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Executive Summary

Construction cycle 5 (CC5), built in the National Airport Pavement Test Facility (NAPTF),
was designed to evaluate the performance of flexible pavements under simulated aircraft loads.
The primary objective of the experiment was to investigate the interaction of closely spaced
multiple-wheel landing gear on pavement performance. The secondary objective was to study
the performance of crushed quarry screenings conforming to FAA P-154 and a dense graded
aggregate (DGA) meeting New Jersey highway specifications.

The experiment included 4 test items designed into 12 sections; 6 sections on the north and 6
sections on the south of the pavement centerline. The test sections were built with 2 different
subbase thicknesses, 2 different subbase materials and were trafficked with four different gear
configurations. One of the gear configurations included six wheels. Two gear configurations
included ten-wheel with different spacing between wheels. The last gear configuration was
also ten-wheel simulating the Antonov aircraft. The test design included three different wheel
loading levels. Table E.1 presents these variations of the test sections.

Table E1. Test Design Summary.

Test Items
Sections . . Subbase Subbase Thickness .
Gear configuration . ; Loading Level
Material (inches)
LFC1-NW six-wheel P-154 34 50-70k Ibs.
LFC1-NE ten-wheel P-154 34 50-70k Ibs.
(narrow spacing)
LFC2-NW ten-wheel P-154 38 50-70k Ibs.
(narrow spacing)
LFC2-NE six-wheel P-154 38 50-70k Ibs.
LFC3-N six-wheel DGA 38 59-70k Ibs.
LFC4-N six-wheel DGA 34 59-70k Ibs.
LFC1-SW ten-wheel P-154 34 70k Ibs.
(wide spacing)
LFC1-SE six-wheel P-154 34 70k Ibs.
LFC2-SW ten-wheel P-154 38 70k Ibs.
(wide spacing)
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Test Items
Sections . . Subbase Subbase Thickness .
Gear configuration : ) Loading Level
Material (inches)

LFC2-SE six-wheel P-154 38 70k Ibs.
ten-wheel

LFC3-S (Antonov) P-154 38 70k Ibs.
ten-wheel

LFC4-S (Antonov) P-154 34 70k Ibs.

An enormous amount of data was collected during testing from 2008 to 2012. This report
intended to analyze the transverse profile of the test sections to calculate the rut depth
progression concurrent with pavement loadings.

This study evaluated the availability of the profile data for this testing cycle. Over the course
of CC5 testing, the FAA implemented 3 different profilers. Testing started with trafficking
north sections, and transverse profiles were collected using an FAA profiler that was 21 feet
long. The challenge with using this profiler was that it was too short to capture the entire 30
foot width of the sections in one run. So additional profiles, called center profiles and extension
profiles, were taken and were stitched to the original profiles. This profiler was retired after 71
wanders (4,686 passes).

Then, the FAA implemented a 30-foot Profiler. Although this profiler could capture the entire
width of the sections, additional profiles were needed since upheavals were rising around the
centerline and into the south sections when loading with the ten-wheel gear. These profiles,
too, were stitched to the original profiles for a complete profile analysis.

In 2012, the FAA implemented a 66-foot profiler which could capture the width of the entire
test pavement (south and north) in one run. A reference line was tested prior to every profile
measurement. This reference profile was used to adjust the measured profile for beam
curvature of the 66-foot profiler. These reference profiles were used to infer that temperature
induced beam curvature does not appear to significantly impact measurements of 21 and 30-
foot profilers.

Three software programs were created to process data from each profiler. The study identified
the suitable version of the programs and used them for processing. Various naming
conventions were used throughout the experiment for the profiles. The profile names usually
include the cumulative pass number, transverse line profiled and other details that allow
recognition of the profile.

A series of post traffic testing, select sections were trenched to characterize the deformation of
each pavement layer as a result of traffic. Surface profiles obtained from trenched sections
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were compared with the last processed profile of test sections to validate the processing of the
measured profiles. Profiles from trenched sections and processed profiles were generally in
good agreement.

Two methods were used in this study to calculate the rut depth: baseline method and
straightedge method. The baseline method calculates the rut depth with respect to the profile
initially measured in each section. The straightedge method calculates the rut depth by
implementing an imaginary straightedge placed on upheavals. In both methods, the maximum
rut depth associated with the cumulative traffic pass was recorded. While the maximum rut
depth in baseline method is easily obtained by subtracting the initial profile from the
subsequent profiles, a MATLAB script was developed to implement the straightedge method.
One advantage of the straightedge method over the baseline method is that it incorporates the
presence and the development of the upheavals in calculating the rut depth, while baseline
method is only concerned with the depth of rut with respect to the original surface elevation.
The rut depth results indicate the following:

e When other factors were similar, higher rut depth was observed in sections with
thinner subbase. The effect of subbase thickness is pronounced as the number of
cumulative passes increase. This was the case when comparing LFC1-NW with
LFC2-NE, LFC1-NE with LFC2-NW as well as LFC3-N with LFC4-N.

e When other factors were the same, sections loaded with six-wheel gear initially
demonstrated higher rut depth than sections loaded with ten-wheel gear. The
difference decreased and ultimately reversed as sections loaded with ten-wheel gear
had final rut depth higher than sections loaded with six-wheel gear. This is
illustrated when comparing LFC1-NW with LFC1-NE as well as when comparing
LFC2-NW and LFC2-NW.

e When other factors were the same, section that was built according to the P-154
specifications had lower rut values than the section built with dense graded
aggregate. This is demonstrated by comparing section LFC3-N built with DGA
subbase and section LFC2-NE built with P-154 subbase.

e Wheel load levels play a significant role in rut depth progression. Expectedly,
sections loaded with heavier loads had deeper rutting. This is the case when
comparing LFC1-NW with LFC1-SE. Even though the number of passes on LFC1-
NW was almost twice as much, its final rut depth is about 35% less than LFC1-SE.
Testing of the north sections was conducted fairly soon after the pavement was
constructed. Testing of the south sections was conducted two to four years after
construction. In comparison of the performance of the north and the south sections,
aging is a factor that’s not quantified in this study. In general however it is expected
that aging contributes to lower rut depth progression.
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Sections loaded with Antonov gear configuration initially developed higher rut
depth than sections loaded with narrow and wide ten-wheel gear configurations,
when other factors remained the same using the straightedge method. After about
6,000 passes, the trend was reversed. This was the case when comparing LFC3-S
and LFC4-S with LFC2-SW and LFC1-SW, respectively.
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Introduction

Construction cycle 5 (CC5) consisted of flexible pavement sections that were built in the National
Airport Pavement Test Facility (NAPTF) to conduct full-scale testing. The performance of various
flexible pavement sections was evaluated as they were repeatedly trafficked under simulated aircraft
loads. Pavement testing started in 2008 and continued in 2009, 2010, and 2012. An enormous amount
of data was accumulated during the four years of testing and was processed to characterize pavement
response in meeting the objectives of the CC5 experiment.

Besides other data collected, two components of the dynamic data produced during trafficking were
the vehicle (aircraft simulator) information and the sensors embedded in the test pavement.

Some difficulties were encountered while reviewing the traffic and sensor data generated and collected
during 2008 and 2009 testing. A data investigation report was prepared by Durgesh Gupta? in an effort
to identify the key factors that caused the problems impacting the data processing. The challenges of
data processing and data collection during the 2008 testing were discussed in that report and some
recommendations were provided for traffic and sensor data processing. Some of the issues of 2009
data were also identified in that report; however, it was concluded that a number of missing critical
parameters prohibited the processing of 2009 traffic data.

The 2009 data includes approximately 45 percent of the testing data on the north sections. This report
is an effort to review the traffic data from the 2009 testing and make recommendations for batch
processing of the data to generate the traffic tables. This report documents the challenges that were
encountered while processing the traffic logs and presents methods that were implemented to resolve
the difficulties.

CC5 Trafficking Plan

The CC5 test experiment included 4 test items designed into 12 sections; 6 sections on the north and 6
sections on the south of the pavement centerline as shown in Figure 1. Test items were designated as
LFC1, LFC2, LFC3, and LFC4. Test items LFC1 and LFC2 were further split into four sections
denoted as northeast (NE), northwest (NW), southeast (SE), and southwest (SW). Test items LFC3
and LFC4 were split into 2 sections designated as north and south.

1 Durgesh Gupta, CC5-North Side Data Investigation Report and Future Recommendations From the Data
Processing Perspective, CSRA.
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The 2008 and 2009 trafficking took place on the north sections. The trafficking started in August 2008
and paused in November 2008 when 12,540 passes were made. Each test section was loaded with a
different combination of gear load levels and configurations. Trafficking resumed in September 2009
until a total of 22,572 passes were completed on the north sections. The trafficking continued on
section LFC1-NW to complete 27,918 total passes and on section LFC1-NE to complete 28,312 total
passes. Trafficking was concluded on the north sections in October 20009.

