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ABSTRACT 
This paper presents a system for providing haptic feedback 
that corresponds to surfaces at distance. The Haptic Laser is 
a handheld device that simulates the sensation of feeling 
surfaces that the user is pointing the device at. This is ac-
complished through inexpensive motors actuated by a 
computer vision input system. The device uses a camera for 
clutter detection, a laser for distance estimation, and motors 
(both vibration and pulse) for haptic feedback. The device 
can easily be held in one hand and is battery powered. Its 
primary application is to improve the navigation ability for 
visually impaired users over their existing canes. 
ACM Classification: H5.2 [Information interfaces and 
presentation]: User Interfaces. - Graphical user interfaces. 
General terms: Algorithms, Measurement, Performance, 
Design, Experimentation, Human Factors. 
Keywords: Haptic Feedback, computer vision, motor con-
trol, assistive device 

INTRODUCTION 
Although there are many handheld devices that provide 
haptic feedback, there are currently no systems that appro-
priately combine computer vision techniques and haptic 
feedback for use in navigating and determining the proper-
ties of a targeted object. The Haptic Laser attempts to 
bridge this gap. Its goal is to provide users with the sensa-
tion that they are interacting with whatever object they 
point the device at. 
The primary application for the Haptic Laser is providing 
visually impaired individuals with an improved navigation 
experience. Currently most visually impaired individuals 
navigate their surroundings with a simple cane. This pro-
vides a single point of feedback that allows for distance 
estimation (via the length of the cane) and texture determi-
nation (by moving the cane across a surface). This feedback 
is very limited in that it requires a large number of samples 
to determine the nature of an object because the interaction 

only consists of a single point. Furthermore, canes are se-
verely limited in that they can only convey distance by in-
teracting with objects that happen to be exactly the distance 
of the cane away from the user. 
The Haptic Laser device improves upon this single point, 
single distance type of feedback because it can summarize 
areas that the user is targeting, provide distance informa-
tion, and give different feedback types depending on the 
properties of the object. Such feedback is currently impos-
sible with canes designed for the visually impaired. 
Unlike a typical cane, which only gives feedback for ob-
jects at a fixed distance, the Haptic Laser provides feedback 
even if the target is far away. This is something that a cane 

 
Figure 1: The first prototype of the Haptic Laser 
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cannot convey because it has a defined length. In the Hap-
tic Laser this information is conveyed through a moving 
mass inside the object which changes the balance properties 
of the device depending on the distance between the device 
and the target. 
A cane can determine the features of an object by using its 
single point feedback system. Furthermore a user must take 
time away from navigation to determine if an object is not 
similar to its surroundings. The Haptic Laser provides a 
much more efficient solution by actively determining 
whether an object is different from its surroundings. This 
feedback is conveyed by activation of the vibration motors. 
A target’s clutter properties can be determined by activat-
ing vibration motors whose intensity corresponds to the 
target’s amount of clutter. Clutter is defined as a region that 
differs significantly from its surroundings or a particularly 
noisy area of an image (contains different shapes, lines, 
colors, etc.). An example of this is where targeting a plain 
floor with no objects on it would not be considered clut-
tered; targeting a nearby chair would be considered clutter 
because it is very different from the ground around it. Clut-
ter detection provides feedback that there is an object being 
targeted which is not similar to its surroundings.  
Often while using their cane, a visually impaired individual 
will experience a jump in distance which triggers a sudden 
feedback response. In the Haptic Laser, large changes in 
targeting distance are conveyed by activating a solenoid. 
The solenoid gives a sudden mechanical jolt to the device. 
This is supposed to make the user feel like they are jump-
ing between two different distances with their cane. 
Whereas using a cane for an extended period of time might 
be fatiguing for a user, using the Haptic Laser will not be. It 
will be lightweight and fit entirely within a user’s grasp. A 
user will be able to continue using the Haptic Laser for an 
extended period of time, which provides a much better 
feedback mechanism than a typical cane. 

RELATED WORK 
Previous haptic devices have mostly focused on experimen-
tation with the haptic feedback mechanisms themselves and 
not incorporating them with computer vision techniques. 
Solenoids have been used in handheld devices to provide 
feedback to user interaction.[3] The haptic pen was de-
signed to be a haptic stylus, which could trigger a solenoid 
depending on certain user interactions. 
Furthermore, devices with shifting weights have been de-
veloped to provide increased user interaction with mobile 
phones.[2] In this research mass shifts were triggered by 

user interactions, such as drag and drop. In this study it was 
concluded that mass-shifting feedback might help aid inter-
action while the user was distracted or not looking at the 
device. 

