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      ABSTRACT 

Designing intuitive indoor exhibition spaces requires 
aligning the intended narrative sequence with 
visitors' spontaneous movement. Evaluating this 
alignment before construction remains a challenge 
in architectural planning. This research presents a 
computational framework to assess spatial layouts 
by comparing planned exhibition routes with 
simulated visitor behaviour. The study employs two 
complementary computational approaches within a 
temporary indoor exhibition context: the Self-
Organising Map (SOM) and Isovist-based agent 
simulation. The SOM algorithm generates an 
optimised sequence of exhibit nodes, representing 
the intended visitor route, while the Isovist 
simulation predicts movement based on spatial 
geometry, visibility, and obstacle avoidance. An 
image-based, pixel-level comparison using OpenCV 
quantifies the overlap between SOM-generated 
paths and Isovist trajectories, revealing areas of 
alignment and divergence. Results show partial 
overlap, indicating that while SOM captures 
structured circulation, natural visitor movement is 
more adaptive and variable. The methodology 
highlights spatial inefficiencies and navigational 
bottlenecks, providing architects and planners with 
a diagnostic tool to optimise exhibition layouts, 
enhance circulation, and ensure key points of 
interest are naturally discoverable. 
 
Keywords: Visitor movement, Isovist simulation, 
SOM algorithm, indoor navigation 

 

1.0 INTRODUCTION 

Indoor navigation within exhibition spaces is a critical field of study for understanding how spatial configurations 
influence visitor movement. Historically, research has focused on tracking exhibit engagement time (Melton, 
1935; Serrell, 1998) and analysing how display layouts impact visitor pathways (Bourdeau and Chebat, 2001). 
While traditional studies relied on observational methods or questionnaires, advancements in computational 
algorithms now enable the simulation of movement patterns to model and predict complex spatial behaviours. 
Algorithms such as random walk, A*, and ant-colony optimisation have been employed to model movement 
(Yoshimura et al. 2019; Pasandi et al. 2021), while others investigate shortest-path solutions for emergency 
planning (Marzouk and Hassan, 2022). Despite the importance of navigation in both urban and indoor contexts, 
a gap remains in evaluating the alignment between design intent and algorithmic predictions in complex 
temporary environments. 
This research proposes a comparative framework between two computational algorithms—SOM and Isovist-
based simulation—to evaluate the intuitive nature of exhibition layouts. These algorithms represent 
fundamentally different models of navigation: global sequence optimisation versus locally informed, perception-
driven movement. In this study, the SOM algorithm generates an optimised intended path, with major exhibits 
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serving as sequential nodes (Kohonen, 1990), while the Isovist simulation operates as an independent predictive 
agent, navigating the space based on visibility, geometry, and obstacle avoidance (Benedikt, 1979). By 
comparing these two distinct approaches, the study assesses whether the physical arrangement of a space 
naturally supports the curator’s intended visitor experience. 
The simulated paths are analysed using an image-based, pixel-level comparison in OpenCV to quantify spatial 
overlaps and divergences. This method provides an objective measure of alignment between the intended 
sequence and predicted movement patterns, enabling systematic evaluation without relying on observational 
data. To guide the investigation, the study poses the following research question: 
 
To what extent does simulated visitor movement (Isovist) correspond with the optimised and intended exhibition 
sequence (SOM)? 
 
By bridging the gap between design intent and algorithmic prediction, this research offers a comprehensive 
understanding of visitor navigation in indoor spaces. The study introduces a computational method for 
evaluating navigational intuitiveness prior to construction. It provides insights for optimising space design and 
improving navigation systems in exhibition contexts, ensuring that critical points of interest are naturally 
accessible within the spatial flow. 

