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1 Introduction

American Sign Language (ASL) serves as an important mode of communication for the
Deaf and hard-of-hearing community. In ASL, proficiency is judged not on vocabulary, but on
the execution of hand poses and gestures. As such, effective instruction requires a clear visual
demonstration and, more importantly, immediate feedback so that learners build gestures with
severe inaccuracies. As it stands, the current educational methods fall short of providing the
nuanced, 3-D spatial feedback that is essential for mastering ASL. This feedback gap is acutely
felt in learning environments such as high school classrooms, where a single instructor is
responsible for making corrections and guiding numerous students. The resulting inefficiency
can lead to student frustration and poor retention that translates into a systemic barrier to

inclusive ASL education.

1.1 Problem

In today’s time, the methods for learning American Sign Language (ASL) in structured
educational settings fail to really provide the immediate, spatial feedback that is needed for
accurate gesture development. Students primarily rely on classroom observation, supplemental
videos, and websites, which lack the 3D perspective necessary to truly replicate the hand
positions and unique movements. Direct correction is the most common feedback type being
used in 60% of error responses. While the student repeats these corrections more than 90% of the
time, this approach places the full burden of feedback and accurate demonstration on the
instructor [1]. The lack of individualized feedback leads to developing incorrect signs, poor
retention, and an increasing feeling of frustration. Recent advancements in machine learning for
ASL recognition are promising, yet significant challenges remain across varied conditions for
practical educational applications [2].

This feedback gap is widened in high school classrooms where a single teacher must
divide their attention among 20-30 students with varying proficiency levels, truly making
individualized correction strenuous and even impossible during practice sessions. As such, these
teachers are faced with the challenge of remediating ingrained errors in students rather than
helping them proactively guide progress, which reduces the effectiveness of the ASL course.

This inefficiency represents a significant resource constraint in the form of a teacher's time in the
y



classroom. With over 100,000 students receiving services for hearing disabilities in the United
States public schools, the systemic inability to scale good-quality ASL instruction that is
individualized is a large barrier to inclusion. The problem here is an absence of tools that deliver
the essential feedback required to obtain mastery eventually, which ultimately puts strain on

students and teachers.

1.2 Solution

We are creating a tendon-driven bionic hand that is capable of performing all of the
letters of the alphabet in the American Sign Language, designed as an interactive and
cost-efficient tool. At a high level, the system consists of two components: a robotic hand and a
glove sensor. The robotic hand will contain five movable fingers that will change positions to
achieve the ASL letter positions. The sensor glove will be worn by a proficient user and capture
their finger movements, and wirelessly transmit that data to the actual robotic hand. The robot
hand will then assume the same pose, which allows the hand to serve as a physical
three-dimensional demonstration tool that students can observe from any angle while practicing
their own signs or the robot hand will cycle through letters on its own so the user can follow
along and mimic the robot arm's movements. This system is designed to remove the burden of a
constant one-to-one feedback loop from the teacher to the student and will enable self-guided

practice with a physical tool to give immediate physical feedback.

1.3 Visual Aid
This system is designed around two modes of operation. One mode will be where the
robotic hand learns gestures from an instructor, and a learning mode where the student observes

and mimics the gestures done by the robotic hand.
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Figure 1: Training Mode Operation

Figure 1 shows the training phase of the system. An instructor or a person who knows
sign language will wear the glove and perform the alphabet. The data from the flex sensor glove
will be transmitted to the laptop and the robotic hand. Here, the computer will keep recording the
flex sensor data. Once the gesture is finished and the sign is held, the robotic hand will move its
fingers and assume the identical pose. The laptop will also read the PWM signals sent to the
motor and keep a log of the respective PWM signals for each letter, which the robotic hand will

then upload to the robotic hand for later.
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Figure 2: Learning mode in Classroom Context.

Figure 2 places the robotic hand in the intended classroom learning environment. The
robotic hand will be turned on and placed in recite mode, where the robotic hand will cycle
through letters. Here, a student will observe the robotic hand from any angle while attempting to
replicate the ASL letter. The motor housing and the electronics will be placed in the arm with an
enclosure to keep the students' focus on the movement of the fingers. The setup allows the

student to receive consistent visual feedback without constantly requiring instructor support.

1.4 High-Level Requirements

We understand that being able to perform complete sign language can be very
challenging due to physical limitations. Thus, we will be focusing on the technical aspects of the
project and aim to perform basic movements with the robotic arm. To consider our project

successful, our robotic arm should fulfil the following:



1. The robotic hand should sign 7 simple letters of American Sign Language, which do not
require wrist movement and minor thumb movement (e.g. A, B, D, F, U, W).

2. Any words or letters signalled should be able to be recognized by at least 3 testers ( The
testers will observe the robot hand and write down what was signed

3. The device should be able to sign letters in succession 6 times

4. The robotic hand must be able to replicate the signs that were performed from the glove
at 85% accuracy (85% of the time it should give the right sign)

a. A correct sign is one that matches an image of the specific letter performed by

someone well-versed in sign language (can be online)

2 Design
2.1 Physical Design

The actual robotic hand will be 3D printed with a Bambu 3D printer. Specifically, we will
print the 4 fingers and thumb, including each of the joints, the palm, and the back side of the
hand. Additionally, we will print the arm that will go below the hand. All of these parts will be
connected via gorilla glue, 3d printed hardware, and the traditional hardware that includes

screws, nuts, washer and bolts.
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Figure 3: Model of Robotic Hand

