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Abstract. The work presented in this paper is part of a more comprehensive
one which aims to propose appropriate natural user interactions to support
collaborative decision making in synchronous 4D simulation. It presents the
issue and previous works on natural user interfaces in 4D simulation. It also
introduces a first prototype and a 4D case study from a real construction site.
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1 Introduction

According to Kvan, “in discussions about computer systems for collaborative
design, their behaviours, specifications and implementation, the most fundamental
arguments appear to be encountered on the issues of interaction” [9]. This is about
both the interaction between participants and the interaction with the systems, and the
issue have been well discussed in related literature [9, 10, 12]. But during the last
decade, new devices (smartphones, tablets, digital tabletops, etc.) are appearing with
new interaction capabilities. Construction practitioners are increasingly using such
devices including, in addition to common mobile devices, the VCE [13], the TATIN
[1], the ValueLab [7], and the iRoom [6]. Because of the diversity of innovative
devices, it is important to take into account the novel interaction mechanisms they
provide users with.

2 Previous works on natural user interfaces in 4D simulation

In the line of Building Information Modeling (BIM) approaches, collaborative 4D
simulation is being increasingly used to visually simulate the construction process in
order to detect constructability inconsistencies in the planning or in the design [3]. 4D
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simulation consists in linking a 3D model to the construction activities planning
(time) to simulate the construction process over time [11]. In synchronous 4D
simulation, all collaborative work participants are working on the 4D model at the
same place at the same time [3]. If the interaction with 3D models has been
extensively discussed in the literature, the interaction principles with the fourth
dimension are much less studied [4, 8].

After Command Line Interfaces and Graphical User Interfaces, the last evolution in
the Human-Computer Interaction paradigm lies in Natural User Interfaces (NUI). NUI
reuse the human capabilities, behaviors and gestures to interact with IT systems [2].
NUI are not really new in 4D simulation. In 2002, Waly and Thabet proposed a
virtual construction environment (VCE) for pre-construction planning [13]. They
introduced an Interactive Virtual Interface (IVI) where users can graphically "drag
and drop" elements from the 3D model and rebuild the building by putting side by
side the components in the order received for the actual construction. The IVI offers
intuitive and interesting interaction mechanisms such as 'click to take' or 'release to
place' or ‘navigate to the walk through’ [13].

3 A NUI me-fi prototype to support collaborative 4D decision

In Human-Computer Interfaces design, “prototype fidelity expresses the similarity
between the final user interface and the prototyped UI” [5]. Medium-fidelity (me-fi)
tools “support designing Ul mock-ups giving more importance to the contents than
the style with which these contents are presented” [S]. The proposed prototype is
composed of:

- a digital tabletop (Fig. 1c), used to display the 3D model, allowing all
participants to visualize the model and providing the designer with appropriate
natural interaction to make changes on the model (using a CAD software);

- 4 digital tablets (Fig la), used to display the planning, allowing each
practitioner to make changes on his part of the planning. The validations
performed by Zaidi [14] on lo-fi prototypes showed that interactions with the
3D model on tablets are not useful and actors prefer to interact with 3D on the
tabletop;

- awhiteboard (Fig. 1b), used as viewer, displaying the 4D model resulting from
the 3D model and the planning sequences.

The prototype business scenario is based on a case study from a real construction
site in Luxembourg. The studied detail is about the construction sequence of wooden
wall which is built through many steps with various subcontractors (woodwork,
insulation, and cladding). Moreover windows have to be installed during and after the
assembly of the wall itself. A smooth coordination among actors is then necessary to
drill accurate reservations within walls and to ensure that the openings on the wall fit
the windows dimensions. A 4D simulation for this case study showed that it is
possible to involve at the early construction stage the sub-contractors in the
construction process planning, and to provide them with a visual support in order to
interact with the model and to find out the optimal construction sequences.
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Figure 1 : Devices composing the Me-Fi prototype

On the technical level, a built-in screen is integrated to the tabletop. This screen is
multitouch and at least 12 points. A 4D software is implemented on the tabletop in
order to manipulate the 3D/4D model with multitouch gestures. The digital tablets are
connected to the tabletop and the via Wi-Fi connection.

The research project is still at its beginning and experimentations are planned to be
conducted in architecture and engineering agencies. Such experimentations will be
studied by some psychologists and specialists in ergonomics in order evaluate the
usefulness and the usability of the proposed prototype for collective decision making
supported by 4D models in a synchronous and collocated environment.

4 Conclusion and future works

In this paper, we presented the very first steps of an ongoing comprehensive work
which aims at supporting collaborative decision making in architectural design with
synchronous collocated 4D simulation and Natural User Interfaces. A first prototype
and a 4D case study from a real construction site are introduced. These elements
provide a good basis to understand the research project approach. Future works will
validate the proposed prototype in the line of the business case. It will then be
possible to propose a real NUl-based collocated and synchronous 4D system,
according to the prototype.
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