HGRTH
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b e i e i

SAITH
Figure 1. CC5 Test Items Layout

Sections LFC1-NW, LFC2-NE, LFC3-N, and LFC4-N were planned to be loaded with a 6-wheel gear
configuration. Sections LFC1-NE and LFC2-NW were planned to be loaded with a 10-wheel gear
configuration. The aircraft simulator vehicle consists of two carriages, north carriage and south
carriage. Each carriage has 5 Modules consisting of 2 wheels. For north side trafficking, the north
carriage had 6 active wheels and the south carriage had 4 active wheels. Figure 2 depicts the 6-wheel
and 10-wheel gear configurations on the north and south sections. The figure also depicts wander
zones for each group of wheels. Figure 3 depicts the wander pattern of the sample sections that were
loaded with the 10-wheel gear on the north side and 6-wheel gear on the south side with 9 track
positions within the wander zones. Figure 4 presents the wander pattern for a sample of sections that
were loaded with 6-wheel gears on both sides. Similarly, there are 9 track positions within the wander
zones on both sides. Each wander contained 66 passes on the sections.
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INAPTF-Databases/Construction-Cycle-5/Test-Plan/Wander-Pattern

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office

Traffic Processing Report of 2009 Testing for Construction Cycle 5| 5



=

2

x|

'

| .
—

1
]=—4I=] Aok -1
s Y i RN R A

L

IT

Track: T

Pyt

i=l|_=l] 3 rack O } E : i :
, RN :
R
! ey
i RN '
cdya . 1 R =Bl
| \ H T 1
i R i
=0 -20 -2 15 Ll el -0 by o a 15 T 25 an
HORTH WHEEL TRACK SOUTH WHEEL TRACE

Figure 4. Wander Pattern of Sample Sections Loaded with 6-Wheel Gear on Both Sides.!

Contents of Traffic Table

Traffic tables contain necessary information to track the time, position, load and gear configuration of
the aircraft simulator in every pass. Traffic tables are available in the FAA database for 2008, 2010,
and 2012 test data. The traffic table for 2009 testing is missing. The following are the elements of the
traffic tables:

Traffic 1D: Unique number assigned to identify each vehicle passing event. Traffic ID refers to
the number of accumulated passes.

EventNo: A number assigned to a traffic event. An event is defined as a movement of the vehicle
with loads.

SequenceNo: Position within the wander sequence corresponding to event. The wander pattern
consists of wander sequences 1 through 66.

WanderID: Numbers 1 to 66 indicate the north side test items and 67 to 132 are used for the south
side test items respectively. WanderID and SequenceNo are the same for north sections.
EventStartTime: Date and time of the start of a traffic event.

EventEndTime: Date and time of the end of a traffic event.

Gearparameter: Gear configuration for the event. Gear parameter is always “1” for the north
sections which indicates North Carriage has 6 tires and South Carriage has 4 tires.
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Testltem: Test item(s) loaded during an event.
AvgModuleLoads_L B: Average wheel loads corresponding to traffic event.

Vehicle Information and Traffic Logs

As the vehicle moves over the test pavement, the vehicle information is recorded through data
acquisition devices. The vehicle information that contains the condition of vehicle and carriage
modules is stored in two files. Some of the vehicle information such as wander number, carriage
module loads and positions are recorded in files with extension *.log. Other information such as
carriage position, tire loads, and tire temperature are recorded in a separate file with an extension
*Additional.log. Key information such as time and vehicle position is present in both files so the files
can be matched for processing. Log and Additional Log files are expected to contain event recording
of ten minutes, and may contain the information of more than one pass.

The 2009 traffic log file format differs from the 2008 traffic log file format. In 2008, the log files
contain text (ASCII) header and binary data, while in 2009 the log files contain text (ASCII) data
without any header.

Traffic Logs: Figure 5 presents a sample traffic log file of 2009 testing. The name convention of the
log files represent the date and time of the vehicle pass. For example, “200909020839” contains a ten
minute log of the vehicle passes on September 02, 2009 starting at 8:39 A.M. As mentioned earlier,
the log files do not include any header, which poses difficulty describing the content of each file. After
some iterations and comparison with the 2008 traffic log headers, content of some of the critical
columns, represented as Channels, were identified with the following description:

Column 1: Channel 0 —Time in numeric format. The integer part refers to the date which is the number
of days from a fixed date. The decimals denote the time.

Column 2: Channel 1 — The vehicle position

Column 3: Channel 2 — Accumulated pass number

Column 4: Channel 3 — Sequence number

Columns 7 to 11: Channels 6 to 10 — North carriage module loads

Columns 12 to 16: Channels 11 to 15 — North carriage module positions

Columns 17 to 21: Channels 16 to 20 — South carriage module loads

Columns 22 to 26: Channels 21 to 25 — South carriage module positions

U.S. Department of Transportation
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.
| 200908020839 - Notepad = | ]|

File Edit Format View Help

400580. 360694444 , 82, 85,305,42,1982,2198,0,5953,5734,5613,-3,5590,2793,2692,2827,5604,1,2,-1,5860,5784,6319,58!
400580. 38491422,82. 65,305,42,1982,2202,0,5907, 5821,5557,1,5589,2792,2688,2829,5604,,-1,2,1,5732,5795,6319, 5887
400580. 384914799, 82. 39,305,42,1989,2199,-2,5782,5757,5757,1,5590,2794 ,, 2685, 2828, 5604,1,1,0,5734,5692,6319, 588;
400580. 384915378,81.77,305,42,1987,2202,-3,5931,5755, 5626, 8, 5589,2792,2684 , 2826, 5604,1,0,0,5900, 5774 ,6320, 588:
400580. 384915957 ,81. 32,305,42,1974,2198,2,5763, 5687,5775,-1,5590,2792,2678, 2828 ,5604,1,-1,-1,5700, 5749,6319, 5
400580. 384916535,80.93,305,42,1986,2204,-1,5912,5641,5723,0,5589,2790,2679, 2825, 5604,-6,-2,0, 5924, 5624 ,6319, 5
400580. 384917114, 80. 54,305,42,1983,2193,0,5806,5798,5599,-1,5590,2787,2672,2828,5603,0,1,0,5831, 5836,6319, 588:
400580. 384917693, 80.14,305,42,1982,2197,0,5827,5590,5879, -4, 5589,2787,2670,2826,5604,2,-1,-1, 5698, 5766,6320, 5
400580. 384918271,79. 35,305,42,1985,2201,0,57332,5728,5704,0,5590, 2782,2663,2831,5603,0,0,0,5778, 5863,6320, 5887
400580. 38491885,78.91,305,42,1976,2191,0,5915, 5687,5791,-2,5590,2779,2664 ,2826,5603,1,1,-1,5749,5721,6319, 588
400580. 384919429,78.43,305,42,1975,2206,1,5744,5789,5597,10,5589,2777,2658,2831,5603,2,1,-3,5895,5754,6319, 58
400580. 384920007 ,77.96,305,42,1983,2215,-2, 5908, 5693, 5851 ,-1,5589,2774, 2661 ,2826,5604,0,-3,-1,5635,5856,6319,
400580. 384920586,77. 54,305,42,1986,2210,0,5774, 5861,5582,1,5589,2771,2655,2830,5604,1,-1,0,5895,5659,6319, 588!
400580. 384921165,77.10,305,42,1978,2205,1,5871,5652,5815,0,5589,2770,2659,2829,5604 ,1,0,-3,5798,5852,6319, 588!
400580. 384921744 ,76.62,305,42,1984,2216,-3, 5793, 5875, 5623, 3, 5589,2765,2657, 2828, 5604,2,-2,-2,5783,5704,6319, 5
400580. 384922322,76.23,305,42,1989,2231,0,5790, 5690, 5685, -1, 5589,2765,2657,2831,5604,1,1,-1,5956,5694,6319, 581
400580. 384922901,75. 54,305,42,1985,2232,-1, 5741, 5889, 5612,-1,5589,2758, 2655,2827,5604 ,-3,0,-1,5780,5721,6320,
400580. 38492348,74. 86,305,42,1984,2214,-4,5903, 5760, 5828, -1, 5589,2753,2660,2822,5604,1,-1,-1, 5844, 5818,63219, 5
400580. 384924058,74.27,305,42,1983,2204,1,5795,5745,5559,0, 5589, 2752,2656, 2829, 5604 ,,-1,-1,0, 5892 ,5649, 6319, 58
400580. 384924637 ,73. 81,305,42,1985,2228,2,5929,5783,5795,-1,5589,2747,2660, 2822, 5604,3,0,-1,5907,5753,6320, 58
400580. 384925216,73.45,305,42,1981,2215,-2, 5764 ,5854,5575,1, 5580, 2749 2656, 2823, 5604 ,-1,-1,0,5733,5812,6319, 51
400580. 384925795,73.09,305,42,1976,2223,-2,5945,5667, 5656,-1,5589,2748,2659,2824,5605,-1,-1,-2,5936,5625,6319
400580. 384926373,72.54,305,42,1989,2214,0,5799, 5879, 5648, -1, 5589 ,2748 ,2657 ,2818 ,5604,0,-1,1, 5802 ,5788,6319, 58
400580. 384926952,72.17,305,42,1987,2212,-2, 5917, 5680, 5566,-1, 5589,2749, 2658 ,2816,5604,0,-1,0,5784,5753,6319, 5
400580. 384927531,71.76,305,42,1984 ,2211, -1, 5907 ,5783,5796, -1, 5580, 2747 ,2660,2813,5605,1,-1,0,6001, 5599, 6320, 51
400580. 384928109, 71. 20,305,42,1980,2194,-1, 5887, 5703, 5558,5, 5589,2750,2657, 2813, 5605,1,-1,0,5726,5807,6319, 58!
400580. 384928688, 70.42,305,42,1984 ,2206,0,5787,5821,5605,1,5589,2749,2654 , 2808, 5605,0,1,1, 5881, 5664 ,6320, 5887
400580. 384929267 ,69. 76,305,42,1986,2200,0,5924,5771,5833,-2,5589,2746,2656, 2806, 5604,2,1,-2,5881,5743,6319, 58
400580. 38492084 5,69.40,305,42,1981 ,2187,-2,5795,5814,5607,1,5589,2749 2651, 2805, 5605,3,1,2,5934, 56076310, 588!
400580. 384930424 ,69. 06,305,42,1978,2183,-2, 5937, 5614, 5656,-1,5589,2748,2653,2808,5605,2,-1,-1,5719,5777,6320,
400580. 384031003, 68. 52,305,42,1083,2211,1,5704 ,5840,5603,0, 5580, 2747, 26482802, 5605 ,5,-2,0,50921,5712,6310, 5881
400580. 384931582 ,68.13,305,42,1982,2197,-2,5916,5631, 5589, 2, 5589,2742,2648, 2804, 5603,-1,0,-1, 5827, 5662,6320, 5
400580. 38403216, 67. 78,305,42,1082,2216,-1,5916, 5781, 5837, 8, 5580, 2745, 2648 ,2803,5605,1,-3,-1,5704 ,5843, 6320, 58
400580. 384932739, 67. 30,305,42,1978,2205,0,5811,5730,5578,1, 5589, 2747 ,2644 , 2803 ,5605,2,0,0,5934, 5602 ,6313, 5887
400580. 384023318, 66.71,305,42,1085,2207, -1, 5874 ,5820, 5837 ,0,5580,2743,2645, 2801, 5605,3,-1,-1,5604, 5815, 6320, 51
400580. 384933896, 65. 96,305,42,1985,2196,0,5937,5632,5640,-6,5589,2742,2643, 2803, 5606,3,2,-1,5906,5652,6319, 581
400580. 384024475,65. 39,305,42,1080,2202,-1, 5756, 5807, 5677 ,1,5580,2741 ,2637,2798 ,5605,-1,0,-1,5747, 5872,6320, 51