 
2.0 LITERATURE REVIEW 

Research on pedestrian movement has traditionally focused on indoor navigation and wayfinding within the 
context of evacuation planning, navigation systems, and agent-based simulations. Indoor navigation involves 
spatial perception, decision-making, and movement within enclosed environments, shaped by spatial 
configuration, environmental constraints, and user behaviour rather than purely shortest-path logic (Jayakanth 
et al., 2020; Marzouk and Hassan, 2022). The increasing complexity of indoor environments, such as museums 
and commercial spaces, has driven the development of computational models capable of predicting movement 
patterns (Yan et al., 2021). 
Agent-Based Modelling (ABM) has been widely used to analyse visitor interaction with exhibition layouts. It also 
helps evaluate experiential discrepancies between intended and actual spatial use (Liu et al., 2024). In 
evacuation contexts, simulations often combine behavioural models with Computational Fluid Dynamics to 
represent environmental hazards (Kasereka et al., 2018; Luh et al., 2012). Cellular automata, social force models, 
and floor-field approaches represent pedestrians as agents influenced by attraction, repulsion, and spatial 
constraints (Burstedde et al., 2001; Helbing et al., 2000; Tan et al., 2015). These approaches, while effective for 
modelling crowd dynamics, primarily address efficiency and safety rather than the exploratory movement 
characteristic of exhibition environments. 
Pathfinding algorithms, such as A* and its variants, are used in indoor navigation, especially in obstacle-dense 
environments (Pasandi et al., 2021). Studies show that spatial geometry and obstacle configuration shape route 
selection (Ni et al., 2020; Cui et al., 2023). However, shortest-path optimisation misses experiential navigation, 
where visitors may deviate to explore visually accessible points of interest. 
Visibility-based spatial analysis offers an alternative, perception-based framework. The Isovist (Benedikt, 1979) 
describes the visible spatial field from one location and strongly influences navigation and exploration (Wiener 
et al., 2007). Isovist simulations model navigation as a process shaped by geometry, visibility, and obstacles, not 
predetermined paths. 
In contrast, machine-learning approaches such as the Self-Organising Map (SOM) provide global optimisation 
capabilities. Originally developed as a neural network clustering and ordering algorithm (Kohonen, 1990), SOM 
has been adapted to travelling-salesman-type routing problems, generating optimised visitation sequences 
when multiple destinations must be visited in a structured order (Yan et al., 2021). In exhibition design, this 
capability enables SOM to represent an intended narrative sequence defined by relationships among exhibit 
nodes. 
Despite significant advances, existing research rarely compares optimised routing structures with visibility-
driven movement predictions within a single analytical framework. Most studies treat navigation either as 
behavioural simulation or route optimisation independently, leaving unresolved whether architectural layouts 
inherently support intended visitor sequences. This limitation is particularly critical in temporary exhibition 
environments, where the spatial configuration must intuitively guide visitors without relying on signage or post-
occupancy corrections. 
This research addresses this gap by comparing SOM-optimised routes, which represent design intent, with 
Isovist-based simulations that predict geometry-driven visitor pathways. Using an image-based, pixel-level 
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comparison in OpenCV, the study quantifies the overlap and divergence between these models to evaluate the 
navigational intuitiveness of exhibition layouts. By reframing navigation as a measurable relationship between 
intended sequencing and spatial perception, the framework provides a proactive computational tool for 
assessing exhibition design prior to construction. 
The following table summarises key studies reviewed in this research, highlighting the computational algorithms 
employed and the specific navigation or movement-related challenges each study addresses. 
 

Table 1: Summary of Reviewed Studies: Algorithms Applied and Navigation Issues Addressed 

Author(s) Algorithm / Method Used Issues Tackled 

Jayakanth et al. (2020) Indoor navigation modelling 
Influence of spatial configuration and pedestrian 
characteristics on navigation decisions 

Marzouk & Hassan 
(2022) 

Shortest path / evacuation 
modelling 

Route optimization and emergency navigation 
efficiency 

Yan et al. (2021) 
Indoor navigation systems; 
SOM-based routing 

Limitations of shortest-path logic; multi-
destination navigation behaviour 

Liu et al. (2024) 
Agent-Based Modelling 
(ABM) 

