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DISCLAIMER 

This project was performed by the Texas A&M Transportation Institute. The contents of 

this report reflect the views of the authors, who are responsible for the facts and the accuracy of 

the data presented herein. The contents do not necessarily reflect the official view or policies of 

any State or Federal agency. This report does not constitute a standard, specification, or 

regulation. The Texas A&M Transportation Institute does not endorse products or 

manufacturers. Trade or manufacturers’ names appear herein solely because they are considered 

essential to the object of this report. 
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CHAPTER 1: 
WORK PLAN 

In this effort the Texas A&M Transportation Institute (TTI) evaluated a single DELTA  

LTL-M mobile pavement marking retroreflectometer. The performance measure under 

evaluation was the measured coefficient of retroreflected luminance (retroreflectivity), RL, 

(mcd/m2/lux) of a variety of pavement markings under a variety of conditions. The details of the 

data collection are described in this chapter.    

DATA COLLECTION  

Retroreflectivity data were collected on pavement markings located on numerous 

roadways in varying conditions to test the system. Data collection consisted of lab and closed 

course testing at the Texas A&M University RELLIS Campus, and open road testing on roads in 

and around the Texas A&M University Campus. The DELTA LTL-M mobile retroreflectometer 

and Delta LTL-X portable retroreflectometers were operated by TTI during all data collection 

activities.  

Variables Evaluated 

The main interest of the testing was to determine how well the DELTA LTL-M system 

evaluates the retroreflectivity of pavement markings in different conditions. There are numerous 

factors that can impact the ability of a mobile retroreflectometer to repeatedly collect accurate 

retroreflectivity readings. The researchers developed a list of factors and then developed the 

testing plan to evaluate the influence of these factors. The variables included in the testing are 

listed and described below. 

• Retroreflectivity Level: Evaluate markings across a range of retroreflectivity levels. 

• Marking Color: Evaluate white and yellow markings. 

• Line Type: Evaluate solid and broken lines. 

• Road Surface: Evaluate markings on asphalt, concrete, and chip seal surfaces. 

• Data Collection Speed: Evaluate the same marking section at varying speeds. 

• Drive Position Sensitivity: Evaluate the same markings at different positions within 

the measurement window (width of measurement field for the system). 
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• Geometry Sensitivity: Evaluate the impact of adjusting the distance of the readings. 

Evaluate the impact of tilt and height sensitivity (ASTM test). 

• Raised Retroreflective Pavement Marker (RRPM) Impact: Evaluate similar 

markings with and without RRPMs. 

• Ambient Light: Evaluate markings during the day, at night, and at times when the 

sun is at angles causing glare. 

• Acquire Frequency Length: Evaluate the impact of selecting a different length for 

averaging the collected data. 

Data Collection Procedures 

Data were collected during the day and at night over about a two week period. The 

mobile and portable retroreflectometers were calibrated each day prior to data collection efforts. 

Retroreflectometer calibration was monitored throughout the data collection. An alignment 

calibration was performed on the DELTA LTL-M prior to the start of the data collection. The 

general methodology for the various sets of data collected are described below. 

Open Road Testing 

The open road testing consisted of evaluating 19 different pavement markings under 

various conditions. The open road test area pavement markings varied in length from 

approximately 0.1 to 1.0 miles long and consisted of both white and yellow, and solid and 

broken line pavement markings. The road surface types consisted of faded asphalt, dark asphalt, 

chip seal, an overlay area where a chip seal was placed in the travel lane between the markings 

that were on a faded asphalt, and Portland cement concrete (PCC). The markings were tested 

during the daytime in varying lighting conditions and at night. Daytime lighting conditions 

included full sun, cloudy, and at times when the sun was causing glare on the roadways. 

Nighttime testing took place on dark roads and on roads with overhead roadway lighting. During 

each test of an individual marking multiple trials were conducted. A description of each marking 

test area is provided in Table 1. Images of each open road test area are provided in Appendix A. 

The majority of the sections evaluated were typical road surfaces with typical pavement 

markings. Several sections offered unique situations to test the capabilities of the mobile 

retroreflectometer. The nb 47 and sb 47 sections were a faded asphalt road surface with a seal 
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coat covering the travel lane between the markings. This setup complicates mobile evaluations 

because of the contrasting surfaces in the areas of the pavement markings. The broken line 

markings in this area were not part of the evaluation due to the crack seal that was on the 

markings and the varying road surfaces. The campus broken section was typical PCC but had a 

unique marking. The marking was standard paint and beads but half the length of each broken 

line had high retroreflectivity, and the other half had low retroreflectivity. 

