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BIM and visual data

LOD 350+ BIM in production level Drone photos Time-lapse videos




E E}J 1t IEEE EIfIJ Synthetic image enhanced material classification

Depth-based geometry detection

Geometry Filtering

RS- | Adding material classification improved accuracy o
p—— automated progress monitoring from 85% to 93%
i (8%+)

Progress deviation analysis

Lin, J. J., & Golparvar-Fard, M. (2021). Visual and virtual production management system for proactive project controls. Journal of Construction En ering and Manage 147(7), 04021058.
Pal, A, Lin, J. J., Hsieh, S. H., & Golparvar-Fard, M. (2023). Automated vision-based construction progress monitoring in built environment through digital twin. Developments in the Built Environment, 16, 100247.
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@ AION0 Tying of Remforcement Steel s Tying of Reinforcement Steel- - - - - e »
@ Al0I0 Frung of Formwork 1'1! Fuung of Formwork = - - - L
& Al020 Pouring of Concrete ~#_Pousing of Concrete -~ 5
@ Al030 Removal of Formwork .-r Removal of Fomr
@ Al040 Fuushing works

=@ Finishing works 1--

I

Project schedule 4D BIM

Reinforcement steel tying
— Formwork fixing

Concrete

On-site construction

Many to one relationship between project
schedule and BIM

Image

Brick
e Patch

Progress |
AN

!

Plaster ‘ —— | Finish
]
1

Start

Activity: Plastering a brick wall

Multiple materials on a singl

Progress
Monitoring
Date

Activity: Construction of wall with CMU blocks
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5D Input
Position + Direction
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Output
Color + Density

Ray2 ; Fo

Volume
Rendering

Ray 2

FC Layers

Si ROL Align
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AT

Rendering
Loss

Ray 1 /_\ 5
- f " .- gt ||2

2
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Input Backbone Feature Conv. Conv. Conv. Output
Image (ResNet-101) map Layer Layer Layer Mask
Ground truth masks Detected masks
Class mAP mAP
(IoU>0.5) (IoU >0.75)

Concrete 0.943 0.636
Formwork 0.944 0.915
Reinforcement steel 0.920 0.900
Steel structure 0.812 0.723
Floor tiles 0916 0.721
Wall tile 0.866 0.750
Overall 0.900 0.774

. Conerete

. Wall tile

. Formwork R

Partial completion of construction on the progress reporting date

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.
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1. Location — Element - Material (LEM)
recognition from reality models

2. L-E-M Recognition from activities by NLP
techniques and Large Language Model

3. Match LEMs for schedule and reality model
linking
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Erection of steel columns at floor 2. F—» ‘columns —> I-obj
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floor’ B-loc
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Information extracted from shedule

['"12th floor']['column']['Steel']
['12th floor'][*beam']['Steel']
['12 floor']['roof']["Metal deck']
['12 floor' ]['roof']['reinforced concrete']
['12 floor]['walls']['precast']
['12th floor']--['Fireproofing']
['13th floor']['column']['Steel']
['13th floor'][*beam']['Steel']
['13 floor'][ 'roof' |['metal deck']
['13 floar']['roof'|['Reinforced concrete']
['13 floor']['walls']['precast']
['13th floor']--['Fireproofing'] - |
['14th floor')['column']['Steel'] ©
['14th floor'][*beam']['Steel']
['14 floor'][ 'roof'|['metal deck']
['14 floor']['roof'|['Reinforced conerete']
['14 floor']['walls']['precast’]

12 Floor Column Steel

12 Floar Beam Steel
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Information extracted from reality model
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0.2
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Pal, A., Lin, J. J., & Hsieh, S. H. (2023). Schedule-driven analytics of 3D point clouds for automated construction progress monitoring. In Computing in Civil Engineering 2023 (pp. 412-420).




Restricted Area
Detection

Object Detection
Objection Tracking
Identify the restricted area defined by red > ‘ ay ,I"‘:.i.*af..ia. =
cones. When a worker steps into the area, S o - !:::;;:"‘t_. t H

show the bounding box of the worker.
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Rebar head
is not protected
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} Scaffolding without a
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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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Module A: Cross Brace Detection
Upright Missing Back Cross Brace Upright

Hough

Image Iimage N
i  binary unit
MP{ an::f:":‘f:(s }'—>{ hlnsry unit }—){ |ma;rsys with
| images K-maafiy cross brace |
Keypoint Model with keypoint feature. ST
Detection "Unitimages imageas ‘ and computer vision feature ‘ Unit images Hidden Layer Hidden Layer
with with cross
. keypoints | brace
A

Scaffolding . . Ny X i ¥ \
Module B: Object Segmentation - | -
Segmenl‘allnn Fonlboardlarmres“ [ - . . ReLU P A ReLU A P
upright images with I . | \ \ R
Masks i T . T s | ¥

Module C: Spatial |

Graph Neural B i
latwon i ponent | ... »| Scaffolding assembly R S S /
spatial relation sequence check

Missing Footboard

Category Precision Recall mAP50 mAP50-95

Bounding Box 98.105%  90.385% 97.899%  77.713%
Point 97.862%  88.021% 93.197%  82.202%
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App for Smart Detection of Safety Issues
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