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Team Makeup

Philip Colladay (Computer Engineering) Jeffrey Matheson (Computer Engineering)

Anvita Patel (Computer Engineering) Nick Viehl (Electrical Engineering)



To develop a glove that enables those with complete visual 
impairment to navigate their surroundings using haptic 
feedback that directly correlates with distance sensing.

Project Goal
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Problem Statement

Visually impaired individuals primarily rely on traditional canes, guide dogs, 
and sighted guides in order to function in their daily lives. These solutions, 

among others, all have various limitations ranging from the ability to convey 
long distances, to being physically intrusive to the impaired individual as 
well as those around them. Our project aims to address these problems by 

integrating distance-sensing technology into a glove.
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Introduction: A Quick Overview of GloveSight
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Physically 
Non-Intrusive

Able to Convey
Long Distances

Spherical
Field of View Mobility Low Maintenance Availability

Traditional Canes

Smart Canes

Collision Sentry Corner Pro

Sighted Guide

Guide Dogs

GloveSight

Table 1: A comparison of various existing products and our project across a number of categories.



System Specifications
1. Detect distances up to 6 meters from the glove.
2. Distance detection to feedback communication latency will be < 250ms.
3. Will non-verbally communicate distance information to the user.

a. User should be able to accurately approximate distances with a minimal learning curve.
4. Have a rechargeable battery life of at least 6 hours.

a. Charging/discharging of the battery must be safe.
b. Will communicate low power warning to the user.

5. Will only require the use of one hand.
a. Able to turn system on/off.
b. Able to communicate charge level to the user upon request.

6. Be able to operate in various weather conditions (rain, fog, snow, wind).
7. Be minimally intrusive to the user.

a. Total weight will be < 450g.
b. Does not impede wrist rotation or hand flexibility.

8. Distance measurements will be within 5% of actual distance.
9. The system should not negatively affect common pets (dogs, cats, rabbits, etc).
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Updated Hardware Block Diagram
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Figure 1: Our Updated Hardware Block Diagram



Circuit Diagram
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Figure 2: Overall System Circuit Diagram



Hardware Used
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● (1) MCU: Feather M4 Express ATSAMD51 Cortex M4

● (1) Power Supply: Lithium Ion Polymer Battery - 3.7v 2500mAh

● (4) Haptic Motors: ERM 316040001

● (4) NPN Switching Transistors: 2N3904

● (1) Motor Controller/Driver: DRV2605L 

● (1) IMU (Accelerometer + Gyro + Magnetometer): Adafruit LSM9DS1 9-DOF Breakout

● (1) Ultrasonic Sensor: LV-MaxSonar-EZ4 

● (1) Temperature Sensor: LMT85LPG 

● (1) Tactile Switch (Push Button): 95C06C3RAT

● (1) BMS: Li-Poly / Li-Ion Fuel Gauge and Battery Monitor Adafruit LC709203F

● (1) Buck Converter Breakout: 3.3V Output 1.2A Max AP3429A



Hardware Justification: MCU
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Adafruit Feather M4 Express - Featuring ATSAMD51
● CircuitPython

○ Very easy to use, allowing for rapid implementation and 
incorporation of components.

● Memory
○ 1.65MB Used / 1.97MB Total Available (84%)

● Computational Load
○ Current Overall Latency: 50ms - 150ms

● Power
○ Supply Voltage (3.3V) and the Communication Interfaces are 

sufficient for System Components
● Cost

○ $22.95 (was available for free)

Figure 3: Adafruit Feather M4 Express - Featuring 
ATSAMD51 - ATSAMD51 Cortex M4



Hardware Justification: Ultrasonic Sensor & Temperature Sensor
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Ultrasonic Sensor: LV-MaxSonar MB1040
● Low Power: 3.3V and 2mA
● Range: Up to 645cm
● Reading Time: As low as 40 microseconds
● Operating Temperature: -40 to 65 ℃
● Cost: $32.95 (was available for free)

Temperature Sensor: LMT85
● Low Power: 3.3V and 5mA
● Reading Time: As low as 40 microseconds
● Range: -50 to 150 ℃
● Cost: $1.21

Figure 5: LV-MaxSonar-EZ4
Source: Adapted from Image [2]