The physical hand will be about 22c¢m long and 20cm wide, as shown in Figure 3. This
3D model has been taken from an open-source model made by Tether IA and serves as the
inspiration for our design [3]. Each of the four fingers will contain 3 joints, which will each be
able to rotate about 90 degrees. They will have a nylon/Kevlar string that will run through the
entire finger, which will go on to a spool that will be mounted on a servo motor. The purpose of
this string is to flex the fingers when the servo motor spins. Each of the 4 fingers will have one
servo motor because we felt that it is sufficient for the fingers to just bend forward, and the 3
joint design will make the finger bend naturally. On each finger as well, we will place an elastic
cord or a spring on the back to act as the restoring force to bring the fingers back to being
straight. The middle knuckle joint (formally known as the DIP joint) and the base knuckle
(formally known as the MCP joint) will have the elastic cord or spring because having the
restoring force on each joint will make the motion of the finger flexing and restoring look
natural.

Moving on to the thumb, which is a difficult part of the design, it will have three servo

motors attached to it. This is because the thumb flexes forward and backward like any other



finger, but it also can move inwards to touch other fingers (opposition), and it can move towards
the index finger while keeping the actual finger straight (adduction). This means that there are
three types of movements that the thumb must accomplish and thus needs 1 servo motor per type
of movement. We will mount the 4 servos that move the 4 fingers in the arm, and then run the
nylon/Kevlar string through the hand. As far as the thumb is concerned, we have the servo
motors on the actual hand itself because placing the servos on the joints ensures that all of the
movements of the thumb can happen without a servo preventing the thumb from moving in the
desired direction. Moving the joints will also require less torque if the motors are located in the
palm. However, the design might change, and we might place all of the servos in the palm. The
thumb will also have an elastic cord or springs placed on the joint at the base of the thumb and
the middle of the thumb to act as the restoring force, similarly to the other fingers.

The custom-designed PCB of the robotic hand will also be put in the arm of the robotic
hand, where the servos will then be directly connected to the PCB. The PCB will be attached to
the arm, and an opening in the arm will be left to be able to access the PCB. The robot arm will
be supplied power through plugging it into the wall, and so a traditional adapter will connect the
wall and the pcb of the robot arm, allowing the microcontroller and the servo motors to be
powered and be able to perform their respective functions.

The other physical component of the project is the training glove that will contain flex
sensors. This glove will be a standard winter glove that you can find at any store or buy online,
and will have flex sensors stitched onto the glove on the back of each finger and an additional

one placed on the base of the thumb. This is shown below in Figure 4.



Figure 4: Sensor Glove Design

The glove will also have a custom-designed PCB that will be mounted on the back of the
glove. We have decided to place it in the middle of the glove on the back because that provides
enough area to keep a rectangular shaped pcb flat, as well as being a central location to plug in
all of the flex sensors. The flex sensors will connect to the pcb through a normal 2-pin connector.
To do that, we will have to solder a wire on each terminal of the flex sensor and then place the
other end of that wire into a female connector clip. Additionally, the glove sensor will be
battery-powered with a standard 9V battery connected to a power adaptor on the board. When
the fingers bend, the resistances of the flex sensors will change, which will tell the

microcontroller how far or how many degrees the finger has moved.
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Figure 5: ASL Robotic Hand Block Diagram

Our system design consists of two core systems, each containing three subsystems. We decided
to make the subsystems have the same roles in each system for ease of understanding. These
subsystems can be seen as power, interface, and control. Power will focus on making sure that
every component in our design receives the voltage and current needed. The interface
subsystems will focus on performing the system's specified task. The control subsystems will

focus on linking the two main systems together.
2.3 Robotic Hand System

... This system is where the main execution happens in our project. This system will translate data

received from the glove sensor system in order to perform the sign language tasks required.



2.3.1 Hand Interface Subsystem

.. The Hand Interface Subsystem contains seven servo motors and an ESP32 microcontroller. The
ESP32 microcontroller is powered by 3.3V from the power subsystem and the servo motors,
which operate within a voltage of between 4.4V to 6V, are supplied with 5V. The motors are
connected to the microcontroller through input/output pins, which will determine when and how
much each motor rotates. This determination is through PWM control which is handled in the
sensing control and hand control subsystems. Essentially, a pulse will be sent from the ESP32

microcontroller through GPIO which will tell the servo motor to turn on.
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Figure 6: Control Signal of Servo Motor

Our robotic hand is designed to rest in a normal open position. Each servo motor will be
responsible for closing a specific joint of the hand by pulling on a nylon string, which acts as a
tendon, attached to that joint. Each finger of the hand will require one servo motor, while the
thumb contains three and will require three servo motors. When a servo rotates, it pulls the string
to flex the corresponding joint and close the finger. In order to bring the joint back to the original
position, restoring forces provided by springs will extend the joints when the servo releases

tension.
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Figure 7: Potential implementation of string & spring in finger

Table 1: Hand Control Mechanical Subsystem - Requirements & Verification

Requirements

Verification

The tendon system must be placed with
minimal slack to allow the servo motors to
rotate less than 10 degrees before causing any

finger movement

We will be programming the servo motor to
move in small increments and observing the
angle of the finger’s movement. This
requirement will fail if the finger does not
move with less than 10 degrees of servo

motor rotation.

PWM signal must be 50 Hz =1 Hz

We will use debugging LED’s to probe the
PWM signal. Then we will command the
servo motor and record the time it takes for

the system to respond.

