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ABSTRACT 

Enhancing Blind Navigation with the Use of Wearable Technology 
 

David Brhlik, Temiloluwa Otuyelu, and Chad Young 

Department of Electrical and Computer Engineering 
Texas A&M University 

 

Research Advisor: Dr. Tracy Hammond 
Department of Computer Science and Engineering 

 

Research Advisor: Dr. Theresa Maldonado 

Department of Electrical and Computer Engineering 
 

The goal of this research was to design and develop a wearable device that enables blind users to 

accomplish regular navigation, especially that of unfamiliar areas, more easily and without the 

aid of a human assistant. Successful navigation includes the ability to avoid obstacles in the 

user’s path as well as being able to walk to a specific destination without previous knowledge of 

the directions. The main concern and need for improvement in existing technologies was the 

device-user interface, which must be designed for blind individuals. The user interface was 

carefully designed to maximize the amount of relevant information that could be passed to the 

user but minimize the distraction and the learning curve as well as being small and discreet 

enough to allow users feel comfortable wearing it in public. To meet these goals, we took the 

placement of sensors on the body and vibration patterns used to communicate navigational data 

to the user into consideration when designing our system. A white cane is sufficient for most 

obstacle avoidance, but fails to alert the user of low hanging objects, which runs the risk of 

collision with the head or shoulders. However, interviews with blind individuals showed that 

because white canes or seeing-eye dogs can protect against most obstacles, navigational 

guidance was preferred over obstacle avoidance in general. We discovered that the best 
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combination of wearability and functionality is a modular system whose components can be 

worn according to the needs of the user. The system is designed to work in tandem with the 

user’s normal obstacle avoidance method, usually a white cane or seeing-eye dog. The two 

modules developed were an obstacle avoidance device that can be worn on the head or shoulders 

to provide protection against low hanging objects that canes and dogs don’t provide and a 

navigation belt that give directional cues to guide the wearer to a specific destination. Both 

devices use haptic feedback to communicate with the user.  This research will enable the blind 

population to navigate both familiar and unfamiliar areas more easily and help them learn their 

surroundings more effortlessly. 
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CHAPTER I 

INTRODUCTION 

 

Vision plays a critical role in navigating both familiar and unfamiliar environments. With the 

complete or partial lack of vision, unaided navigation through and exploration of an environment 

becomes almost impossible. While other senses will compensate for the lack of sight to some 

extent, blind individuals often have to rely on the use of other methods to be able to successfully 

navigate their environments. The traditional methods that are used to help the blind navigate 

include the white cane and seeing-eye dog. These two methods in particular have been in use for 

many years and are often touted as the best and most reliable navigation tools. However, these 

methods do still have some shortcomings. While the cane works well for detecting objects on the 

ground, it cannot detect low-hanging objects above the waist, which can lead to problems with 

users running into tree branches, sloped ceilings, or other obstacles. Seeing-eye dogs are 

expensive to train and need continuous care. They are also trained to simply stop walking when 

they encounter an obstacle of any type. This leaves it up to the blind person to determine the 

nature of the obstacle. Often, they must resort to probing the area directly in front of them with 

their foot or their hand. In light of these shortcomings, our research will focus on developing a 

system that uses technology to overcome these inadequacies. 

 

Our system has two purposes, to help the wearer avoid obstacle in their path and to actively 

navigate them to a destination. In addition to these purposes, we also designed our system to be 

cheap, easy to learn and use, and to be inconspicuous or aesthetically pleasing. This research has 
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the goal of not only showing that the technology necessary to achieve these purposes can be 

built, but also that it can be designed to be practical  and comfortable to the user. These goals 

were achieved by using two separate and independent modules: one for obstacle avoidance and 

one for navigation. The two modules will be considered and discussed independently of each 

other.  

 

Prior Works 

One of the main focuses of our research lab at our university is wearable technology and its 

applications to health. There has been much work done in this area by researchers in our lab. The 

Gaze and Foot Input: Toward a Rich and Assistive Interaction Modality study focused on the 

control of a computer using gaze (Rajanna, Hammond). Another study investigated the same 

technique, with the addition of a foot-operated quasi-mouse that was used for button clicks 

(Rajanna, Hammond). A study done to help improve the recovery of physical therapy patients 

was conducted, and produced a wearable device that communicates with the user through 

vibrations (Rajanna, Vo, Barth, et al.). Another study focused on the interface between a user and 

vibration motors that were used to communicate information in the form of verb phrases (Prasad, 

Russell, Hammond). The device that we gained our inspiration from was developed in the 

HaptiGo study, which was a vest with integrated vibration motors that would provide a user with 

navigational prompts (Prasad, Taele, Olubeko, Hammond). This research is also the continuation 

of research done previously by members of our research lab. The result of this prior research was 

the creation of a wearable belt integrated with ultrasonic sensors that was able to detect nearby 

objects and warn the user that they were close using vibration motors also integrated in the belt 
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(CANE). While our device draws inspiration from all these studies, it is novel because it is 

optimized for use by the blind, and it is also in a belt form factor. 

