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Abstract. We have developed a new sensing device, named by “CyARM“. 
CyARM is one of Active Perception device, based on activeness of human per-
ception. In order to clarify information for shape perception using CyARM, an 
experiment had conducted. Results of this experiment show that shapes with 
sharp edges are identified easily, but shapes with smooth edges are identified 
with greater difficulty. In other words, the subjects perceived changes in dis-
tance from the sensor to the object as object edges. Furthermore, from the re-
sults of multi-dimensional scaling, it is suggested that object shapes perceived 
by the subjects were classified according to the sharpness of the edge and by the 
ratio of height and width. In addition, motion analyses were conducted. The re-
sult shows, it is suggested that user tend to swing arm to front arm mainly in 
motion of lateral direction. 
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1   Introduction 

In recent years, with developments in sensor technologies sensing devices for assist-
ing people to perceive their environments have developed. Such devices get data and 
provide it to the user. Sensing devices need to provide this data as meaningful infor-
mation to users, because user cannot perceive environment from only such law data. 
Therefore, sensing devices have to be designed in view of human perceptions.  

In this article, it is investigated about next two points through introduction of sens-
ing device, which is thought human perception, and shape perception experiment 
using sensing device. 1) Information for shape perception using a sensing device. 2) 
How to move a sensing device for shape perception using a sensing device.  

2   Concept 

In this article, we focus on active human perception. Sensing devices for assisting 
people to perceive their environments are used at their daily environments. Such  
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environment has complexity and change sequentially. Sensing devices need to  
provide this complex data as meaningful information to users. So that, in our study, 
ecological approach to human perception is adopted. In this approach, complex envi-
ronments are intended. 

2.1   Activeness of Perception 

In the ecological approach, human perception is known as ‘active’ [1]. This means 
that the action is comprehended in the perception [2]. For example, head moving to 
see or listen surroundings is action for perception. For another example, in order to 
detect and perceive an environment, humans stretch arms, make sounds and listen to 
reflected sounds (echolocation). In other words, human pick up the information within 
the environment employing sensory organs (eyes, ears, and arms, et al.) for various 
purposes [3]. Therefore sensing devices, which help user’s perceptions, should be 
movable in ways that mimic sensory organs. 

In this approach, it is thought the advantage of moving sensory organ is that such 
action can change the energy structure in the environment. By changing the energy 
structure, human can pick up the invariant. The invariant is information for perceive 
the environment. 

2.2   Active Perception Device 

We thought sensing devices, which help user’s perceptions, should be movable in 
ways that mimic sensory organs under activeness of human perception. Users may be 
able to pick up invariant to change sensing data using such sensing devices, and  
perceive their environment. 

We called such sensing device, which user can move sensors freely, “Active Per-
ception Device”[4]. 

2.3   CyARM 

Over the past few years our research team has been developing a new sensing device, 
which we refer to as CyARM [5], to be applied specifically for the environment per-
ception of visually impaired persons.  

CyARM measures the distance between a user and an object by ultra sonic sensor 
and transmits it to the wire’s length, which connects to body of CyARM and user’s 
waist. Accordingly, distance data is offered as bending user’s arm. CyARM is Active 
Perception Device, which is able to be used changing sensing data. 

2.4   Shape Perception Using CyARM 

CyARM does not only measures and transmits the distance between a user and an 
object to the user’s haptic sense, but also helps perceive the shape of objects with-
out viewing of the object (See Fig. 2). CyARM also extends arm movements so that 
the user can shake or walk with the device to perceive the shapes of the object. With 
the successive measurement of distance, CyARM records different distances when 
the user changes position or direction. It is assumed, hence, that the pattern in 
changing measured distances depends on the shape of object. From these points we  
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Fig. 1. CyARM 

hypothesized that CyARM may enable the user to identify the shape by moving the 
device to trace the surface. 

If user can perceive object shape using CyARM, what is the information for shape 
perception? It is thought that changing pattern of distance from sensor to object is 
able to be shape specific information. Therefore, user may be able to perceive object 
shape to pick up shape-specific changing pattern of distance from sensor to object. 

The changing pattern from sensor to object is depends on two things following  
below. 