The restoring force must generate sufficient
force to fully extend each finger against

gravity when the servo releases the tension

We will hold each motor at its most closed
position for at least 3 seconds. If the springs

are able to bring the hand back to its open




position, then the requirement is satisfied.

Servo motor must begin motion within a

reasonable amount of time

If the servo is able to start running within
200ms of command, then this design

requirement is satisfied.

The servos must be able to hold the fingers at
their most closed position. The finger must be

able to rotate almost 180° & 10°

We will be measuring the angle from where
the finger begins and where it ends up after
running the servo motor until the finger stops
moving due to lack of string (until the motor

is stalled).

2.3.2 Hand Control Subsystem

The Hand Control System is where we will be able to send and receive signals from the hand and

glove systems. This signal will be coming from the sensing interface subsystem. Specifically, the

flex sensors will provide a 9-bit resistance value in the form of PWM which can be used to

control the movement of each finger in the hand. This 9-bit data package will be transmitted

through Bluetooth Low Energy, which is built into the ESP32 microcontrollers. Once we receive

the signal, the ESP32 in the robotic hand system will execute its code accordingly. Note that we

have placed testing LED’s into our microcontrollers so we will be able to test our requirements

for sending signals using them.

Table 2: Hand Control Interface Subsystem - Requirements & Verification

Requirements

Verification

The ESP32 must maintain a stable BLE
connection, receiving sensor data at a

minimum rate of 10 Hz.

If we are able to receive at least 600 data
packets in a 60 second span, then the rate of
10 Hz will be satisfied. This can be done by

keeping a timestamp on the arduino IDE and




adding to a count of each data package

received.

The control firmware must translate received | We will program an LED to light up on each
sensor integers into servo PWM commands microcontroller. If the LED turns on within
with a total latency of less than 100 ms from 100 ms apart, then the requirement will be

packet receipt to PWM update. satisfied.

The BLE signal must transmit data packages | We will be transmitting a known amount of
reliably data packages (around 500) and counting the
amount of data packages actually received. If
the number of successful transmissions has an
error rate less than 1% then this requirement

1s satisfied.

2.3.3 Power Subsystem

The power subsystem will handle all the power consumption for the robotic hand. Initially, we
will be providing power to our systems through a wall outlet through a 9V power adapter. This
power adapter will be then connected to a buck converter to convert the 9V of power to 5V,
which will be used for the servo motors. The reason as to why we use a buck converter here
instead of a regular voltage regulator is that each servo motor requires a stall current of 2.5A.
Voltage regulators provided by the self-service shop only go up to a current flow of 2A while the
buck converter passes 3A of current through. Additionally, the buck converter will create less

heat than the voltage regulator.
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Figure 9: Schematic of buck converter

3.3V

The ESP32 microcontroller requires significantly less current flow than the servo motors and

operates at 3.3V. Thus, we will use a 3.3V regulator to step down the voltage here.

Symbol | Parameter Min @ Typ | Max | Unit

VDD33 | Power supply voltage 30| 33| 36| V

lvpbp Current delivered by external power supply 0.5 — — | A
65 °C version 65

Ta Operating ambient temperature | 85 °C version | -40 — 85| °C
105 °C version 105

Figure 10: Recommended Operating Conditions for ESP32 MCU

From the table, we can see that we want our voltage range to be in the area of 3.0 to 3.6V. This

will be the values which we will be aiming for in our requirements.

Table 3: Hand Control Power Subsystem - Requirements & Verification

Requirements

Verification

The Motor Power Rail must maintain a

voltage of above 4.75 when all the servos are

We will be using the multimeters located in

the lab room at ECE 2072. If the measured




connected to the power supply to prevent the

servos from stalling

voltage is within the threshold then the
requirement is met.

All motors will be turned on simultaneously
and voltage will be checked during this

process

The 3.3V Voltage Regulator must provide a
stable power supply of 3.0-3.6V at 500 mA to
ensure the microcontroller is sufficiently

powered.

We will be using the multimeters located in
the lab room at ECE 2072. If the measured
voltage and current is within the threshold

then the requirement is met.

Buck converter must supply 5.0 V +£5% and

up to 2.5A of continuous current

We will be using the multimeters located in

the lab room at ECE 2072. If the measured

voltage and current is within the threshold

then the requirement is met.

2.4 Glove System

This system is the core sensing and training unit of our project. By capturing the user’s finger
and joint movements through 6 flex sensors mounted on a wearable glove and translating them
into electrical signals, this unit allows the user to train our robotic hand to mimic their hand
movements. Our Glove System is divided into three subsystems. The Sensing Detection
Subsystem, the Sensing Control Subsystem, and the Power Subsystem manage user hand
movement data collection and conversion of this data into usable signals, transmission of the

glove motion data, and regulated power distribution, respectively.

2.4.1 Sensing Detection Subsystem

Our Sensing Detection Subsystem is mainly responsible for converting the user’s finger motion
into electrical signals which can represent the user’s finger bend in real-time. The flex sensor
behaves as a variable resistor whose resistance changes with bending angle. In our Glove Sensor

PCB, cach flex sensor forms a resistive divider with a fixed 10 kQ reference resistor and these



resistors are R10 through R14 and R17. The resulting sensor output voltage is limited to the
ESP32’s ADC safe range since the divider is driven from the regulated 3.3 V rail. On the Glove
Sensor PCB, each flex sensor is interfaced through a dedicated 2-pin connector, and these 2-pin

connectors are J2 through J7.

