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TRANS-IPIC Quarterly Progress Report (Section 1 – 7, 5 pages max.):

Project Description:
1. Research Plan - Statement of Problem
Autonomous vehicles (AVs) require reliable environmental perception and curbside awareness to operate safely in urban environments. However, curb detection and lateral localization may be affected by poor lighting, adverse weather, visual occlusion, degraded GPS performance, and indistinct or worn curb geometry. Conventional curb infrastructure is not designed to support AV perception systems under these challenging conditions.

This research investigates instrumented precast concrete curbs embedded with passive identification markers and retroreflective visual elements to enhance curb detectability and improve AV curbside navigation and alignment. The project seeks to develop a durable, scalable, and cost-effective infrastructure solution that supports AV readiness while minimizing disruption to existing roadway systems.

2. Research Plan - Summary of Project Activities (Tasks)
Task 1 – Technology Survey and System Requirements Definition
Identify and assess suitable passive identification and retroreflective technologies for curb integration and AV sensor compatibility.

Task 2 – Integration Design and Prototype Fabrication
Design and fabricate precast curb prototypes embedded with selected passive identification markers and retroreflective elements.

Task 3 – Structural and Durability Testing
Evaluate the mechanical performance and environmental durability of smart curb prototypes.

Task 4 – Precast Sensor-embedded Functionality Testing with AV-detection Equipment
Assess the detectability and performance of embedded curb technologies using representative AV sensing equipment.

Task 5 – Pilot Installation and Environmental Exposure Assessment
Demonstrate in-situ functionality and resilience of smart curbs in a real-world environment.

Task 6 – Dissemination and Outreach
Develop implementation guidance and disseminate project findings to stakeholders.


Project Progress:
3. Progress for each research task

Task 1 – Technology Survey and System Requirements Definition
The literature review and technology assessment activities have been completed. Passive UHF RFID technology was selected as the primary identification system due to its ability to provide reliable detection under low-visibility conditions and compatibility with future AV infrastructure applications. High-performance retroreflective materials were also evaluated for integration into the smart curb concept. Detection requirements, installation considerations, anticipated read-range requirements, and AV sensor compatibility criteria were established. Findings from the technology survey were used to guide the development of an experimental framework and prototype design concepts. [100% completed to date]

Task 2 – Integration Design and Prototype Fabrication
The research team advanced the development of smart curb design concepts and completed preliminary integration planning for RFID tags and retroreflective elements. Alternative installation configurations, tag spacing concepts, marker placement locations, and constructability considerations were evaluated.
An experimental framework was established to support future prototype testing activities. Procurement activities were initiated for RFID hardware, including a Zebra FXR90 RFID reader, Zebra AN660 antennas, and Xerafy outdoor RFID tags. Prototype fabrication activities will begin following receipt of the equipment and finalization of installation details.
[70% completed to date]

Task 3 – Structural and Durability Testing
Planning activities for structural and durability testing continued during this reporting period. Relevant ASTM testing standards and procedures were reviewed, and preliminary testing requirements were identified to support future evaluation of smart curb prototypes.
Testing matrices and performance measures for structural integrity and environmental durability are currently being developed and will be finalized once prototype fabrication is completed.
[20% completed to date]

Task 4 – Precast Sensor-Embedded Functionality Testing with AV Detection Equipment
Significant progress was made in developing the experimental methodology for sensor functionality testing. The research team established a testing framework that includes RFID-based detection scenarios, vehicle-mounted sensing concepts, antenna placement strategies, reader power configurations, and tag spacing evaluations.
Testing scenarios were developed for both controlled and real-world environments to assess detection reliability and curb localization performance. RFID hardware required for testing has been selected and procured. Functional testing will commence upon receipt of the equipment.
[25% completed to date]

Task 5 – Pilot Installation and Environmental Exposure Assessment
Preliminary planning activities for future pilot installation and field deployment have been initiated, including consideration of potential test locations and field evaluation requirements. Installation activities will begin following prototype fabrication and laboratory testing 
[5% completed to date]

Task 6 – Dissemination and Outreach
Research dissemination efforts continued through development of project materials and presentation of a research poster describing the smart curb concept and project objectives at the TRANS-IPIC Workshop in Rosemont, Illinois, on April 14, 2026. Additional outreach activities and stakeholder engagement efforts are planned for future project phases following completion of prototype testing.
[15% completed to date]

4. Percent of research project completed
The project is estimated to be approximately 40% complete.
Progress during this reporting period focused primarily on completing the technology selection process, advancing the smart curb design concept, establishing experimental methodologies, and initiating procurement of RFID sensing equipment required for future testing activities.
5. Expected progress for next quarter
· Receive and deploy RFID testing equipment. 
· Finalize prototype design details. 
· Begin fabrication of smart curb prototype assemblies. 
· Conduct preliminary RFID detection testing. 
· Refine sensor functionality testing procedures. 
· Advance structural and durability testing plans. 
· Continue dissemination activities and preparation of technical documentation. 