4 I 3

Figure 5. Sample Log File from September 2", 2009.

The tab-delimited representation of the sample log file is also provided as figure 6 to better illustrate
the content. The figure shows a few rows of the beginning and end of the recorded log. The rows in
between are replaced with dots. As shown, when the first column data format is changed to
“HH:MM:SS”, the data changes from “400580.360694444” to 8:39:24 AM, which is consistent with
the file name.

Columns 2 to 4 of the log file in figure 6 indicate that the log file contains the vehicle record from
location 82.85 feet offset at wander 42 (pass number 305) to location 183.97 at wander 48 (pass humber
311). Columns 7 to 10 represent the load of each module of the north carriage. The calibration factor
for the module load is 10. Columns 11 to 15 represent the position of each modulus of the north
carriage.
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hie it Format Wew  Help
A:z39:7 az,B5 305 12 218 0 5953 L] 5613 -3 5540 2682 2E27 5604 .|
Eg Eloby My ad 2202 U S8 3821 308/ 1 S385% 20HE 229 bl |
[ H 82.39 305 42 z109 2 STBZ 75T 5757 1 5300 7 2685 2828 604
L 81,77 M3 a2 2202 -3 5931 3755 3626 & S5E% 7 2684 2EXE 604
B2 Bl dr M ad ZluE ] aikd JbES 3 Sh -1 Sa80 2B/E 2828 bl
[ 80.93 M5 42 2204 1 91F 41 w23 o 5387 7 2ETD 2ERE 604
82 &0,51 35 a2 2181 3 SE0E 376 3590 -1 53490 767 2672 2ERE TS
Bz EU.1la 4l 21 i SdF 3550 3y -4 S8 S8 28/0 b bl

[ H 78.35 35 42 2201 a0 5733 728 T4 o 53900 7 2663 2&31 603
L 78,81 M5 a2 2181 3 54915 AT 3791 =2 5540 7 2664 2E2E ELIHES
8 .43 30 ad 2108 1 arad 3788 38/ 1l SaBE 2BHE 2841 FLE
kg ) T.AE E 42 2213 2 5908 E] 3051 1 5387 2EEL &G 604
L ! EEE-L R a2 2210 2 5774 2l 3582 1 5365 2655 &30 I
|- - . . . .

G:18:01 am 193.05 311 48 o83 2161 1 EOG6 3895 792 -2 5502 2739 2727 2976 60D
G:1&:01 aM 192,51 M1 18 215 1 EQEQ 3674 BES Q 55492 2751 2733 29249 S60A
BI1E:01 AM 182,16 311 aH £14%8 ] B0 JHEY 3 1 439 27b0 2748 2943 bl
BI18:01 am 18l 68 311 48 Z159 -1 ED35 TRE] 732 -2 5303 TED 2743 2933 0T
G:15:01 aM 19,2 M1 48 2149 -3 EQ14 3652 714 -7 5392 2773 2746 29349 S0
BI18:01 AM 130,85 311 aH Z1h0 F. [EE 3841 B 3 1 5593 27789 27439 2948 10
G:18:01 am 1a0.4 311 48 7143 1 ED&3 R38R GE0 -2 5503 27TR3 2752 2940 G610
G:1&:01 aM 165,97 i 48 2143 1 EQLE i B1E 1 55491 2781 2754 2943 3610
BI1E:01 4M 188,43 311 aH £130 u BOSG 3B EH 4 5593 2799 2757 2943 bl
BI15:07 Am LBE. 86 311 48 7137 -3 ED5F ETE] A37 -2 5303 2810 2THE 246 L0
G:15:02 aM 168,28 I1 48 2128 -1 EQ23 3BT 3548 -1 5391 2820 2759 29449 3610
BI18:02 AM 187,54 311 a8 2124 u BO1G 375 S 2 s394 2B 27B0 2948 L0
G:18:07 am LET.47 311 48 7131 -7 EOLF TR0 GG 1 5904 2832 2761 2947 il
G:18:02 aM 166,51 i a8 21731 -1 5954 375 3781 1 5594 2836 2762 29449 EL
|$218:02 AW 1HB. 35 311 a8 £131 1 395G 375 Bl 2 s394 2838 2702 2945 L
BI18:07 am 1B5. 97 311 48 7138 0 UG8 T 73R -1 5903 7842 2T 2957 D
G:15:02 aM 165,37 M1 48 2144 -3 5955 3755 3775 -1 5394 2843 2763 2949 3610
B:18:02 AM 183.13 311 a8 2136 2 S9B 375 631 1 s394 2847 2764 2953 3hL0
B:18:07 am LB4.47 311 48 7130 -1 547 FR07 705 1 5904 PE50 2764 4R G610
|5218:02 AW 163,97 M1 18 2127 5918 3TeT 672 Q 5594 2851 2766 2951 360A

f i f

Figure 6. Sample Log File from September 2", 2009 (Tab-delimited Format).

Traffic Additional Log: There were two different Additional Log file formats recorded in 2009 data.
Both formats contain text (ASCII) data without any header. Format A was recorded from September
25 to September 29. Format B was recorded from September 29 to October 14 when some changes
were made by interchanging some channels of format A.

Figure 7 presents a sample Additional Log file in Format A, and is named “200909020839 Additional
Data”. Therefore it can be inferred that it is associated with the Log file presented in figure 5. The
naming convention of this Additional Log file is similar to the Log file and includes the date and the
time of the start of the vehicle pass. This Additional Log file contains about a ten minute log of the
vehicle information from September 02, 2009, testing starting at 8:39:24 A.M. Content of some of the
critical columns of Additional files Format A, represented as Channels, were identified with the
following description:

Column 1: Channel 0 —Time in numeric format.

