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Active Safety Roadside Concrete Curb Surrogate Recommendation

RATIONALE

Reducing road departure crashes is key for active safety systems since road departure crashes contribute to many road
fatalities in the U.S. As more active safety systems, especially road departure mitigation systems (RDMS), are introduced
to the market, standard roadside object surrogates are needed for the automotive industry to test and evaluate RDMS. Curb
is an important roadside feature that should be considered for the road departure mitigation systems. There are currently
no standard testing protocols and testing surrogates for curb detection. SAE International created an Active Safety Roadside
Object Surrogate Target Task Force under the Active Safety Systems Standards Committee to study this topic and
recommend curb surrogate design guidelines.

INTRODUCTION

Reducing road departure crashes is one of the primary goals of active safety systems. As more active safety systems -
especially road departure mitigation systems (RDMS) - are introduced, standard roadside object surrogates are needed for
the automotive industry to test and evaluate RDMS and automatic parking systems. The Roadside Object Surrogate Task
Force aims to develop design specifications/recommendations for curb surrogates. The surrogates should represent real
curbs to the sensors used in RDMS. They can be used for the performance assessment of such in-vehicle sensing systems
in simulating real-world test scenarios/conditions. All task force members are from industry, academia, or government
agencies. Many members had experience using, testing, and/or developing roadside object surrogates. In addition, the task
force gathered information about concrete curb surrogates known to the members and the state-of-the-art features of these
surrogates. This document summarizes the findings and recommendations from the Roadside Object Surrogate Task Force.

Since the radar characteristics of concrete curbs depend on their shapes, which may vary in different countries, this task
force adopts the concrete curb in the United States to develop the design recommendations of the surrogate concrete curb.
These SAE concrete curb surrogate design recommendations are representative of 180-degree approach angles. Concrete
curb surrogates for other countries may be developed similarly.

SAE Executive Standards Committee Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”
SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.
Copyright © 2025 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, or used for text and data mining, Al training, or similar technologies, without the prior written permission of SAE.
TO PLACE A DOCUMENT ORDER:  Tel:  877-606-7323 (inside USA and Canada) AYA
;e“ ;;473‘;%73‘75;40970 (outside USA) For more information‘on wis stabdardywisit Sharing [Hub
ax: -776-
Email: CustomerService@sae.org https://www.sae.org/standards/content/J3234/3 202507/

SAE WEB ADDRESS: http://www.sae.org
Full document details: SAE J3234_3_202507



https://www.sae.org/standards/content/J3234/3_202507/
http://www.avadocuments.com/doc/sae-j3234-3-202507
http://www.avadocuments.com/doc/sae-j3234-3-202507

