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ABSTRACT 
In this paper, we discuss the role of spatial cognition during 
the architectural design activity, and how it affects design 
creativity. Recognizing that current CAD applications’ 
Windows-Icon-Menu-Pointer (WIMP) user interfaces do 
not fully support creative exploration in modeling 
geometries for design, we design a prototype system that 
incorporates a regular pc and a depth camera for gestural 
input. We present the implementation and use scenario of 
the system, and discuss why gestural input may advance 
creativity in the design process. 
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CREATIVITY IN DESIGN PROCESS 
Spatial cognition in architectural design, involving the 
understanding of design forms, space functions and 
relationships between spaces, is one of the most 
challenging activities in the early architectural design 
process. It helps architects to discover problems associated 
with the contextual environment, which are ill-defined and 
difficult to be specified [1]. Usually, a skillful architect can 
infer proper mental representations from external 
representations, such as simple sketches or draft models to 
quickly discover design problems. The spatial cognition of 
an external representation could also stimulate new and 
unexpected design ideas and as a result, improve their 
designs. These new ideas usually came from an analogy-
making process in which they may compare other cases in 
their minds to the external representations to improve their 
designs [2]. Thus, external representations can be at least 
partially inspired by their previous experiences. The 
experiences here could be in the form of any sensory 
inputs, such as visual, auditory, tactile, or even the motion 
in a space. 

THE BODY IN OUR MINDS 
Among the senses mentioned before, vision and motion are 
two senses most closely related to spatial cognitions. Many 
researchers have discussed the influences of visual/external 
representations during the design process. Because we have 
to experience the spaces, inspect drawings, and construct 
physical models through our eyes, there is no doubt that 
visual processing plays important role in spatial cognitions 
[3]. Another important factor of spatial cognition is the 
perception of motion in space. Johnson states, “our 
understanding is our mode of being in the world”, and thus 
“we are meaningfully situated in our world through our 
bodily interactions” [4]. For building a physical model in 
the traditional design activities, architects rely on moving 
and modifying pieces of materials in different sizes and 
locations. All these interactions with physical objects or 
spaces require body awareness. 

There have been many projects that employ the motions as 
the way of input when directly manipulating computer 
models, such as Gesture Modeling [5]. Some researchers 
also utilized hand motions to describe geometry for non-
professionals [6]. Due to the ability of exchanging data and 
parameterizing model that a CAD system requires, we 
borrow some ways of creating geometries in the current 
modeling applications with the motion inputs in our 
proposed prototype. 

SYSTEM DESCRIPTION 
In our first implementation, we employ SketchUp as the 
host program with a plug-in for controlling geometries and 
navigating the cameras because SketchUp adopts many 
metaphors from our physical environments, such as 
push/pull, and drawing right on surface. The prototype 
supports users to use both hands to directly manipulate the 
geometries by representing the locations of users’ two 
hands on a screen. When a hand “touches” an existing 
shape, the system will give visual feedbacks according to 
the gestures. 

In the hand gesture part, each hand plays a different role. 
For example, the left hand serves as a 2-D reference plane 
in the 3-D space to let the right hand draw shapes on it. The 
drawing gesture for right hand is “Pointing” (frame C of 
Figure 1). This gesture allows users to draw any shape. 
After the camera detect the points of the right hand gesture, 
the host computer will recognize them as basic geometric 
shapes, such as rectangles, triangles, circles, and polygon 
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shapes. These basic shapes could become the profile shapes 
for 3-D manipulations. In this version of the prototype, we 
implemented several fundamental 3-D modeling behaviors, 
such as extrude, scale, and Boolean operations. 

 

Figure 1. Basic Gestures in the Prototype System 

Since the concepts of these modeling commands are actually 
based on our physical environment, we could let users 
perform some basic gestures, such as pulling for extruding in 
frame F of Figure 1, pinching for scaling by combining 
frame B and frame E of Figure 1, and grabbing for moving 
geometry by using right hand shown in frame D of Figure 1. 
Instead of only executing the commands by showing these 
gestures, the spatial information for these gestures is also 
detected by depth camera so that the system can know how 
far the user is pulling in scale, and toward which direction. 

IMPLEMENTATION 
In order to build the prototype, we employ a depth camera, 
Microsoft Kinect sensor for recognizing hand gestures and 3-
D locations, and a host computer with a screen for computer 
vision analysis and visual feedback generations. There are 
two software components: (1) analyzing image stream from 
the device and (2) generating the geometry representations. 
In the first part, we adopt OpenNI as the middleware for 
natural interaction library, and OpenCV for analyzing each 
image frame. The former software library helps us to detect 
hand locations and managing image streams from the device. 
The depth camera can generate the regular RGB frames as 
well as depth raw data in 30 frames per second. The depth 
raw data not only gives the distance from the camera to 
objects in each pixel, but can also produce grey-scale images. 
These grey scale images are used for recognizing hands and 
fingers to produce the meaningful gestures in our prototype 
system. When the software in the first part recognizes the 
movements and gestures, the program in the second part will 
execute certain actions, such as generating a 3-D shape, or 
moving the scene or a shape. 

In this program, we have two separated views for users to get 
the visualization feedback. One is a regular view for showing 
the perspective window, and the other one is to show a 2-D 
top view of the current scene.  

 

We believe that these two views give designers the enough 
contextual information so that designers can imagine the 
spatial conditions in front of them. 

In the navigation part, we simply restrict the view camera of 
the system on a fix height in order to reduce the complexity. 
For panning, users simply perform the gesture “Five” (Frame 
A of Figure 1) on a left hand and move their hand around. 
For rotating the view camera, users need to use their both 
hands to perform “Five” gestures and make a movement like 
a circle. The view will rotate in accordance with the center of 
the circle they perform. For zooming in and out, users have 
to perform “Gun” (Frame B and E of Figure 1) gesture on 
both hands. The scale of zoom is according to the distance 
between two hands. 

DISCUSSION 
This prototype system creates a new way of generating 
computer geometries for designers. Even though designers 
cannot create precise shapes in this system, they can use their 
hands freely to create shapes according to their imaginations 
and spatial perceptions. This prototype system adopts the 
movement of both hands to control the pushing/pulling, 
scaling, and panning/rotating view. These movements 
provide additional perceptions that the traditional modeling 
system couldn’t provide. We are planning user studies to 
understand how these movements affect users’ spatial 
cognition. 
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