Gap between exhibition layout design and visitor 
experience 

Kasereka et al. (2018); 
Luh et al. (2012) 

CFD + behavioral simulation 
Evacuation dynamics under environmental 
hazards 

Burstedde et al. (2001) 
Cellular Automata (CA), 
Floor-field model 

Crowd movement and interaction dynamics 

Helbing et al. (2000) 
Social force / multi-grid 
models 

Emergent pedestrian behaviour through force-
based interactions 

Tan et al. (2015) 
Force-based agent 
simulation 

Context-driven collective movement patterns 

Pasandi et al. (2021) Modified A* (MASA) Navigation in obstacle-rich environments 

Said et al. (2012) Geometric path analysis 
Relationship between building geometry and 
route selection 

Ni et al. (2020) Multi-navigation simulation Movement in multi-obstacle environments 

Cui et al. (2023) 
Newtonian motion-based 
algorithm 

Dynamic obstacle avoidance 

Formolo & van der Wal 
(2017) 

Behavioral/social modelling 
Psychological factors in navigation (limited 
spatial modelling) 

Benedikt (1979) Isovist analysis Visibility-driven spatial perception 

Wiener et al. (2007) 
Visibility-based navigation 
studies 

Influence of visual fields on route choice 

Kohonen (1990) Self-Organizing Map (SOM) 
Neural-network ordering and sequence 
optimization 

 
2.2 Research Gap and Contribution 

Existing studies on indoor navigation predominantly examine either behavioural simulation models that predict 
pedestrian movement based on spatial perception and environmental interaction, or optimisation algorithms 
that generate efficient routing sequences between destinations. Visibility-based approaches, such as Isovist 
analysis, effectively explain locally driven navigation decisions influenced by geometry and visual access, while 
optimisation methods, including SOM, generate globally ordered visitation sequences. However, these 
paradigms have largely been investigated in isolation, leaving a limited understanding of whether architectural 
layouts inherently support a designer’s intended experiential sequence. Moreover, prior research often relies 
on post-occupancy observation or evacuation-driven scenarios, offering limited applicability to temporary 
exhibition environments where intuitive navigation must emerge directly from spatial configuration. 
 
This research addresses this gap by introducing a comparative computational framework that evaluates the 
alignment between SOM-optimised exhibition routes and Isovist-simulated visitor pathways. Using an image-
based, pixel-level comparison in OpenCV, the study quantifies spatial overlap and divergence between the two 
models, providing an objective measure of navigational alignment. This approach offers a proactive diagnostic 
tool for designers, enabling the assessment of route intuitiveness and identification of spatial inefficiencies 
during early-stage design, prior to physical implementation or observational data collection. 
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3.0 METHODOLOGY  

This research employs a computational framework comprising SOM simulation, Isovist-based movement 
simulation, and comparative analysis to evaluate indoor exhibition navigation. SOM represents top-down 
curatorial cognition, while Isovist represents bottom-up embodied perception. The methodology is designed to 
examine how the spatial arrangement of exhibits aligns with both the intended visitor sequence and natural, 
perception-driven movement patterns. 
 

1. SOM Simulation 
The SOM algorithm provides a global optimisation approach, generating an intended visitation sequence that 
reflects the designer’s narrative plan for the exhibition (Kohonen, 1990). SOM adapts a neural-network 
clustering framework to sequence multiple exhibit nodes, producing an optimised. The algorithm identifies the 
Best Matching Unit (BMU) for each exhibit node and iteratively updates node weights to refine the sequence. A 
one-dimensional circular SOM with a ring topology is employed, where node proximity is defined by index 
distance rather than Cartesian spatial coordinates. 
 
The SOM algorithm is used to generate an optimised visitor route through an exhibition that reflects the 
designer’s intended narrative sequence. The algorithm clusters and sequences exhibit nodes iteratively, 
producing a path that aligns design intent with potential visitor movement. The pseudocode is as follows. 