Figure 4: LMT85LPG
Source: Adapted from Image [7]



Hardware Justification (Battery + BMS)
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Battery
● Voltage Output: 3.7V
● Nominal Capacity: 2500mAh
● Weight: 43g
● Safety Characteristics: Overcharging, over-discharging, 

abnormally high (60 °C) and low (-20 °C) temperatures [1]

Battery Monitoring System (BMS)
● Uses I2C communication interface
● Compatible with the battery
● Runs with 3.3V 
● Weight: 2.4g

Figure 6: Lithium Ion Battery 3.7v 2000mAh
Source: Adapted from Image [1]

Figure 7: Adafruit LC709203F Battery Monitor



Hardware Justification (Haptic Motors + Motor Driver + Transistors)
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Eccentric Rotating Mass (ERM) Haptic Motors
● Sizing (< 1cm ⌀)
● Weight (< 1g/Motor)
● Cost Effective (< $1.50/Motor)
● Strong Vibration

DRV2605L Motor Driver
● Well Established / Documented
● Versatile
● Cost Effective (< $10.00)
● Short Shipping Time (< 1 Week)

2N3904 Transistors
● Digitally Controlled Gates
● Easy Access
● Cost (~$2.50/10 pc.)

Figure 10: DRV2605L 
Haptic Motor Driver

Figure 9: ERM Motor
Source: Image [3]

Figure 8: 2N3904 Transistor
Source: Image [4]



Hardware Justification (IMU)
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LSM9DS1
● Accuracy: ± 2, 4, 8 16 [Gauss] 
● Weight: 1.8 [g]
● Free
● Operating voltage between 3.3 - 5 [V] 
● Operating current  between 1.9 - 4.3 [mA]
● Temperature range: -40 to 85 [℃]
● 9 DOF

Figure 11: LSM9DS1 9-DOF Inertial Measurement Unit



Updated Block Diagram (Software)
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Figure 12: Our Updated Software Block Diagram



Distance Sensing
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Distance Sensing Algorithm
1. Record 100-1000 distance readings by measuring output voltage from 

ultrasonic sensor.

2. Convert output voltage to distance reading in centimeters.

3. Record reading from temperature sensor, averages 10 readings.

4. Calculate the average or median distance of the 100-1000 readings.

5. Adjust distance reading based on the temperature.
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Temperature Correction
● Manufacturer provided an official temperature based 

correction formula

MDR Deliverable: “Will use the IMU to correct 
distance sensing”
● Determined to be unnecessary

Distance Sensing: Correcting Distance Data

Figure 13: Temperature Correction Comparison
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Distance Sensing Testing: Average Distance Error

Figure 14: Distance Error - Detecting a Plastic Bin Figure 15: Distance Error - Detecting a Sweater
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Distance Sensing Testing: Data Consistency

Figure 16: Distance Consistency - Detecting a Plastic Bin Figure 17: Distance Consistency - Detecting a Sweater



Distance-To-Feedback
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System Specification (3 & 3a)

3. Will non-verbally communicate varying distance information to the user.
a. The user should be able to accurately approximate distances with only a 

minimal learning curve.

Distance to Feedback
● Continuously reads the distance and converts it to feedback

○ Distance: 15cm - 160cm (Pointer Finger)
○ Distance: 161cm - 306cm (Middle Finger)
○ Distance: 307cm - 452cm (Ring Finger)
○ Distance: 453cm - 598cm (Pinky Finger)

● The closer the finger is to the thumb, the closer the range associated with it

Accurate Distance Approximation
● Buzzing one finger at a time is more precise than all at once
● Learning Curve
● Wall Mental Calibration

Figure 18: Distance to Feedback Diagram



Figure 19: Distance to Feedback Diagram (Demonstration GIF Image)

Distance-To-Feedback (Demonstration)
Speaker: Jeffrey Matheson



Power: BMS Implementation
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● BMS acts as a safe 
interface between the 
battery and the rest of the 
system

● Battery powers buck 
converter and button

● Buck Converter controls 
the voltage going to 
ERMs, ERM Driver, 
ultrasonic sensor, IMU

● Will implement additional 
safety mechanisms after 
MDR

Figure 20: Buck Converter System Control Diagram



Power: Power Usage
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PDR comments: “You will need a model of usage to test battery life. You will need a model of what a 
‘typical’ day in the life of the user will be, especially for determining battery life.” 