The divider output for each sensor is routed to a dedicated ESP32 GPIO configured for analog
input (GPIO1, GPIO2, GP1O4, GPIOS5, GPIO6, GPIO7). The sensor resistance changes as the
user bends his/her finger. Then the divider voltage shifts accordingly. By this way, a continuous
analog representation of finger position is obtained which can then be sampled and converted to

digital values by the ESP32 ADC.

Table 4: Sensing Detection Subsystem - Requirements & Verification

Requirements Verification

Each of the flex sensors should be generating
an analog voltage that remains within the

ESP32 ADC input range which is 0 to 3.3 V.

While the flex sensors are straight and fully
bent, we are going to measure the output
voltage at each sensor ADC node and verify
that these voltages are within the 0 to 3.3 V

range.

As the bending angle increases, each of the
flex sensors should be producing a monotonic

change.

While checking the ADC values, we are going
to start bending the flex sensors from open to
closed and verify that the readings we get
either decrease continuously or increase

continuously.

2.4.2 Sensing Control Subsystem

To convert sensor voltages into usable control information for the robotic hand, The Sensing
Control Subsystem performs the acquisition, processing, and system-level management that is

required.



To ensure stable startup behavior and to reduce susceptibility to glitches, the EN line uses a
pull-up and RC network (R1 and C5). BOOT is connected to GPIO0 and conditioned similarly to
the EN line using R3 and C11. For manual reset and boot-mode entry (SW1 for EN/reset and
SW2 for BOOT) pushbuttons are provided. To provide immediate visual feedback when the
BOOT or EN buttons are pressed (D10,R20 and D11,R21), LED branches are also included.
Additional debugging LEDs (D4-D9 with resistors R6—R9, R18, R19) are connected to selected
GPIO pins (GPIO10, GPIOI11, GPIO12, GPIO13, GPIO14, GPIOI15) to support quick

verification of firmware state and timing.

To enable programming, the subsystem also interfaces to the USB-C connector. D- and D+ lines

are routed to the ESP32 USB_D- and USB_D+, respectively.

Table 5: Sensing Control Subsystem - Requirements & Verification

Requirements Verification

EN should correctly reset the | We are going to press the EN button for 30
ESP32-S3-WROOM-1 on every press. times and verify that a reboot happens after
each press and release (Each press and release

combined does the EN action).

The LEDs used for debug should correctly | We are going to load a GPIO program and
reflect the timing and output states. with known timing, the program will toggle
each LED. While observing the correct states
with correct timing, we are going to verify
whether the LEDs are working in the desired

way.




During reset, ESP32-S3-WROOM-1 should | We are going to press and release the BOOT
be put into programming mode when BOOT | button and press and release the EN button
is pressed and released. and confirm whether the program uploads are

successful.

2.4.3 Power Subsystem

The power subsystem will handle all the power consumption for the robotic hand. Initially, we
will be providing power to our systems through a 9V battery or through a USB-C connection
(5V). To choose between them, two Schottky diodes are used (selects the voltage). The input
voltage is first passed through a switching buck converter that steps the voltage down from 9 V
to a regulated 5 V when operating from the 9V battery. Instead of a linear voltage regulator, a
switching regulator is used here since the system should support high current loads. While using
the buck converter, a higher efficiency can be obtained when compared to using a linear
regulator. In order to get 3.3 V out of the 5 V power net, a linear voltage regulator is used to step
the 5 V rail down to 3.3 V. Then, the flex sensors, voltage-divider circuits,
ESP32-S3-WROOM-1 microcontroller, and debugging circuits are powered from the 3.3 V rail.
To reduce power supply noise, the decoupling capacitors are placed near the microcontroller and

regulators.

Table 6: Glove System Power Subsystem - Requirements & Verification

Requirements Verification

Either the 9V battery or the USB-C should be | We are going to connect each of the power
accepted as the input power. sources alone and verify whether the board

turns on.




The buck converter should be able to regulate | Under load, we are going to apply 9V and
9V t0 5.0 V £5%. verify whether the buck converter can give
5.0 V+5%.

2.5 Tolerance Analysis

2.5.1 Buck Converter

We are using the MP1584 Buck Converter, which is a crucial subsystem component as it is
responsible for supplying 5Volts of power to all of the servo motors. The MP1584 is a
high-frequency step-down switching regulator with an integrated internal high-side high-voltage
power MOSFET. It provides 3A output with current mode control for fast loop response and easy
compensation. If the output voltage falls outside the servo motor's operating range of 4.8-5.5V,
the motors may stall or behave erratically, causing the hand to fail to hold a position and thus be
unable to perform accurate ASL gestures. Due to this, we must verify that our design maintains

the output voltage within this range taking real-world tolerances into consideration.

TYPICAL APPLICATION
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Figure 11: MP1584 Buck Converter Typical Application



Table 7: MP1584 Buck Converter Electrical Characteristics

ELECTRICAL CHARACTERISTICS
Vin =12V, Vey = 2.5V, Veome = 1.4V, Ta= +25°C, unless otherwise noted.

