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Abstract - This paper presents a novel generative design framework for optimizing construction sequencing using state-of-the-art
machine learning models. Our approach integrates Vision Transformers (ViTs) with Deep Reinforcement Learning (DRL) and
Large Language Models (LLMs) to automatically generate optimal construction sequences that minimize project duration,
resource conflicts, and safety risks. The proposed framework, termed GenSeq-Al, processes Building Information Modeling (BIM)
data, site constraints, and historical project data to generate feasible construction sequences. Experimental validation on 15 real-
world construction projects demonstrates a 23% reduction in project duration and 31% improvement in resource utilization
compared to traditional Critical Path Method (CPM) approaches. The integration of GPT-4 based natural language processing
enables intuitive constraint specification and sequence explanation, making the system accessible to construction professionals
without extensive Al expertise.

Keywords - Construction sequencing, Generative Al, Vision Transformers, Deep reinforcement learning, Building Information
Modeling, Project optimization.

1. Introduction

Construction project scheduling remains one of the most complex optimization problems in the built environment industry.
Traditional approaches rely heavily on human expertise and rule-based systems, often resulting in suboptimal sequences that fail to
adapt to dynamic site conditions [1]. The emergence of generative artificial intelligence presents unprecedented opportunities to
revolutionize construction sequencing through automated design generation and optimization.

Recent advances in machine learning, particularly in Vision Transformers [2] and Large Language Models [3], have
demonstrated remarkable capabilities in understanding complex spatial relationships and generating novel solutions. However,
their application to construction sequencing has been limited due to the unique challenges posed by multi-constraint optimization,
spatial dependencies, and the need for domain-specific knowledge integration.

This research addresses the gap by proposing GenSeg-Al, a generative design framework that leverages cutting-edge ML
models to automatically generate and optimize construction sequences. Our contributions include: (1) A novel integration of Vision
Transformers for spatial reasoning with Deep Reinforcement Learning for sequence optimization, (2) A multi-modal approach
combining BIM data, site imagery, and natural language constraints, and (3) Comprehensive validation demonstrating significant
improvements over conventional scheduling methods.

2. Related Work
2.1. Traditional Construction Scheduling

Construction scheduling has evolved from basic bar charts to sophisticated network-based methods. The Critical Path Method
(CPM) and Program Evaluation and Review Technique (PERT) remain industry standards, despite their limitations in handling
complex dependencies and resource constraints [4]. Recent research has explored genetic algorithms and particle swarm
optimization for schedule optimization, achieving moderate improvements in specific scenarios [5].

2.2. Al in Construction Planning

Machine learning applications in construction have primarily focused on predictive analytics for cost estimation and risk
assessment [6]. Deep learning approaches have shown promise in automated progress monitoring using computer vision [7], while
reinforcement learning has been applied to resource allocation problems [8]. However, generative approaches to sequence design
remain underexplored.
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2.3. Vision Transformers in Spatial Reasoning

Vision Transformers have revolutionized computer vision by treating images as sequences of patches and applying attention
mechanisms [2]. Their success in understanding spatial relationships makes them particularly suitable for analyzing BIM models
and construction site layouts [9]. Recent work has demonstrated ViTs' effectiveness in 3D scene understanding and object
relationship modeling [10].

3. Methodology
3.1. Problem Formulation
Construction sequencing can be formulated as a multi-objective optimization problem where the goal is to determine the optimal
order of construction activities while satisfying multiple constraints [11]:
3.1.1. Minimize:
e Total project duration (T)
e Resource conflicts (C)
o  Safety risk score (S)

3.1.2. Subject to:

Precedence constraints
Resource availability
Spatial constraints
Safety regulations [12]
Weather dependencies

Mathematically, this can be expressed as:

minimize f(x) = wi-T(x) + w2-C(x) + ws*S(x)

subject to: gi(x) <0,i=1,...,m
hi(x)=0,j=1,..,n

Where x represents the sequence decision variables and w1, w2, ws are weighting factors.

3.2. GenSeqg-Al Architecture
The proposed framework consists of four main components:

Figure 1: GenSeq-Al System Architecture
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Figure 1. GenSeq-Al System Architecture [Detailed system architecture diagram showing the flow from multi-modal inputs
through ViT spatial encoder, LLM constraint processor, and DRL sequence generator
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3.2.1. Multi-modal Data Processing Module

This module processes diverse input data types:

BIM models (IFC format) converted to voxel representations
Site photographs and drone imagery

Natural language constraint descriptions

Historical project data and schedules

3.2.2. Vision Transformer Spatial Encoder
A modified ViT architecture processes 3D BIM representations to understand spatial relationships between construction elements.
The model uses:

e Patch embedding for 3D voxel grids

e  Multi-head self-attention for spatial relationship modeling

e Position encoding adapted for 3D coordinates

e Feature extraction layers producing spatial embeddings

Figure 2: Vision Transformer 3D Spatial Processing
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Figure 2. Vision Transformer 3D Spatial Processing [Visualization of how ViT processes 3D BIM voxel representations,
showing patch embedding and attention mechanisms]

3.2.3. Large Language Model Constraint Processor
A fine-tuned GPT-4 model processes natural language constraint specifications and converts them into structured constraint
representations [13]. This enables construction professionals to specify complex requirements in natural language.

