed Results
(not required in AASHTO R56-2018) should not have issues if they use profiles of the
same length. However, if the profiles are of different lengths, the IRI % differences in
PCM’s Detailed Results may not be consistent with the CC values since the IRI values
were based on the entire profile lengths.

ProVAL 4.0 Beta has changed the computation of IRIs in PCM’s Detailed Results based
on the overlapped sections, so they will be consistent with the CC results. Therefore,
ProVAL 4.0 Beta PCM can handle profiles of different lengths. It is still recommended to
use profiles of similar lengths for such analysis, as it shows that the different lengths
may be due to incorrect offset, lead-in, or lead-out illustrated in this document.



Appendix A: ProVAL Software and Test Files

The ProVAL 3.61 software can be downloaded from:

(https://www.roadprofile.com/download/ProVAL-3.61.50.msi)

The ProVAL 4.0 Beta can be downloaded from FOR SDDOT and APPROVED PARTIES only: (after
download, the file’s extension needs to be unzipped to a “.msi” file) (~ 38 MB)

https://www.intelligentconstruction.com/wp-content/uploads/2023/08/ProVAL-4.0.38.0-x64-
BETA.msi_.zip

The sample files, ProVAL 3.61 projects, ProVAL 4.0 Beta projects, and document files can be downloaded
from:

https://www.intelligentconstruction.com/wp-content/uploads/2023/08/PCM-FHWA-2015.zip

NOTICES:

e *PV36* project files can only be opened with ProVAL 3.61
e *PVA0* project files can only be opened with ProVAL 4.0 Beta. These project files may not be
opened by later ProVAL 4.0 versions, so the profile data files will need to be re-imported again.


https://www.intelligentconstruction.com/wp-content/uploads/2023/08/PCM-FHWA-2015.zip
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