 

With the miniaturization of technology, and the development of more advanced sensors and 

microprocessors, there has been much research done exploring the use of in the area of using 

wearable technology to improve the lives of the physically disabled. Specifically for the blind 

population, there have been many devices created that attempt to make obstacle avoidance or 

navigation easier. Our devices attempt to aid in both of these areas. One research team developed 

a device that consists of a two-dimensional vibration grid placed on the user’s torso, that 

communicates to them information about their immediate surroundings and obstacles 

(Dakopoulos et al.). Another device sought to improve obstacle avoidance by implementing a 

LIDAR module into a cane handle and providing feedback to a user through vibration motors 

placed in a belt (Pallejà, Cabrè, et al.). A different approach to obstacle avoidance was 

investigated by Iannizzotto et al. when they created a system that was able to identify objects 

based on barcodes that were placed on their surfaces. While effective, it required the placement 

of barcodes on all objects that needed to be identified, which is impossible in unfamiliar 

environments (Iannizzotto et al.). In a similar study, Tanaka and Goto implemented a system that 

used a camera to process inputs in real time and track text to help identify objects (Tanaka, 

Goto). Praveen and Roy explored an algorithmic approach to this problem by creating a device 

that processes still images captured from a camera mounted on the user to glean data like 

distance and size of objects ahead of the user, and then pass the data along to the user (Praveen, 

Roy). 
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 Our system improved on these systems by expanding the functionality to outdoor navigation, 

which allows users to navigate in unfamiliar environments on a large scale. It also improves on 

the discreetness of the device, by making the navigation modules smaller. Another study focused 

on obstacle navigation created a haptic feedback headband that was able to detect obstacles 

around eye level, accounting for obstacles that the traditional white cane cannot possibly detect 

(Wang, Yunqing et al.). In a study that produced a similar device that is head mounted, infrared 

sensors were used instead of ultrasonic ones (Al-Fahoum et al.). The study by Abdul-Niby et al. 

resulted in the creation of a jacket-mounted device that utilizes an ultrasonic sensor to detect 

objects in front of a user and directs the user around these objects via voice and haptic cues 

(Abdul-Niby et al.). A modular ultrasonic device developed by Himalaya and Gowthami to 

navigate indoor environments uses Zigbee technology to wirelessly communicate between 

modules, and provides the user with both audio and haptic feedback (Himalaya, Gowthami). Our 

device seeks to expand upon these studies by being more discreet and integrating GPS navigation 

functionality to allow navigation in unfamiliar outdoor environments. 

  

To attack the problem of outdoor navigation, Chen et al. created an object-oriented geographic 

information data model to help users navigate (Chen et al.). A different approach was 

implemented by Galatas, Georgios, et al. by creating a robot on wheels that guides the user 

around obstacles after processing them on a laptop computer with a video camera attached to it 

(Galatas, Georgios, et al.). Two other studies focused on GPS navigation by implementing a 

device that was able guide a user to a desired destination by means of audio prompts (Soeda, 

Koji et al.) (José, Farrajota, et al.). This method works well in environments that the user is 

familiar with, however in unfamiliar areas users often have to rely on sounds to help them 
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navigate. Therefore, to avoid requiring users to have to process audio input, we decided to use 

haptic cues to help them navigate, in the form of vibration motors.  Another similar approach was 

demonstrated by the researchers in the “Drishti” study. In this study, researchers developed a 

device that uses GPS and the Geographic Information System (GIS) to prompt the user with 

voice cues (Helal et al.). 
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CHAPTER II 

METHODS 

 

The final product consisted of a modular system with two independent modules. The first is an 

obstacle avoidance module that augments the white cane by using technology to identify more 

obstacles. This module helps the wearer identify the location of obstacle before reaching them, 

so they can more easily find an open path to walk. The second is a navigation module that is used 

to guide the wearer to a specific location, similar to a GPS maps app or device, but is designed 

for easy use by blind users. Following is a description of how user feedback affected the later 

prototypes in basic functionality, sensor and vibration placement, and the feedback methods. The 

two different kinds of modules are considered independently of each other. 