The snook test area was a 1 mile test section that was used to evaluate the impact of 

speed and lane position on the data collection. Two data collection passes were collected on the 

same test section at each of the following speeds; 30, 45, 60, and 75 mph. Two runs each with 

the evaluation in the center position, left in lane position, and right in lane position were also 

recorded on the test section. The left and right drive position was maintained at a location where 

the measurement of the marking was close to the outer edge of the allowable measurement 

window. The Snook test area was also used to test the impact of the acquire frequency and the 

evaluation distance on the mobile readings. To evaluate the acquire frequency, that data were 

averaged at 0, 20, 40, 264, 528, 1320, 2640, and 5280 foot intervals. To assess the evaluation 

distance, data were collected at the standard distance of 20 feet in front of the retroreflectometer 

and were compared to evaluations at approximately 17 and 23 feet. These two distances 

represent the extremes at which the mobile system will still record data. The software that is used 

to operate the mobile retroreflectometer has a display that indicates the evaluation distance. This 

displayed value was used to determine the evaluation distance. 

Leonard road and University (univ) drive were areas where glare was expected. These 

two areas were evaluated with the sun in different positions to determine the impact of the 

varying sun positions. When collecting data toward the sun there was some glare on the road 

surface for the university test area, and significant glare on the leonard road surface. 

Many of the markings on the open road test area were evaluated at regular intervals with 

a portable retroreflectometer along the entire length of the marking. The measurement interval 

was approximately 40 feet. The goal was to get a representative value for the retroreflectivity 

average of the marking and for the retroreflectivity trend along the length of the marking for 

comparison to the DELTA LTL-M mobile data. The campus, university, and snook test areas did 

not have comparison portable retroreflectometer data collected at them. The mobile data 

collected in these sections was compared to itself for the differing data collection scenarios.  
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Table 1. Open Road Test Marking Information. 

Section Name Line Type Road Surface Marking Material Color Bead Type 

47 FR edge Solid Faded Asphalt Thermoplastic White Big and Small 

47 FR broken Broken Faded Asphalt Thermoplastic White Big and Small 

47 FR yellow Solid Faded Asphalt Thermoplastic Yellow Big and Small 

campus edge Solid PCC Paint White Small 

campus broken Broken PCC Paint White Small 

jones edge Solid Chip Seal Paint White Small 

jones yellow Double Solid Dark Asphalt Paint Yellow Small 

leonard edge Solid Chip Seal Thermoplastic White Small 

leonard yellow Broken Chip Seal Thermoplastic Yellow Small 

nb 47 edge Solid 
Chip Seal/ 

Faded Asphalt 
Thermoplastic White Small 

nb 47 yellow Solid 
Chip Seal/ 

Faded Asphalt 
Thermoplastic Yellow Small 

sb 47 edge Solid 
Chip Seal/ 

Faded Asphalt 
Thermoplastic White Small 

sb 47 yellow Solid 
Chip Seal/ 

Faded Asphalt 
Thermoplastic Yellow Small 

snook edge Solid Dark Asphalt Thermoplastic White Small 

snook broken Broken Dark Asphalt Thermoplastic White Small 

univ eb broken Broken Dark Asphalt Thermoplastic White Small 

univ eb yellow Solid Dark Asphalt Thermoplastic Yellow Small 

univ wb broken Broken Dark Asphalt Thermoplastic White Small 

univ wb yellow Solid Dark Asphalt Thermoplastic Yellow Small 

 

Closed Course Testing 

The closed course testing consisted of evaluating 12 different pavement markings under 

various conditions. The closed course pavement markings were approximately 0.35 miles in 

length and consisted of both white and yellow, solid, double, and broken pavement markings. 

The markings evaluated during the closed course testing were typical marking types found on 

roadways. These markings consisted of paint, epoxy, and thermoplastic binders with standard big 

and small beads. A description of each marking is provided in Table 2. Images of each closed 

course test marking are provided in Appendix B. 
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Table 2. Closed Course Marking Information. 

Line Name Line Type Marking Material Color Bead Type 

Line 2 Broken Epoxy Yellow Big and Small 

Line 3 Solid Epoxy White Big and Small 

Line 8 Broken Thermoplastic White Small 

Line 10 Solid Paint Yellow Small 

Line 15 Broken Paint Yellow Small 

Line 16 Broken Paint White Small 

Line 17 Solid Thermoplastic Yellow Small 

Line 18 Broken Epoxy White Big and Small 

Line 24 Solid Paint White Small 

Line 29 Solid Thermoplastic Yellow Small 

Line 39 Broken Epoxy Yellow Big and Small 

Line 40 Solid Epoxy White Big and Small 

 

During each test of an individual marking a minimum of two separate trials were 

conducted. Data were collected during the day and at night. The closed course testing was also 

used to test the impact of RRPMs. RRPMs were installed on some of the markings and masked 

over during a portion of the testing, and exposed during other tests. The RRPMs were placed at 

80 feet spacing along the entire length of the test area.  

The markings on the closed course were evaluated at regular intervals with a portable 

retroreflectometer along the entire length of the marking. The measurement interval was 

approximately 15 feet on solid lines and two measurements per line segment on broken lines. 

The goal was to get a representative value for the retroreflectivity average of the marking and for 

the retroreflectivity trend along the length of the marking for comparison to the DELTA LTL-M 

system. 