SAE INTERNATIONAL J3234™/3 JUL2025 Page 2 of 23

TABLE OF CONTENTS
1 1O ] PSP SOP PRSP 4
2. REFERENGES . ...ttt ettt e ettt e e e ettt e e e ettt e e e aate e e e e eataeeeeastseeeeasteseesastasaesasbeseeeasseeeesassenaeaas 4
21 APPIICADIE DOCUMENTS ...ttt ettt e e e bttt e e e a bt e e e e n bt e e e enbe e e e anbeeeeannbeeeeaneeeeeannee 4
211 TN U] o[ o= 1 4[] 1SS 4
21.2 L@ 11 1= U] o] o= 1 (o] o 1= S 4
3. DEFINITIONS ...ttt et e e e ettt e e e sttt e e e eate e e e e estaeeeaastaeeeaastaeeeeanseeeeeasteseesansseeesanseeeeeanseeeesansenaenas 5
4, ABBREVIATIONS ...ttt ettt e e e ettt e e e eat e e e e eate e e e e steeeeeasteeeeaasteeeeasaeeeeasseeeeasteeeeasseeenannes 6
5. CONCRETE CURB SURROGATE RECOMMENDED SPECIFICATIONS ......ccoiiiiieiiiee e 6
5.1 TV a1 IS 4 T= 1 o 1= SO UPS R 6
5.2 1070 ] (o] gl o= 11= Ty 1RSSR 7
5.3 Infrared Reflection Characteristics of Concrete Curb ...........ooooiiiiiiiii e 9
5.3.1 Operating PrinCiple 0f the LIDAR ..........uuiiiiiiie e e e e e e e e e e e e e e s et be e e e e e e e e sssrsaeeeaens 9
5.3.2 Infrared Reflectance Measurement Instrument and Method ... 9
5.3.3 Infrared Specification of Concrete Curb Surrogate............coooiiiiiiii e 10
54 Radar Scattering Characteristics of Concrete Curb ..o s 14
5.4.1 Radar for Roadside Concrete Curb DeteCLON ........oovieiiiieiiiii e e e 14
54.2 General Radar Reflection Properties of Concrete Curb ... 14
54.3 24 GHz and 77 GHz Radar Scattering Characteristics of Concrete Curb ... 15
54.4 Reflection Coefficient Recommendation of Concrete Curb Surrogate ..., 16
5.5 A g [z S TU o] o1 ] o OO OPOURPRRTR 16
5.6 Durability and Maintainability ............c..euiiiiii e e 16
5.7 Environmental CONAItIONS ........ooiiiiiii et et e e st e e et e e e e ennte e e e e neeeeeeneeas 16
5.8 Example Concrete CUrb SUMOGALE........eeiiii ittt e e e e e e e e e e e e e e e e e e e e snnrnaeeaeeas 16
5.9 Safety CONSIAEIATIONS ......cci e e e e e e e st e e e e e e e e e saabaaeeeeeeesasssrsaeeeaeeeaanssnrens 17
6. N[ I RSP 17
6.1 AV ] o] o TN o [ TT=1 (o S 17

APPENDIX A UPPER BOUND AND LOWER BOUND OF INFRARED REFLECTIVITY OF THE SURROGATE

CONCRETE CURBL.......eiiiiiieiie ettt ettt e et e et ee e e teeeaaeeeaseee s teeeasseeamseeaseeeanseeanseeeanseeanseeeanseeanseeanes 18
APPENDIXB REPRESENTATIVE CURB COLOR PATTERNS ...ttt 20
Figure 1 Example of cross dimensions of @ ConCrete CUM ............ooiiiiiii e 7
Figure 2 The distribution of curb samples across the U.S. on a Google Map ......cccveeiiiiieeiiiiie e 7
Figure 3 Lighter color (left, cluster 1) and darker color curbs (right, cluster 4) .........cccooviiiiiiii e 8
Figure 4 Specular and diffuse reflection of infrared lIGhtS...........oociiii i e 9
Figure 5 Definition of angles in infrared refleCtion................eooiii i 10
Figure 6 The infrared reflectance of a concrete sample at various measurement angles shows that

the infrared reflectance increases as the angle increases, in general,

and the increase rate iS NONINEA.............ii it e e e e e neeas 11
Figure 7 Indoor measurement of another concrete block from different measurement angles

(for all cases, illumination angle = measurement angle; 20-degree phase angle) ..........ccccovvieiieeeenen. 11
Figure 8 Reflectance bounds for surrogates at the 0-degree angle..........oocueviiiiii i 12
Figure 9 Reflectance bounds for surrogates at the 10-degree angle.............coooiiiiiiiiic e 12
Figure 10 Reflectance bounds for surrogates at the 20-degree angle.............ooooiiiiiiiiiic e 12
Figure 11 Reflectance bounds for surrogates at the 30-degree angle.............coooiiiiiiiiiiic e 13
Figure 12 Reflectance bounds for surrogates at the 40-degree angle.............ooooiiiiiiiiie e 13
Figure 13 Reflectance bounds for surrogates at the 50-degree angle............ccceoviiieiiiiiie e 13
Figure 14 Reflectance bounds for surrogates at the 60-degree angle.............ccoooviiieiiiiiee i 13
Figure 15 Reflectance bounds for surrogates at the 70-degree angle............ccoovviiieiiiiiie e 14
Figure 16 Double corner reflection of a radar beam ...........ccceeveiiiiiiii e Docum-entg
Figure 17 Reflection of radar DEAMS ...........ooiiiii e e e e et ce e

Document Sharing Hub

Full document details: SAE J3234_3_202507


http://www.avadocuments.com/doc/sae-j3234-3-202507
http://www.avadocuments.com/doc/sae-j3234-3-202507

SAE INTERNATIONAL J3234™/3 JUL2025 Page 3 of 23

Figure 18 Concrete curb surrogate (Courtesy of Hebei Pride Automotive Technology Co., Ltd.).......cccccvveeveiiiiinnnns 17
Table 1 Concrete curb characteristics versus deteCtion SENSOIS ...........oiiiiiiiiiiiiiiiie e 6
Table 2 The representative color of concrete curbs is based on samples from all over the U.S.