1. Object shape 
2. Way to move CyARM by user 

In object shape, especially, object edges make changing of distance from sensor to 
object. There are two kinds of edges: sharp edge and rounded edge. At sharp edge, 
distance may change immediately. By contrast, at rounded edge, distance may change 
slowly. Therefore, edge kind is expected to be cue for shape perception using CyARM. 

 

Fig. 2. Concept of Shape Perception using CyARM 

3   Purpose 

We conducted an experiment to prove the perceptibility of CyARM, to clarify infor-
mation in shape perception, and to clarify the relationship between the way of moving  
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CyARM and the accuracy of shape perception by using it. Changes of distance by 
object shapes were focused on, specially, features of perceived shapes and classifying 
them. 

4   Method 

4.1   Subject and Material 

Subjects were eight university students and two graduate students. They have never 
used CyARM by this experiment. Subjects ware blindfolded and equipped with 
mounted headphone. 

As a device to perceive object’s shapes, CyARM was adopted. In order to maintain 
distance from a subject and the object, the “guide” for locomotion was put into the 
place. The guide was 1.5m in radius. There were four shapes: “sphere”, “cube”, “rec-
tangular solid”, and “cylinder”. Objects surfaces were common material (papers), 
because ultrasonic reflectance depends on object’s surface material. All objects vol-
ume was 47713 cm3. This experiment condition can be seen in Fig. 3. Furthermore, in 
this experiment, user’s motions were captured by two video cameras  (30 frame/s) and 
motion capture system (PV Studio 3D). 

 

Fig. 3. Experiment Environment 

4.2   Procedure 

1. Subjects were asked to use CyARM and scan an object in a distant place. They 
were allowed to move only within the guide. 

2. Then the subjects were required to state their judgments of the shape. There were 
four shapes: “sphere”, “cube”, “rectangular solid”, and “cylinder”. The objects 
were presented randomly. 

3. The 12 trials consisted of three trials at each of the four objects. Before trials, there 
were training trials. In training trials, there ware two shapes: “cone” and “triangle 
pole”.   Subjects were informed start and end of trials by knocked their shoulders.  
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5   Result Specifying Shapes 

The mean percentage correct identification score for the sphere, cube, rectangular 
solid, and cylinder were 26.7, 46.7, 40.0, and 20.0, respectively. A percentage re-
sponse matrix for this experiment can be seen in Table 1. T tests compared the mean 
percentage of correct identification for each shape relative to the chance level 
(25.0%). Results of the T test show that performance with cube and rectangular solid 
was better than chance level at p < .05. By contrast, performance with sphere and 
cylinder was not significantly better than chance. 

Table 1. Percentage of responses for each shape 

Reported Presented shape 
shape sphere cube rectangular cylinder

sphere 26.70 20.00 36.70 16.70 

cube 10.00 46.70 23.00 20.00 

rectangular 17.00 20.00 40.00 23.30 

cylinder 40.00 30.00 10.00 20.00 
 

5.1   Classification of Perceived Shapes  

An additional analysis was conducted to determine similarities of identified shapes by 
multi-dimensional scaling. Result of this analysis, cube and rectangular solid are laid 
out in the superior region, and sphere and cylinder are laid out in the inferior region 
along vertical axis (dimension 1). Cube and sphere are laid out in the right side, and 
rectangular solid and cylinder are laid out in the left side along vertical axis 
(dimension 2). This chart can be seen in Fig. 4. 

5.2   User’s Motion   

Motion analysis was conducted to clarify the relationship between the way of moving 
CyARM, and the accuracy of shape perception by using it. The motion data of each 
arm’s joints (wrist, elbow, shoulder) and a sensor of CyARM while shape perception 
tasks were analyzed. 

In order to analyze motion relationship between each arm’s joint (sensor-wrist, 
wrist-elbow, elbow-shoulder), each cross-correlation coefficient between time series 
of them were calculated. The mean of square values of cross correlation coefficient 
(r2) are used to ANOVA for each pairs of arm’s joints and a sensor. the cross correla-
tion coefficient of elbow-shoulder pair (0.70) was larger than sensor-wrist pair (0.61) 
and wrist-elbow pair (0.59). An ANOVA revealed significant main effects for each 
arm’s joints and sensor, F (3, 10) = 3.83, p < .05. Pairwise comparison tests for each 
pairs of joint showed that the cross correlation coefficient of elbow-shoulder pair was 
larger than wrist pairs significantly (p< .05). 