SYSTEM DESCRIPTION 
The Haptic Laser provides distance, edge, as well as clutter 
feedback. Feedback activated by the computer vision algo-
rithms used in the device. 
The device will provide feedback if an area appears clut-
tered. For the Haptic Laser project clutter is defined a re-
gion that is not similar to its surroundings. For example, a 
smooth floor would not be considered cluttered because it 
appears as uniform regions with no visually discrepant ar-
eas, whereas a group of chairs on that surface would be 
identified as clutter. The user is able to sense the intensity 
of the clutter perceived by increasing the motor vibration 
frequency so that a stronger response is perceived. The 
motors are also able to distinguish between the clutter be-
ing on the right or left side of what the user is targeting. In 
this case the Haptic Laser is able to use local motor control 
to give the user the sensation that either the right side or the 
left side of the device is providing feedback. Another inter-
esting result of this innovation is that sweeping the device 
across a cluttered region results in the sensation sweeping 
across the user’s hand. 
The device also responds if it detects a large change in dis-
tance, such as pointing to a near object then suddenly point-
ing at something in the background. This is accomplished 
using both the on-board camera and through the attached 
laser. The on-board camera is used to determine the ap-
proximate distance that the laser point is away from the 
device. As the laser point distance changes, its position in 
the camera image also changes, appearing closer to the 
center of the image as the distance increases. From this 
information, the approximate distance of the laser point 
from the device can be determined. The device waits until 
it has detected a large change in distance and responds by 
activating a solenoid. This provides the user with the sensa-
tion that they are moving across a boundary between two 
objects. In the second prototype of the device, an additional 
feedback mechanism was introduced which allows the ap-
proximate distance information to be conveyed as haptic 
feedback to the user. This approximate distance informa-
tion is used to change the location of a mass within the de-
vice. When the laser point is far away, a servo motor is 
activated which pushes the mass away from the user. When 
the laser point is close, a servo motor is activated which 
pulls the mass towards the user. 



 

 

IMPLEMENTATION DETAILS 
The Haptic Laser device has two main components. Half of 
the system is located on the device itself. This includes the 
camera, laser, vibration motors and solenoid motors. The 
second half of the Haptic Laser system is actually located 
on a tethered laptop and contains the software for the com-
puter vision processing and software motor control. First, 
the computer vision system will be described, and then the 
motor control system will be discussed. 

Computer Vision System 
The Haptic Laser device is fitted with a camera so that it 
can use computer vision techniques to process its surround-
ings. Although a variety of cameras were tested initially, 
the Sony PlayStation Eye Camera was chosen because of 
its relatively low cost, high resolution and fast frame rate. 
This camera is able to capture 640x480 pixels at 60 frames 
per second (the camera also supports 320x240 at 120 frame 
per seconds but suitable drivers could not be found to sup-
port this functionality). Resolution is important for the 
Haptic Laser because it allows the device to provide more 
detailed information about clutter and determining where 
the laser point is located. A high frame rate is critical be-
cause the user could move the device quickly and it must 
still give feedback to the user without being overwhelmed 
by motion blur in the image. 
Distance Evaluation. To determine the approximate dis-
tance that the device is from the targeted object, a combina-
tion of a red laser pointer and camera system is used. The 
laser points directly in from of the device. From this, the 
laser point is identified in the camera image using computer 
vision techniques and its approximate distance as well as 
distance derivative is computed. The process is done as 
follows:  

1. The image is first pre-processed by cropping it. 
This reduces the search space of the laser to a nar-
row band in the center of the image. 

2. The image is then processed so that only the pixels 
with red values greater than some threshold re-
main. This is first completed by squaring the in-
tensity of the pixels in the image, to exacerbate the 
difference between high and low intensity red 

components. Then only the pixels which have a 
red component which is significantly larger than 
their green or blue components are kept. 

3. The green and blue components of the image are 
discarded. 

4. The remaining pixel intensities are put through a 
threshold so that only the brightest pixels remain. 

5. The remaining image is searched for the brightest 
group of pixels. This is considered the laser point. 

6. A bounding box is created which surrounds the la-
ser point. This bounding box defined the search 
area for the laser in the next frame (it will not 
move far between frames). 

