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

Project Description:
1. Research Plan - Statement of Problem
Precast bridge projects have been widely adopted by US DOT agencies to accelerate construction, minimize traffic disruptions, and enhance structural quality and durability [1,2]. However, onsite assembly of precast components remains a time-consuming, repetitive, and hazardous task in precast projects [3]. Robotic installation of precast bridge components presents a promising solution to improve both efficiency and safety in precast bridge construction. 

Building information modeling (BIM) plays an important role in gathering design and construction information for optimizing the robotic installation. AASHTO has adopted the Industry Foundation Classes (IFC) standard for BIM-based bridge modeling in 2019. Although the IFC bridge standard is well developed to facilitate the communication and coordination of building information modeling (BIM)-based bridge construction, there is a lack of interoperable BIM to support robotic installation and its constructability analysis. This limitation restricts the achievement of BIM benefits throughout the lifecycle of a bridge project, which involves a large number of precast products such as beams, girders, and deck panels. 

This project aims at developing technologies that support IFC-based BIM interoperability and robotic installation of large and complex precast bridge components such as deck panels. Invariant signatures of AEC objects have been successfully demonstrated in many BIM interoperability scenarios [4]. Our project takes an invariant signatures and logic-based artificial intelligence (AI) approach to analyze precast bridge components’ designs in IFC-based BIM for supporting automation in onsite construction using robots. The invariant signatures are investigated in applications that support BIM interoperability among precast bridge design, robotic installation, and constructability analysis through the following four tasks.

2. Research Plan - Summary of Project Activities (Tasks)
Task 1 – Model bridge in different BIM software. This task selects representative large and complex pre-cast bridge deck components and models them using OpenBridge and Autodesk Revit, with the aim to generate non-proprietary bridge deck data for supporting later algorithm development. 

Task 2 – Export IFC from BIM models. This task exports the components from different BIM software (OpenBridge and Revit) into IFC, directly and/or indirectly (thru third-party or open-source paths), with a focus on IFC4 and contingency use of IFC2X3 and IFC4X3. 

Task 3 – Develop planning algorithms and associated simulation. This task develops invariant signature-based AI algorithms that take IFC-based precast bridge designs and automatically produce operation plans for robotic installation and corresponding construction simulations for constructability analysis and process optimization. 

Task 4 – Roundtable/workshop. A roundtable or workshop with industry professionals will be held at Purdue Construction Advisory Council Meetings and Purdue Road School to gauge industry needs/interest and broadly disseminate the research findings.


Project Progress:
3. Progress for each research task

Task 1 – Model bridge in different BIM software [50% completed to date]
The model development was divided into two steps and utilizes two different software programs: OpenBridge Designer and Autodesk Revit. Step 1 involved creating models of the sample bridge with a precast deck based on our initial dimensions and primary information about the bridge (not according to any available existing construction bridge drawings). The models developed using OpenBridge Designer and Autodesk Revit are shown in Figure 1. Step 1 of this task is completed. Step 2 involved finding a set of bridge construction drawings and modeling the bridge based on the available dimensions as accurately as possible, especially regarding the deck information. Step 2 is ongoing. 
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Figure 1. Bridge modelling with Openbridge Designer (left) and with Autodesk Revit (right)

Task 2 – Export IFC from BIM models [50% completed to date]
Task 2 involves converting the models from Task 1 (modeled using the two mentioned software) to IFC format. The sample bridge models from Task 1 were converted to IFC format, as shown in Figure 2. The next step is to further convert the models from Step 2 of Task 1. 

[image: ][image: ]
Figure 2. IFC file of the bridge modeled from Openbridge Designer (left) and modeled from Autodesk Revit (right).