6. Educational outreach and workforce development
This project continues to support graduate research and workforce development in smart transportation infrastructure at the University of Texas at San Antonio. A PhD student is actively involved in the project through technology evaluation, experimental design development, RFID system selection, and smart infrastructure research activities related to autonomous vehicle readiness.
As part of the project's outreach and dissemination efforts, research findings and project concepts were presented at the TRANS-IPIC Workshop held on April 14, 2026, in Rosemont, Illinois. The presentation provided an opportunity to engage with researchers, industry professionals, and transportation stakeholders interested in innovative precast infrastructure and autonomous vehicle technologies. The workshop facilitated knowledge exchange and increased awareness of smart curb infrastructure concepts and their potential role in supporting future autonomous transportation systems.

Educational Activity: TRANS-IPIC Workshop
Location: Rosemont, Illinois
Date: April 14, 2026
Additional outreach activities, demonstrations, and presentations are anticipated following prototype development and testing.

7. Technology Transfer
The project remains in the research and development phase. No patents, specifications, or formal implementation guidelines have been developed during this reporting period.
However, the project has established a preliminary smart curb system architecture and testing framework that will support future development of deployment guidelines related to RFID-enabled infrastructure, AV sensor compatibility, and practical implementation strategies for transportation agencies.

Research Contribution:
8. Papers that include TRANS-IPIC UTC in the acknowledgments section:
None during this reporting period.

9. Presentations and Posters of TRANS-IPIC funded research:
Shiha, M., and Dessouky, S. (2026). Instrumented Precast Concrete Curbs for Urban Infrastructure Readiness in Autonomous Vehicle Deployment. Poster presented at the TRANS-IPIC Workshop, Rosemont, Illinois, April 14, 2026.

10. Please list any other events or activities that highlights the work of TRANS-IPIC occurring at your university (please include any pictures or figures you may have). Similarly, please list any references to TRANS-IPIC in the news or interviews from your research. 

None during this reporting period.
Appendix 1: Research Activities, leadership, and awards (cumulative, since the start of the project)

A. Number of presentations at academic and industry conferences and workshops of UTC findings
· No. = 1

B. Number of peer-reviewed publications submitted based on outcomes of UTC funded projects
· No. = 0

C. Number of peer-reviewed journal articles published by faculty.
· No. =0

D. Number of peer-reviewed conference papers published by faculty.
· No. = 0 

E. Number of TRANS-IPIC sponsored thesis or dissertations at the MS and PhD levels.
· No. MS thesis = 0
· No.  PhD dissertations = 1
· No. citations of each of the above = 0

F. Number of research tools (lab equipment, models, software, test processes, etc.) developed as part of TRANS-IPIC sponsored research
· Research Tool #1 (Name, description, and link to tool) =
· Research Tool #2 (Name, description, and link to tool) =
· Research Tool #3 (Name, description, and link to tool) =

G. Number of transportation-related professional and service organization committees that TRANS-IPIC faculty researchers participate in or lead.
· Professional societies
· No. participated in = 0
· No. lead = 0
· Advisory committees (No. participated in & No. led)
· No. participated in = 0
· No. lead = 0
· Conference Organizing Committees (No. participated in & No. led)
· No. participated in = 0
· No. lead = 0
· Editorial board of journals (No. participated in & No. led)
· No. participated in = 0
· No. lead = 0
· TRB committees (No. participated in & No. led)
· No. participated in = 0
· No. lead = 0

H. Number of relevant awards received during the grant year
· No. awards received = 0

I. Number of transportation related classes developed or modified as a result of TRANS-IPIC funding.
· No. Undergraduate =0
· No. Graduate = 0

J. Number of internships and full-time positions secured in the industry and government during the grant year.
· No. of internships = 0
· No. of full-time positions = 0

References:
	
None during this reporting period.
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