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1 Extended Abstract
There has been a growing focus on digitalizing the environ-
ment design process and opting for new means to explore
these designs (e.g., via 3D walkthroughs and VR) [Usman
et al., 2017a; Usman et al., 2017b] before they are actually
built and used. It is also of great importance to account for
human occupancies and their behaviours in the design and
management of the environments to evaluate how the de-
sign would impact the activities and movement patterns of
the prospective inhabitants. While there are many established
performance evaluation tools for buildings and environments,
they are mostly limited to evaluating energy, lighting, struc-
ture and cost. The evaluation of design efficiency in terms of
occupant movements, space utilization, and its spatiotempo-
ral impact on the user experience is typically left of designers’
own intuition and experience. This results in producing de-
sign artifacts that may lead to severe consequences in terms
of safety, productivity and user-experience for their potential
occupants.

Predicting human movements and behaviours in environ-
ments can be quite challenging even for experts, consider-
ing their size, functionality, and occupancy. Computational
workflows are thus needed to evaluate designs for human oc-
cupancies and analyze the implications of design decisions on
occupant movements and behaviours, from the beginning of
the design process and not just at the very end. To this end, a
dynamic workflow using crowd simulations [Kapadia et al.,
2015; Pelechano et al., 2008] is proposed to simulate and an-
alyze human–building interactions in semantically meaning-
ful environments. Crowd simulations provide a time-based
representation of the environment in-use by its prospective
occupants. The dynamic workflow enables users to model
the environment, define occupancies, their behaviours, and
the activities they engage in. The analyses from these hu-
man–building simulations provide an intuitive way to iden-
tify problem areas, improve environment designs, and com-
pare design alternatives concerning occupant related factors
by insights from spatial quantitative and qualitative feedback
and visualizations.

Partially, the focus of this work has been to provide these
dynamic solutions [Usman et al., 2020; Schaumann et al.,
2019; Usman et al., 2018; Usman et al., 2019a; Usman et
al., 2019b] to the end-users directly into mainstream envi-
ronment modeling platforms (e.g., Autodesk Revit). This

is to enable designers to design environments that are more
human-aware by simulating dynamic crowds into these de-
signs from within the CAD pipelines. Users can investigate
the analytics (Figure 1) for human-building interactions in
real-time in the form of path/trajectory analyses, bottleneck
analyses, time and distance-based crowd traces, and density
and speed heat maps of occupant movements, and can make
more informed design decisions.
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Figure 1: Crowd-aware analytics from the simulation for an eatery design. Left: environment layout with space semantics, Middle: color-
coded trajectories of occupants – trajectories in Red show shorter traveled distances and evacuation times, whereas in Blue show longer
distances and high evacuation times, and Right: occupant density heat map with high density in Red (problematic areas) compared to Blue
ones.
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