Lab Testing 

The lab testing consisted of evaluating the geometry sensitivity of the system in a static 

condition. The height and tilt sensitivity of the system were the specific geometry factors 

evaluated in the lab. The mobile retroreflectometer was not mounted to the vehicle during the 

tests. The retroreflectometer was placed on blocks and shimmed with thin aluminum plates to the 

desired heights. The system was setup in the standard position and data were collected on a 2 

meter long pavement marking sample at the appropriate distance. The retroreflectometer was 

then raised or lowered 20 mm, and additional data were collected. The data were collected after 



 

Final Report April 2018 Page 8 
 

realigning the pavement marking sample with the detection area so that the impact of variance 

along the marking sample was minimized. After testing at the raised and lowered positions the 

unit was returned to the standard position and additional data were collected. The 

retroreflectometer was then tilted up or down 0.2 degrees, while maintaining the proper height at 

the middle of the unit. The pavement marking sample was again moved to result in data being 

collected at the same location on the marking. During both tests, the tilt of the unit that is 

controlled by the software was not modified. Two marking samples were used, one white and 

one yellow. The markings were swapped during testing at each of the tested positions.  
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CHAPTER 2: 
TESTING RESULTS 

 This chapter describes the results of the data collection effort. TTI collected and analyzed 

each data collection file for each individual test run. Where necessary, data were trimmed to best 

match the specific locations for the comparison retroreflectivity data. For all test areas the center 

retroreflectivity data from the mobile system was used. This is the best data to use when 

comparing mobile to portable retroreflectometers, since the portable retroreflectometers are 

generally placed centrally across the width of a marking. The results of the open road, closed 

course, and lab testing are described in separate sections. 

OPEN ROAD TESTING RESULTS 

 The objectives of the open road tests were to 1. Compare mobile data to portable data 

across a range of marking retroreflectivity levels; 2. Evaluate the impact of marking color and 

pattern; 3. Evaluate the impact of lighting condition; 4. Evaluate the impact of speed and 

measurement position; 5. Evaluate the impact of acquire frequency and evaluation distance.  

Mobile and Portable Data Comparison 

 The open road testing evaluated 18 pavement marking segments. Portable 

retroreflectivity measurements were taken on 12 of these markings. Figure 1, Table 3, and Table 

4 provide the data results from the open road mobile and portable comparison. Figure 1 shows 

the average retroreflectivity value for each measurement scenario for each marking segment. 

Closer dots for the various conditions on each marking segment represent more accurate and 

consistent data. Table 3 and Table 4 were developed to show the error between the different 

mobile tests and the portable measurements. Of the 12 markings, 9 had mobile error below 10 

percent for all cases. The average error for the 9 markings was less than 3 percent different from 

the portable retroreflectometer. The remaining 3 markings had at least one condition with greater 

than 10 percent error. Leonard road experienced significant glare during the sunny conditions. 

This glare was especially bad in the area of the white solid marking. This resulted in mobile 

averages that were approximately 20 percent low during the sunny conditions for the white solid 

marking. The readings were within 5 percent on the white solid marking during the cloudy and 

night evaluations. For section 47 NB white solid and 47 SB white solid the sunny 1 condition 
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produced the least accurate data. The combination of sun condition and varying road surface may 

have contributed to the increased error. 

 

Figure 1. Open Road Test Data. 

 

Table 3. Open Road Test Data (47 FR and Jones). 

Test 
Condition 

Average Retroreflectivity (mcd/m2/lux) 

47 FR White 
Solid 1 

47 FR White 
Solid 2 

47 FR Broken 
White 

Jones White 
Solid 

Jones Double 
Yellow Left 

Jones Double 
Yellow Right 

Sunny 1 629 178 533 197 102 100 

Sunny 2 624 178 535 200  No data No data  

Cloudy 629 182 No data  199 108 102 

Night 600 168 510 196 102 105 

Portable 610 179 503 197 109 103 

Percent Error: Mobile vs Portable 

Sunny 1 3.1 -0.3 6.1 0.0 -6.0 -2.9 

Sunny 2 2.3 -0.6 6.3 1.6 No data  No data  

Cloudy 3.1 1.6 No data  0.8 -0.6 -0.9 

Night -1.7 -6.0 1.3 -0.4 -6.9 2.1 
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Table 4. Open Road Test Data (Leonard, 47 NB, and 47 SB). 