(Reprinted with permission from [23], Table 2) ... 8
Table 3 The representative decorative color templates of concrete curbs are based on samples from

all over the U.S. (Reprinted with permission. © Society of Automotive Engineers of Japan.)..................... 8
Table 4 The additional color combination in each color type.

(Reprinted with permission. © Society of Automotive Engineers of Japan.) .......ccccccvevieiiviiieeeiciiee e 8

Documents

Document Sharing Hub

Full document details: SAE J3234_3_202507


http://www.avadocuments.com/doc/sae-j3234-3-202507
http://www.avadocuments.com/doc/sae-j3234-3-202507

SAE INTERNATIONAL J3234™/3 JUL2025 Page 4 of 23

1. SCOPE

The scope of this document is to provide the design specifications/requirements/guidelines for concrete curb surrogates
that represent actual concrete curbs to the in-vehicle sensors and can be used for performance assessment of such
in-vehicle sensing systems in real-world test scenarios/conditions. Therefore, this document only includes the
recommended concrete curb surrogate characteristics for automotive cameras, LiDARs, and/or radars.

This document is focused only on the concrete curb and not on the asphalt curb, which is not common.

2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J3063 Active Safety Systems Terms and Definitions

SAE J3157 Active Safety Bicyclist Test Targets Recommendation

SAE J3234/1 Active Safety Roadside Metal Guardrail Surrogate Recommendation
SAE J3234/2  Active Safety Roadside Concrete Divider Surrogate Recommendation
2.1.2 Other Publications

[1] Aashto, A. (2001). Policy on geometric design of highways and streets. American Association of State Highway and
Transportation Officials.

[2] Geometric Design. U.S. Department of Transportation. https://www.fhwa.dot.gov/programadmin/standards.cfm

[3] 00300-010F01.DGN (fdot.gov)

[4] Lea, F. and Mason, T. (2025). The major cements: composition and properties. Birittanica.
https://www.britannica.com/technology/cement-building-material/the-major-cements-composition-and-properties

[5] Yi, Q., Shen, D., Lin, J., Chien, S. et al., “The Color Specification of Surrogate Roadside Objects for the Performance
Evaluation of Roadway Departure Mitigation Systems,” SAE Technical Paper 2018-01-0506,
2018, https://doi.org/10.4271/2018-01-0506.

[6] Pandey, S.R., Chien, S., Chen, Y., and Sherony, R. (2020). Determination of Sensors Characteristics of Road Curb
for the Evaluation of Vehicle Active Safety Systems. [Conference paper]. 2020 IEEE Intelligent Transportation
Systems Conference.

7 Wang, C. and Glenn, N.F. (2009). Integrating LiDAR intensity and elevation data for terrain characterization in a
forested area. Geoscience and Remote Sensing Letters, 6(3), 463-466.

[8] Kerekes, J.P., Strackerjan, K., and Salvaggio, C. (2008). Spectral reflectance and emissivity of man-made surfaces.
Optical Engineering, 47(10), 106201.

[9] Herold, M., Roberts, D.A., Gardner, M.E., and Dennison, P.E. (2004). Spectrometry for urban area remote sensing
- development and analysis of a spectral library from 350 to 2400 nm. Remote Sensing of Environment, 91(3-4),
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[10] ASTM C825-19, Standard Specification for Precast Concrete Barriers

[11] Levinson, R. and Akbari, H. (2001). Effects of composition and exposure on the solar reflectance of Portland cement
concrete. Lawrence Berkeley National Laboratory.
https://cloudfront.escholarship.org/dist/prd/content/qt5h77n60m/qtSh77n60m.pdf.

