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@ fromemFsma
from existing BCls

Step 1. V=M*(1-Fr-Fu-Fs)

Step2. W=Wo+(WFr+WCc)/2
Wo=M?*(1-Cr-Cu-Cc-CE)
We=M*Fr*(1-EF)/EF
Wc=M*Cr*(1-Ec) a

V+W p
IV WrWa2 VY

Lw: if lightweight, Lw=0.9, or else Lw=1
Lv: if downcycle, Lv=0.8, or else Lv=1

a newly proposed

Step 3.LFI=

Building Circularity Indicator

Step 4. X=(L/Lav)*(U/Vav) (PCl)

Step 5. MCI=1-LFI*F(X) ) b BCI=(SCI*NK)/ND
F(X)=0.9/X System Circularity Indicator

(SCl) m

Product Circularity Indicator PCls=PCI’Ds |

(PCI) SCI=(ZPCIs*Nj'RTj)/Ns

@

Material Circularity Indicator MCR-EMCr M
(MCI) PCl=MClp*Dp*Md

Ho

Level

V. W, X, LFI,F(x) T MCI=1-LFI*F(x)

Bill of Materials

Inpu

il o

Material Output (W) Disassembly Disassembly = wel‘hl:’nn?:m:;‘sm Renovation
Material Lifespan (X) prefab or &level ofit‘l? me.m . Times
Material Price (LF1) methods onsite methods

Dp: if wet method, Dp=0.8, or else Dp=1 RT=WBL/L-1
Md: if modular design, Md=1.1, or else Md=1 WABL: whole building lifespan
Ds: if wet method, Ds=0.9, or else Ds=1 L: lifespan of building product

Chang, Y. T., and S. H. Hsieh* (2025). “Development and Application of an Enhanced Building Circularity Indicator: A Pilot Study in Taiwan,”
Journal of Cleaner Production, 145363, DOI: 10.1016/j.jclepro.2025.145363.
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Heterogeneous Data From
BIM, loT, and Other Sources
)

@{g Fragmented and
g [solated Data Silos
/A Lack of Context-

[ 111 Aware Anomaly
Detection

= Reactive

Oé\ Maintenance with

' High Downtime

Limited

6?% Predictive Insighls

[ & Human Oversight

/ \ Need for batter

R@ 2 coordination and

integration acrcss
systems

. Traditional Reactive FM

——

STRIDE: Semantic Reasoning and Integration for Data-Driven Engineering
A Modular Semantic Framewcrk for Predictive Maintenance (PdlM) in Smart Facility Management

Send

= — Data 10 Gellnsigrts for Visualization__—%
' \\‘L_ Q‘ e

' Reaboe Workflow

' Realze éA

Powered Anomaly Anomaly Resolution’
Dataingestion & . |ngtection & Maintenance » & Visualization
Preprocessing
Task Generation _ Logging
STRIDE Prototype Execution Flow
T Execution Flow
(4] Knowledge and [5) /-
Data Automation /
’ Integration Layer oua “nm’m"' Orchestration Layer | Y sudlization Layer
\ J)
| Governance & Strategy Layer
STRIDE System Architecture
T Semantic Guidance
QGgph Database Provide Semantiz Enrcament Data Visualization and |
——————————————————————— Decision
(Nzod)) Proczss Semantis ){

S rt Services

Generate
Signllba Dsta g3 Orchestrator Pravide
Enrichment ' Mozel Insights
Daiasets g (Fython + Power Automate) |
!' ,,/Rg; Rene Workflow <
Relationship 3ased cn oy
ntology Schema 5 Demyin Knowledge Stakeholder
(Nec4j Data importar) - Dzfire Ontology Based on Domain Knowiedge Involvement

Proposed STRIDE Framework
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Iuslghts & Actions For

- Predlchve Maintenance ™\
-

Ontology-Driven
Datza Consistency

Graph-Based
Reasoning for Real-
Time PdM

Al-Ready PdM
Automation

Al-Decision Support
& Digital Twin
Integraticn

Daia Security &
Werkfow
Optimization

Benefits Of Advanced
PdM with STRIDE

]

4

\

\
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S~

Semantic Knowledge for
Adaptive PdM - Ontclogy-
based Al enhancing
adaptability.