Typical day of the user consists of:
1. Some type of transportation to work/class. This can include walking, subway, bus, etc. 
2. Turning off the glove if on sitting on bus/subway/car
3. Turning the system back on for walking to destination (classroom, desk)
4. The first two steps are repeated when needed to go about your day
5. Charge the system overnight

MDR Deliverable: “Will provide a detailed energy budget of the system”
● Determined to be unnecessary



Power: Battery Testing and Results
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Worst-Case Test: System On For 6 Hours
● Battery started at 90.3%
● Disabled the “IMU At Rest” function

○ Still reads the IMU, but does 
not power the system off

● Continuously cycled through motors, 
each running at 100% intensity for 
one minute

● Continuously read all sensors

Figure 21: System Battery Charge Level During Worst Case Scenario Use



User Input
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System Specification (5 & 5a)
5. The user must be able to interact with the device without the need of their other hand.

a. Able to control the power state of the device.

Why a Push Button?
● Multi-purpose & Simplistic
● Tactile Response
● Cost Effective (< $1.00) & Durable

Power State Control
● ON ↔ OFF: Four (4) Button Clicks (Maximum 0.5s Between Presses)
● Buzzes All Motors For 2 Seconds
● Toggles Power

Figure 22: Push Button
Source: Adapted from Image [5]



Charge Level Indication
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System Specification (5b)

5. The user must be able to interact with the device without the need of their other hand.
b. Able to communicate charge level to the user upon request.

User Input
● Two (2) Button Clicks (Maximum 0.5s Between Presses)

○ Charge: 80 - 100% Triple Buzz (Pinky Finger)
○ Charge: 60 - 79% Triple Buzz (Ring Finger)
○ Charge: 40 - 59% Triple Buzz (Middle Finger)
○ Charge: 20 - 39% Triple Buzz (Pointer Finger)
○ Charge: < 20% Triple Buzz (All Fingers)

System Specification (4b)



Figure 24: Charge Level Indication Diagram (Demonstration GIF Image)

Charge Level Indication (Demonstration)
Speaker: Jeffrey Matheson



Performance of the Integrated System
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Video 1: Demonstration of Distance Sensing System

http://www.youtube.com/watch?v=awCskv8RcWY
http://www.youtube.com/watch?v=awCskv8RcWY


PCB
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PCB Commitment
● Every component and their required peripherals will 

be connected to the PCB:
○ Directly on PCB: MCU, IMU, Temperature 

Sensor, Transistors, Haptic Motor Driver, 
Buck Converter, BMS

○ Indirectly connected: Battery, Ultrasonic, 
Haptic Motors

PDR Comments: “You might need a flexible or curved 
PCB. We will need to see some cost and availability 
assessments at MDR.”

● Initial PCB iterations on standard FR4 PCB, and 
then transition final iteration onto flexible PCB

● V-scoring a standard FR4 PCB  (< $20) would be 
much cheaper than a flexible PCB ($213.50)

Figure 25: V-Scored PCB
Source: Adapted from Image [6]



Table 2: Current Expenditures Chart

Current Expenditures and Weights
Speaker: Anvita Patel

System Component Quantity
Costs

Price of Part(s) Shipping Costs

Push Button Switches 2 $1.90 $7.96

Temperature Sensors 2 $1.45

$15.53Motor Driver 1 $7.95

ERM Coin Motor 12 $14.40

USB LiPoly Charger 1 $5.95

$9.02
BMS 1 $6.95

Li-Po Battery 1 $14.95

Buck Converter 2 $7.80

Total $93.86

System Component Current Weight (g)

Push Button Switch 0.5

Temperature Sensor 0.5

Motor Driver 1

ERM Coin Motors 0.9 * 4 = 3.6

Transistors 0.5 * 4 = 2

Ultrasonic Sensor 4.3

IMU 1.8

BMS 2.4

Li-Po Battery 43

Buck Converter 0.9

MCU 5

Total 65g

Table 3: Current Weight of the System
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Projected Expenditures
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System Component
Cost ($)

Predicted Contingencies

Ultrasonic Sensor 35 35

Eccentric Rotating Mass (ERM) Coin Motors 5 5

Inertial Measurement Unit (IMU) 15 15

Early PCB Designs 60 40

PCB Revisions 60 40

Final PCB Designs 60 40

Glove Material 45 45

Total (Ranged) $280 - 500

Table 4: A layout of expected project expenditures.