1. Initialization: 
o Collect all exhibit locations as input points. 
o Initialise a set of SOM nodes with random positions (weights). 
o Set initial learning rate, neighbourhood radius, and iteration counter. 

2. Best Matching Unit (BMU) Identification: 
o For each input exhibit point, find the SOM node whose position is closest to the point 

(Euclidean distance in weight space). 
o This node is designated as the BMU for that point. 

3. Node Weight Update: 
o Update the BMU and its neighbouring nodes to move slightly toward the input point. 
o The amount of adjustment decreases with distance from the BMU (Gaussian neighbourhood 

influence). 
o The learning rate and neighbourhood size decrease gradually over iterations to facilitate 

convergence. 
4. Iteration: 

o Repeat BMU identification and weight update for all input points over multiple iterations until 
the map stabilises. 

5. Route Construction (Visualisation): 
o Arrange SOM nodes along a circular 1D topology (ring). 
o Define proximity between nodes based on their positions along the ring, ensuring that the first 

and last nodes are neighbours. 
o Connect nodes sequentially to form a closed polyline representing the optimised visitor path 

through the exhibition. 
 

1. Isovist Simulation 
Isovist simulation models, locally informed and visibility-driven, predict how visitors might navigate an exhibition 
based on spatial geometry and visibility polygons (Benedikt, 1979). Unlike SOM, this approach does not impose 
a global path but allows agents to make incremental movement decisions influenced by field of view, obstacles, 
and spatial configuration (Turner et al. 2001; Ha & Lykotrafitis, 2012). 
 
Isovist simulation models how visitors might move through an exhibition based on visibility and spatial 
geometry. Unlike SOM, which produces a global route, this approach allows agents to make incremental 
movement decisions influenced by their field of view, obstacles, and surrounding space. The pseudocode is as 
follows. 
 

1. Initialization: 
o Place an agent at a starting location with an initial viewing direction. 
o Define agent parameters: field-of-view angle, sensing range, and movement detail (number of rays). 
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2. Observation Step: 
o Generate a set of rays within the agent’s vision cone to simulate the visible area (Isovist). 
o For each ray: 

a. Detect intersections with nearby walls, obstacles, or exhibit features. 
b. Identify the closest intersection point along the ray. 

3. Decision Step: 
o From all rays, select the direction corresponding to the maximum visible distance (the most 

open path). 
o Update the agent’s direction by slightly adjusting toward this maximum visibility vector. 
o Normalise the direction to ensure consistent movement. 

4. Movement Step: 
o Move the agent forward by a fixed step size along the updated direction. 
o Record the new position to build the agent’s movement trail. 

5. Iteration: 
o Repeat the observation, decision, and movement steps for the desired number of iterations 

or until the agent reaches a boundary. 
6. Data Output: 

o Collect the agent’s path (trail) for visualisation. 
o Record intermediate data such as ray intersections and visibility distances for analysis. 

 
1. Alignment Analysis 

To evaluate navigational alignment, the SOM-optimised path is compared with the Isovist-simulated pathways 
using an image-based spatial framework. By combining SOM and Isovist data with an image-based comparison 
using the OpenCV library, NumPy for mathematical calculations, and matplotlib for graph visualisation. This 
methodology provides a proactive framework to evaluate exhibition navigation before construction or 
observational data collection. SOM represents the designer’s intended path, Isovist simulates perception-driven 
visitor movement, and the comparison quantifies alignment, providing insights into the intuitiveness and 
efficiency of the layout. 
 
Method: Quantifying Overlap Between SOM and Isovist Areas 
To measure the degree of spatial overlap between SOM-optimised visitor routes and Isovist-simulated 
movement pathways in a plan or diagram, providing an objective assessment of how well the designed sequence 
aligns with simulated human behaviour. The pseudocode is as follows.  
 

1. Image Preparation 
The diagram is loaded as an image and converted to a standard RGB colour space, allowing accurate 
identification of the SOM and ISO areas. 