7. The y position of the laser point is subtracted from 
where the laser point would be in the image at a 
distance of infinity. 

8. The log of the value from the previous step is 
taken because the laser point y positions are best 
approximated as being exponential in nature. It 
changes quickly when the laser point is close, and 
changes very slowly when the laser point is far 
away. This value is considered the approximate 
distance. 

9. This result is then weighted with the previous 
frame’s value because the distance data tends to be 
fairly noisy. 

10. Finally the distance derivative is determined by 
subtracting the current filtered value from the pre-
vious value. When this exceeds a threshold then 
the laser is said to have greatly changed its dis-
tance. 

Clutter Detection. The Haptic Laser uses an algorithm that 
determines clutter based on the number of connected com-
ponents in blocks of the image. The algorithm is based on 
the texture detection algorithm developed at HP Laborato-
ries in Israel[1]. However, it has been modified for per-
formance and to detect more macroscopic changes in the 
image for the Haptic Laser project.  

 
 
 
 
 
 
 
 

Figure 2: Image with laser point 

 
 
 
 
 
 
 
 

Figure 3: Found laser point 



 

 

1. The image is pre-processed with a Gaussian blur 
to remove excessive noise from affecting the clut-
ter detection results. 

2. Then the image is divided into blocks (use 20x20 
pixels for Haptic Laser clutter detection). Each 
block is processed independently of every other 
block. 

3. For each block, the average grayscale value is de-
termined. The Haptic Laser project has changed 
the way that the average is actually computed 
from the original HP implementation. An artificial 
weighting is added to make the average grayscale 
value lower than it actually should be. This change 
makes darker areas in the image much more likely 
to be considered cluttered. After experimentation, 
this modification gave more appropriate results 
than the original implementation. 

4. Pixels in the block are divided into two groups. 
One consists of the pixels that are lighter than the 
average grayscale value in the block and the other 
consists of the pixels that have a darker grayscale 
value than the average gray value. 

5. In each block the group with the greatest pixel 
count is designated as the background group. 

6. Count the connected components (CC) of the 

background. CC is defined as being the number of 
distinct background segments in the image block. 
If a background pixel is adjacent (up, down, left, 
or right) to another background pixel then it is 
considered to be in the same component. A simple 
union-find algorithm (which does a single pass 
over all pixels in the block) is used to determine 
the number of connected components. 

7. The number of connected components is normal-
ized by dividing the number of connected compo-
nents by the maximum number of connected com-
ponents seen so far for any frame. 

8. If the normalized connected component count is 
greater than a threshold, then the block is consid-
ered to have clutter. 

9. After all the cluttered blocks have been deter-
mined they are divided into two groups, those left 
of the center of the image and those to the right. 
The number of cluttered blocks on either side cor-
responds to the resulting vibration motor intensity. 
However, the motor is only activated if the clutter 
detected is different enough from the previous 
frame’s clutter. This prevents the motors from fir-
ing when the device is not moving. 

The default implementation of this algorithm does not 
achieve real time performance, which is critical for the 
Haptic Laser system. We achieved real-time performance 
by making the following modifications to the algorithm. 
First the number of memory allocations was reduced dra-
matically by reusing the buffer allocated for each frame as 
temporary storage. Furthermore, large memory allocations 
are done once for all frames and the buffer space is simply 
reused. Another improvement was to limit the clutter detec-
tion search space to only a small region centered on the 
laser point that changes according to the distance informa-
tion. 

Haptic Feedback 
The feedback portion of the device is able to convey a vari-
ety of sensations to the user depending on kind of object 
the user is targeting. When the device notices a large 

 
 
 
 
 

 
 
 

Figure 4: Image with cluttered and smooth surfaces 

 
 
 
 
 
 
 
 

Figure 6: Clutter detection results 

 
 
 
 
 
 
 
 

Figure 5: Pixels divided into whether they are lighter or 
darker than the average pixel intensity of the block. 