 

These module can be used in tandem or separately according to the needs of the wearer. The 

modules are not supposed to replace other methods of blind navigation, but to augment them. It 

is intended that the user will continue to use their current method (white cane, seeing-dog, etc.) 

along with these modules. This is due to the devices running on batteries, which if depleted, 

would leave them stranded with no method of navigation. Additionally, there is an advantage to 

others being able to identify the user as blind. People tend to be more careful around individuals 

with a white cane or seeing-eye dog, so only using the small module could add risk. 
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Obstacle avoidance module 

The initial prototype, which was provided to our team, was a belt that had a ring of ultrasonic 

sensors and vibration motors that triggered when the sensors detected an obstacle (Figure 1 and 

Figure 2). User studies were performed with an elderly gentleman who has been completely 

blind for over 30 years. He wore the belt and walked around a room to determine if he could 

located the walls and other obstacles. This user studies and interviews showed that this was 

ineffective as it only detected obstacles at the waist level and the sensors on the sides and back 

were rarely used because the wearer rarely moved sideways or backwards. 

 

 

 

Figure 1. The original prototype provided to us. It uses four ultrasonic sensors and eight 

vibration motors to signal the location of obstacles.  
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Figure 2. The schematic for the original prototype.  

 

 

The current prototype takes into account the weaknesses of the initial prototype in that it focuses 

on obstacles that hang above the waist, specifically in the head and shoulder area. The device has 

only an ultrasonic sensor and vibration motor and is small enough to be worn almost anywhere 

on the body. The device was attached to a clip which could then be worn on the feet, and/or head 

(Figure 3). The head sensor is the most important as it is used to identify low hanging objects. 

The feet sensors are used to compensate for any small obstacles like curbs that are missed by the 

cane or dog.  This dispersed sensor method allows for a more custom system that enables the 

user to wear the device wherever they feel their current navigation method is lacking.  
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Figure 3. Obstacle avoidance module location. The head module is recommended as it protects 

against low hanging objects. The module can also be worn on the foot to help identify lower 

objects. 

 

Sensor and vibration placement 

The most difficult aspect of building the obstacle avoidance module was determining how to 

communicate with the user. Blind individuals often use their hearing to help them navigate their 

surroundings, so it was quickly determined that we would not use any sound to communicate 

with the wearer. Haptic, or touch-based, feedback was decided to be the best method to use and 
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we determined that the modules should use vibrations to communicate with the wearer, 

something that had been done in CANE and HaptiGo (CANE) (Prasad, Taele, et al.). It was 

important to consider the placement of the vibrations, as they largely impact both the device’s 

ability to communicate and the comfort of the device, i.e., its fit on people of various sizes 

(Prasad, Taele, Olubeko, et al.). 

 

Feedback patterns 

The initial prototype had a binary feedback method, if an obstacle was detected within the range 

then the vibration was triggered with a variable intensity. This original design was made with the 

assumption that the device would simply help the wearer become aware of obstacles so they 

could be more careful when navigating around them, but in practice not only did the wearers use 

the device to find the obstacle, but would use it to scan the area around them to find an open area 

to walk to. With this in mind, the prototype was updated to include variable vibration intensity. 

The vibrations start when an obstacle is detected less than a pace away, or three feet. As the 

obstacle gets closer the intensity of the vibration increases. This allows the user to be better able 

to get a feel for the size and location of obstacles and their surroundings as a whole.  

 

Functionality test 

To test the basic functionality of the device, the same user that tested the initial prototype would 

wear some combination of the devices on the head and feet and was asked to navigate through a 

hallway, room, and door. The room consisted of a few obstacles that he would have to navigate 

around. The different locations and combinations of modules were used to identify the most 

natural and effective place to wear the device. The results of these tests were used to determine 
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how to further improve the device to make it more user friendly. Variable vibration intensity was 

added to allow the wearer to sense not only when there is an obstacle but how far away it is. We 

also observed the subjects in order to determine what distance to the obstacle is optimal in order 

to trigger the vibrations; this distance was three feet.   