Column 2: Channel 1 — The vehicle position

Column 3: Channel 2 — North carriage position

Column 4: Channel 3 — South carriage position

Columns 5 to 43: Channel 6 to 44 — Tires temperature and pressure

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office

Traffic Processing Report of 2009 Testing for Construction Cycle 5| 9




-

B |t

_| 200909020839 Additional Data - Notepad =

File Edit Format View Help

400580. 360694444 ,82.09,-16.853,-7.353,-572987113,209,196,219,233,239,236,168,172,620,1841,1818,1822,1 .
400580, 360752315,63.61,-16.853,-7.353,-572987113,212,200,216,233,236,244,168,171,620,1846,1813,1824,1
400580, 360810185,45.13,-16.853,-7.353,-572987113,215,200,213,232,239,247,166,175,620,1848,1822,1824,1
400580. 360868055,26.72,-16.853,-7.353,-572987113,211,199,214,227,238,244,167,176,620,1843,1817,1824,1
400580, 360925926,4.71,-16.853,-7.353,-572987113,208,200,210,222,218,284,170,170,620,1844,1834,1836,17
400580.360983796,-9.32,-16.853,-7.353,-572987113,210,235,212,225,215,251,168,171,620,1842,1765,1770,1|=
400580. 361041667 ,-9. 34,-16.855,-7.363,-573735818,214,236,214,228,217,258,166,172,620,1844,1765,1773,1
400580, 361099537,-9.34,-17.402,-7.992,-622794473,214,236,214,231,221,267 ,168,172,620,1846,1767,1773,1
400580.361157407,-9. 34,-18.257,-8.837,-688655738,212,237,216,231,222,267 ,167,170,624,1842,1766,1774,1
400580.361215278,-9.34,-18.559,-9.059,-705928228,220,236,214,232,224,269,166,172,619,1844,1769,1775,1
400580.361273148,-7.76,-18.559,-9.059,-705928228,214,238,216,234,224,269,167,171,621,1839,1768,1776,1
400580.361331018,11.67,-18.559,-9.059,-705928228,215,202,219,237,225,273,167,172,616,1848,1812,1814,1
400580.361388889,30.1,-18.559,-9.059,-705928228,213,199,236,255,240,236,165,170,620,1842,1824,1824,1¢
400580.361446759,48.75,-18.559,-9.059,-705928228,210,199,243,263,240,227,165,174,621,1840,1821,1830,1
400580.361504629,67.09,-18.559,-9.059,-705928228,213,194,258,265,238,225,166,172,619,1845,1822,1829,1
400580. 3615625,85.42,-18.559,-9.059,-705928228,210,198,258,263,239,225,166,172,615,1843,1822,1829,182
400580, 36162037,103.98,-18.559,-9.059,-705928228,211,192,232,249,242,222,165,175,617,1848,1822,1829,1
400580.36167824,122.46,-18.559,-9.059,-705928228,208,194,214,242,244,237,166,172,626,1848,1819,1827,1
400580.361736111,140.89,-18.559,-9.059,-705928228,209,194,216,248,243,222,166,170,621,1837,1821,1827,
400580.361793981,159.24,-18.559,-9.059,-705928228,210,194,227,246,245,227,166,173,620,1845,1822,1824,
400580.361851851,178.09,-18.559,-9.059,-705928228,211,193,220,247,244,224,169,175,625,1845,1819,1829,
400580.361909722,196.71,-18.559,-9.059,-705928228,209,194,226,249,243,222,165,176,613,1843,1816,1820,
400580. 361967592,215.62,-18.559,-9.059,-705928228,207,201,257,256,236,220,165,171,620,1847,1821,1826,
400580.362025463,234.14,-18.559,-9.059,-705928228,205,203,256,251,237,216,166,172,622,1845,1829,1826,
400580.362083333,252.49,-18.559,-9.059,-705928228,207,225,236,241,236,219,168,171,620,1846,1820,1827,
400580.362141203,271.03,-18.559,-9.059,-705928228,204,232,226,235,234,222,167,171,621,1844 ,1814,1819,
400580. 362199074 ,289.38,-18.559,-9.059,-705928228,207,202,227,239,234,220,163,173,622,1845,1825,1829,
400580. 362256944 ,307.76,-18.559,-9.059,-705928228,205,196,205,227,240,236,165,172,619,1847,1768,1772,
400580.362314814,312.75,-18.559,-9.059,-705928228,210,230,205,224,217,255,163,169,620,1848,1767 ,1774,
400580.362372685,309.57,-18.559,-9.059,-705928228,214,234,211,236,243,269,162,174,619,1844,1769,1772,
400580.362430555,292.15,-18.559,-9.059,-705928228,212,200,229,239,237,219,162,173,621,1841,1808,1813,
400580.362488425,273.32,-18.559,-9.059,-705928228,208,224,209,222,236,223,162,172,620,1847 ,1824 ,1821,
400580.362546296,254.55,-18.559,-9.059,-705928228,210,219,215,225,238,219,164,169,625,1845,1829,1825,
400580.362604166,235.8,-18.559,-9.059,-705928228,213,202,238,245,236,218,164,171,618,1844,1829,1832,1 _
] 1 b

Figure 7. Sample Additional Log File (Format A) from September 2", 2009.

The tab-delimited representation of the sample Additional Log files is also provided in figure 8. The
figure shows a few rows of the beginning and the end of the recorded log. In this figure, the first
column is converted to time format (“HH:MM:SS”). The time starts at 8:39:24 AM, which is
consistent with the file name, and ends at 8:49:09 AM. The sampling rate used in Additional Log files
was consistently 0.2 Hz which equates to one record every 5 seconds. The Additional Log files include
approximately 10 minutes of the vehicle record.
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Fle Fdt Fomat  View belp

Hidwgdd Ay HeL 04 e b AL b ) 208 1bh ra bl EEE] 244 L] 1hH 1 b2l 1H4L
H:dy LERL Lo B3d =7 433 -0/ 2587114 212 Fikal £16 EEE] 24b £ad 1hbH 171 b0 LhHah
-H 45,14 JE2d -0 dkd -7 25E01LE 215 cug 14 232 239 ey 1be 17 hao -2t
Bz Zh.72 JH33 ERE] 37 ZHErF113 211 159 14 2z 238 244 16 176 B20 1B42
2: 4.71 353 3 112 208 200 pa ] 2z2 218 B4 1o 170 G20 1844
8 8.2z 7.353 ITZRET1LS 2132 235 12 225 215 Z31 168 171 G20 184z
g 9. 33 7363 JTET35ELE 214 236 14 2z8 217 238 1Gc 17z G20 1B44
- 9. 7. ez CXZ7odaTs 214 236 Z14 2z1 221 ZCY 1a8 17z G20 LB4G
a: g.:4 7 -8.83T7 E2BE557 38 2 237 pals 231 22z 2E7 167 17 624 LBaZ
a: -0, 34 B.539 -9.0%0 -FOS92BIZE ] 236 14 -7 24 ZE9 LGE 17z 619 LRd4
Biddzla am 403, 53 -1k -6,k -S0BS1ES 3h 208 159 202 221 225 LHE 1b% 1/4 BlE 1Ha4
Biddgdy Ay fld.hd  -1h -] =001 05 ¥ 211 i £ 2&d 211 a2y 1hk 14 had Lhad
Hoddzdd & fd.be -1h T} =20b3105 ¥ 212 241 an 230 222 2B 1k 17 L 1ha9
HodEods AN 303,45 -18 =N} -S0bALES 214 223 03 21H 231 256 1bs 172 B2 184
Brd@cda A ZBa.51  -16 B3 JOBILGI MG 235 20k 07 Eral 218 Z51 163 17z BLL LBab
BodEz4n A Z0G. 5% LG LN ] JOGILGS 0 252 205 207 2z3 224 20§ 167 17z G620 1847
Bo42:54 A 4208 L@ L] JOGILGS 0 244 201 08 271 2149 ZB9 167 174 GlE 1B4G
21482500 v 220.7F -1G 6.3 JOGILG5 50 246 210 200 223 21e 204 165 171 G20 1BaL
2143204 & Z1l.27  -L1G 6.3 J003L67 50 M7 219 206G 220 219 £33 165 17z G622 LBaT
Br4%:0T & 22.78 B LN ] SO63L65 50 237 21L 206 2z3 22z 205 1a7 17z 6320 LB4a

1 [}

Figure 8. Sample Additional Log File (Format A) from September 2", 2009 (Tab-delimited Format).

The sample Additional Log files in Format B is presented in figure 9. The tab-delimited representation
of it is shown in figure 10. The time column does not exist in Format B, instead it starts with numbers
from zero (column 1). Format B contains the wander number and accumulated pass number, which
did not exist in Format A. The content of other channels are as follow:

Column 2: Channel 1 — The vehicle position
Column 3: Channel 2 — Wander number

Column 4: Channel 3 — North carriage position
Column 5: Channel 4 — South carriage position
Column 6: Channel 5 — Accumulated pass number

U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology
Intelligent Transportation Systems Joint Program Office

Traffic Processing Report of 2009 Testing for Construction Cycle 5| 11



"] 200909300131 Additional Data - Notepad [ =] B ]