Parameter Symbol | Condition Min | Typ | Max | Units
Feedback Voltage Vs 4.5V <V, <28V 0776 | 0.8 | 0.824 v
Upper Switch On Resistance Rosiony | Vest — Vsw = 5V 150 mQ
Upper Switch Leakage Ven = 0V, Vgw = 0V, V), = 28V 1 pA
Current Limit 4.0 4.7 A
Transconduciance. Ces o AN
Error Amp Voltage Gain 200 VA
Error Amp Transconductance lcome = £3pA 40 60 80 HAN
Error Amp Min Source current Ve = 0.7V 5 HA
Error Amp Min Sink current Vg = 0.9V -5 WA
VIN UVLO Threshold 2.7 3.0 3.3 v
VIN UVLO Hysteresis 0.35 vV
Soft-Start Time OV < Vg < 0.8V 1.5 ms
IOsciIIator Frequency . RFEEQ_= 100k . 4 920 1 kHz
Shutdown Supply Current Ve = 0V 12 20 MA
Quiescent Supply Current No load, Vg = 0.9V 100 125 pA
Thermal Shutdown 150 *C
Thermal Shutdown Hysteresis 15 *C
Minimum Off Time **' 100 ns
Minimum On Time ' 100 ns
EN Up Threshold 1.35 1.5 1.65 v
EN Hysteresis 300 my
Note:

5) Guaranteed by design.

The MP1584 output voltage depends primarily on the feedback divider shown in Figure 11.
EB Divider:
The output setpoint is Vot = Vyer(1 + Riop/Rpor), Vrer = 0.8 V

where Rop = R28 = 220kQ (the resistor from V1 to FB) and Ry = R27 = 40kQ (the resistor
from FB to GND)

Vour = 0.8 - (1 +220/40)=5.2V



This value of 5.2V falls within the servo operating range of 4.8V-5.5V, providing a 0.3V margin
on the higher end. However, resistors have tolerances due to the way that they are manufactured.
Using 1% tolerance resistors for both Ryop and Rpor we must analyze the worst case scenario
with the output voltage. The maximum output voltage occurs when Ryqpis at its maximum

value, and Ryoris at its minimum value. Thus:

R1op, maximum = 220k - 1.01=222.2kQ
RBOT, minimum 40kQ - 0.99 = 396kQ

Vour = 0.8 - (1+222.2/39.6) = 5.289V

The minimum output voltage occurs when Rqqpis at its minimum value, and Rgqris at its

maximum value. Thus:

R1op, maximum = 220kQ - 0.99=217.8kQ
Rpot, minimem = 40kQ - 1.01 = 40.4kQ
Vour =0.8 - (1+ 217.8/40.4)=5.113V

In the worst case scenarios Vo = 5.2 £0.089V. So even in the worst case tolerance scenario,
the output voltage remains between 5.113V and 5.289V, which is well within the servo operating
range of 4.8V-5.5V. This gives us confidence that all seven servos will receive adequate power

regardless of resistor variations.

Another key part of the MP1584 chip's operation is the divider on the enable pin, which sets the
input voltage to the system. The EN pin utilizes a resistor divider to set the undervoltage lockout

threshold.

EN Divider:

Ven =V - (REN, ot/ (REN, Top T REN, BOT))
VEN = VIN ) (25/(100 + 25)) = 0.2 VIN



For many buck converters, the EN threshold is around 1.2 V, turn on voltage: Vi, =1.2/0.2=6 V.
The MP1584 typical EN threshold is 1.35V minimum to 1.65V maximum. Solving for the input
voltage at which the converter enables:

VN, enablemin = 1.35V/0.2- = 6.75V

VN, enablemax = 1.65V/0.2- = 8.25V

With a 9V battery, the converter will start reliably. As the battery discharges, the converter will
shut down between 6.75V and 8.25V, preventing any unwanted operation or the burnout of the
ESP32 microcontroller when the battery does get depleted. This aligns with the ESP32-S3

operating voltage requirement of between 3.0V to 3.6V after voltage regulation.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vin)...cooevveeiian.....=0.3V to +30V
Switch ‘u’nltage {sz} ...—-U.S’U' toV, + 0.3V
BST to SW.. ... ...—0.3V to +6V
All Other F'Ins ...—0.3V to +6V
Continuous Pc:—wer D155|patmn [T,a_qH =
+25°C)@

Junction Temperature..............................150°C
Lead Temperature .......ccococeveiieeniienene.....260°C
Storage Temperature.............. —865°C to +150°C

Figure 12: MP1584 Buck Converter Absolute Maximum Ratings

Recommended Operating Conditions @
Supply Voltage Viy.eeeeeveeeeceeeene. . 4.5V 10 28V
Output Voltage Vout...vcvieieervnnnnnnnn.. 0.8V 10 25V

Figure 13: MP1584 Buck Converter Recommended Operating Conditions

According to Figures 12 and 13, a 5 V output is within the Output Voltage range, and a 9 V input
is within the Supply Voltage range.