Test 
Condition 

Average Retroreflectivity (mcd/m2/lux) 

Leonard 
White 
Solid 

Leonard 
Yellow 
Broken 

47 NB 
White 
Solid 

47 NB 
Yellow 
Solid 

47 SB 
White 
Solid 

47 SB 
Yellow 
Solid 

Sunny 1 279 188 228 173 326 189 

Sunny 2 290  No Data 259 No data  391  No data 

Cloudy 369 185  No data 173 No data  189 

Night 356 178 265 175 380 191 

Portable 368 195 297 171 388 192 

Percent Error: Mobile vs Portable 

Sunny 1 -24.3 -3.6 -23.3 1.1 -15.9 -1.6 

Sunny 2 -21.1 - -12.7 - 0.8 - 

Cloudy 0.3 -5.3 - 1.0 - -1.7 

Night -3.4 -8.9 -10.8 2.1 -2.2 -0.7 

 

 Figure 2 shows the portable averages versus the mobile averages for the 12 test areas 

where portable measurements were taken. A linear trend line shows how the data relates. The 

slope of the line is nearly 1, and the coefficient of determination (R2) is 0.9843. A line of 

equality is also provided.   

 

Figure 2. Open Road Portable vs. Mobile Data (All Sections). 
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Figure 3 shows the portable averages versus the mobile averages for the 9 test areas that 

had less than 10 percent error for all conditions. A linear trend line shows how the data relates. 

The slope of the line is nearly 1, and the coefficient of determination (R2) is 0.9989. A line of 

equality is also provided. The mobile and portable data closely match each other.   

 

Figure 3. Open Road Portable vs. Mobile Data (Reduced Data Set). 
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in the different conditions to see if changing conditions result in a change in the data. Table 6 

provides the results of testing on University drive. Of interest on this road was the impact of 

varying the lighting condition. Measurements were taken during the day with a high sun, during 

the day with the sun at a lower angle causing some glare on the road, and at night. These test 

areas had overhead roadway lighting. The data indicate that the data collected at any of the 

individual conditions was less than 6 percent different than the average data collected. The glare 

on the road was not as significant as the glare on Leonard road, as can be seen in the Appendix A 

images. Table 7 presents the results of sunny and night evaluation on campus. The campus test 

area had overhead roadway lighting. The data differed by less than 6 percent for the two 

markings in the two evaluation conditions. Table 8 presents the data collected at the Snook data 

collection site during sunny, cloudy, and night (no overhead roadway lighting) conditions. The 

cloudy and night data differed by less than 2 percent from the sunny data. 

Table 5. Open Road Marking Color, Pattern, and Ambient Light Condition Results. 

Condition 
Sum of Average Values 

(Systematic Error) 
Sum of Absolute Average 

Values (Random Error) 

White Markings Average Percent Error 1.1 2.0 

Yellow Markings Average Percent Error -2.2 2.7 

Solid Markings Average Percent Error -0.5 1.6 

Broken Markings Average Percent Error -0.7 5.2 

Sunny Average Percent Error 0.4 2.7 

Cloudy Average Percent Error -0.2 1.9 

Night Average Percent Error -2.1 3.3 

 

Table 6. University Ambient Light Condition Testing Results. 

Test Condition 
Average Retroreflectivity Percent Error: vs Average 

Solid 
Yellow 

Broken 
White 

Solid 
Yellow 

Broken 
White 

Eastbound High Sun 102 159 -1.3 5.2 

Eastbound Low Sun 104 148 0.9 -2.3 

Eastbound Night 104 147 0.4 -2.9 

Westbound High Sun 139 152 -1.4 -0.7 

Westbound Low Sun 138 161 -2.1 5.3 

Westbound Night 146 146 3.5 -4.6 

Eastbound Average 103 151 - - 

Westbound Average 141 153 - - 
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Table 7. Open Road Campus Test Area Ambient Light Condition Testing Results. 

Test Condition 
Average Retroreflectivity 

Solid White Broken White 

Sunny 373 291 

Night 360 274 

Percent Difference 3.5 5.9 

 

Table 8. Open Road Snook Test Area Ambient Light Condition Testing Results. 

Test 
Condition 

Average Retroreflectivity Percent Difference: vs Sunny 

Solid Broken Solid Broken 

Sunny 458 491 - - 

Cloudy 459 489 0.3 -0.3 

Night 452 486 -1.2 -0.9 

Impact of Speed and Measurement Position 

 The Snook test area was used to test the impact of speed and measurement position on the 

mobile readings. Table 9 presents the results of the speed evaluation on a solid and a broken line. 

The average retroreflectivity for all speeds was compared to each individual speed to determine 

the error. The data indicates less that a 1 percent change in the data when changing speeds. Table 

10 presents the results of the measurement position evaluation on the solid line. The 

measurements at the three positions differed by less than 5 percent from the average 

retroreflectivity. 

Table 9. Speed Testing Results. 

Test Speed 
Average Retroreflectivity Percent Error: vs Average 

Solid Broken Solid Broken 

30 456 No data 0.1 No data 

45 452 490 -0.8 0.0 

60 459 491 0.7 0.1 

75 456 490 0.0 -0.1 

Average Retroreflectivity 456 490 0.0 0.0 

 

Table 10. Position Testing Results. 