2. Feature Identification 
For each feature (SOM and ISO), a mask is created to visually isolate it. Each pixel is examined: if its colour closely 
matches the target colour for the feature, it is marked as part of that area; otherwise, it is treated as background. 

3. Mask Refinement 
To remove small gaps and inconsistencies, a morphological dilation is applied to both masks. This slightly 
expands the identified regions to ensure a continuous and robust representation of each area. 

4. Overlap Analysis 
The overlap between the SOM and ISO areas is determined by identifying the regions where the two masks 
coincide using a logical intersection. 

5. Quantification 
The proportion of the SOM area that overlaps with the ISO area is calculated, providing a clear metric of 
alignment between the design intent and simulated visitor movement. 

6. Spatial Distribution Visualisation 
The 2D masks are processed into 1D density profiles by summing pixel frequencies. These are plotted on a line 
chart, with the intersection area highlighted to visually demonstrate the spatial overlap. 

7. Interpretation 
The resulting percentage and distribution graph indicates how much of the intended route corresponds to 
naturally visible and accessible pathways, allowing designers to assess and refine exhibition layouts before 
construction. 
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1. Selection of Context 
The context for this research was chosen based on visitor accessibility. A portion of a temporary indoor 
exhibition, located on the second floor of the Bartlett School of Architecture at UCL during its Summer Show 
2023 in London, UK, was selected. This exhibition displayed student architectural projects, attracting both 
students and the public interested in architecture. A smaller section of the exhibition was chosen to ensure 
efficiency and maintain control over the algorithmic simulations. 
 

Fig. 1: Context of the research space, with photos captured from multiple perspectives. 
 

4.0 RESULTS  

The research is conducted using computational tools such as Grasshopper3D within Rhino3D for algorithm 
development in C#, while graphical presentations were prepared using Adobe Illustrator. For the comparative 
alignment phase, the OpenCV library was employed within VS Code. The result section consists of three parts: 
SOM simulation, Isovist simulations, and a simulation alignment analysis. The key steps and findings are as 
follows: 
 

1. SOM Simulation 
For the SOM simulation, several points were defined to act as nodes through which the path would be 
generated. The starting point was set near the staircase, with most nodes placed along the walls near the 
exhibits. A total of nine points were positioned, and the SOM algorithm progressively developed a path that 
gradually connected all the nodes. The final output ensured that every defined node was included in the 
generated route. 
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Fig. 2: SOM simulation development 

 
Fig. 3: SOM simulation output 

 
4.2 Isovist Simulation 
The research is conducted using computational tools such as Grasshopper3D within Rhino3D for algorithm 
development in C#, while graphical presentations were prepared using Adobe Illustrator. For the comparative 
alignment phase, the OpenCV library was employed within VS Code. The result section consists of three parts: 
SOM simulation, Isovist simulations, and a simulation alignment analysis. The key steps and findings are as 
follows: 
 
 

1. SOM Simulation 
For the SOM simulation, several points were defined to act as nodes through which the path would be 
generated. The starting point was set near the staircase, with most nodes placed along the walls near the 
exhibits. A total of nine points were positioned, and the SOM algorithm progressively developed a path that 
gradually connected all the nodes. The final output ensured that every defined node was included in the 
generated route. 
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Fig. 4: Isovist simulation development 

 
Fig. 5: A collection of 30 isovist simulation 

 
4.3 Simulation Alignment 
The results show that about 40.52% of the 30 Isovist rays overlap with the SOM simulation, reflecting the 
variability in visitor movement patterns. This partial overlap suggests that while SOM captures a general 
navigational trend, the Isovist simulations reveal the unpredictability and flexibility of actual visitor pathways 
within the space. 
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Fig. 6: Parallel Simulation Results: SOM and Isovist 

 
With the help of the ‘matplotlib’ library, the following graph represents the horizontal spatial distribution of the 
SOM and ISO features by summing masked pixels along with the vertical axis to generate a 1D profile. The ISO 
density is notably higher due to the greater number of samples than in the SOM samples. By mapping this 
distribution simultaneously, a clear column-by-column cross-section is provided showing overlaps between the 
two distinctive datasets. 