3 Cost and Schedule
3.1 Cost Analysis
This project aims to be completed within the $150 budget provided by the university. We

will be 3D printing our robotic hand instead, so there are no machine shop labor hours. Below is

a table covering the total expenses needed to complete the robotic hand:

Description Manufacturer Quantity
ESP 32 Microcontroller ESP32-S3-WROOM 2 $10.98 Link
3.3V Voltage Regulator ?ﬁ?onal ST 2 $1.46 Link
Tower Pro MG996 (Servo | Tower Pro 7 $33.80 Link
Motor)
Flex Sensor 2.2" Sparkfun 6 $34.89 Link
DC Step-Down Converter | Monolithic Power 2 $5.50 Link
Systems Inc.
USB Type C Receptacle .
for USB2.0 GCT 2 $1.56 Link
CONN PWR JACK .
135X3.5MM SOLDER | >ame Sky ! NGy Liuk
Schottky Diode Vil ool 8 $5.60 LA
Semiconductor
CONN HEADER VERT .
2POS 2. 54MM Molex 6 $0.96 Link
Surface Mount LED's Lite-On Inc 19 $2.09 Link
2 Position Wire to Board
Terminal Block
Horizontal with Board Phoenix Contact 1 $0.92 Link
0.200" (5.08mm) Through
Hole
CONN HEADER VERT . . .
3POS 2. 54MM Wiirth Elektronik 7 $0.91 Link
10uH Inductor Coilcraft 2 $0.90 Link
TE
SWITCH TACTILE Connectivity .
SPST- ALCOSWITCH 4 IS Link
Switches
Slide Switches C&K Switches 1 $0.72 Link
1uF 0805 Capacitor YAGEO 4 $0.92 Link
10uF 0805 Ceramic YAGEO $1.86 Link



https://www.digikey.com/en/products/detail/espressif-systems/ESP32-S3-WROOM-1-N8/15200089
https://www.mouser.com/ProductDetail/onsemi/LP2950CZ-50RAG?qs=2OtswVQKCOFs42oYA3hY8Q%3D%3D&mgh=1&utm_id=22294754853&utm_source=google&utm_medium=cpc&utm_marketing_tactic=amercorp&gad_source=1&gad_campaignid=22294755285&gbraid=0AAAAADn_wf1UK29noKNophHsPK2nSnTlq&gclid=CjwKCAiAnoXNBhAZEiwAnItcG9HXDFIDuagDhbwkDNpvFObEFcMzmYFEl-C8LVxG0CRW_6It8cd2rRoCj0IQAvD_BwE
https://www.amazon.com/4-Pack-MG996R-Torque-Digital-Helicopter/dp/B07MFK266B/ref=sr_1_5?dib=eyJ2IjoiMSJ9.p4z5Dc7O4TLonKppXz7MRfE4Iix0ryC1R5cOuBI2Aa3wIInYF3qqgj06wFw3faaUSokNCS7za-7JpfXopynTFoEHYu3VzOSsWMcyaT_-PGGH1kqV6qx1Bsv5D16wjERpwkf4EhgbwfyJSxR-Qh2-SgigzE6RMDBEFOMKbEYQGcV2GvrAfPh7-5ng8bhkWnYF6qs4ShAIsZELKmZb1BIqjB596phVXAmk0QsIcV4wKgvGtThjay3q12aemQA_adBW9Bdf1_IFt3eBBqrQS3qB_U57ojgUMXAdQkumfaIFeQ8.p8Uc9XShZQEOsh_-nX8GyLZTOZw7s7Ut7BKt_oWB-0Q&dib_tag=se&keywords=mg996r%2Bservo&qid=1772229380&sr=8-5&th=1
https://www.walmart.com/ip/6X-Flex-Sensor-2-2-Inch-Flex-Sensor-for-Manipulator-Electronic-Glove-Accessories-Flex2-2Inch-Flex-Sensor/17702063215?classType=REGULAR&from=/search
https://www.digikey.com/en/products/detail/monolithic-power-systems-inc/MP1584EN-LF-Z/5291742
https://www.digikey.com/en/products/detail/gct/USB4105-GF-A/11198510?gclsrc=aw.ds&gad_source=1&gad_campaignid=17336967819&gbraid=0AAAAADrbLlipfBGPOEtJDiJkwOa1isX-w&gclid=CjwKCAiA-__MBhAKEiwASBmsBKFHSMpOu_FXg-AQd9V1oLzhOq20WLz90tW8cwkENJytKkb3wdif4xoCy2gQAvD_BwE
https://www.digikey.com/en/products/detail/same-sky-formerly-cui-devices-/PJ-007/263523?gclsrc=aw.ds&gad_source=1&gad_campaignid=17336967819&gbraid=0AAAAADrbLlgNC6ki29UfdZhsFFJCXXLJ9&gclid=CjwKCAiAnoXNBhAZEiwAnItcG2hRCdAWYiNhPPew0tpnKDkGzdGsx27GqdtutOHqvlhmps2wsj5nBBoC5bsQAvD_BwE
https://www.digikey.com/en/products/detail/vishay-general-semiconductor-diodes-division/1N5822-E3-54/1023530?gclsrc=aw.ds&gad_source=4&gad_campaignid=20228387720&gbraid=0AAAAADrbLli6hCaVwbcloEAnFFRle2Ew9&gclid=CjwKCAiAnoXNBhAZEiwAnItcGwb55nOM7qtWxjZnIYos92VeWG3_ihZLD7TcCi480o29Sw4RG8clZRoC5cEQAvD_BwE
https://www.digikey.com/en/products/detail/molex/0022232021/26667?gclsrc=aw.ds&gad_source=1&gad_campaignid=20234014242&gbraid=0AAAAADrbLlhV2wdBbZkCAvGfMhSdAJDNP&gclid=CjwKCAiA-__MBhAKEiwASBmsBAtZSQHJvHDtf2ncvfTdiWAADlf3I9dlf_vrXwSGbUN1Yk4uPA_wHhoCilcQAvD_BwE
https://www.digikey.com/en/products/detail/liteon/LTST-C191KFKT/386833?msockid=17f63a67ac7069ff1a202c00ad5d683e
https://www.mouser.com/ProductDetail/Phoenix-Contact/1729128?qs=GFUSqQMLmmnCBVBY3dts9w%3D%3D&mgh=1&utm_id=22303307990&utm_source=google&utm_medium=cpc&utm_marketing_tactic=amercorp&gad_source=1&gad_campaignid=22296748227&gbraid=0AAAAADn_wf3lMwnSLO4ciR1o_MUfmAsww&gclid=CjwKCAiAnoXNBhAZEiwAnItcG1yA5ZVCL6BsrG_WJH0Ffe1TRDumAzr0V17icVNe7N48_FTBkL7iPxoCGbcQAvD_BwE
https://www.digikey.com/en/products/detail/w-rth-elektronik/61300311121/4846825?gclsrc=aw.ds&gad_source=1&gad_campaignid=20234014242&gbraid=0AAAAADrbLlhTSGJhwp92Oc-QSd5CmxQ7C&gclid=CjwKCAiAnoXNBhAZEiwAnItcGzwko5xHaDpuNYlprUcRdIgDcAwPrhhgJKGPROR5ivb83jy43VybKxoCf-0QAvD_BwE
https://jlcpcb.com/partdetail/Coilcraft-1812CS103XJLC/C22416456
https://www.digikey.com/en/products/detail/te-connectivity-alcoswitch-switches/1825910-6/1632536
https://www.mouser.com/ProductDetail/CK/0S102011MS2QN1?qs=xWNScUPc28o71osWFQSpZA%3D%3D&srsltid=AfmBOoookINsqhnd_HhIZMyZsfLoJUzDRt348jcWLUsTehHp1vqnGuej
https://www.digikey.com/en/products/detail/yageo/CC0805KFX7R9BB105/11491781
https://www.digikey.com/en/products/detail/yageo/CC0805KKX5R8BB106/5195771?gclsrc=aw.ds&gad_source=1&gad_campaignid=20228387720&gbraid=0AAAAADrbLlj7-CW9obEMU_Yx3Qn2bhDwh&gclid=CjwKCAiAnoXNBhAZEiwAnItcG4I8w0omI3nHR4m2PsKBuYw2GgisfvldHIyT4MYQ-Ym2eXBfEG4rRhoCiqAQAvD_BwE