 

Navigation module 

The vest, which was provided to us, functioned similarly to a consumer grade handheld GPS; it 

received directions from Google Maps and converts them into vibrations on the vest. Google 

Maps assumes the wearer was walking the correct direction and gives cues through vibrations on 

their shoulders when they need to turn. Only if the user missed a turn or turned the wrong 

direction would it recalculate and provide new directions to guide them in the right direction. It 

was determined that this was not an effective way to direct blind users who cannot use a map and 

surrounding visual cues to know which direction to walk. To mitigate this, the vest was turned 

into a belt and rather than left and right turns, it converted the normal directions to compass 

bearings and communicated these bearing to the user based on their current heading the desired 

heading. This way the user always knows exactly what direction they should be walking without 

the use of visual cues or looking at a map. It also does a better job of course correction; the 

system is constantly checking the user’s bearing and alerting them when they veer off course. 

This system is better for blind users because they can enter the address of the destination into the 

Android app (Figure 4) and the system will determine what direction the person should be facing 

and walking at all times so they can focus on obstacle avoidance rather than directions.  
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Figure 4. The user enters the destination address and the app pulls down the walking directions 

using the Google Maps API. The current bearing of the phone is displayed as Magnetic Bearing 

and the desired bearing is listed as Bearing. The number of degrees to turn is displayed at the 

bottom; this is the number that is sent to the belt to be converted to vibrations. 

 

Sensor and vibration placement 
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Originally this module was built into a jacket or vest that had three vibration motors across the 

shoulders; left, right, and center. The device received directions from Google Maps on an 

Android phone and would tell the user when to turn left or right and when to continue forward by 

means short vibrations (Figure 5).  

 

 

Figure 5. The original prototype. The Android app receives directions from Google Maps which 

are then sent to the Arduino via Bluetooth. The microcontroller then triggers that appropriate 

vibration motor depending on the direction given. 
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This method was not ideal for fitting various body types and sizes; for most people, the left and 

right vibration motors were pressed firmly against the shoulders, but for skinnier people the 

middle vibration motor would not be press against the body, making it difficult to feel. We 

converted the device to a belt which could be worn anywhere on the torso and could be pulled 

tight enough to feel the vibrations clearly. We wanted to make sure that people with older phones 

can still use our system, so the app runs Android 10 (Gingerbread). Over 99% of Android users 

have this version or newer (Most Common). 

 

Feedback patterns 

The belt compares the desired direction to the user’s current bearing and uses the vibration to 

signal them which way to turn if the bearings do not match. This combats the difficulty of 

navigating with no visual cues. The wearer only has to feel the vibrations and turn accordingly. 

When the vibrations stop, they are meant to walk forward until the next turn is reached, which 

results in a new desired bearing and triggers new vibrations. In order to calculate the bearing to 

lead the user in, we use the following equation (1) which the microcontroller on the belt 

calculates 

 

A = (M + 360 - H) % 360  (1) 

 

Where A is the desired bearing adjustment, M is the Google Maps generated bearing, and H is 

the hardware compass bearing. 360 is added to the left side which is then modulated to ensure 

that the resulting bearing is between 0 and 360. Here, we compare the bearing required to follow 

the Google Maps directions to the bearing reported by the compass on the belt, and the vibration 
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feedback’s pattern is dependent on the desired adjustment. There are 3 sensors on each side of 

the wearer; depending on the degree of the turn, 1-3 of the vibrations will be triggered in series. 

For example, if the wearer is pointing in the right direction plus or minus 15 degrees, no 

vibrations will be triggered, and the user will know that they need to walk straight. If the turn is 

between 15 and 35 degrees, only the first vibration will turn on for half a second. If the turn is 

between 35 and 65 degrees, the first vibration will trigger for one half second and then the 

second will trigger for one half second. Turns between 65 and 120 will trigger all three in series, 

each vibrating for half of a second. If the turn is greater than 120 degrees, all of the vibration 

motors will turn on, signifying that the user needs to turn around completely. This is depicted in 

Table 1. 

 

Table 1. Desired user reaction and vibration signals based on required bearing adjustment 

Desired Bearing 

Adjustment (A) 
Desired User Reaction Vibration Signals 

±15° Walk straight 
 

15° < A < 35° Turn slightly right  

35° < A < 65° Veer right 
 

65° < A < 120° Turn right 
 

-15° > A > -35° Turn slightly left 
 

-35° > A > -65° Veer left  

-65° > A > -120° Turn left 
 

A > ±120° U-turn 
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Functionality test 

The navigation belt described above was tested by entering a destination into an Android phone 

and having the wearer navigate to it without knowing the destination. This simulates a user being 

in an unfamiliar location which they do not know how to navigate around. The user was then 

asked to follow the cues from the device to begin down the right path and eventually arrive at the 

correct final destination (Figure 7). 