Graph Reasoning for
Explainable Al In PdM —
Neodj powered decision
transparency.

Autonomous Maintenance
Execution ~ Al-ready
workflow automation.

Full Integration with BIM,
loT, FM, and Digital Twins
— Seamless PdM
interoperability.

Al-Ready PdM - Scalable,
automation-friencly
predictive maintenance for
intelligent systems.

Key Capabilities of STRIDE

Huang, C. P., and S. H. Hsieh (2026). “Semantic Reasoning and Integration for Automating Predictive Maintenance in Smart

Facility Management,” Advanced Engineering Informatics, 1, Part A, April 2026, 104240.
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#0753~ FPROAL ~ BR1CER - MIEE* (2020) - "EREBEASHEERAENEN X EHEF GBI | UBIEEIR AWt L E5R" -
FE L FKF L FEE T 5632% - 5588 - 55397 - 4058 -

Kuo, W. L., B. K. Huang, and S. H. Hsieh (2025). “Integration of BIM and AR With VSLAM to Assist In Construction Site Inspection,”
Journal of Civil Engineering and Management (to appear).
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5D Input Output Volume Rendering
Position + Direction Color + Density Rendering Loss

/ (xyz.0.0)—~ [I]] —~ (RGBa) \
el 3 ay 2 T

A
Many to one relationship between
project schedule and BIM
g ROI Align
Progress \ Tnput Backbone Feature Conv Cony Conv Output
Plaster Stort: L] Finish Image (ResNet-101) map Layer Layer Layer Mask
Activity: Plastering a brick \m’ll
Multiple materials on a single image patch _
Progress = - (lrlg:n.ll Image Ground truth masks Detected masks AP AP
Monitoring . . Class (IoU >0.5)  (IoU>0.75)
Date Concrete 0.943 0.636
i Formwork 0.944 0915
1 Reinforcement steel 0.920 0.900
Start _| Finish Steel structure 0.812 0.723
1 Floor tiles 0.916 0.721
‘Wall tile 0.866 0.750
Activity: Construction of wall with CMU blocks . . Overall 0900 0704
Partial completion of construction on the progress reporting date [P BT S

Pal, A, Lin, J. J., Hsieh, S. H., & Golparvar-Fard, M. (2024). Activity-level construction progress monitoring through semantic segmentation of 3D-informed orthographic

images. Automation in Construction, 157, 105157.
Pal, A, J. J. Lin, S. H. Hsieh, and M. Golparvar-Fard (2023). “Automated Vision-based Construction Progress Monitoring in Built Environment Through Digital Twin,”

Developments in the Built Environment, 16 (2023), 100247.



|

E2E1IREZEEE

. FREIEREABREREY  HBE TR AR ET RER R4t

k-
. BEpEmLinEEMREETERL - Wi LRRRM ZIREnFEBIMEE

Y
4
LIHD
Rebar head
is not protected
s Scaffolding without a %
B i~ safety net
Safety o . Safety
. Images Captions )
inspector report .
\ >
w T
W SN
$ a ' - A * A A
g = . vv the edge without a wall e 4 ‘ .
$ C & — Jly detected in AN I e 7 the sla"'oll‘lergn?'s‘ .
the as-planned BIM and " TN ¥ / % ‘sr\:ccess‘u ly de ected in
s-built reality model L E J e e as-planned BIM and
! * Y \ 3 5 g6 as-built reality model

Tsai, W. L., P.L. Le, W. F. Ho, N. W. Chi, J. J. Lin*, S. Tang, and S. H. Hsieh (2025). “Construction Safety Inspection with Contrastive
Language-Image Pre-training (CLIP) Image Captioning and Attention,” Automation in Construction, Vol. 169, January 2025, 105863.
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Fig. 10. Dataset Preparation Pipeline Across Schedule Augmentation, Generation, and Construction Task Description Generation.

Singh, A. K., and S. H. Hsieh (2026). “Multi-LLM-Based Augmentation and Synthetic Data
Generation of Construction Schedules and Task Descriptions with SLM-as-a-Judge
Assessment,” Advanced Engineering Informatics, 69, Part A, January 2026, 103825.
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Fig. 1. Overview of methodology.
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