Capacitor

10uF Tantalum Capacitor =~ Multicorp 2 $1.12 Link
22uF 1206 Ceramic v/ 4 $2.76 Link
Capacitor
0.1uF 0805 Ceramic .
Gt YAGEO 6 $0.60 Link
220pF Mopollthlc Murata Electronics ) $1.06 Link
Capacitor Link
B vich:y 10 $1.50 Link
Resistor
1K Ohm 0805 Resistor ~ Vishay 18 $3.06 Link
5.1K Ohm 0805 Resistor ~ Vishay 4 $0.40 Link
100K Ohm 0805 Resistor = Vishay 2 $0.20 Link
100 Ohm Axial Resistor =~ YAGEO 2 $0.20 Link
4.7k Ohm Axial Resistor IS;iCkp ole Electronics 2 $0.20 Link
24k Ohm Axial Resistor Isntz‘:kp"le Electronics 2 $0.24 Link
40k Ohm Axial Resistor =~ YAGEO 2 $0.36 Link
68k Ohm Axial Resistor | -c<POle Flectrones 2 $0.20 Link
200k Ohm Axial Resistor 2¢/P01¢ Flectronies 2 $0.20 Link
220k Ohm Axial Resistor Isrfi"kp"le Electronics 2 $0.20 Link
9V Power Adaptor AVLIS-CO 1 $4.99 Link
M-35CS - 0.50 Inch
Music Wire Extension Century Springs 4 $13.08 Link
Springs
Elastic Coord (4 Yards Dritz 1 $1.62 Link
pack) —
Kevlar Cord (1001b | . )
0.8mm(Dia.)x 100ft) Everbilt 1 $6.35 Link
Glue for 3D printed Gorilla Glue 1 $4.99 Link
components

*highlighted components are ones which are taken from the E-Shop student self-service and
therefore do not count toward the university-provided budget.

Summing up all of the components provided gives a total cost of $147.59, excluding the 3D
printed parts that will be done for free using the 3D printers provided. With an estimated cost of
shipping of about 5%, and sales tax in Illinois being about 10% adds another $22.14. Typically, a

graduate from ECE makes around $43 an hour. We estimate that this project will take around 60