 

 

change in distance in what the user is pointing at, the sole-
noids trigger to convey this change. The clutter of a scene 
is conveyed by the intensity of the vibration motors. 
Vibration Motors. Two pager motors are used for providing 
clutter feedback. They are located on opposite sides of the 
device (one on the right and one on the left) and are located 
near where the user would hold the device to provide local-
ized feedback. Each motor can be controlled independently 
providing not only binary on and off capability but also 
intensity variation. The motors are DC with an asymmetri-
cally weighted mass on the motor shaft. This allows for 
vibration intensity to vary depending on the size mass lo-
cated at the end of the motor shaft. This project has chosen 
a relatively small mass so that the feedback intensity is 
appropriate for clutter and the power consumption is as low 
as possible. Currently the motors run at a maximum voltage 
of 3.3 volts and are able to produce a motor speed of 16000 
RPM. In order to interface with the Arduino chip, a simple 
NPN bipolar junction transistor (BJT) is used in series with 
the motor. A BJT is used in this case because the Arduino 
cannot supply enough current by itself to drive the motors, 
and increasing the current output might damage it. The BJT 
amplifies the current coming from the Arduino, while elec-
trically isolating this chip from the high power circuitry of 
the motor. The Arduino uses 8-bit pulse width modulation 
to interface with the BJT. Mounting the vibration motors is 
accomplished by a custom plastic case (which holds the 
motors in place) that is directly bolted to the haptic laser 
housing. Directly bolting the case to the housing allows for 
a more direct response to be achieved from the motors.  
The feedback that these motors create is in response to the 
amount of clutter associated with what the user is pointing 
at. Motor speed is varied to provide different sensations of 
clutter. Although currently the intensity of the vibrations 
are directly tied to the intensity of the clutter in the scene, 
future versions of the hardware and software control will 
use the vibration beats (created by the difference in vibra-
tion frequencies of each motor) to create a stronger sensa-
tion of clutter. 
Solenoid Motor. Two solenoids provide feedback when the 
haptic laser device has detected a large change in distance.  
The two solenoids consist of pull-type solenoids with mag-
netic latches. Each solenoid is pointed towards the other, so 
that their plunger shafts can be connected. For the first pro-
totype, two solenoids were required so that they can over-
come their latching forces. One solenoid will pull, over-
coming the latching force on the other. When the second 
solenoid pulls it will overcome the latching force on the 
first one and so on. Each solenoid operates at 6 volts, with 
the pair drawing a maximum current of 1.5 amperes. 
As a result of using two solenoid motors, the control circuit 
must be able to trigger both solenoids simultaneously in 
opposite directions. Due to these requirements a custom H-
bridge circuit is used. The H-Bridge is used for bidirec-
tional control of the motor. This is necessary so that the 
solenoids can be set (pulled and latched) as well as reset 

(latch released). The terminals to the solenoid are con-
nected in the opposite polarity from one another. When 
solenoid A is set, solenoid B is reset and vice versa. 
This circuit is also controlled from the Arduino chip. Its 
outputs are connected to the bases of the H bridge transis-
tors. Shown in Figure 7 is the mapping from Arduino input 
to the output of the solenoids. 
So that feedback to the user is maximized, the cases of the 
solenoids are screwed into the plastic motor housing which 
allows the solenoid plunger to directly impact the rear plas-
tic wall of the device. 
Solenoid Motor for Haptic Laser Prototype 2. Although the 
first prototype met the requirements of the distance deriva-
tive feedback, there were a number of downsides to its de-
sign. First, it required two solenoids, which increased 
power consumptions from the batteries and the controller 
logic was more complicated because it was required to 
keep track of the state of the solenoids (whether pulled or 
latched). The second prototype is a slight variation of the 
original design. The main differences is that there is only a 
single solenoid is used and the maximum current draw is 
reduced. 
Since the second solenoid has been removed, a spring was 
added to allow the motor to reset itself after it fired. The 
single solenoid operates at 12 volts and draws a maximum 
current of 1 ampere. Due to the fact that there is only one 
solenoid, the control circuit has been greatly simplified. 
From the Arduino, a simple NPN BJT transistor is placed 
in series with the motor. Another reason why this design is 
preferred is that it greatly reduces the size of the device 
because of the simplified control circuit. To activate the 
solenoid, a simple 50 ms pulse is sent from the Arduino to 
the base of BJT transistor. 
Like the first prototype, the solenoid is attached in a plastic 
casing so that it can provide direct actuation to the rear 
plastic wall of the device. 