File Edit Format View Help

0,-11.86,35,-18.559,-9.059,7690,10,231,263,221,250,219,233,167,187,176,168,1818,1935,1949,1975,1971,1952,1913,1678,776,1903 »
1,3.16,35,-18.550,-0.050,7600,10,273,241,224 ,214,216,235,160,187,176,171,1880,1002,1074,1002,1071,1052,1915,1879,774 ,1006,1—
2,25.22,35,-18.559,-9.059,7690,10,262,217,221, 226,263,251 ,166,185,172,170,1891,2002, 2017, 2035,2038,2014,,1917,1880,776,1906,
3,43.88,35,-18.550,-0.050,7600,10,267,223,217,258,221,210,170,186,178,171,1801 ,2001, 2017 ,2038,2036,2013,1010,1879,776,1006,
4,62.33,35,-18. 559,-9.059,7690,10,230,264,217,225,214,219,165,187,176,170,1893,2002,2021,2039,2038,2016,1912,1878,774,1905,
5,80.88,35,-18. 550,-0.050,7600,10,254 250,214,244 ,212,215,167,186,175,170,1808,2006,2023,2040,2037,2022,1010,1879,777,1906,
6,99.14,35,-18. 559,-9.059,7690,10,213,214,215,240,222,220,170,185,177,171,1900,2007,2023,2043,2043,2018,1922,1879,777,1902,
7,117.44,35,-18.550,-0.050,7690,10,215,212,211,210,242,269,170,186,176,173,1890,1009, 2020,2038,2037,2013,1020,1880,783,1009
8,135.75,35,-18.559,-9.059,7690,10,213,217,212,208,270,266,167,186,175,170,1896,2005,2019,2039,2040, 2016,1918,1878,777,1907
9,154.18,35,-18.550,-0.050,7600,10,211,226,215,207,248,267,171,185,175,170,1808,2007,2023,2041,2045,2020,1916,1880,775,1006
10,172.65,35,-18.559,-9.059,7690,10,211,233,214,205,237,265,168,184,176,169,1894,2002,2022,2038,2035,2017,1919,1880,772,190
11,191.37,35,-18.559,-0. 059,7690,10,227,210,214,206,237,266,170,186,175,171,1883,1007,2021,2038,2037,2016,1919,1876, 786,190
12,209.88,35,-18.559,-9.059,7690,10,262,214,212,240,220,223,169,184,173,173,1891,2001,2022,2038,2035,2019,1919,1877,774,190.
13,228.4,35,-18.550,-9.059,7690,10,262,200,211,239,233,229,169,186,176,170,1890,2001, 2017 ,2031,2038,2013,1917,1886,774,1005
14,247.18,35,-18.559,-9.059,7690,10,261,261,212,256,229,228,170,184,171,170,1893,2003,2021,2035,2038,2007,1915,1879,777,190
15,265.05,35,-18.559,-0. 059,7600,10,249,253,212,252,205,216,169,185,172,172,1802,1008,2019,2035,2039,2015,1917,1880,778,190
16,284.25,35,-18.559,-9. 059,7690,10,270,209,211,259,208,214,169,183,173,170,1861,1977,2019,2040,2039,2023,1918,1880,780,190
17,302.78,36,-18.559,-0.059,7691,10,218,254,210,239,202,217,167,184,172,172,1817,1020,1949,1971,10609,1949,1918,1878 774,190
18,308.04,36,-18.559,-9.059,7691,10,219,258,219,248,207,228,166,185,170,174,,1818,1933,1950,1970,1971,1948,1919,1880,779,190
19,307.39,36,-18.559,-0.059,7691,10,225,259,219,249,213,229,169,184,172,172,1817,1036,1951,1072,1050,1949,1918,1889,779,190
20,293.61,36,-18.559,-9.059,7691,10,230,261,221,251,211,230,167,185,173,171,1820,1933,1952,1971,1971,1949,1921,1881,774,190
21,274.73,36,-18.559,-9.059,7691,10,251,252,216,257,215,218,167,185,170,171,1892,2002,2017,2032,2035,2013,1016,1882,776,190
22,255.98,36,-18.559,-9.059,7691,10,267,262,213,256,210,215,166,184,170,170,1892,2003,2023,2039,2039,2014,1919,1879,774,190
23,237.6,36,.18.559,-9.050,7691,10,242,222,215,225,234,227,165,186,172,170,1903, 2001, 2024 , 2041 ,2041,2018,1912,1880,778,1905
24.219.17,36,-18.559,-9, 059, 7691,10, 264,219, 214, 243,235,232 ,164,184,173,170,1896, 2004, 2024, 2036, 2037, 2018 ,1920,1875,775,190
25,200.48,36,-18. 559,-9. 059,7691,10,254,215,211,253,232,225,169,185,171,170,1894,2003,2021,2032,2044,2020,1920,1877,776,190
26,181.96,36,-18.559,-9.059,7691,10,214,219,211,207,236,263,166,187,169,171,1897,2005,2023,2038,2055,2013,1916,1877,774,190
27,163.23,36,-18.559,-9.059,7691,10,213,231,212,206,244,268,166,184,175,172,1890,2002,2022,2034,2039,2014,1919,1878,776,190
28,144.61,36,-18.559,-9.059,7691,10,212,226, 211,206,268, 267,168,186,175,170,1887,1997, 2014 ,2032,2033,2010,1919,1880,773,190
29,126.23,36,-18.559,-9.059,7691,10,215,214,211,213,265,269,166,188,173,169,1891,2005,2018,2036,2041,2018,1921,1877,777,190
30,107.58,36,-18.559,-9.059,7691,10,211,224,213,207,268, 266,169,185,174,169,1887,2000,2019,2035,2035,2012,1920,1880,778,189
31,88.91,36,-18.559,-9.059,7691,10,260,232,209,262,207,214,165,187,176,168,1892,1999, 2015,2033,2036, 2009,1916,1880,776,1904
32,69.59,36,-18.550,-0.050,7691,10,244 ,272,214 ,224 ,208,216,165,188,173,171,1889,2001,2021,2032,2040,2013,1928,1880,777,1008
33.50.82,36,-18.559,-9.059,7691,10,265,265,212,262,211,218,166,186,178,170,1902,2005,2021,2039,2040,2017,1919,1878,775,1904
34,32.47,36,-18.550,-9.050,7691,10,261,236,212,251,252,242,165,190,174,169,1896,2005,2019,2038,2045,2019,1922 ,1880,783,1906
35,13.98,36,-18.559,-9.059,7691,10,233,214,211,217,263,271,165,186,176,170,1896,1997,2022,2040,2048, 2024 ,1918,1879,775,1914
36,-7.90,37,-18.550,-0.050,7692,10,217,219,210, 248,207,221 ,169,187,175,168,1816,1028,1040,1060,1060,1946,1920,1879,775,1006,
37,-12.95,37,-18. 559,-9. 059,7692,10,221,258,218,249,211,224,166,189,175,172,1815,1928,1949,1970,1967,1948,1921,1880,777,190 _

m

< 1 | +

Figure 9. Sample Additional Log File (Format B) from September 30", 2009.

File Edit Format View Help

0 -11.86 35 -18. 559 -9.05%9 7&90 10 231 263 221 250 .
1 3.16 35 -18. 559 -9.059 7690 10 273 241 224 214

2 25.22 35 -18. 559 -9.059 7690 10 262 217 221 226

3 43,88 35 -18. 559 -9.059 7690 10 267 223 217 258

q 62.33 35 -18. 559 -9.059 7&90 10 230 264 217 225

5 80. 88 35 -18. 559 -9.059 7690 10 254 250 214 244

[ 99.14 35 -18. 539 -9.059 7690 10 213 214 215 240

7 117.44 35 -18. 559 -9.059 7690 10 215 212 211 210

B 135.75% 35 -18. 559 -9.059 7&90 10 213 217 212 208

9 154,18 35 -18. 559 -9.059 7690 10 211 226 215 207

10 172.685% 35 -18. 559 -9.059 7690 10 211 233 214 205

. . - - . . . . . . . -
107 303.03 40 -15.147 -5.647 7695 10 230 254 221 253
108 284.531 40 =15.147 -5.647 7695 10 260 263 243 267
109 265.88 40 -15.147 -5.647 7695 10 257 215 216 267
110 247.3 40 =15.147 -5.647 7695 10 257 213 214 267
111 228,37 40 -15.147 -5.647 7695 10 234 212 220 265
112 209,92 40 =15.147 =5.0647 7695 10 243 214 215 253
113 191.46 40 -15.147 -5.647 7695 10 255 245 224 258
114 172.97 40 =15.147 =5.647 7695 10 215 210 238 263
115 154.3 40 -15.147 -5.647 7695 10 219 211 255 253
116 135.72 40 =15.147 =5.647 7695 10 231 226 264 207
117 127.08 40 -15.147 -5.647 7695 10 221 220 265 208 _
¢ I b

. o

Figure 10. Sample Additional Log File (Format B) from September 30", 2009 (Tab-delimited
Format).
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Traffic Data Processing

Developing the traffic tables requires processing of the key data elements of the Log and Additional
Log files. This process identifies the data points associated with each pass from the Log and Additional
Log files, matches and aligns them and then calculates the components of the traffic table. Since there
are hundreds of Log files that include information of thousands of passes, a MATLAB script was
developed for batch processing of the traffic data.

Each Log may contain information of multiple passes. Also, the data associated with each pass may
not all be stored in one Log file. To batch process the traffic data, the MATLAB script takes all the
20009 testing Log files, sorts them by date and time, and combines them in sequence in a single matrix.
The matrix is called the Logs matrix. The same process applies to the Additional Logs and a matrix of
Additional Logs is created.

Additional Log files were recorded in two different formats as explained earlier in the report.
Accumulated pass number and wander number are not present in Format A (figures 7 & 8). Time is
not present in Format B (figures 9 & 10). When the Additional Logs are in Format A, the time columns
are common in the Log and Additional Log matrices. This is used to match other vehicle information
associated with the run critical to the development of the traffic table from the matrices. Time, vehicle
location, sequence number, accumulated pass number, and carriage module loads are taken from the
Log matrix and the carriage positions along with the time and vehicle location are taken from the
Additional Log matrix. The MATLAB script calculates the average carriage module loads for each
section being trafficked in every run. When the Additional Logs are in Format B, the vehicle position
is common in the Log and Additional Log files and is used to match the information from the files for
each run.