The mean of square values of cross correlation coefficient in correct identification 
for the sensor-wrist pair, wrist-elbow pair, and elbow-shoulder were 0.69, 0.66, and 
0.68, respectively. On the other hand, the mean of square values of cross correlation 
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coefficient in erroneous identification for the sensor-wrist pair, wrist-elbow pair, and 
elbow-shoulder were 0.58, 0.57, and 0.70, respectively. 

6   Discussion 

6.1   Accuracy of Specifying Shapes 

Performance results for the cube and rectangular solid were higher than random 
chance. In contrast, performance results for the sphere and cylinder were not signifi-
cantly higher than random chance. These results show that shapes with sharp edges 
(cube and rectangular solid) are identified easily, but shapes with smooth edges 
(sphere and cylinder) are identified with greater difficulty. In other words, the sub-
jects perceived changes in distance from the sensor to the object as object edges. 
Gradual changes in distance were not easily specified.  

The low accuracy of the “cube” and “rectangular solid” testing may have been in-
fluenced by the fact that the subjects of the experiment had no prior experience using 
CyARM. Further study is needed to determine whether improvement in accuracy can 
be achieved after becoming acquainted with the use of CyARM. 

6.2   Classification of Perceived Shapes   

From the results of multi-dimensional scaling, it is suggested that object shapes per-
ceived by the subjects were classified according to the sharpness of the edge and by 
the ratio of height and width. It is also possible to classify actual shapes in this man-
ner. Therefore, these results may indicate no qualitative difference between identified 
shapes and actual shapes. 

 

Fig. 4. Similarity of Shape identified by participants 

6.3   User’s Motion   

If user swing elbow, the relationship between his elbow and his shoulder is not con-
stant, and elbow-shoulder pair’s cross-correlation coefficient is lower value. From the 
result of motion analysis, elbow-shoulder pair’s cross-correlation coefficient was 
higher value than other pairs of body parts. Therefore, it is suggested that user tend to 
swing arm to front arm mainly in motion of lateral direction. 
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7   Summary and Future Works 

In this article, we attempted to test whether a shape could be perceived using an “Ac-
tive Perception Device” that moves similar to a sensory organ. In the experiment, the 
active perception device called CyARM was used. Results of the experiment showed 
that sharp-edged shapes could be identified, but smooth-edged shapes were more 
difficult to identify. Object shapes were classified by sharpness of the shape’s edge 
and by the ratio of height and width. 

As previously mentioned, identification of the shape of an object is determined not 
only by the change in distance between the user and the object, but also by how the 
user moves CyARM.  Perceived shapes do not depend on only how to move, because 
percentage correct identification scores was not significantly difference. As such, 
continued study of the CyARM device is needed to analyze the relationship between 
the method of moving CyARM and the accuracy of shape perception, as well as the 
perception of shape itself, using the motion data between shape perception tasks.  

Furthermore, motion analysis was conducted to clarify the relationship between the 
way of moving CyARM, and the accuracy of shape perception by using the motion 
data of each arm’s joints and sensor of CyARM between shape perception tasks. In 
order to analyze motion relationship between each joint, each cross-correlation func-
tion between time series of them were calculated. As a result, he maximum value 
squared of cross-correlation coefficient between wrist and elbow motion of horizontal 
axis were marked difference. This result suggests that user swing arm to front arm 
mainly in motion of lateral direction. 

We will conduct additional experiment in order to clarify effective motion for 
shape perception using CyARM. In the experiment, it is compared user’s motion 
between expert of shape perception using CyARM and novice’s it.  

These findings will be eventually applied to the designing of a more sophisticated 
environment perception device. CyARM also is able to use as sensory substitution 
system for blind people. The information for shape perception using CyARM and 
effective way to move sensor of it for blind people and for general people would be 
not the same. In order to apply CyARM for sensory substitution system, we will.  
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