
1. Background
- Retroreflective materials are commonly used to fabricate traffic

signs, providing enhanced visibility to drivers during nighttime.

- The impact of retroreflectivity on LIDAR-based autonomous

driving systems has received limited attention.

- This study investigates the influence of different traffic sign sheet

classes' retroreflectivity on LIDAR intensity values.

2. Research Objectives
To address the issue of retroreflectivity standards for AVs, this study

aims to:

▪ Evaluate the retroreflectivity characteristics of different traffic sign

sheet classes using handheld retroreflectometers.

▪ Measure and analyze the LIDAR intensity reflected by various traffic

sign sheet classes.

▪ Compare the results obtained from handheld retroreflectometers,

on-site human evaluation tests, and LIDAR intensity analysis.

▪ Provide insights for optimizing the retroreflectivity of traffic signs

for enhanced road safety in autonomous driving systems.

▪ Develop empirical models to perform radiometric calibration of

mobile LIDAR, which can be used for traffic sign evaluation.

3. Methodology

The data acquisition process from LIDAR needs a custom Python

script developed to convert the raw data to point cloud data (.pcd)

format. Each LIDAR sensor generated numerous (.pcd) files, with

each file representing 0.05 seconds of data acquisition.

Retroreflectometer Data

The retroreflective coefficients of each traffic sign were measured

and compared with the specifications for Class RA1 and RA2 in

the European standard EN 12899-1.

LIDAR Data

The relationship between LIDAR intensity and handheld

retroreflectometer measurements was investigated using point

cloud data and RA. A correlation analysis was conducted using

data from the Ouster Os1-64 LIDAR, which showed a limited

correlation between LIDAR point cloud data and handheld

retroreflectivity coefficients for the RA1 traffic sign class.
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Scoring range of the survey

Value Range

Not visible at all
1 1.00 1.80

Slightly visible 2 1.81 2.60

Moderately 

visible
3 2.61 3.40

Visible 4 3.41 4.20

Very visible 5 4.21 5.00

Volunteer Data

The on-site human evaluation data

was analyzed using the Likert scale

framework. The interrelation

between human evaluation, LIDAR,

and handheld data was examined.
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Sample and Data Collection

Data from about 150 signs in three

different urban areas.

Signs with different sheet classes, ages,

positions, meanings, and colors.

Retroreflectivity Measurements

RetroSign GRX-554 retroreflectometer

was used to measure the coefficient of

retroreflection (RA) based on European

EN 12899-1 standard methods.

LIDAR Data Acquisition

An autonomous vehicle equipped with

four LIDAR sensors, two GPS receivers,

and a Stereo camera was used to collect

data based on two types of mobile lidars,

an Ouster os1-64 and a secondary

Velodyne vlp-16.

LIDAR raw data was converted into a

(.pcd) file frame using Python, and the

vehicle's time and position were identified

using Foxglove software. The resulting

frame was opened using ClouldCompre

software, enhancing the visibility of the

traffic sign.

4. Data Analysis

5. Conclusion

The study emphasizes the importance of using multiple objective

and subjective assessments to evaluate traffic sign retroreflectivity.

The correlation analysis revealed a limited relationship between

retroreflectivity and LIDAR intensity, suggesting improved

detectability of signs by LIDAR-based systems with higher

retroreflectivity values.

This has implications for road safety and the design of traffic signs

in autonomous driving systems.
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