Test Position 
Average Retroreflectivity Percent Error: vs Average 

Solid Solid 

Left 476 4.5 

Center 459 0.7 

Right 448 -1.7 

Average Retroreflectivity 
(from speed test) 

456 Average Error = 1.2 
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Impact of Acquire Frequency and Evaluation Distance 

The Snook test area was also used to test the impact of the acquire frequency and the 

evaluation distance on the mobile readings. Table 11 presents the results of the acquire frequency 

test on a solid line. The various acquire frequency lengths differed by less than 3 percent from 

the shortest length. Table 12 presents the results of the evaluation distance test on the solid line. 

The standard distance measurements were taken with the tilt adjusted to a position where the 

readings were at approximately 20 feet in front of the mobile unit. The readings at the standard 

distance were compared to evaluations at approximately 17 and 23 feet. These two distances 

represent the extremes for which the mobile system will still record data. For the short range 

measurements the system was indicating the distance in green, which indicates a good distance, 

but some of the data were being cut resulting in some low values being recorded. This resulted in 

data that was approximately 12 percent low compared to the standard position. The loss of data 

was obvious, and in standard operation the distance would be adjusted closer to the optimal 

range. This test was to evaluate the system near the bounds of its operational range. Because the 

system was not indicating the evaluation distance in red, which would indicate a bad distance, 

the system was not adjusted. For the long range measurements the system was indicating the 

distance in green, which indicates a good distance. This resulted in data that was approximately 1 

percent high compared to the standard position. There was no noticeable loss in data at the long 

range distance. 

Table 11. Acquire Frequency Results. 

  

Measurement Averaging Frequency Length (feet) 

0 20 40 264 528 1320 2640 5280 

Average Retroreflectivity 
Over Total Length 457 457 458 458 459 462 464 468 

Percent Error: At 
Measurement Length vs 

Average (at 0 feet length) 0.0 0.1 0.1 0.2 0.4 1.0 1.6 2.4 

 

Table 12. Evaluation Distance Results. 

Evaluation Distance 

Average 
Retroreflectivity 

Percent Error: 
vs Average 

Solid Solid 

Short (~17 feet) 399 -12.4 

Long (~23 feet) 462 1.4 

Average Retroreflectivity (~20 feet) 456 - 
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CLOSED COURSE TESTING RESULTS 

 The objectives of the closed course tests were to 1. Compare mobile data to portable data 

across a range of marking retroreflectivity levels; 2. Evaluate the impact of marking color, 

pattern, and lighting conditions; 3. Evaluate the impact of RRPMs. 

Mobile and Portable Data Comparison 

 The closed course testing evaluated 13 pavement markings. Portable retroreflectivity 

measurements were taken on 11 of these markings. Figure 4 and Table 13 provide the data 

results from the closed course mobile and portable comparison. Figure 4 shows the average 

retroreflectivity value for each measurement scenario for each marking segment. Closer dots for 

the various conditions on each marking segment represent more accurate and consistent data.  

Table 13 was developed to show the error between the different mobile tests and the portable 

measurements. All of the mobile data were within approximately 12 percent of the portable. The 

majority of the mobile data were within 8 percent of the mobile data. Overall the testing on the 

closed course showed a bias of the mobile data being approximately 6 percent lower than the 

portable data.  

 

Figure 4. Closed Course Test Data. 
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Table 13. Closed Course Test Data. 

Test Condition 

Line 8 
(White 
Broken) 

Line 10 
(Yellow 
Solid) 

Line 15 
(Yellow 
Broken) 

Line 16 
(White 
Broken) 

Line 17 
Left 

(Double 
Yellow) 

Line 17 
Right 

(Double 
Yellow) 

Line 18 
(White 
Broken) 

Line 
24 

(White 
Solid) 

Line 29 
(Yellow 
Solid) 

Line 39 
(Yellow 
Broken) 

Line 
40 

(White 
Solid) 

Daytime 1 164 136 150 331 138 121 363 272 117 213 282 

Daytime 2 164 137 149 337 138 121 364 268 119 215 283 

Night 174 135 151 325 133 117 351 264 116 206 290 

Portable 182 152 171 354 147 130 368 287 126 213 283 

Percent Error: 
Average Mobile 

vs Portable -8.1 -10.4 -12.3 -6.5 -7.4 -7.9 -2.4 -6.5 -7.0 -0.8 0.8 

 

Figure 5 shows the portable averages versus the mobile averages for the 11 test areas that 

had portable measurements. A linear trend line shows how the data relates. The slope of the line 

is nearly 1, and the coefficient of determination (R2) is 0.9925. A line of equality is also 

provided. The mobile and portable data closely match each other, with the difference being the 

distance between the trend line and the line of equality.   

 

Figure 5. Closed Course Portable vs. Mobile Data (Reduced Data Set). 
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The repeatability of the mobile system can be seen in Figure 4 by how closely the mobile 

data points line up with each other. Table 14 provides a numerical evaluation of the repeatability. 

When comparing daytime run 1 to daytime run 2, the runs averaged less than 1 percent 

difference. When comparing the average of the daytime runs to the nighttime run, the average 

difference was less than 3 percent. 

