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1 LiDAR

2 Terrestrial Laser Scanning (TLS)

3 Airborne Laser Scanning (ALS) by airplane or helicopter
4 optical

5 georeferenced point cloud model

6 mobile laser scanning
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Extended Abstract

Aims: The rapid advancement of computational technologies and artificial intelligence has fundamentally transformed
conventional paradigms for documenting, analyzing, designing, and conserving heritage landscapes. As the volume and
complexity of spatial data continue to grow, traditional intuition-based decision-making is gradually being replaced by
evidence-based, data-driven approaches. Consequently, the concept of Future Heritage Landscapes has emerged as a
new research paradigm in which heritage conservation extends beyond preserving existing physical characteristics
toward predicting future conditions, supporting adaptive management, and enabling intelligent planning through
computational systems.

Heritage landscapes represent complex socio-ecological systems integrating tangible and intangible values, spatial
configurations, ecological processes, and accumulated indigenous knowledge. Historic Persian gardens, recognized as
one of the most significant cultural landscape typologies worldwide, embody centuries of environmental wisdom,
hydraulic engineering, climatic adaptation, and symbolic spatial organization. However, conventional documentation
techniques often fail to capture the multidimensional relationships embedded within these landscapes or to support
comprehensive decision-making processes.

Literature Background: Recent developments in UAV photogrammetry, computer vision, machine learning, and
Decision Support Systems (DSSs) have introduced new opportunities for collecting high-resolution spatial data and
transforming them into actionable knowledge. Rather than serving merely as computational tools for data processing,
intelligent DSSs provide integrated frameworks capable of organizing heterogeneous datasets, extracting hidden
knowledge, simulating alternative scenarios, and supporting evidence-based decisions. Computational technologies
have thus become an essential foundation for developing adaptive and resilient future heritage landscapes. This study
investigates the role of computational Decision Support Systems in facilitating the transition from intuition-based to
data-driven decision-making within landscape architecture and cultural heritage management. Specifically, the research
aims to explain how advanced data acquisition technologies—particularly UAV-based photogrammetry—can provide
the spatial information required for intelligent decision-making processes. Furthermore, the study proposes a conceptual
framework illustrating the transformation of raw data into information, information into knowledge, and knowledge into
informed decisions through computational systems, with particular attention to integrating artificial intelligence into
each stage.

Materials & Methods: The research adopts a descriptive—analytical and developmental methodology. Initially, an
extensive literature review was conducted concerning computational design, Al, data mining, spatial analysis, and
DSSs. Subsequently, various landscape data acquisition methods were comparatively evaluated, and UAV
photogrammetry was identified as the most appropriate technique for documenting historic Persian gardens due to its
ability to generate dense, accurate, and high-resolution spatial datasets while maintaining relatively low operational
costs. Image datasets acquired by UAVs were processed using Structure from Motion and Multi-View Stereo
algorithms to produce dense point clouds, orthophotos, digital elevation models, textured meshes, and complete three-

! This paper extracted from the Dissertation of the first author titled "Regenerative-adaptive Decision support systems,
as a tool for Heritage Landscape’s Cultural DNA transfer (Persian Garden)”, in 2023, which was Presented in the
Tarbiat Modares university.
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dimensional representations of heritage landscapes. The resulting datasets were subsequently integrated into a Decision
Support System specifically developed for heritage landscape analysis, comprising multiple computational layers
including data management, spatial analysis, information processing, knowledge extraction, and intelligent decision
support.

Findings: The findings demonstrate that UAV photogrammetry provides highly accurate, multi-dimensional, and
information-rich datasets that substantially enhance the documentation and analysis of heritage landscapes. Beyond
geometric reconstruction, the generated datasets facilitate the extraction of valuable information concerning vegetation
distribution, irrigation networks, topography, spatial hierarchy, architectural structures, and environmental
characteristics. The study further reveals that the true value of spatial data emerges only after systematic integration
within an intelligent Decision Support System. Through the integration of spatial, historical, ecological, and visual
information, the developed DSS transforms heterogeneous datasets into meaningful information and subsequently into
actionable knowledge. Al algorithms identify hidden spatial relationships, recognize recurring landscape patterns,
classify environmental conditions, detect anomalies, monitor temporal changes, and support predictive analyses that
would be difficult to accomplish using conventional analytical approaches.

Conclusion: The proposed framework demonstrates that decision-making in heritage landscape management can be
conceptualized as a hierarchical computational process composed of four successive stages: Data — Information —
Knowledge — Decision. Unlike traditional conservation practices that often rely primarily on expert intuition and
qualitative assessments, Al-driven Decision Support Systems provide transparent, reproducible, and evidence-based
recommendations supported by quantitative analyses. Moreover, the integration of historical documentation, remote
sensing, three-dimensional models, and environmental monitoring enables continuous evaluation of landscape
conditions and facilitates dynamic management strategies capable of responding to future changes. From a broader
theoretical perspective, the research suggests that computational systems redefine heritage conservation by shifting
emphasis from static documentation toward continuous knowledge generation, significantly enhancing the capacity of
landscape architects and heritage managers to understand complex interactions between cultural values, ecological
processes, and spatial organization. This study demonstrates that computational Decision Support Systems constitute a
transformative framework for the future of heritage landscape conservation and management. Rather than functioning
solely as analytical software, Al-enabled DSSs integrate diverse datasets, extract meaningful knowledge, simulate
future scenarios, and support evidence-based decision-making throughout the entire heritage management process.
UAV photogrammetry emerges as one of the most efficient methods for generating accurate, comprehensive, and
analytically valuable three-dimensional datasets of historic landscapes. When combined with Al, computer vision, and
data mining algorithms, these datasets become the foundation for intelligent decision-making frameworks capable of
supporting conservation, restoration, planning, and adaptive management. The proposed computational workflow
provides a comprehensive paradigm for developing Future Heritage Landscapes by preserving, transferring, and
regenerating both explicit and tacit ecological knowledge embedded within historic Persian gardens. Ultimately, this
research argues that the future of cultural landscape conservation lies in establishing intelligent computational
ecosystems capable of continuously learning from heritage data, supporting multidisciplinary collaboration, and
facilitating informed decision-making. The proposed framework offers a transferable model for integrating Al,
computational design, spatial data science, and landscape architecture into heritage conservation practices.

Keywords: Heritage Landscapes; Decision Support Systems; Computational Design; Data Mining; UAV
Photogrammetry.
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