It is critical that the information required to match and align data from the Logs and Additional logs
exist in the data files. It is also imperative for an effective batch processing that a consistent pattern be
present in the input data. Batch processing of the 2009 traffic data encountered some difficulties for
various reasons. One critical difficulty was the inconsistency between the data in the Log and
Additional Log files. Another challenge was existence of what appears to be erroneous data.
Inconsistencies in the Additional Logs formats as well as missing files further complicated the batch
processing. In the following section, the key problems found during 2009 traffic data processing are
identified.
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Key Problems Encountered in Traffic Data
Processing

The following are the critical challenges encountered during batch processing of 2009 traffic data:

1- Times were not correctly recorded in Log files. The time of the first record in the Log file,
referred to as the reference time in this report, is consistent with the file name, but the
second record starts after a time gap. This was the case for all the Log files recorded in
2009. As shown in figure 11, the second record has a 20 minute gap from the first one.
The last record in the file is recorded approximately 5 minutes after the second record.
This contradicts the expectation that every Log file contains 10 minutes of vehicle record.
This discrepancy was consistent among all Log files. The sampling frequency between the
second and last records was consistently 20 Hz which equates to every 0.05 seconds.

mzt Wew  Hedp

: F1 Z.65 1607 24 1561 219z

F14 Z2.45 1607 24 1584 2200

= 1.RER 1607 4 1976 2167

11:46:45 PM 1.2A 1607 ;4 1977 214001

11:ab: 46 PM 0. 1607 A4 10 SR

11l:abB:46 FM .ap 1607 42 1474 did

11:36:46 FM -0.05 1607 2a 1234 2005

11:36:46 PM -0.44 1607 24 1524 1547

11:46:46 PM -0.76 1607 24 1556 20407

11:46:146 PM =-1.13 1608 23 1571 2027

L1646 PM =-1.E68 1508 23 1871 204z

LLz46 46 PM -2.42 1608 23 1875 2002

11:46:46 PM -3. 06 1608 29 1 G F007

11:a0:46 PM 3.41 1608 5 BRI SHD

11l:ab:46 M E 1604 £3 S 14948

11:236:46 FM 4.16 1608 25 1544 1878

11:36:46 PM -4. B 1608 25 2014 15149

11:46:46 PM -d. BE 1608 25 2048 1891

11:46:46 PM -3.12 1608 25 2085 1669

114646 PM -3. 99 1608 23 2124 1632

114646 PM -%. 62 1608 29 2144 1626

11:46:46 PM -G. 7 108 29 21453 1835

11:46:46 PM b. 72 1608 2% 2001 1868

11l:4B:44 M [ 1e0H 23 FAERE ) 1872

1l:48:47 FM J.dd 1608 23 2082 1888

11:26:47 PM 7.54 1608 23 2070 1847

11:4E:47 PM -7. 69 1608 23 2084 18849

P 132.72 1iE13 30 2033 2297

P .78 1613 30 H02T 12905

P 131 % 1E13 30 it 325}

P 131.88 1614 0 FLEER 2300

PM 151.409 1813 b 2025 2292

PM 1530.76 1613 10 2031 2302

M 150.23 1613 30 2043 2320

FM 149,52 1613 30 2050 2335

P 149,11 1613 0 2032 2317

P 14E.71 1513 30 2046 2374

P 148.17 1@E13 30 48 2347

P 14 HY 1B13 30 it H L]

P 14 =1 1612 0 dUh4 2458

PM 147.09 1813 an 261 2356

it 1d46.62 1613 10 2047 2348

‘11:5:’.‘-!40 PM 146.16 1613 30 2060 2361
m F

Figure 11. Incorrect Vehicle Record in Log Files.
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2- A time lag was observed between two consecutive Additional Logs. For example, the lag
between the last record of “200909081146 Additional Data” and the first record of
200909081156 Additional Data” is 17 seconds (figure 12). However, the vehicle location has
changed from station 84.82 to 103.16. The distance travelled of 18.34 feet is much less than
anticipated for the 17 seconds. The 18.34 feet movement of the vehicle is expected to occur
in approximately 5 seconds based on prior samples in the file. This issue was observed in all
consecutive Additional Log files. This is an indication that the sampling rate of 0.2 Hz in
Additional Logs is not accurate.

| 200909081146 Additional Dats - Notepad (=] & | [ 1) 200909081156 Additional Data - Notepad =] O e
File Edit Format View Help File Edit Format View _ Help

11146537 AM 0,20 17,706 _8.206 _639437671 SR Qe 16 8y C3deatene
11:46:42 am -9.29 -17.357 -7.774 -605821683 11:56:44 AM 140.8 16 6.5 506516556
11:46:47 AM -9.29 -16.492 -6.912 -538642964 11:56:49 AM 159.54 -16 6.5 _506516556
11id6i3z A _g.29 16 6.3 306316558 11:56:54 AM 178.04 -16 -6.5  -506516556
11:46:57 A ;8.8 :lﬁ :6'5 :505515556 11:56:59 AM 196.41 -16 -6.5 -506516556
Hi4rioz v 4.23 0 18 6.3 30e31633¢ 11:57:04 AM 214.86 16 -6.5  -506516556
11i4%i05 am 14.52  _1s Z6'5 506516558 11:57:09 AM 233.97 -16 -6.5  -506516556
11:47:17 am f2.98 -16 -6.5 -506516556 11:57:14 am 251.39 -16 -6.5 -506516556
11:47:22 AM 81.3 -16 -6.5 -506516556 11:57:19 aMm 253.09 -16 -6.5 -506516556

. . . . . . . = 11:57:24 am 249,98 -16 -6.5 -506516556
11:55:37 AM Z9.2  l17.247 17.665 597269963 . . . . . .
11:55:42 am -9.2 -16.394 -6.814 -531018536 12:05:49 PM 224.59 -16.853 -7.353 -572987113
11:55:47 Am -9.2 -16 -6.53 -306516556 12:05:54 PM 243.19 -16.853 -7.353 -572987113
11issis; w104 16 6.5  -306316356 1oi0eios M 52308 183 h-3a3 TAASNL:
11:36:02 an 2877 1% 63 -306516556 12:06:09 PM 237.71 -16.853 -7.353 572087113
11:36:12 av i 16 6.5  -506516556 12:06:12 P Si0-2, 738833 -7.333 -arloeils
18 82 30031636 12:06:19 PM 200.72 -16.853 -7.353 -572087113 )
4 1 + 4 1 2

3-

Figure 12. Time Lag between Two Consecutive Additional Log Files.

The reference time in some Log and Additional Log files did not match the file name. This
frequently occurred in the Logs that start at 12 AM and 1 AM and was observed in about 15%
of the files. For example, Log file 200909030001 refers to testing on September 3rd, 2009
starting at 00:01 AM; however, the reference time in the log is recorded as 1:26:07 AM as
shown in figure 13.
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4-

otepad | = |E |&|
File _Edid__Format  View Help
q:EE:D? AM D -9, 21 500 39 2174 1857 1 -4 -1 .

b -9.23 500 39 2182 1851 0 0 1
1:53:30 AM 9.24 500 39 2170 1835 0 0 o
1:53:30 amM -9.25 500 39 2135 1815 -1 o -2
1:53:30 am -9. 24 500 39 2081 1823 -2 1 1
1:53:30 am -9.23 500 349 2088 1851 2 -1 i)
1:53:30 amMm -9,.23 500 39 2063 1915 -1 -3 -1
1:53:30 aM -9.23 300 39 2058 1944 -2 1 -1
1:53:30 aM 9.23 300 39 2134 1874 0 4 0
1:53:30 AaM -9, 24 300 39 2141 1820 -1 o 1
1:53:30 amM -9.23 500 39| 2098 1845 -1 -2 o
1:53:30 am -9.23 500 39 2030 1891 -1 -11 i)
1:53:30 am -9.23 500 39 2035 1891 -1 0 i)
1:53:30 am -9.23 500 39 2119 1847 0 5 1
1:53:30 aM -9.23 300 39 2096 1903 0 -1 -1
1:53:30 AaM =9.23 300 39 2097 188G -4 =3 =1
1:53:30 amM -9.23 500 39 2093 1862 -1 o -2
1:53:30 amMm -9.23 500 39 2067 1873 -1 -2 -1
1:53:30 am -9.23 500 39 2062 1877 1 -1 -1
1:53:31 am -9.23 500 39 2082 1870 -1 0 -2
1:53:31 aM =-9.23 500 39 2115 1865 Q -2 -2
1:53:31 aM -9, 23 300 39 2086 1892 -2 o o
1:53:31 amM -9.23 500 39 2080 1910 -1 -1 2
1:53:31 amMm -9.23 501 40 2089 1856 3 -2 i)
1:53:31 am -9.23 501 40 2070 1864 -2 -1 -2
1:53:31 amM -9,23 201 40 2076 1888 -1 0 1 =
4 [0 ¥

Figure 13. Incorrect Starting Reference Time in Logs Files.

The accumulated pass numbers and the sequence numbers, represented in columns 3 and 4 of
Figure 13, do not corroborate. Accumulated pass numbers appear to lag one pass. A sequence
number must be the remainder of accumulated pass number by a complete wander (66 passes).
Therefore, a sequence number of 39 as shown in figure 13, cannot be associated with the
accumulated pass number of 500. A sequence number of 39 can correctly associate with
accumulated pass of 501. This issue was observed in all Log files.