 

 

 

Figure 7. Example use of navigation belt. The red arrow signifies the desired direction and the 

black arrow signifies the user’s current direction. A. The user is pointing 130° from the desired 

direction. All vibrations are triggered to signify a U-turn. B. The user has been walking straight 
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down the path that turns slightly, the first right vibration is triggered to signify a slight right turn. 

C. An intersection has been reached, the user is pointing -90° from the desired heading, and three 

right vibrations are used to turn the user to the right. D. No vibrations are triggered as the user 

walks straight down the road. E. An intersection has been reached, the user is pointing 90° from 

the desired heading, and three left vibrations are used to turn the user to the left. At all points in 

between no vibrations are triggered unless the user veers off course. This pattern is followed 

until the user reaches their destination. 
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CHAPTER III 

RESULTS 

 

As stated above, the main focus of the research was not whether or not the technology could be 

built, but rather if it could be designed in a way that would be easy to learn and use and that 

would receive positive feedback from the users. As such, the results focus on two aspects of the 

research: the final design and why it was implemented that way, i.e., how that design makes each 

device (the belt and the obstacle avoidance module) more user friendly, and how the users 

reacted to using the device. The results for each of the two modules are highlighted separately 

since they were independently constructed and studied.   

 

Obstacle avoidance module 

Module design 

Each device (Figure 8 and Figure 9) has a HC-SR04 ultrasonic sensor, an Arduino 

microcontroller, and a LilyPad vibration board. The ultrasonic sensor outputs a sound wave and 

records how long it takes the wave to bounce back to the sensor. This time is converted to an 

integer that is linearly proportional to the distance to the obstacle that the sound wave hit. This 

integer is inputted to the microprocessor which determines if the distance is less than three feet. 

When the distance is in this range the vibration motor is activated. The distance was based on the 

average step size for an adult, this way the module will only active when there is an obstacle in 

the wearer’s next step. This design decreases the number of false positives that occur with a 



21 
 

larger distance, but still allows time for the user to react to obstacles when walking at a 

reasonable pace.   

 
Figure 8. Schematic view of the obstacle avoidance module 
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Figure 9. Prototype of the obstacle avoidance module 

Two main user studies were conducted (one blind, and one not blind). The users mainly 

navigated indoors. Simulations with more obstacles than usual were also done in order to 

visualize possible issues. An issue was discovered with thin-legged stools, since the object was 

too narrow to properly bounce back the ultrasonic signal.    

 

User reaction and feedback 

The reactions to the dispersed individual modules were much better than the reactions for the 

obstacle avoidance belt. The wearers were able to feel around with their feet to sense where 

obstacles were and could use the module attached to a hat so that they could use their head to 
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feel out their surroundings (Figure 10). The module on the head was reported to “Feel very 

natural” and mimicked sight in the sense that the user would turn their head to the direction that 

they would like to walk and the module would provide them with feedback as to whether the 

path was clear. The head mounted module was particularly useful in helping the users locate and 

navigate through open doors due to the change of depth; the sensors would not trigger due to the 

absence of the wall, so the user can tell that there is a high open space. 

 

 

Figure 10. Image showing a blind subject using the obstacle avoidance module on the head. He is 

able to identify the wall in front of him. 
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Navigation module 

Module design 

The navigation module (Figure 11 and Figure 12) is used to guide the user to a specific 

destination rather than just avoid obstacles. The Android app communicates with an Adafruit 

Feather microcontroller, which controls the vibration motors that provide the user with the haptic 

feedback. The app uses Google Maps Directions API to find directions, and converts them into a 

bearing which is communicated via Bluetooth to the belt. The belt uses a HMC5843 digital 

compass to find the difference between the desired and the current bearing and signals which 

direction to turn to the user. 

 

The method of directing by compass bearings was chosen over simple left and right directions 

because left and right directions are usually supplemented with visual clues. For example, “take 

the next left” is much easier when one can see which street is the next left. The compass method 

was determined to be much more effective for blind users because with the belt they do not need 

these visual cues to know which direction to turn and when. 
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Figure 11. Navigation Belt Schematic showing the architecture of the navigation belt 

 

 

Figure 12. Navigation Belt prototype based on the above architecture 
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User reaction and feedback 

We have so far conducted four user studies, composed of middle-aged non-blind users. The tests 

had two main components: firstly to determine if the user could feel the vibration feedback, and 

their level of comfort with it, and secondly to route a secret path in order to find out if the user 

could successfully reach the destination. All our users followed the correct path. There were 

variations in comfort level and vibration feedback satisfaction.  