 
Fig. 7: Spatial Distribution Analysis of Intersection 

 

5.0 DISCUSSIONS 

The study shows that while the SOM-generated paths provide a structured, optimised route through the 
exhibition, the Isovist simulations capture the more unpredictable, free-flowing nature of visitor movement. The 
alignment between the two is partial, reflecting that simulated visibility-based navigation aligns with the 
intended exhibition sequence only to a limited extent. This indicates that while SOM can guide the overall flow, 
real or simulated visitor behaviour—modelled through Isovist—tends to deviate from the model due to the 
agent’s tendency to follow edges, avoid repetition, and respond dynamically to spatial constraints. The 
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framework’s novelty lies in treating optimisation and visibility-driven models as measurable, complementary 
perspectives rather than isolated methods, enabling designers to test route intuitiveness before construction. 
 
In practice, several limitations influenced the findings. Isovist simulations were stopped when paths began to 
loop or when agents approached the staircase, reflecting natural exit behaviour. Unlike SOM, Isovist paths are 
not closed loops and are influenced by randomness, environmental cues, and changes in mathematical values, 
making direct path-to-path comparisons challenging. Additionally, the SOM paths are biased by the predefined 
node placement, which controls the trajectory and may not fully represent spontaneous movement patterns. 
Finally, comparing the two simulations using alignment metrics provides a useful but partial perspective, as it 
does not capture differences in movement dynamics, attention, or dwell time. 
 
Future work could address these limitations by incorporating additional behavioural parameters into the Isovist 
simulation, such as varying attention, preferred walking speed, or dwell times at exhibits. Adaptive SOM 
methods could also be explored to allow dynamic node placement based on visitor behaviour. Furthermore, 
integrating real-world tracking data could validate the simulations and align the designed routes with actual 
visitor movement. These extensions would provide a more comprehensive framework for evaluating the 
interaction between spatial design intent and emergent visitor behaviour. 

 
6.0 CONCLUSION 

This research investigated the extent to which simulated visitor movement, modelled through Isovist, aligns with 
an optimised exhibition sequence generated by SOM within an indoor exhibition context. By applying SOM to 
define structured paths through key nodes and Isovist to simulate visibility-driven, adaptive navigation, the study 
provided insights into the interplay between designed spatial intent and emergent movement patterns. 
 
The findings indicate that while SOM produces predictable, node-connected routes that ensure coverage of all 
key exhibits, Isovist captures the more spontaneous, free-flowing behaviour of visitors. Approximately 40% of 
the Isovist paths aligned with SOM-generated routes, reflecting partial alignment between planned and 
emergent navigation. This demonstrates that while designed circulation can guide visitor flow, natural 
movement is influenced by visibility, spatial configuration, and dynamic environmental cues, which SOM alone 
cannot fully capture. 
 
The study also highlighted several limitations. Isovist simulations were sensitive to parameters such as 
movement step size, steering responsiveness, and visibility range, which affect path variability. The SOM paths, 
constrained by predefined nodes, may introduce biases that do not fully reflect real-world movement. 
Comparing the two simulations through overlap metrics provides a useful but partial assessment of alignment. 
 
Despite these limitations, the research establishes a computational framework for evaluating indoor exhibition 
navigation. Isovist simulations offer potential for applications requiring adaptability, such as visibility-driven 
analysis or emergency evacuation modelling, while SOM can inform route optimisation, exhibit placement, and 
targeted circulation planning. Future work could integrate real visitor tracking, adaptive node placement, 
dynamic environmental factors, and richer behavioural parameters to enhance predictive accuracy and 
applicability. 
 
Overall, the study demonstrates that combining structured optimisation (SOM) with visibility-based simulation 
(Isovist) provides complementary perspectives for understanding, predicting, and designing visitor movement, 
offering valuable insights for exhibition layout, spatial planning, and the design of engaging indoor 
environments. 
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