 
Arduino Inputs Solenoid 

Reponses 
Motor A Motor B  

0 0 Solenoids off 
0 1 Solenoid B fires, 

Solenoid A resets 
1 0 Solenoid A fires, 

Solenoid B resets 
1 1 Solenoids off 

 

Figure 7: Arduino input to solenoid response map-
ping 



 

 

Servo Motor for Haptic Laser Prototype 2. The first proto-
type of the Haptic Laser device allows clutter and change in 
distance feedback, however it lacked the ability to convey 
how far something is away. This ability was added in the 
second prototype of the device by moving a mass inside the 
device depending on the distance the Haptic Laser is away 
from the targeted object. The farther the device is away 
from the targeted object, the further the mass moves to-
wards the front and the closer an object is the further the 
mass moves towards the back. 
To a user of the Haptic Laser, the sensation feels like the 
device is extending when the target is far away and con-
tracting when the target is close. Because a mass’ position 
is changed in the device depending on the distance, it also 
affects how quickly the user is able to suddenly move the 
device. For distant objects, movement is more difficult be-
cause the mass is further away from the user’s hand, 
whereas for close objects sudden movement is much easier 
because the mass is closer to the user’s hand. This allows 
one to get a sense of the distance and be able to target dis-
tant object more accurately because sudden movement be-
comes more difficult as the distance increases. 
Shifting the mass is achieved by using a servo motor, 
which is connected to a rack and pinion gear system. The 
rack gear moves a large mass along the axis of the haptic 
laser. Controlling the servo requires 5 volts, which is more 
than the 3.3 volt output from the Arduino chip. To amplify 
the Arduino input to the necessary voltage an op amp is 
used which is configured for 1.5x linear gain amplification, 
so the servo receives the correct voltage. 
The servo is controlled from the Arduino. To control the 
direction of the servo’s rotation, a logic 1 pulse of 1.0 ms to 
3.0 ms in duration separated by 1.5 ms of logic 0 pulses is 
generated. The servo motor is capable of 180 degrees of 
rotation. A pulse width of 1.5 ms corresponds to the neutral 
position of the servo (at 90 degrees with the mass in the 
midpoint of the sliding track). Longer pulse widths (greater 
than 1.5 ms) correspond to angles greater than 90 degrees, 
so the mass will be moved farther away from the user. 
Similarly, pulse widths shorter than 1.5 ms correspond to 
angles less than 90 degree, so the mass will be moved 
closer to the user. The servo motor is mounted on an L-
bracket which is directly connected to the motor housing. 
Motor Control. As previously mentioned when describing 
all of the various motor types and their functionality, an 
Arduino Pro 328 (3.3 volts/8 MHz) chip from SparkFun 
Electronics is used to control the motors. A C API has been 
developed to interact with the Arduino that provides basic 
motor control. Currently the API only works for the first 
prototype of the device and includes a basic way to open a 
connection with the chip, set the vibration motor velocity 
and trigger the solenoid firing. 
Feedback Testing. The main goal when designing the hap-
tic feedback mechanism for the haptic laser is to provide 
the user of the device with the sensation that they are 
somehow interacting with the object or area they are target-

ing. Obviously this is a very difficult problem to solve, but 
the feedback achieved seems acceptable for the type of 
information that can be obtained from the environment. 
The feedback was primarily designed with the device’s 
primary function in mind, as an assistive device for the 
vision impaired. Using the haptic feedback, a user should 
be able to target objects and determine their characteristics 
as well as navigate an area without colliding with their sur-
roundings.  

PERFORMANCE OF DEVICE 
Through experimentation with the Haptic Laser, a number 
of situations have been identified where the device either 
performs exceptionally well or fails to provide accurate 
feedback. This section discusses these situations. 
Using the laser and camera system does allow for approxi-
mate distance information and change in distance data to be 
extracted. 

• Large changes in distance can be identified consis-
tently. This occurs when the device is pointed at a 
near object and then suddenly pointed at an object 
in the background. 

• When the laser point is found in the image, it 
gives an approximate distance estimation. This 
can be used to determine whether the laser is get-
ting closer or farther away as well as the relative 
closeness of objects. 

Although accurate information can be extracted, there are a 
number of situations that make this information difficult or 
impossible to obtain: 

• If the device is pointed at a very bright object, the 
laser almost always cannot be found. This occurs 
because the intensity of the bright object is much 
more than the intensity of the laser point in the 
image. 