 

Most of the users that tried the navigation belt were very impressed with the belt and its ability to 

point the user in the right direction. The method of feedback, however, was determined to be a 

weakness. There was often not specific and discreet enough vibrations to allow the user to know 

where to turn. Because the belt needed to differentiate between forwards, backwards, left, right, 

and varying directions in between, five vibration boards are used on the device; one in the center, 

two at the left side, and two at the right side. The next steps in this research is to optimize the 

navigation belt feedback. 

 

The obstacle avoidance system was able to make navigation safer by alerting the user about low-

hanging object, and it was also able to make it faster by making the user feel more confident, 

hence, taking quicker steps. The Navigation module makes navigation faster since there is the 

elimination of some uncertainties of directions, which would normally lead to the user having to 

ask people around about where places are.  
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CHAPTER IV 

CONCLUSION 

 

We were successfully able to build a system that assists in blind navigation and obstacle 

detection. This system is not designed to replace current navigation and obstacle avoidance 

methods, but to supplement them and make these tasks safer, faster, and more comfortable. Our 

system has two modules that work independently of each other. 

 

Having a user friendly design was paramount to our design, and a lot of time was spent in trying 

to achieve this objective.  From our user studies, we found that whatever equipment we use must, 

to the best possible degree, not interfere with the comfort of the individuals. Also, we concluded 

that our design needs to focus on protecting the head from low hanging objects and other 

obstacles that sit above the waist. In order to implement such a design that protects the head and 

the feet, we needed a distributed system. We have also found that this system is more efficient 

when modulated; we can have two completely independent systems (one on the head, and one on 

feet). With this method, we can avoid the potential power loss due to the need for wireless 

communication. 

 

Developing systems for blind users presents a unique set of challenges. We feel that our system 

adequately meets these challenges and provides the user with enough added benefits to warrant 

its use in addition to the traditional methods for both navigation and obstacle avoidance. We 

successfully designed the belt and tested it, and though more work needs to be done before the 
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belt can be ready for production, we feel that we have developed an initial prototype that 

successfully alleviates several issues that blind people face on daily basis.   
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CHAPTER IV 

FUTURE WORK 

 

Accelerometer 

There are two main advantages to incorporating an accelerometer into our system. We want to 

integrate it to calculate the foot angle for the feet sensors. A problem with the current device is 

that when the foot is tilted at an angle facing the ground (Figure 13), there would be wrong 

readings as the ground would pose as an obstacle, hence, we want to use the accelerometer to 

detect the tilt. When there is a tilt at an angle facing the ground, we would temporarily disable 

the device in order to avoid erroneous output.  

 

Figure 13. The image depicts the error caused by tilting the foot at an angle 

 

Also, we seek to use this to temporarily disable the device when the user is at rest. For example, 

if the user is facing a computer screen, currently our head-mounted device would detect the 

screen as an obstacle, providing the user with constant unhelpful feedback. Thus we would 

experiment with using an accelerometer to imbue our device with a certain level of context 

awareness. 
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Human proximity alert 

We would also like to accurately detect whether or not there is another human within a small 

radius of the user. One approach is to use heat sensors, with which we can try to detect the heat 

waves emitted by other people. To do this, we would try to filter out the temperature of the 

human body in order to detect their presence. An alternative approach would be to take images 

of the user’s surroundings and use image processing to detect the presence of other people. To do 

this, we would attach a mini-camera to our device in order to capture photos, and then run image 

processing algorithms on the processor or on a server in order to find the presence of a human in 

the photograph.   

Using heat waves should be less processor and battery intensive, but more prone to erroneous 

readings. We expect better accuracy from image processing, but there would be a lot of stress on 

the on-board processor, or we would need to integrate an internet connection module, which 

would also be complex. To alert the user about the presence of a human, we would trigger a 

unique vibration pattern.  

 

Synchronized sensor information 

We plan to let all devices in our system communicate in order to get more interesting information. 

With this synchronization, we can make better decisions about the posture of a user in order to 

turn off the device, we can make decisions about customized feedback, and we can more 

effectively integrate GPS navigation. 
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New haptic feedback methods 

To improve the utility of the navigation belt, we will explore other methods of communicating 

with the user. The feedback must be silent and not take too much effort to understand or else is 

could distract from the user’s regular navigating. We would like to try pressure feedback on the 

belt, which could place a small amount of pressure on the user to signal a turn. This method 

hopefully will be more distinct and allow for clearer communication from the belt to the wearer. 
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