The accumulated pass number and the sequence number are not correctly recorded in some of
the Logs. For example, as shown in figure 14, the top portion of the log shows that the vehicle
is at pass 926 and sequence 3. The vehicle position is decreasing from 311.75 to zero. Then
the vehicle starts a new pass in the opposite direction; thus the cumulative pass becomes 927
and the sequence number changes to 4. Vehicle position also starts increasing from 0 to
312.79. However, somewhere in the middle of this pass, as marked by the red box, the
cumulative pass is recorded as 926 and the sequence number is changed to 3 which are
erroneous. The log must have recorded the cumulative pass number of 927 and sequence
number of 4. This erroneous accumulated and sequence numbers were observed in about 1
percent of the Log files when a new wander started or when the testing resumed after a pause.
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- 5
") 200909040709 - Notepad = | 5 )

4 | File Edit Format View Help
#00600. 298884254 311.75 926 3 1976 2106 O 0 4883 .
400600. 298884833 311.62 926 3 1986 2129 -1 -1 53532
400600. 298885412 311.51 926 3 1984 2143 2 -2 5717
400600. 298885990 311.35 926 3 1985 2145 -2 -1 6099
400600. 298886569 311.15 926 3 1996 2139 O 1 6447

4|400600. 298887148 310.94 926 3 1996 2129 -1 -1 6665
400600. 298887726 310.64 926 3 1995 2122 O 16 6512

4 |400600. 299253465 3.92 926 3 1972 2325 -1 7303 5359
400600. 299254044 3.54 926 3 1982 2307 -2 7305 4974

7 |400600. 299254623 3.22 926 3 1981 2204 -1 7200 4564

4/400600. 299255201 2.88 926 3 1979 2315 1 7264 4093
400600. 299255780 2.4 926 3 1990 2295 -1 7202 3386

4400600. 299256359 1.86 926 3 1977 2246 -4 7059 2400

4/400600. 299256937 1.12 926 3 1984 2125 -1 6743 1099
400600. 299257516 0.65 926 3 1933 2043 -1 6444 416

4'|400600. 299258095 0.27 926 3 1900 2022 1 6110 117
400600. 299392932 0.28 927 4 2039 2090 O 6549 69
400600. 299393511 0.78 927 4 2044 2064 O 6655 71

0'|400600. 299394089 1.14 927 4 2039 2051 O 6435 &2

{{/|400600. 299394668 1.48 927 4 2049 2034 -1 6370 100

7|400600. 299395247 1.83 927 4 2052 2013 0© 6423 118 |-

(| 400600. 299395826 2,33 927 4 2049 2043 0O 6306 138 |

«{|400600. 299396404 2.75 927 4 2027 2069 O 6207 159

7/400600. 299396983 3.2 927 4 2062 2004 -2 6111 228

¢ |400600. 299397562 3.53 927 4 2054 2114 0O 6036 473

{ |400600. 299398140 3.9 927 4 2012 2099 0O 5932 894

4400600. 299398719 4.22 927 4 2021 2083 -1 5865 1143

«{ |400600. 299399298 4.7 927 4 2007 2066 O 5758 1689

4 |400600. 209399876 5.03 927 4 2013 2072 -2 5686 2167

4'la00600. 299200455 s.41  [92e 3 2011 2077 -1 5594 2825

«{|400600. 299401034 5.76 | 926 3 2020 2108  0© 5520 3442

4 |400600. 299401613 6.2 926 3 2015 2125 O 5512 4145

41400600. 299402191 6.5 926 3 2026 2134 0 5492 4587

«{/|400600. 299402770 10.26 | 926 3 2029 2132 0O 5498 5037

1 |400600. 299403349 10.7 | 926 3 2007 2095 O 5574 5518

%'l400600. 290403927 11.05 | 926 3 1987 2096 -3 5606 5803

{{|400600. 299404506 11.49 | 926 3 2002 2088 1 5655 6087

|

41400600. 299782398 312.8 | 926 3 1832 2115 -1 1

%4 |400600. 299782976 312.8 | 926 3 1732 2123 -1 -1 0

{{|400600. 299783555 312.8 =97 T 1905 2121 O 1 -2

71400600. 299784134 312.8 927 4 1907 2219 O 1 1

1 |400600. 299784712 312.8 927 4 1886 2275 -1 0 -1
400600. 299785291 312.8 927 4 1881 2185 1 -1 1

4'|400600. 299785870 312.8 927 4 1926 2033 -3 -1 0

4/400600. 299786448 312.79 927 4 1972 2004 O -2 0 il
4 nr 3

Figure 14. Erroneous Sequence and Accumulated Pass Numbers in Some Logs.

6- While the associated Log and Additional Log files were usually easy to identify using their
common names, that was not always the case. Figure 15 represents two examples where the
Log file and its associated Additional Log file had different names. There is usually a small
time lag between reference time of the Log files and Additional Log files. If this small time
lag spurs into different minutes of time, the files will be recorded with different names. This
was the case for Log file “200909091258” and the Additional Log file “200909091259”. The
former started at 12:58:57 PM while the later started with 3 second time lag at 12:59:00 PM.

Also, as shown in the other example in figure 15, one Log file was at times associated with 2
Additional Log files. Additional Log files 200909091308 Additional Data” and
200909091309 Additional Data’” are both associated with ““200909091308”” Log file.

As shown in figure 16, in about 3 percent of the cases, Additional Log files were missing.
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Print  Bum  Newfolder =~ [ @
Name : Date modified Type Size E
|| 200909090836 9/9/2009 7:41 AM Text Document 360 KB
| 200909090841 Additional Data 8/9/2009 7:51 AM Text Document 2B KB
|| 200909030841 9/9/2009 7:51 AM Text Document 135KB
|| 200909030851 Additional Data 9/9/2009 8:01 AM Text Document 28 KB
| 200909090851 9/9/2009 8:01 AM Text Document T13KB
|| 200909090901 Additional Data 5/9/2009 811 AM Text Document 28 KB
|| 200909030901 9/9/2009 8:11 AM Text Document 677 KB
| 200909090911 Additional Data 9/9/2009 8:21 AM Text Document 28 KB
|| 200909090911 9/9/2009 8:21 AM Text Document 685 KB
|| 200909090921 Additional Data 9/9/2009 8:29 AM Text Document 21 KB
|| 200909090921 9/9/2009 8:21 AM Text Document 525 KB
|| 200909031248 Additional Data 9/9/2009 11:58 AM  Text Document 28 KB
| 200009091 248 9/9/200911:58 AM ~ Tewt Document 787 KR

| 200909091258 9/9/200912:08 PM  Text Document 856 KB |
| 1200909091259 Additional Data 9/9/200912:08 PM __ Text Document 28 KB
| || 200909091308 Additional Data 9/9/2009 12:08 PM  Text Document 1KB|
| _| 200909091 9/9/200912:18 PM  Text Document 807 KB|
(]2 jtional Data 9/9/20091218PM  Text Document 28K
|| 200909091318 9/9/200912:28 PM  Text Document T49 KB
| 200909091319 Additional Data 9/9/200912:28PM  Text Document 26 KB =
|| 200909091328 Additional Data 9/9/200912:33 PM  Text Document 28 KB
|| 200909091328 9/9/2009 12:38 PM Text Document 873 KB
| 200909091338 9/9/200912:48 PM  Text Document 790 KB z

Figure 15. Incompatible Logs and Additional Logs.
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Burn Mew folder

-

Mame Date modified Type Size
| 200905140515 /14,2008 4:25 AM Text Document 852 KB
| 200902140525 Additional Data 9/14/2008 435 AM  Text Documnent 2B KB
| 200909140525 9/14/2009 435 AM  Ted Document 54 KB
| 200905140535 Addrtional Data /14,2009 4:54 AM Text Document 16 KB
| 200909140535 9/14/7009 4:45 AM  Test Document 830 KB
| | 200903140545 /142009 £:55 AM  Text Document 1,017 KB|
= 200909140555 9/14/2009 5:05 AM  Text Document 962 KB |
|| 200909140605 0/14/2005 515 AWM Tet Document 1,026 KB|
|| 200909140615 9/1/2008 525 AM  Tedt Document 1,038 KE|
| 200905140625 14/2008 535 AM  Test Document 1,024 KB |
| 200909140635 9/14/2009 5:45 AM  Tet Decurnent 1,031 KB |
|| 200909140645 9/14/2009 555 AM  Text Document 1033 KE |
| 200905140655 9/14/200% 605 AM  Text Decument 1,030 KB|
| 200903140705 9/14/2009615AM  Text Documnent 1,021 KB|
| 200909140715 9/14/2009 6:25 AM  Text Document 986 KB |
| 200905140725 14/2009 5:35 AM  Test Document 977 KB |
| 200909140735 9/14/20006:45 AM Tt Document 985 KB |
|| 200909140745 9/14/2009 6:55 AM  Text Document 989 KB |
| 2009051 40755 914/2008 T:05 AM  Ted Documnent S87 KB,
| 200805140805 9/14/2008 715 AM  Test Document 932 KB/
|| 200909140815 9/14/2009 7:25 AM  Text Document 984 KB |
| 209001 40825 914/2008 7:35 AM Text Decument G980 KB |
| 200909140835 9/14/2009745AM  Tedt Document 900 KE |
| 200905140845 §/14/2009 7:55 AM Text Document 977 KB |
| 200905140855 9/14/2009 T:56 AM  Text Document 1KB|
| 200909140856 9/14/2009 &:06 AM  Text Document 968 KB |
| 200009140906 9/14/2009&16 AM  Ted Document 966 KB |

Figure 16. Missing Additional Log Files.

7- Data for accumulated pass number 990 to 993 are presented in the “200909072257” and
“200909072257” files. Also, data for accumulated pass number 1520 is presented in the
following Log files with contradicting details: “200909090737”, “200909090748” and
“200909090812".
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Modifications to Resolve Data Issues of
2009 Testing

In developing the batch process, extensive modifications were made to resolve the issues encountered
during data processing discussed in the previous section. The times of the recorded samples were
modified in the Log and Additional Log files. Since the reference time (the first recorded time) is
consistent with the file name, it was assumed the reference time of each Log and Additional Log was
recorded correctly. Asampling rate was then calculated for each Log by dividing the difference of the
reference times of the log and its subsequent log by the number of samples per file. Then, the time of
the recorded samples were adjusted using the reference time and the sampling rate. If the subsequent
Log file was recorded after an interruption in testing, the average sampling rate was used. A similar
procedure was applied to the Additional Log files.