• Specular reflections in objects can often cause the 
laser detection point to jump around because many 
laser point will be detected. The system works 
best if it is pointed at an object with lambertian 
surface properties. 

• If the laser is too far away, the intensity of the la-
ser point in the image will be too low and it cannot 
be detected. 

• If the laser is pointed at a soft object, then the re-
flected point will not be bright enough to be de-
tected in the image frame. This can cause the laser 
point to be lost. 

• Extracting accurate distance information from the 
laser point on the image can be difficult because it 
depends on the relative position between the  cam-
era and laser. Furthermore the position of the laser 
point in the image is non-linear with distance. 

Clutter can often be successfully determined in an image 
and is usually much more reliable than detecting the laser 



 

 

point. The benefits of using the proposed clutter detection 
algorithm are as follows: 

• Edges are not confused with clutter. If an edge is 
encountered with a block in the image, it is most 
likely that the connected component will be low. 
This is because the edge will most likely divide 
the block into two distinct intensity values. 

• Objects that do not match their background and 
structurally complicated objects are reported as 
being cluttered. An example of the first case is that 
a backpack lying on an otherwise clean floor will 
be reported as clutter. Furthermore a messy desk 
will be reported as cluttered because there are 
many different shapes and colors associated with 
it. 

• Clutter detection can be done in real time with the 
correct optimizations. 

Although clutter detection usually works well, there are 
cases when it will encounter difficulties and give erroneous 
feedback: 

• If the Haptic Laser is moved too rapidly, then the 
clutter information is blurred and will not result in 
an accurate texture determination. 

• The clutter detection algorithm can be deceived 
into reporting clutter by a simple image projection 
onto a wall. This occurs because there is only a 
single camera on the device, so it cannot deter-
mine whether a projection is a 3D object or not 
without much more sophisticated algorithms. 

When the Haptic Laser is in a relatively controlled envi-
ronment it tends to perform very close to expectations. 
However there are a number of situations that can arise 
(especially with the laser finding) that can prevent the de-
vice from performing as expected. 

USER STUDY 
Although the proposed device has the potential to vastly 
change the way people are able to interact with their envi-
ronments, it must be tested first so that its effectiveness can 
be determined. The user study will evaluate if the device 
actually does improve over current modes of navigation 
and interaction as well as evaluate the feedback mecha-
nisms. 

Study Design 
The Haptic Laser user study will take place in a conference 
room with a projector. This will allow for all aspects of the 
environment to be controlled, which is important for the 
first user study of a new device. 
First, the user must be allowed to learn the mapping that the 
device associates certain targets. They will be allowed to 
freely explore the conference room so that they can under-
stand what objects trigger clutter and when a large change 
in distance is detected for the solenoid to fire. 

The user study will consist of three phases. The first will 
test the user’s ability to find targets. The second will de-
termine the user’s ability to distinguish between targets. 
The third will determine if users can recognize targets from 
the haptic feedback. In all cases it is assumed that the user 
is not visually impaired. 
Test 1: Finding Targets. This first test is a simple test for 
whether the user can find a target if it in front of a uniform 
background. It will primarily test whether the clutter detec-
tion vision processing and vibration motors can success-
fully allow a user to find a target. During the test, vibration 
motors should not activate when the object has not been 
found, but when the user target near or on the desired ob-
ject they should activate. Furthermore their intensity should 
increase as they move from not pointing at the object to 
directly targeting the object. This scenario can be accom-
plished by placing an object in front of a relatively uniform 
background. 
Control: A target object (which gives a significant clutter 
response) will be placed in front of the user with a uniform 
background directly behind it. A marker will be placed 
behind the object so its position can be duplicated in subse-
quent tests. The user will find the target using a simple la-
ser pointer. 
Experiment: The user is now blindfolded so that they are 
unable to see the location of the object. The target is moved 
to a different position, so its position is now unknown to 
the user. The user will now attempt to find the target using 
the haptic feedback mechanisms on the haptic laser. 
Measured Variables: In each test the time required to ac-
quire the target will be recorded. This will give a measure 
as to how quickly the user is able to obtain the target when 
compared to the control test. When the user believes that 
they have acquired the target, they will announce it. An 
image will be taken of the object and where the user be-
lieves the object to be so that the accuracy of the targeting 
with the Haptic Laser can be determined. 
From the results of this test, it will be determined whether 
the user is able to acquire a target and how accurate that 
acquisition is. The primary goal of the test is to have the 
user successfully obtain the approximate location of the 
object and the secondary goal is for the user to find the 
exact position of the object using the vibration motor inten-
sity.  
Test 2: Discriminate Targets. This second test will deter-
mine whether a user can successfully distinguish between 
objects with different clutter amounts.  It will primarily test 
how sensitive the clutter detection algorithm is and whether 
the user can distinguish between different levels of clutter 
through haptic feedback. 
Control: First the user will be presented two objects that are 
identical in their clutter properties. The user will target the 
objects and get a sense of how similar the clutter response 
is for both objects. Then the user will be presented with 
two objects with very different clutter properties. The user 