[12] Li, L., Saha, A., Pandey, S.R., Chen, Y., Chien, S., Sherony, R., Fujishiro, R., and Harada, A. (2019, September
9-11). Infrared Reflectance Requirements of the Concrete Divider Surrogate for Road Departure Mitigation System
Testing. [Conference proceedings]. 5th International Symposium on Future Active Safety Technology toward Zero
Accidents (FastZero 19), Blacksburg, VA, USA.

[13] Wenger, J. (2005). Automotive radar-status and perspectives. [Conference paper]. [IEEE Compound Semiconductor
Integrated Circuit Symposium (CSIC’05).

[14] Klotz, M. and Rohling, H. (2001). A 24 GHz short range radar network for automotive applications. [Conference
paper]. 2001 CIE International Conference on Radar Proceedings.

[15] Rasshofer, R.H. and Naab, K. (2005). 77 GHz long range radar systems status, ongoing developments, and future
challenges. [Conference paper]. Radar Conference, EURAD 2005.

[16] Hasch, J., Topak, E., Schnabel, R., Zwick, T., Weigel, R., and Waldschmidt, C. (2012). Millimeter-Wave Technology
for Automotive Radar Sensors in the 77 GHz Frequency Band. IEEE Transactions on Microwave Theory and
Techniques, 60(3), 845-860.

[17] Skolnik, M.l. (1962). Introduction to Radar Systems: Second Edition. McGraw-Hill.

[18] Ishimaru, A. (2017). "Electromagnetic Wave Propagation, Radiation, and Scattering: From Fundamentals to
Applications. John Wiley and Sons. 10.1002/9781119079699.

[19] Chang, Y. and Harrington, R. (1977). A surface formulation for characteristic modes of material bodies. IEEE
Transactions on Antennas and Propagation, 25(6), 789-795.

[20] Harrington, R.F. (1961). Time-Harmonic Electromagnetic Fields. McGraw-Hill.
[21] SAE J3234/2, Active Safety Roadside Concrete Divider Surrogate Recommendation

[22] Saha, A. (2018). Development of infrared reflectance characteristics of surrogate roadside objects [Master’s thesis,
Purdue University].

[23] Pandey, S.R., Chien, S., Chen, Y., and Sherony, R. (September 2021). Determination of Sensors Characteristics
of Roadside Curb for the Evaluation of Vehicle Active Safety Systems. [Conference paper]. 6th International
Symposium on Future Active Safety Technology Toward Zero Traffic Accidents (FastZero), Kanazawa, Japan.

3. DEFINITIONS

ACTIVE SAFETY SYSTEM: Active safety systems are vehicle systems that sense and monitor conditions inside and outside
the vehicle for the purpose of identifying perceived present and potential dangers to the vehicle, occupants, and/or other
road users. Active safety systems automatically intervene to help avoid or mitigate potential collisions via various methods,
including alerts to the driver, vehicle system adjustments, and/or active control of the vehicle subsystems (brakes, throttle,
suspension, etc.) (refer to SAE J3063).

AUTOMATIC EMERGENCY BRAKING (AEB): Detects potential collisions with a vehicle ahead, provides forward collision

warning, and automatically brakes to avoid a collision or lessen the severity of impact. Some systems also detect
pedestrians or other objects (refer to SAE J3063).
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INFRARED: Have a wavelength higher than the red end of the visible light spectrum but less than that of microwaves. In
this document, infrared refers to near-infrared radiation with a wavelength from about 800 nm to 1 mm (refer to SAE J3157).

LiDAR: An active sensing technology that can measure the distance to, or other properties of, targets by illuminating the
target with light and analyzing the backscattered light (refer to SAE J3157).

4. ABBREVIATIONS

AEB Automatic Emergency Braking
LiDAR Light Detection and Ranging
Radar Radio Detection and Ranging
RCS Radar Cross Section

5. CONCRETE CURB SURROGATE RECOMMENDED SPECIFICATIONS

The concrete curb surrogates should provide sufficient details of the concrete curb characteristics to satisfy the need for all
state-of-the-art detection sensors. Table 1 shows the concrete curb characteristics that potentially affect the sensing
outcome. Therefore, they should be considered in the design specifications of concrete curb surrogates.