The average sampling rate of the Log files obtained from this method was calculated to be 7.7 Hz.
This is significantly different from the 20 Hz sampling rate that originally existed between the second
and the last record of the Log files. The average sampling rate for all of the Additional Log files was
calculated to be 0.197 Hz which is practically the same as the original 0.2 Hz.

This modification to the time column provided integrity between the Log and Additional Log files,
which is a key factor for developing the traffic table. The modification also fixed the issue of time lag
between the subsequent Additional Log files.

As was explained in the third problem listed in section 6, the reference time in some Log and Additional
Log files did not match the file name. To fix the issue, various hypotheses and resolutions were tested.
In comparison to the files that did not have the discrepancy, it was found that the numerical format of
the times were significantly different. In numerical format, the integer part refers to the date which is
the number of days from a fixed date. The decimals denote the time.

An example of the problem is shown in figure 17. The reference time in “200909030001” Log file is
recorded as 40.059798611, which converts to 1:26:07 AM when the format is changed from numeric
to time. The file name indicates a starting time of 12:01 AM while the converted time denotes 1:26:07
AM. To fix this issue, a “correction factor” was introduced equal to 10 (5 - number of integer digits).
The time in numeric format is multiplied by the correction factor. Then the resulting decimal part is
divided by the correction factor. For this example, the repaired number becomes 40059.000798611,
which converts to 12:01:09 AM. This matches the time from the file name.
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Another example shown in figure 18, shows the reference time in the Log file is 4005.949479167. The
correction factor was calculated to be 10. To repair, the number was multiplied by ten and the decimal
part was divided by ten. The result is 40059.049479167, which converts to 1:11:15 AM. Again, the
repaired time matches the time from the file name. This repairing procedure was implemented in the
MATLAB script.

This repairing procedure was implemented in the MATLAB script andapplied to the reference time of
the Log and Additional Log files that had a mismatched file name and reference time.

T FOOR0R030001 - Notepad [E=RECE

File EBdit Formel Wiew Hep

NEEFEN, -9, 21,500, 39,2174 1857 ,1,-4,-1,0,0
i0.070E1S -0, 21,500, 20, 7168, 1851 ,0,0.1, 2.1
40.07BEL53691 ,-9. 24,500, 39, 2170,1635,0,0,0,2
40.07TBE1E44TE, -9, 25 500,30,2135 1815,-1,0,-2
40.07BELTO265 , -9, 24, 500, 39, 20EL,1823,-2,1,1,
40.07BE176052 ,-9. 23 500,39, 2088,1851,2,-1,0,
40, O7HELELA3G, -9, 23,500, 39, 2003 ,191%,-1,-3,-
40.078ELETE26,-9. 23,500, 39, 2058,1044,-2,1,-1
40.0788103413, -0, 23,500, 30,2134 ,1874,,0,4,0,-1,
40.078EL992 -8, 24 ,500,38,2141,1820,-1,0,1,0,-1
40.07HBE204987 ,-9. 23,500, 9, 2008,1845,-1,-2,0,0
40.07BEZLO774 , -9, 23, 500, 39, 2030,1891,-1,-11,0,
40.07EE2165E1,-9. 23 _ 500,30, 2035, 1600, -1
40, 07BEIZ2 348, -9, 23,500, 39, 2119,1847 0,
40.07BE228135,-9. 23,500, 39, 2006, 1903, 0,
400788233922, -9, 23,500, 30, 2007 , 1886, -4

1

i

Hudpd- -
it T bt T G P b T P
ot e ke O Bl

ol b1 Pl

1l Pt el P Pl =
Pl %

¥
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Q

40, 07BE20285) -9, 23, 500,39, 2115,1805,0,-2,
40. 0FBE268644 ,-9. 23 500,39, 2066, 1602,-2,0,0,
40, 07R8274431 -9, 23,500, 20, 2080,1510,-1,-1,7, -
40.07BE2B0216,-9. 23,501,40,2069,1656,3,-2,0,
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Figure 17. Incorrect Reference Time in Some Log Files, Example 1.

7 200909030111 - Matepad = O .

[File Edit Farmat View Help
PRy, 57 . 54, 540,13,1981 ,2209,0, 6608, 6593 ,62 »

1005 BA74R16143,57.12,540,13,1983 2216,0, 6524 , 65116
4005, D&7464403,56.75,540,1%,1084 2211 ,-2 6729, 67006
ADDS, DEFABE07LT, 56,44, 540,13,1991,2213, -1, 6643, 6590,
4005, DATAREE504, 55,09, 540,13 1987 2228, -1, 6537, 6541,
4005, 0874662291 ,55.52,540,13,1986,2225, -1, 6728, 6604,
4005, D874G6B0TE, 55,10, 540,13,1993,2229, -1, 6524 , 6448,
4005 DATAG7IRGS, 5440, 540,13 ,198K,2279,2 6719, 6AET 6
4005, BETAGTEE52,34.01,540,13,1986,2223, -1, 6588, 6435,
4005, D87 468539, 53, 71, 540,13,1991,2228,0,6508, 6556,
4005, DATAG91726, 53, 36, 540,13 ,1991 ,2279,1, 6609, 6652 , 6
4005, 0874697013 ,52.77,540,13,1984 _2235,0, 6516, 64526
4005, 874702801, 52,41, 540,13, 1988, 2243, 0, 6508, 6677, &
4005 DATATOBSEE,57.12,540,13,1977,2238,0, 6711, 6616, 6
4005, D874714375,51.73,540,13,1981 ,2237, -2, 6602, 6436,
4005, 9874720162, 51, 31, 540,13,1982,2235,1, 6520, o0, &
4005, DATATZ5049, 50, A4, 540,13 ,1980,2230, -1, 6708, 6463,
4005, 0874731736, 30.05,540,13,1986,2247 , -1, 6591 , 6695,
4005, BE74T37523, 49, 56,540,13,1981,2233, -1, 6663, 6427,
4005 DATA7A331, 40, 24, 540,13,106%, 2224 ,0, 6475, 6603 | A7
4005, DE74740097 48,70, 540,13 ,1970,2212,0,6649, 6350, 6
4005, 5747 S BE4 A8, 29, 540,13,1970,2238, -1, 6625, 64590,
4005, DATATAOETL, 47,05, 540,13 ,1976,2258,1, 6450, 6707, 6
4005, 08T47EE458,47.57,540,13,1973,2246, -1, 6631, 6548,
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Figure 18. Incorrect Reference Time in Some Log Files, Example 2.
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To fix the issue presented as number 4, the accumulated pass number was increased by 1 pass in the

traffic table.

The fifth issue discussed in section 6 was manually corrected in Log files identified with the problem.

The list of files corrected is as follows:

'200909020709.log'

'200909040709.log'

'200909090216.log'

'200909090530.log'

'200909021301.log'

'200909081136.log'

'200909090226.log'

'200909090540.log'

'200909021311.log'

'200909082106.log'

'200909090236.log'

'200909090550.log'

'200909032252.log'

'200909082216.log'

'200909090316.log'

'200909090600.l0g'

'200909040452.log'

'200909090056.log'

'200909090326.log'

'200909090610.log'

'200909040502.log'

'200909090146.l0g'

'200909090500.log'

'200909090709.log'

It was critical to fix the discrepancy in Log and Additional Log file names (problem 6) for batch
processing of the traffic data. Therefore, the file names were changed where appropriate and in other
instances, the two files were combined into one file with an appropriate name.

Summary and Conclusion

In summary, the available traffic table of the CC5 experiment from the FAA website includes detailed
data regarding the position and loading of the testing vehicle over time. The traffic table, however,
lacks data from the testing conducted in 2009 which accounts for approximately 45 percent of the
testing on the north sections. This study examined the raw data included in the vehicle log files and
identified the challenges existing in data processing. This report described the challenges and
recommended solutions.

The most common challenge among all recorded log files was the inconsistency in recording the time
of the samples. Since the reference time (first recorded time) and the log file name matched, it was
assumed that the reference time was recorded correctly. The subsequent reference times of the log files
were approximately 10 minutes apart which was another confirmation for the suitability of the
assumption. The sampling rate was assumed to be constant within the Log files, but could change
between the files.

When the Log file name and the reference time did not match, a correction factor was developed that
repaired the reference time in numerical format. When the repaired reference time was converted from
numeric format to time format, it matched the file name. This resolved the problem that existed in
approximately 15 percent of the Log files.
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Additional Log files included important information required in the traffic data. During 2009 testing,
Additional Log files were recorded in two formats. When the Additional Log file included the time of
sample (Format A), the time was used to pair the records of the Log and Additional Log files. When
the file did not include the time (Format B), the vehicle location was used to pair the records.

Other issues were noted in the log files such as erroneous recordation of the pass numbers that were
fixed using engineering judgment. In some other exceptional cases, changes were made to the file
names to achieve consistency so that the files could be processed in a batch mode. Also, in
approximately 3 percent of the cases, the Additional Log files were missing. As a result, the carriage
location is missing for these cases in the traffic table.

A MATLAB script was developed to implement the recommended solutions and to develop the traffic
table for 2009 testing. The 2009 traffic table implementing these solutions is delivered in combination
with this report.

While the traffic table was ultimately developed for the 2009 data, it was evidently based on some
assumptions. While the assumptions are sensible from an engineering standpoint and are further
verified by other accepted alibis, they may need to be further refined if other information surfaced that
is currently unknown to the research team.
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