Table 14. Closed Course Repeatability Results. 

Repeatability Daytime 1 to Daytime 2 Daytime Average to Night 

Average Change (%) 0.69 2.75 

Impact of Marking Color, Pattern, and Lighting Condition 

The data provided in Table 13 were used to determine the impact of marking color, 

marking pattern, and lighting condition on the results. Table 15 presents the average error, both 

systematic and random, for each of the conditions evaluated. The markings were grouped by 

color, pattern, and ambient light condition during evaluation. The average error for each 

individual marking was averaged with the rest of the markings that fit the given grouping. The 

results indicate that there is no clear bias based on marking color, pattern, or lighting condition. 

The average error was less than 8 percent for any color or marking pattern. 

Table 15. Closed Course Color and Marking Pattern Results. 

Condition 
Sum of Average Values 

(Systematic Error) 
Sum of Absolute Average 

Values (Random Error) 

White Markings Average Percent Error -4.6 4.9 

Yellow Markings Average Percent Error -7.6 7.6 

Solid Markings Average Percent Error -6.4 6.7 

Broken Markings Average Percent Error -6.0 6.0 

Day Average Percent Error -5.9 6.0 

Night Average Percent Error -7.0 7.4 

Impact of RRPMs. 

The closed course testing allowed for a controlled test of two markings that had RRPMs 

installed. These two markings were evaluated with the RRPMs exposed and with the RRPMs 

taped over so they would not reflect. Table 16 presents the results of the testing with and without 

RRPMs on the two markings. The difference between the measurements with and without the 

RRPMS was less than 3 percent for each marking. 
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Table 16. RRPM Test Area Results. 

Test Type Line 2 (Yellow Broken) Line 3 (White Solid) 

Test 1 with RRPM 202 346 

Test 2 with RRPM 199 344 

Test 1 without RRPM 191 345 

Test 2 without RRPM 200 360 

Percent Difference: with RRPM vs without RRPM 2.7 2.1 

LAB TESTING RESULTS 

 The objective of the lab testing was to evaluate the output from the DELTA LTL-M 

system while changing the setup geometry. This test is described in an ASTM standard test 

method that is currently being developed for measurement of retroreflective pavement marking 

materials using a vehicle mounted retroreflectometer. The equations for determining the tilt 

factor, height factor, and geometry sensitivity factor are indicated below.   

 

𝑇𝑖𝑙𝑡 𝐹𝑎𝑐𝑡𝑜𝑟 (𝑇𝐹) =  
|
(𝑇𝐹−0.2 − 𝑇𝐹0)

𝑇𝐹0
 | + |

(𝑇𝐹0.2 − 𝑇𝐹0)
𝑇𝐹0

 |

2
∗ 100 

 

𝐻𝑒𝑖𝑔ℎ𝑡 𝐹𝑎𝑐𝑡𝑜𝑟 (𝐻𝐹) =  
|
(𝐻𝐹−20 − 𝐻𝐹0)

𝐻𝐹0
 | + |

(𝐻𝐹20 − 𝐻𝐹0)
𝐻𝐹0

 |

2
∗ 100 

 

𝐺𝑒𝑜𝑚𝑒𝑡𝑟𝑦 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 (𝐺𝑆𝐹) =  𝑇𝐹 + 𝐻𝐹 

 

Where TFn and HFn are the measured retroreflectivity values at the respective 

heights or tilt angles. 

 

Table 17 presents the data that were collected at the various geometry setups for the two 

markings tested. The researchers did the best they could to reposition the marking sample so that 

it was evaluated in the same location by the mobile retroreflectometer during each geometry 

change. The data shows slightly lower values when the system is tilted down or lowered.  

Table 18 presents the results on the calculation for the height factor, tilt factor, and the geometric 

sensitivity factor. The data is slightly different for the two markings evaluated. This can be due 

to the variability of the measurements, the inherent variability of the pavement marking 



 

Final Report April 2018 Page 20 
 

retroreflectivity due to inconsistent or varying construction, angular sensitivity of the marking, or 

due to variances in the evaluation method. 

Table 17. Geometry Sensitivity Data Summary. 

Position Label 
Marking Sample Color 

White Yellow 

Height Normal HF0 569 545 

Height High 20 mm HF20 561 551 

Height Low 20 mm HF-20 535 506 

Tilt Normal TF0 570 548 

Tilted Up 0.2° TF0.2 562 547 

Tilted Down 0.2° TF-0.2 545 512 

 

Table 18. Geometry Sensitivity Testing Results. 

Factor 
Marking Sample Color 

White Yellow 

Tilt Factor (TF) 2.9 3.3 

Height Factor (HF) 3.6 4.1 

Geometry Sensitivity Factor (GSF) 6.6 7.4 
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CHAPTER 3: 
FINDINGS 

 A summary and discussion of the findings from the data collection and analysis are 

provided in this chapter. This testing was designed to evaluate the DELTA LTL-M mobile 

pavement marking retroreflectometer across a range of factors. These factors are typically 

encountered during data collection and their impact needs to be minimized in order to have a 

system that can continually collect accurate retroreflectivity data across a range of pavement 

markings in a variety of conditions. The testing took place on 32 different pavement markings on 

a variety of road segments to fully evaluate the mobile retroreflectometers performance. 