Table 1 - Concrete curb characteristics versus detection sensors

Concrete Curb Characteristics
Sensor Type Size and Shape Viewing Angle Radar Reflectivity | Infrared Reflectivity
Camera X X
76-78 GHz Radar X X X
Lidar/Active Infrared X X X

The size and shape of concrete curb surrogates affect all automotive sensors currently used for road departure mitigation.
Concrete curbs have many shapes and sizes, as specified by various standards in different countries. The concrete curb
has a fixed height and is continuous in length in the U.S. Some concrete curbs are coated with various surface treatment
materials to improve their lifespan and appearance. All variations affect the concrete divider's camera (visual), LiDAR, or
radar signatures.

During naturalistic driving, the detection sensors are frequently exposed to concrete curbs from different horizontal and
vertical angles. Assuming that the vehicle is always on the road and the roadside object is always on the roadside, the
standard concrete curb surrogate must represent the characteristics of the concrete curb from all 180-degree horizontal
viewing angles and 0- to 90-degree vertical viewing angles.

5.1 Size and Shape

This document uses the most commonly seen concrete curbs in the U.S. as an example for specifying the design
specifications of the surrogate concrete curb. There are many different curb shapes, according to the curb construction
requirements from various states in the U.S. [1 to 3]. The most commonly seen street curbs are 6 inches tall and 6 inches
wide with round corners of various radii (1 to 3 inches) on the top (see Figure 1). Portland cement is mainly specified in
construction specifications for the road concrete curb. The Portland cement to sand/gravel ratio in concrete is from 1:1.25
to 1:3.25. The Portland cement is a combination of calcium, silicon, aluminum, and iron [4]. This information may be helpful
and meaningful for Lidar and radar simulations. Concrete curbs in other countries may be specified similarly.
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69)

6” 17 to 3” radius corner
6))

Figure 1 - Example of cross dimensions of a concrete curb
5.2 Color Patterns

The goal of specifying the color of the concrete curb surrogate is to test the performance of the automotive cameras
commonly used in active safety systems. 24,735 Google Street View images of road edges in all U.S. states were
studied [5, 6]. Of these 24,735 images, 641 show the distinct and clear road curb edges. Figure 2 shows the distribution of
the specimens all across the U.S. on a Google map. These 641 curb road edge images are used to find the representative
curb color and color patterns. It should be noted that the image used may not exactly represent the true colors due to
camera variations. However, the variations in camera color capturing are small and do not affect the specification of the
surrogate colors.

o

Figure 2 - The distribution of curb samples across the U.S. on a Google map
(Reprinted with permission from [23], Figure 5. Map Data: Google Maps)

The surface of the concrete curb can be bare concrete or painted. As the curb ages, its color becomes less uniform due to
dust, dirt, tire marks, etc. Some curbs are also painted with various colors, indicating fire hydrant, no parking, handicapped
parking, etc. In North America, most concrete curbs are bare concrete. According to the color analysis of 641 concrete curb
images over the U.S. from Google Street View [5], the colors of curbs are concentrated in four clustered colors. The
representative colors of these color clusters are shown in Table 2. Example curbs are shown in Figure 3. Here, a curb type
is defined as all curbs within the same color cluster. So, there are four types of curbs corresponding to four color clusters.
Since the curb samples with type 2 color are only 3% of all 641 samples, this type is not considered further and is grayed
out in Table 4 to indicate that it is not considered in the surrogate specifications. If the surrogate curb made by these color
types is a single color and does not have color variations, they will not look natural. The next step is to divide 641 samples
into equal-sized small areas (blocks) to understand the color variations (refer to [6]). The representatives of ten clustered
color components are shown in Table 3. The distribution of these ten cluster colors in the four color types is described in
Table 4. Type 2 color is the painted curb, while types 1, 3, and 4 are unpainted curbs. Depending on the paint material, not
only the color but also the infrared reflectivity is significantly affected. Radar reflectivity can also be affected depending on
the thickness and the type of paint. Type 2 color-painted curbs are only 3% of the concrete curb population (see Type 2 in
Table 2). Other paint colors represent even a smaller percentage of the curb population nationwide. While the painted curbs
were considered, they were not included in the surrogate specification since they represent a small percentage of curbs
nationwide. The details of the color composition of each curb color type and examples are described in Appendix B.
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