
Proc. 9th Intl Conf. Disability, Virtual Reality & Associated Technologies  
Laval, France, 10–12 Sept. 2012 
2012 ICDVRAT; ISBN 978-0-7049-1545-9 

471

Virtual 3D shape and orientation discrimination  
using point distance information 

S Maidenbaum1, R Arbel1, S Abboud1, D R Chebat1, S Levy-Tzedek1,2, A Amedi1,2 

1Department of medical neurobiology, Institute for Medical Research Israel-Canada, Faculty of Medicine,  
2The Edmond and Lily Safra Center for Brain Research,  

The Hebrew University of Jerusalem, Haddasa Ein-Kerem, Jerusalem, ISRAEL 

1shachar.maidenbaum@mail.huji.ac.il, 2amira@ekmd.huji.ac.il 

1brain.huji.ac.il 

ABSTRACT 

Distance information is critical to our understanding of our surrounding environment, 
especially in virtual reality settings. Unfortunately, as we gage distance mainly visually, the 
blind are prevented from properly utilizing this parameter to formulate 3D cognitive maps and 
cognitive imagery of their surroundings. We show qualitatively that with no training it is 
possible for blind and blindfolded subjects to easily learn a simple transformation between 
virtual distance and sound, based on the concept of a virtual guide cane (paralleling in a virtual 
environment the “EyeCane”, developed in our lab), enabling the discrimination of virtual 3D 
orientation and shapes using a standard mouse and audio-system.  

1.  INTRODUCTION 

Understanding the distance between ourselves and the objects surrounding us is fundamental to our 
perception of our environment. It helps us locate objects, estimate their sizes, recognize them and the spatial 
relation between them, manipulate them and navigate to and between them. Our perception of these distances 
relies heavily on visual information (as can attest anyone who ever tried to find something in a dark room). 

 This reliance on visual information is exacerbated in virtual environments, which are becoming an 
increasingly larger part of our lives in fields ranging from education through navigation to games. While 
computer screens are flat 2D surfaces, the information conveyed within them often includes depth 
information, known as 2.5D. This feeling of depth is accomplished using a series of graphical visual cues, 
such as shading, which our visual system interprets as depth. As this information is visual, it is completely 
inaccessible to the blind, and usually very difficult for the visually impaired to interact with as well.  

Enabling the blind to quickly and easily assess distance to virtual objects is especially important as virtual 
environments hold great potential for the blind, such as allowing them to safely pre-learn novel real 
environments before visiting them, when currently they are restricted to routes trained explicitly on a one-on-
one basis with an instructor, limiting independence in every-day lives. 

While many attempts have been made to create dedicated virtual environments for the blind, these 
environments suffer from two major problems. First, they rely on either a 3rd person map-like view from 
above (Feintuch 2006), or on simulating the white-cane within the environment (Lahav 2009), instead of 
allowing a more realistic egocentric 1st person or close-3rd person experience as most virtual environments 
offer and which is also easier for the blind to learn, since they use more egocentric-based spatial strategies 
than map-like ones. Second, they require heavily preprocessing for tagging various in-world objects with the 
meaningful descriptors these environments require, which renders most virtual worlds irrelevant. 

Here we attempt to use a virtual version of a new technique from the real-world, a virtual cane known as 
the “EyeCane” (Maidenbaum 2011), in order to avoid these problems. The “EyeCane” measures the real-
world distance between the device and the object it is pointed at using infra-red emissions and produces a 
corresponding auditory signal. As point distance information can be calculated from any 3D Mesh, using a 
virtual parallel of such a method is easy to implement in any virtual environment, which is a significant step 
in making nearly all virtual environments more accessible. Additionally, success under these conditions 
would show that it can potentially be achieved in the real world as well, showing the potential for real-world 
narrow-beamed virtual canes for enabling such recognition. 
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It should be noted that we are not the first to attempt to convey 3D virtual objects. Some previous 
attempts were made using tactile actuators to understand 3D virtual shapes. However, most such attempts 
required dedicated pre-processing, and unlike the widely accessible audio system used here, tactile actuators 
currently require a unique, and usually expensive, platform and are relatively low in resolution. 

It is interesting to note that while the blind subjects described the tasks as very difficult, and described at 
first difficulty in conceptually understanding them, they too were able to successfully complete the 2D shape 
and 3D orientation tasks with a success level similar to that of the blindfolded sighted, and the 3D object task 
in a manner significantly above chance, even if less so than the blindfolded subjects. We anticipate that 
following brief training their performance will improve to levels comparable with the sighted here as well. 

The extremely high success level in task 2, even with no training shows that this task is in fact far easier 
than expected, and that the basic ability to build a 3D mental image of a shape can be accomplished even in 
the absence of any vision, and even in the congenitally blind. 

While further analysis is required to quantitatively assess this data, we observed that during the tasks 
several subjects developed scanning strategies, beyond simply semi-randomly scanning the virtual shape. 
One such strategy was to scan the whole virtual scene in a coherent manner (such as traveling back and forth 
along the whole scene in parallel lines) and another was to try to mentally envision the shapes and look for 
specific differences between them (such as looking for sharp corners using a 90˚motion to differentiate the 
pyramid from the round shapes). Preliminary exploration of this data reveals that both strategies were more 
efficient than random scanning, while the second strategy was more efficient than the first  

5. CONCLUSIONS 

In conclusion, we have presented here a simple-to-implement system which the blind, visually impaired, and 
in some cases even the sighted, can use to understand 3D information by exploration. We have shown that 
this information alone is enough for the subject to recognize simple shapes and 3D orientations even without 
any training, indicating that this algorithm may serve as a useful tool for making virtual environments more 
accessible to the blind. 

These results also lead us to view optimistically the potential use of the “EyeCane” in the real world for 
not only locating obstacles but also for a low-resolution understanding of main components of whole 
environments and their surrounding spatial layout.  

Additionally, as these tasks and others using this technique can be performed safely while within an fMRI 
scanner we can utilize it to explore the creation of the novel sensory-motor loop in the groups of subjects to 
better understand the neural correlates of spatial representation and learning.  
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