Task 3 – Develop planning algorithms and associated simulation [50% completed to date]
Invariant signature-based algorithms were developed to generate installation plans in simulation, based on input IFC files. The algorithms aim to address includes three subtasks: element classification, information extraction, and plan generation. Focusing on installation of deck panels, we first developed a classification algorithm that can automatically identify/classify the decks among various bridge components using invariant geometric signatures (see Figures 3 & 4). Next, we developed information extraction algorithms that can extract necessary information (e.g., ID, location, bounding box) of the decks for installation planning. The developed algorithms can adapt to different software platforms (e.g., OpenBridge and Revit) and IFC versions (IFC4, IFC4X3, IFC2X3). In the next step, a logic-based AI algorithm will be developed to generate installation plans based on the extracted information.
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Figure 3. Invariant geometric signatures adapted [5].
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Figure 4. Partial results from the invariant signature-based classification algorithm.
An application for simulating the robotic bridge installation is under development. The application can take the plans generated from the invariant signature-based algorithms and executes the planned actions in simulated environments. Two simulation platforms (Unity3D and ROS) were integrated to utilize their strengths in high-quality visualizations and robot planning and control, respectively.  Currently, the virtual construction environment has been created in Unity3D by importing the IFC bridge models exported from Task 2. In addition, a virtual mobile crane was developed and programmed to be able to lift, transport and install deck panels (Figure 5). On the other hand, we created a robotic crane in ROS and developed trajectory planning functions for the robot using MoveIt library. In the next step, we plan to integrate these two platforms and for implementing and testing the generated plans.

[image: A screenshot of a video game

Description automatically generated] [image: A computer generated image of a machine

Description automatically generated]
Figure 5. Simulating bridge installation process in Unity3D (left) and simulating robot planning and control in ROS (right). 
Task 4 – Roundtable/workshop [50% completed to date]
We organized a roundtable discussion during school of construction management technology’s construction advisory council meeting to solicit industry inputs in challenges and pain points in bridge construction in general, and in precast bridge construction in particular. Main points of challenging construction operations received include: ground improvements, deep foundation, drilled shafts, cement stabilization, crane sizing, and jobsite layout. These will be taken into consideration in our next steps, by e.g., incorporating crane sizing into the planning algorithms. We also plan to give a presentation of this project at Purdue Road School 2026 or TRB 2026 to disseminate our research findings.

4. Percent of research project completed
It is estimated that the total project is 50% completed in this quarter ending on March 31, 2025, as per details in Section 3 above.

5. Expected progress for next quarter
We estimate that 100% work of the total project will be completed by the end of next quarter. The specific results that will be delivered include:
· Selected precast bridge decks modeled in different BIM software.
· Algorithms and implemented software examples that utilize the IFC-based bridge deck models and automatically generate a) construction plans for robotic installation and b) simulations for the corresponding bridge construction process to analyze its constructability and optimize its performance.

6. Educational outreach and workforce development

Research from this project has been included into: 

(1) the PI’s graduate course CM 581-Technology in Construction Management, more specifically into Lecture 8 (BIM Interoperability and Invariant Signatures, Mar. 4th, 2025) and Lecture 11 (BIM for Infrastructure, Mar. 25th, 2025), Dudley Hall 4117B, Purdue University, West Lafayette, IN. 

(2) “Empowering Seamless and Universal BIM Interoperability with Invariant Signatures of AEC Objects.” Panelist and Speaker at ISPRS - Webinars ICWG II/Ib, Mar. 27th, 2025.

[image: A blue and orange webinar

AI-generated content may be incorrect.]
 

7. Technology Transfer
We plan to have one technology disclosure at the end of the project.

Research Contribution:
8. Papers that include TRANS-IPIC UTC in the acknowledgments section:
N/A

9. Presentations and Posters of TRANS-IPIC funded research:
N/A

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. 
N/A


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. = 2

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

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

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

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

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 = 1
· No. lead =
· Advisory committees (No. participated in & No. led)
· No. participated in = 1
· No. lead =
· Conference Organizing Committees (No. participated in & No. led)
· No. participated in = 3
· No. lead = 1
· Editorial board of journals (No. participated in & No. led)
· No. participated in = 14
· No. lead =
· TRB committees (No. participated in & No. led)
· No. participated in = 1
· No. lead =

H. Number of relevant awards received during the grant year
· No. awards received = 1

I. Number of transportation related classes developed or modified as a result of TRANS-IPIC funding.
· No. Undergraduate =
· No. Graduate = 19

J. Number of internships and full-time positions secured in the industry and government during the grant year.
· No. of internships =
· No. of full-time positions = 
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Table 1. Geometric signatures of AEC objects in a rectangular parallelepiped shape.