Team Member Responsibilities
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Philip Colladay
● Data Processing Lead: Principally responsible for the core programming of the system. This will include the signal processing involved with the 

distance sensor(s), the integration of the IMU, the temperature sensor, etc. He will also be primarily responsible for converting the code to C.
Jeffrey Matheson

● Team Coordinator: Responsible for coordination among the team members (including scheduling meetings and delegating tasks) and with our 
advisor / evaluators as well as any other contacts outside of the team.

● User Interaction Lead: Responsible for everything relating to the user, which includes the user input button and the system haptic feedback. This 
also includes the overall design of the glove, how various components will be incorporated and situated into the system, usability, testing, etc.

Anvita Patel
● Budget Lead: Coordinates the purchases associated with the project and ensures that they are appropriate and modular in order to ensure 

reusability from iteration to iteration.
● Power Supply Lead: Responsible for the power consumption of the system, including incorporating the necessary components for the proper 

control and monitoring of the battery in conjunction with the software lead.
Nick Viehl

● PCB Lead: In charge of learning Altium/KiCAD in order to take lead on designing multiple PCB iterations. Responsible for correspondence with 
other team members regarding integration of PCB into the overall system.

● Data Collection Lead: Responsible for integrating the various components in to the system on the basic hardware level. This includes ensuring 
that each components works as intended and communicates with all other components that it should.



Overall Goal

✔ All necessary components will be acquired and tested for proper functionality as defined by our project, which will then be 
demonstrated on a stationary system.

Specific Goals

✔ Ultrasonic sensor will consistently and accurately measure the distance of various objects at different distances within 6m
* Will rely on data from the temperature sensor and the IMU in order to determine accurate distances

✔ ERM motors will be capable of providing understandable haptic feedback
● Low battery warning indication

✔ User input system will be able to control desired functions
● Power state control
● Charge level indication

✔ Select battery type for adequate system life
* Will provide a detailed energy budget of the system
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Plan for CDR
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Software
1. Distance Sensing Improvements: Ensure final ultrasonic sensor used/implemented does not irritate pets.

● Next Steps: Increase accuracy at very close range (25-50cm) and very long range (5-6m) and 
implement algorithm to potentially use two ultrasonic sensors.

2. Haptic Feedback
● Next Steps: Test and fix any intensity divergences and physical reliability of motors.

3. Conversion of System Code From Python to C

Hardware
1. Ultrasonic Sensor: If needed, implement a second sensor and/or different ultrasonic sensors.

2. Power
● Next Steps: Minimize power usage across components.

3. Determining Final Battery Size

4. Button
● Next Steps: Test reliability of button system for non-perfect conditions.

5. First PCB Design Fabrication

Other
1. Glove Design Prototype



Addressing PDR Comments and Concerns
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Distance Sensing

Comment: Accuracy tolerances are too precise
Action: Updated tolerances as shown in Table 6

Comment: No plan for calibrating / using multiple ultrasonic sensors
Action: Started implementing AN Output Commanded Loop

Range
(meters)

PDR Tolerance
(centimeters)

Updated Tolerance
(centimeters)

0 - 1 ≤ 3.81 +/- 5% (max: 5)

1 - 2 ≤ 7.62 +/- 5% (max: 10)

2 - 3 ≤ 11.43 +/- 5% (max: 15)

3 - 4 ≤ 15.24 +/- 5% (max: 20)

4 - 5 ≤ 19.05 +/- 5% (max: 25)

5 - 6 ≤ 22.86 +/- 5% (max: 30)

Table 6: Previous and Updated Tolerances
Figure 26: AN Output Commanded Loop Using Three Ultrasonic Sensors



Addressing PDR Comments and Concerns
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User Experience

Comment: Could the glove be usable in hot, humid, and/or cold conditions? Will they need something over the glove?
Action: 

●



General Citations
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Image Citations
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Questions / Answers 
Session
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