 

 

will target the objects and learn how different the clutter 
response is for each object. 
Experiment: Like the previous experiment, the user will be 
blindfolded for the experimentation part of the test. The 
user is presented with a combination of objects with vary-
ing degrees of clutter responses. They must interact with 
the objects and announce whether they objects have the 
same or different clutter properties. 
Measured Variables: The test will determine how different 
the clutter response has to be before a user actually notices 
a difference. 
The results of this test will show if a user can successfully 
use the haptic feedback on the device to distinguish be-
tween different or similar targets. 
Test 3: Recognize Targets. In this test, the user is presented 
with an object, and then they are presented with a lineup of 
objects from which they have to identify which one is the 
original object they were presented. This test combines the 
results from the previous two tests and determines if they 
can be applied in a more general setting. Not only will they 
be using the Haptic Laser for determining the location of 
each object they are presented with, they are determining 
the similarity of each object compared to the original object 
they were presented with. 
Control: First an object is presented to the user. They must 
memorize the characteristics of this object, so that it can be 
recalled in the next step. Next, a lineup of objects is pre-
sented to the user and they must select which one matches 
the original object they were presented with. 
Experiment: The experiment is exactly the same as the con-
trol procedure, however in this case the user is blindfolded 
and they must use the haptic laser to distinguish objects and 
decide which one is the most similar. 
Measured Variables: The test will determine the number of 
times the user correctly matched the original object they 
were shown to the correct object in the lineup. 
Further Studies. Although this phase of the study will pro-
vide useful results for improving the vision system and 
haptic feedback of the Haptic Laser, there are many ways 
in which it can be expanded. One potential area for such 
improvement is to determine whether the user relies more 
on the clutter feedback (via vibration) or distance feedback 
(via solenoid) for determining similarity of objects. This 
could be tested by choosing objects that have strong dis-
tance or clutter feedback compared to the other response 
and determine which set of objects resulted in the user cor-
rectly identifying the matching object. 
Once the results from the previously mentioned studies 
have been studied and their results incorporated into the 
next prototype of the device, a larger interaction study must 
be completed so that the Haptic Laser’s effectiveness in 
allowing a user to navigate an environment can be deter-
mined.  

One way to go about doing this it to have a user explore a 
space with the Haptic Laser and have them draw or explain 
the space after they are done exploring it. This study could 
incorporate both sighted individuals (who are blind folded) 
and visually impaired individuals so that their experience 
with the Haptic Laser can be compared. The goal would be 
that the visually impaired individuals would perceive the 
performance of the Haptic Laser to be equal to or better 
than navigating the space with their existing cane. For the 
sighted but blindfolded users, they should be able to navi-
gate the space even though they do not have much experi-
ence navigating a space without the use of sight. 

ANALYSIS OF USER STUDY 
After the user study is complete, the results must be ana-
lyze to determine whether the device was effective at com-
pleting each task. If the device is not effective then it could 
be one of many potential problems with the device: 
Software did not behave as desired. During the tests, the 
software component, specifically the computer vision 
piece, might have not been able to pick up on the subtle 
differences during the test. If this is the case, then the soft-
ware should be tuned until the correct results are being 
achieved and the user study should be repeated. 
Haptic feedback did not allow users to make correct deci-
sions. During the test, users may have been confused about 
what the haptic feedback actually meant in relation to what 
they were pointing at. If the user is unable to correctly 
complete the tasks, they should be asked as to what sort of 
feedback they were expecting from the device in these 
tasks. In many cases the assigned feedback and the ex-
pected feedback might have been completely different. 