Feature Value range for each object type
Wall Slab Footing __ Column Beam
Number of sub-components 1 1 1 1 1
(NoSC)
Number of faces (NoF) 3 3 3 3 3
Cross-sectional profile Rectangle
(csp)
Extrusion direction (ED) Vertical Vertical Vertical Vertical __Horizontal
Dimensional  LH [01228,993807]  [116545,  [1.5000, 01500, [0.0091,
satios (DR) 3000.1260] __3.8000] 04444]  0.1655]
Hheight W.  WH [0.0175, 0.6847] [5.0000, [0.6667. 01500, [0.0046,
width L: 171.5385]  3.8000] 04444 0.0587]
length W [B2143.2946825]  [1.0683, T1.0000, 10000, [1.0000,
40.1069]  2.2500] 1.0000] 4.000]
Number of straight lines 12 staight lines
and curves (NoSLC)
Boundary line connection 0 degrees
angle (BLCA)
Boundary Mathematical Three lengths. Each length has four lines of that length
line length __(theory)
type (BLCL) TFC (swept For swept solid, the 2D shape has two lengihs: width and length.
solid)
Boundary line connection 90 degrees with the same direction (all right furns or all Ieft furns)
tum direction (BLCTD)

"Height is the extrusion depth, which is horizontally aligned.
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©® (base) fanyang@FandeMac-mini OpenBridge % python SlabFinder.py /Users/fanyang/Desktop/UTC/OpenBridge4.ifc
Analyzing IFC file: OpenBridge4.ifc
Found 256 IfcBuildingElementProxy entities
Analyzing elements...
Processed 10/256 elements, found 7 valid slabs
Processed 20/256 elements, found 10 valid slabs
Processed 30/256 elements, found 10 valid slabs
Processed 40/256 elements, found 10 valid slabs
Processed 50/256 elements, found 10 valid slabs
Processed 60/256 elements, found 10 valid slabs
Processed 70/256 elements, found 10 valid slabs
Processed 80/256 elements, found 10 valid slabs
Processed 90/256 elements, found 10 valid slabs
Processed 100/256 elements, found 10 valid slabs
Processed 110/256 elements, found 10 valid slabs
Processed 120/256 elements, found 10 valid slabs
Processed 130/256 elements, found 10 valid slabs
Processed 140/256 elements, found 10 valid slabs
Processed 150/256 elements, found 10 valid slabs
Processed 160/256 elements, found 10 valid slabs
Processed 170/256 elements, found 10 valid slabs
Processed 180/256 elements, found 10 valid slabs
Processed 190/256 elements, found 10 valid slabs
Processed 200/256 elements, found 10 valid slabs
Processed 210/256 elements, found 10 valid slabs
Processed 220/256 elements, found 10 valid slabs
Processed 230/256 elements, found 10 valid slabs
Processed 240/256 elements, found 10 valid slabs
Processed 250/256 elements, found 10 valid slabs
Processed 256/256 elements, found 10 valid slabs

Found 10 valid slabs out of 63 potential slabs:
Slab ID: 182

GlobalId: 3ZduMruf96GftbjT$X0Zmd

Name: Deck

Dimensions: L=12.192, W=3.048, H=0.372

Ratio L:H = 32.78, W:H = 8.20, L:W = 4.00

Slab ID: 293
GlobalId: 2BG5bVSSdbGAtPS_pZyln$
Name: Deckl
Dimensions: L=12.192, W=3.048, H=0.372
Ratio L:H = 32.78, W:H = 8.20, L:W = 4.00

Slab ID: 386
Globalld: 3IoWDXiBV7HAzooQAIOyc5
Name: Deck2
Dimensions: L=12.192, W=3.048, H=0.372
Ratio L:H = 32.78, W:H = 8.20, L:W = 4.00

Slab ID: 479
Globalld: 1U4x7QPMWDGesspouKgpdd
Name: Deck3
Dimensions: L=12.192, W=3.048, H=0.372
Ratio L:H = 32.78, W:H = 8.20, L:W = 4.00
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- Webinar Series -

Registration

27.03.2025
(O 15:00 (CET) (14:00 GMT)

“Computer Vision and
Multi-Modal Data Analytics for
Human-AI Collaboration in Civil
Systems”

“Empowering Seamless and
Universal BIM Interoperability
with Invariant Signatures of
AEC Objects”

Dr. Jiansong Zhang
Purdue University, USA
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