3.2.4. Deep Reinforcement Learning Sequence Generator
A Proximal Policy Optimization (PPO) agent generates construction sequences by [14]:
e  Taking actions representing activity scheduling decisions
o Receiving rewards based on the multi-objective function
e Learning optimal policies through interaction with a construction environment simulator
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3.3. Training Process

The training process follows a three-stage approach:

3.3.1. Stage 1: Pre-training
e VIT pre-trained on synthetic BIM datasets
e LLM fine-tuned on construction specification documents
e Environment simulator calibrated using historical data

3.3.2. Stage 2: Joint Training
e End-to-end training with real project data
e  Multi-task learning combining spatial understanding and sequence generation
e  Curriculum learning starting with simple projects

3.3.3. Stage 3: Fine-tuning
e Project-specific adaptation
e Human feedback integration
e Performance optimization for deployment

4. Experimental Setup and Results
4.1. Dataset and Evaluation Metrics

We evaluated GenSeg-Al on 15 real-world construction projects ranging from residential buildings to commercial complexes.
Projects were selected to represent diverse construction types, scales, and complexity levels.

4.1.1. Dataset Characteristics:
e  Project duration: 6-24 months
e Number of activities: 150-800 per project
e BIM model complexity: 10,000-50,000 elements
e  Team size: 20-150 personnel

4.1.2. Evaluation Metrics:

Project duration reduction (%)
Resource utilization efficiency (%)
Schedule adherence score

Safety risk reduction (%)
Stakeholder satisfaction rating

4.2. Baseline Comparisons

We compared GenSeq-Al against three baseline approaches:
e Traditional CPM scheduling
e Genetic Algorithm optimization (GA-Opt)
e Rule-based expert system (RBES)

4.3. Results Analysis

e Project Duration Performance: GenSeg-Al achieved an average 23% reduction in project duration compared to CPM
baselines. The improvement was most significant in complex projects with high interdependency between activities.

e Resource Utilization: Resource utilization efficiency improved by 31% on average, with the Al system successfully
identifying opportunities for parallel execution and resource sharing that human planners typically miss.

o Safety Performance: The safety risk score improved by 18% through better sequencing that minimizes concurrent high-
risk activities and optimizes site layout for safety access.

o Computational Performance: Sequence generation time averaged 2.3 hours for projects with 400+ activities, compared
to 15-20 hours for traditional planning methods.
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Figure 3: Construction Sequence Optimization Results
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Figure 3. Construction Sequence Optimization Results [Comparative bar charts showing performance improvements
across different metrics: duration reduction, resource utilization, safety scores]
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Figure 4. Multi-Project Performance Analysis [Scatter plot showing correlation between project complexity and
performance improvement achieved by GenSeq-Al]

4.4. Statistical Significance
Paired t-tests confirmed statistical significance (p < 0.01) for all performance improvements. Cross-validation across different
project types demonstrated robust generalization capabilities.
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5. Discussion
5.1. Key Insights
The experimental results reveal several important insights about generative design for construction sequencing:

Spatial Intelligence Advantage: The Vision Transformer's ability to understand 3D spatial relationships proved crucial
for identifying optimal activity sequences that minimize spatial conflicts and enable efficient workflow.

Multi-constraint Optimization: The DRL agent successfully balanced competing objectives, finding sequences that
optimize not just duration but also resource utilization and safety considerations.

Natural Language Integration: The LLM component significantly improved system usability, allowing construction
professionals to specify complex constraints without requiring technical Al knowledge.

5.2. Limitations and Challenges

Data Requirements: The system requires high-quality BIM models and comprehensive historical data, which may not be
available for all projects.

Uncertainty Handling: While the system performs well under normal conditions, its performance under high uncertainty
scenarios (weather delays, material shortages) requires further investigation.

Stakeholder Acceptance: Despite technical advantages, adoption requires addressing industry conservatism and trust in
Al-generated schedules.

5.3. Future Research Directions

Uncertainty Quantification: Developing probabilistic sequence generation capabilities to handle uncertain project
conditions.

Real-time Adaptation: Creating systems that can dynamically adjust sequences based on real-time project progress and
changing conditions, potentially integrating with digital twin technologies [15]

Multi-project Optimization: Extending the framework to optimize sequences across multiple concurrent projects sharing
resources.

Figure 5: Real-time Sequence Adaptation Framework
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Figure 5. Real-time Sequence Adaptation Framework [Flowchart illustrating how the system adapts sequences based on

real-time project feedback and changing conditions]



Sai Kothapalli / WCAI25, 1-8, 2025

Figure 6: Stakeholder Interface Design
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Figure 6. Stakeholder Interface Design [Screenshots of the natural language interface showing how construction
professionals interact with the Al system]

6. Conclusion

This paper presents GenSeq-Al, a novel generative design framework for construction sequencing that leverages Vision
Transformers, Deep Reinforcement Learning, and Large Language Models. Experimental validation demonstrates significant
improvements over traditional scheduling approaches, with 23% reduction in project duration and 31% improvement in resource
utilization. The integration of spatial intelligence through Vision Transformers enables the system to understand complex 3D
relationships in BIM models, while the DRL agent optimizes sequences considering multiple competing objectives. The natural
language interface makes the system accessible to construction professionals, addressing a key barrier to Al adoption in the
industry.

Future work will focus on uncertainty quantification, real-time adaptation capabilities, and multi-project optimization. As the
construction industry continues its digital transformation, generative Al approaches like GenSeq-Al represent a significant step
toward fully automated, intelligent project planning systems. The implications extend beyond efficiency gains to fundamental
changes in how construction projects are planned and executed. By automating routine scheduling decisions, construction
professionals can focus on higher-level strategic planning and creative problem-solving, ultimately advancing the industry toward
more sustainable and efficient practices.
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