OPEN ROAD TESTING 

  The open road testing represents the testing that most closely represents how the system 

will be used in the field. Typical road surfaces and pavement markings were evaluated in typical 

data collection conditions. Overall the retroreflectivity trend along the test sections was 

consistent between the DELTA LTL-M and the portable retroreflectometer with an R2 value of 

0.9989 when looking at a majority of the markings. That same subset of markings averaged less 

than 3 percent error when the mobile data were compared to the portable retroreflectometer. The 

markings excluded from the overall analysis showed larger error that was attributed to glare or 

an inconsistent road surface that resulted in values lower than the portable retroreflectometer. 

There appeared to be no impact of color when looking at the accuracy of the data by 

marking color. Both white and yellow markings showed less than 3 percent error. There 

appeared to be little impact of line type (solid or broken) when looking at the accuracy of the 

data by marking line type. Solid lines showed less than 2 percent error, whereas broken lines 

showed less than 6 percent error. The road surface appeared to be a significant factor for less 

accurate data. On some sections where the road surface was not a consistent 

color/retroreflectivity level, the system recorded false low readings lowering the average value. 

This type of road section is not common, but does occur. Road surfaces that resulted in glare also 

posed issues for the data collection. Standard concrete, asphalt, and chip seal road surfaces 

themselves did not appear to be factor of concern for data collection. 
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The impact of speed and measurement position was minimal. The influence of speed was 

less than 1 percent, and measurement position was less than 5 percent. The evaluation distance 

did have an impact if it was outside the operational distances. When the evaluation was at 17 feet 

which is at the edge of the allowable distance the results were low by about 12 percent compared 

to the standard 20 foot distance. Measurements at 23 feet (the opposite end of the allowable 

range from 17 feet), showed less than a 2 percent difference from the standard distance. The 

acquire frequency length had little impact on results. There was less than a 3 percent difference 

in the data averages when looking at a variety of acquire frequencies over the one mile test area. 

 Overall the data collected during the day with a high sun (less than 3 percent error), 

during the day in cloudy conditions (less than 2 percent error), and data collected at night (less 

than 4 percent error) showed little difference in average retroreflectivity when compared to the 

portable retroreflectometer. Several sections had day and night data collected but no comparison 

portable data. In these sections the mobile data were compared to other mobile data in the 

different conditions. These roads showed less than 6 percent difference in the mobile data due to 

the different lighting conditions. One test area was specifically tested with the sun at a lower 

angle which produced some glare on the road. This section showed less than 6 percent difference 

in the data. A separate road produced glare even when the sun was not at a low angle. This road 

had mobile data that was approximately 20 percent lower than the portable readings for the 

marking near where the glare was occurring. There was no noticeable effect of the overhead 

roadway lighting in the two sections that had lights. 

CLOSED COURSE TESTING 

 The closed course testing allowed for testing of the mobile system in a controlled 

environment. A variety of typical markings were evaluated on an aged concrete surface. Overall 

the retroreflectivity trend along the test sections was consistent between the DELTA LTL-M and 

the portable retroreflectometer with an R2 value of 0.9925 when looking at all of the markings 

evaluated. That mobile data averaged approximately 6 percent error compared to the portable 

retroreflectometer. Repeatability of the measurements was good with less than 1 percent 

difference between subsequent daytime runs, and less than 3 percent difference when comparing 

the average daytime run to the nighttime data. 
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There appeared to be little impact of color when looking at the accuracy of the data by 

marking color. The white markings averaged less than 5 percent error, and the yellow markings 

averaged less than 8 percent error. There appeared to be no impact of line type (solid or broken) 

when looking at the accuracy of the data by marking line type. Both solid and broken lines 

showed less than 7 percent error. The impact of RRPMs was minimal with less than 3 percent 

difference on each of the two markings which were evaluated with and without RRPMs. The 

impact of ambient light was minimal for the closed course testing. The daytime data averaged 

less than 6 percent error, and the night data average less than 8 percent error. 

LAB TESTING 

 The lab testing looked specifically at the impact of changing the geometry of the system, 

by either tilting or changing the height of the system. This test is described in an ASTM standard 

test method that is currently being developed for measurement of retroreflective pavement 

marking materials using a vehicle mounted retroreflectometer. The calculated Tilt Factor (TF) 

was 2.9 percent for the white marking tested and 3.3 percent for the yellow marking tested. The 

calculated Height Factor (HF) was 3.6 percent for the white marking tested, and 4.1 percent for 

the yellow marking tested. The Geometric Sensitivity Factor (GSF) for the white marking tested 

was 6.6 percent and 7.4 percent for the yellow marking tested.  