CONCLUSION 
The Haptic Laser will allow a visually impaired individual 
to navigate their world in a much more efficient manner 
than they ever have been able to in the past. Currently, 
most visually impaired individuals use a vision cane for 
sensing their environment. The problem with this type of 
input is that its distance is fixed, and the properties of an 
object are only detected at single points. The Haptic Laser 
allows for a large amount of information to be conveyed to 
the user so that they can more effective determine the char-
acteristics of and object or their environment. Distance in-
formation (between the device and target) is conveyed by 
moving a mass inside the device which changes the balance 
properties. This not only helps the user steady and aim the 
device at long distances, but it’s an effective way to convey 
approximately how far an object is away. Drastic changes 
in distance are conveyed by activating a solenoid, which 
provide a sudden snap in the device. This feedback simu-
lates a cane suddenly snapping between two objects of dif-
ferent distances. Furthermore, activating vibration motors 
conveys a region’s clutter. This is useful for navigation and 
determining when there is an object that is unlike its back-
ground which could be avoided if one is unable to see it. 



 

 

As outlined in this paper, a user study will be completed so 
that the Haptic Laser’s effectiveness at finding, discriminat-
ing and recognizing targets will be measured. This will 
provide essential information to not only determine how 
viable the device is, but it will pave the way for future im-
provements and further testing. 
Although in its current implementation the Haptic Laser 
must be tethered to a laptop and the clutter and distance 
information are still being perfected, the potential for this 
device are quite astounding. Using the Haptic Laser, a 
visually impaired individual could navigate their surround-
ings with more confidence and improvements to their navi-
gation could be as easy as a software upgrade. 
The eventual goal of the project is to have a user be able to 
successfully navigate their surroundings without using their 
own vision, and do so with a completely wearable package. 

FUTURE WORK 
Although the first two prototypes of the devices should 
allow a user to find and recognize targets, there is much 
work that can be done to improve the performance and 
feedback mechanism of the Haptic Laser. 
Remove Tethering. Currently the device must be tethered to 
a computer for both motor activation and for the vision 
processing system to function. Although this is acceptable 
for the initial prototypes of the device, it is not acceptable 
for use in a real world scenario with a visually impaired 
individual. There are two main steps towards the goal of 
removing the laptop tether. The first is still having the de-
vice tethered, but the computer system should be small 
enough that it can be comfortably worn by a user. This will 
allow for a more real world testing in that the user does not 
have to be followed around by a laptop. The second stage is 
to put all components entirely within the device itself, so it 
is completely portable. 
To complete the first goal of having the tethered computer 
wearable, the code must be ported so that it works on an 
embedded platform. All the vision processing code will be 
ported to C and use computer vision/graphics libraries that 
are available on embedded devices. After this has been 
completed, extensive performance testing and analysis 
must be completed to ensure that similar results can be 
achieved on the embedded platform as were achieved when 
the device was tethered to a laptop. Different vision algo-
rithms may have to be chosen because the computing 
power on these devices is limited compared to that of a 
laptop. 
The second goal of completely integrating the vision/motor 
control within the device will be much more difficult than 

the first goal of making the complete system wearable. It 
might be that this stage is never actually completely 
achievable in the near future. A suitable platform must be 
chosen which not only fits within the device, but it will be 
required to have enough processing power for the vision 
processing and motor control. 
Feedback Experimentation. As far as a first prototype, the 
current feedback system seems acceptable for basic naviga-
tion and identification in a controlled environment. How-
ever, there is much more information that can be conveyed 
to the user so they can get a better sense of their surround-
ings. For example a user could be told whether a room is 
well lit or not (which would inform the user how accurate 
the vision system will be) by changing the temperature of a 
device. If the device cooled down, the vision system would 
have detected a dim room. The feedback at this point might 
be inaccurate because the vision system will have difficulty 
making out its surroundings. If the device’s temperature 
remained neutral or if it became warm, then the room 
would be considered well lit. 
Further User Studies. More user studies should be com-
pleted so that the accuracy of the device is improved. Fur-
thermore, the mapping between the properties of the tar-
geted object and the haptic feedback should improved so 
that users receive the feedback they expect from the device. 
This is a difficult problem to solve, but with enough ex-
perimentation and use studies the appropriate mapping 
could be approximated. 
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