SUMMARY 

  The testing and results described in this report provide quantitative information as to the 

accuracy and repeatability of data collected with the DELTA LTL-M mobile pavement marking 

retroreflectometer across a range of factors. Table 51 provides a summary of the results. 
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Table 51. Summary of Test Results 

Factor Tested Results  Notes 

Retroreflectivity 

Level 

Open Road: Less than 10 percent error for individual segments 

in most cases, less than 3 percent error on average. 

Closed Course: Less than 12 percent error for all markings, 

most less than 8 percent, average error was approximately 6 

percent. 

Comparison of mobile to 

portable readings. Open 

road data excluded 3 

markings that had issues 

noted in the results section. 

Repeatability of 

Measurements 

Closed Course: Less than 1% difference in mean values 

between repeat daytime runs, less than 3 percent difference 

between average daytime and nighttime. 

Repeatability was very 

good in all conditions. 

Marking Color 

Open Road: Less than 3 percent error on average for white and 

yellow markings. 

Closed Course: Less than 5 percent error on average for white 

and 8 percent on yellow markings. 

Evaluated white and yellow 

markings. 

Line Type 

Open Road: Less than 2 percent average error on solid 

markings, and less than 6 percent on broken markings. 

Closed Course: Less than 7 percent average error on solid and 

broken markings. 

Evaluated solid, broken, 

and double solid markings. 

Road Surface Type 

Open Road: Standard road surfaces such as PCC, asphalt, or 

chip seal did not appear to impact the data. One chip seal 

section that had glare resulted in poor data, and the road with a 

varied road surface (47 NB and SB) also resulted in poor data. 

Evaluated PCC, dark and 

faded asphalt, chip seal, and 

chip seal overlaid on faded 

asphalt. See images in 

Appendix A. 

Data Collection 

Speed  
Open Road: Less than 1 percent difference from the average 

value at the different speeds. 

Tested at 30, 45, 60, and 75 

mph. 

Drive 

(Measurement) 

Position Sensitivity 

Open Road: Less than 5 percent difference for measurements 

at the edge of the measurement window compared to 

measurements at the center. 

Measurements were 

centered and at the edges of 

the measurement window 

Geometry (ASTM 

test and evaluation 

distance) 

Open Road: The sort distance resulted in data approximately 

12 percent low, and the long distance resulted in data 

approximately 2 percent high compared to the middle distance. 

Lab: TF = 2.9, HF = 3.6, and GSF = 6.6 for the white marking. 

TF = 3.3, HF = 4.1, and GSF = 7.4 for the yellow marking. 

Open road evaluation 

distances of 17, 20, and 23 

feet. 

Acquire Frequency 

Length 
Open Road: Less than 3 percent difference at any one interval 

compared to the shortest interval.  

Data averaged at 0, 20, 40, 

264, 528, 1320, 2640, and 

5280 foot intervals. 

RRPM Presence 

Open Road: There did not appear to be an impact of the 

RRPMs on the broken line retroreflectivity values. 

Closed Course: Less than 3 percent difference for the test 

marking with and without RRPMs. 

RRPMs spaced at 80 feet. 

Ambient Light 

Open Road: The mobile error compared to the portable was 

less than 3 percent during sunny conditions, less than 2 percent 

during cloudy conditions, and less than 4 percent during the 

night data collection. Areas where portable readings were not 

taken showed mobile differences of less than 6 percent and 

less than 2 percent when comparing day and night mobile 

readings. One marking that had glare showed 20 percent error 

during sunny conditions, but less than 4 percent error during 

cloudy or night conditions.  

Closed Course: Less than 6 percent error for measurements 

during the day, less than 8 percent error for measurements 

during the night. 

High sun, low sun, cloudy, 

and night data collection. 

Some sections had glare 

from the sun, one section 

had significant glare.  
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APPENDIX A: 
OPEN ROAD TEST AREAS 

 
47 Frontage Road (white broken and white solid [2 areas]) 

 

 
Campus (white broken and white solid) 
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Jones Road (yellow double and white solid) 

 

 
Leonard Road (yellow broken and white solid) 
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47 North Bound (yellow solid and white solid) 

 

 
47 South Bound (yellow solid and white solid) 
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Snook (white broken and white solid) 

 

 
University East Bound (yellow solid and white broken) 
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University Westbound (yellow solid and white broken) 
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APPENDIX B: 
CLOSED COURSE TEST AREAS 

 
Line 2 (yellow broken between solid whites) and Line 3 (solid white on right) 

 

 
Line 8 (white broken) 
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Line 10 (yellow solid) 

 

 
Line 15 (yellow broken), Line 16 (white broken), and Line 17 (double solid) 
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Line 17 (double solid) and Line 18 (white broken) 

 

 
Line 24 (white solid) 
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Line 29 (yellow solid) 

 

 
Lines 39 (yellow broken) and 40 (white solid on right) 

 

 

 

 

 