https://www.newark.com/multicomp-pro/mp001197/cap-10uf-25v-tant-case-c-rohs/dp/40AH2460
https://www.digikey.com/en/products/detail/yageo/CC1206KKX5R7BB226/7164468?gclsrc=aw.ds&gad_source=1&gad_campaignid=20228387720&gbraid=0AAAAADrbLlj7-CW9obEMU_Yx3Qn2bhDwh&gclid=CjwKCAiAnoXNBhAZEiwAnItcG7qIVJiscs6oMYGKrS0DZGiWZyIxWTo2TKUHuQkhHhsZGtdWz2umphoC5I0QAvD_BwE
https://www.digikey.com/en/products/detail/yageo/CC0805KPX7R9BB104/12082460?gclsrc=aw.ds&gad_source=1&gad_campaignid=20228387720&gbraid=0AAAAADrbLlj7-CW9obEMU_Yx3Qn2bhDwh&gclid=CjwKCAiAnoXNBhAZEiwAnItcG4AsxtNw61uFZaxfKFYgh7zlEQAkugV2iMiPmCe-Flr4Db5mPIaIdhoCSEsQAvD_BwE
https://www.digikey.com/en/products/detail/murata-electronics/RCE5C1H221J0K1H03B/4277627?gclsrc=aw.ds&gad_source=1&gad_campaignid=20509818233&gbraid=0AAAAADrbLli0KicqjuQ2nqmV5-WwxPvnq&gclid=CjwKCAiAnoXNBhAZEiwAnItcG6-x7IhnZhGbI-Nvi1yzaWKSVil9eDxPAu6Lu0fKBmcaxGwmOJvuOhoC9LsQAvD_BwE
https://www.digikey.ca/en/products/detail/vishay-beyschlag-draloric-bc-components/MCU08050C1002FP500/2607870
https://www.digikey.com/en/products/detail/vishay-dale/CRCW08051K00FKEAC/7928660?gclsrc=aw.ds&gad_source=1&gad_campaignid=23434098130&gbraid=0AAAAADrbLlhJgo50HcJbH8aOEW0HBjG2r&gclid=CjwKCAiAnoXNBhAZEiwAnItcG-YQVaDOjfI_IIkxOvNuvOZcGcRVS3necvbRF_uR-Z4N5shf6R12eRoClh0QAvD_BwE
https://www.mouser.com/ProductDetail/Vishay-Beyschlag/MCU08050C5101FP500?qs=sGAEpiMZZMtlubZbdhIBIHIEm3drdiPa7gAGuRtzl90%3D
https://www.digikey.com/en/products/detail/vishay/MCU08050C1000FP500/2607868
https://www.digikey.com/en/products/detail/yageo/MFR-25FTF52-100R/13921247?gclsrc=aw.ds&gad_source=1&gad_campaignid=17336967819&gbraid=0AAAAADrbLlgNC6ki29UfdZhsFFJCXXLJ9&gclid=CjwKCAiAnoXNBhAZEiwAnItcG6CrZP2dFWEJlVdZW-V3ZrSOf617ehNZREEDR6PBmiVRN3gjsSMtkBoCXFMQAvD_BwE
https://www.digikey.com/en/products/detail/stackpole-electronics-inc/CF14JT4K70/1830366?gclsrc=aw.ds&gad_source=1&gad_campaignid=20682878391&gbraid=0AAAAADrbLlh912HI5tPzuYoJduaXsTA9V&gclid=CjwKCAiAnoXNBhAZEiwAnItcG1ZL-1qevVZG5Ia3vAUjtGQRvXhsAuJjkQp4fTLCYYme-AtNyJ9h2xoCZYEQAvD_BwE
https://www.digikey.com/en/products/detail/stackpole-electronics-inc/RC14JT24K0/1744997
https://www.mouser.com/ProductDetail/YAGEO/MFR-12FTF52-40K?qs=oAGoVhmvjhw%2F1%2FtDRx55Qg%3D%3D&mgh=1&srsltid=AfmBOoqrGdMMGBiDR-UoTPfKJCmFpcC4olBFwrVXPn6DS6ldk4My4cC9Q5A
https://www.digikey.com/en/products/detail/stackpole-electronics-inc/CF14JT68K0/1830395?gclsrc=aw.ds&gad_source=1&gad_campaignid=20682878391&gbraid=0AAAAADrbLlh912HI5tPzuYoJduaXsTA9V&gclid=CjwKCAiAnoXNBhAZEiwAnItcG2JJcFgCXu1U0ubs2J1CfnRpG4Z98Bb4MGIvaNjUxZCcYa20hRbEWxoCSokQAvD_BwE
https://www.digikey.com/en/products/detail/yageo/MFR-25FBF52-200K/13547?gclsrc=aw.ds&gad_source=1&gad_campaignid=17336967819&gbraid=0AAAAADrbLlgNC6ki29UfdZhsFFJCXXLJ9&gclid=CjwKCAiAnoXNBhAZEiwAnItcG6unwwhpOoKV964AwwmoSZHQMSTeMiL5j6D5ggzsTgJV_pnFRkKrcRoC04IQAvD_BwE
https://www.digikey.com/en/products/detail/stackpole-electronics-inc/CF14JT220K/1830407?gclsrc=aw.ds&gad_source=1&gad_campaignid=20682878391&gbraid=0AAAAADrbLlh912HI5tPzuYoJduaXsTA9V&gclid=CjwKCAiAnoXNBhAZEiwAnItcGzivihSm1xdExJSnjLq6VESexXJotz4rVNj_frsTF5LaCfAmdMCXFxoCNzwQAvD_BwE
https://www.walmart.com/ip/9-Volt-Power-Adapter-3-5mm-1-8-Male-Jack-Connector-USA-WALL-PLUG/409779640?wmlspartner=wlpa&selectedSellerId=101011733&selectedOfferId=DBE264E8AFF546CCAB9108854D8FC758&conditionGroupCode=1
https://www.walmart.com/ip/SFT-STRCH-ELSTC-1-8/55283637?wl13=1734&selectedSellerId=0&wmlspartner=wlpa
https://www.amazon.com/9KM-DWLIFE-Strength-Retardant-Ridgeline/dp/B0B1WKH21R/ref=sr_1_6?crid=2UK26TS3IMGSU&dib=eyJ2IjoiMSJ9.0EfakfgCfpPUZH_Ybzwis_fhVLCyTN9nn8WUVwPhfQR6EwSL105ah63-i1a4AOUR-eGD3rAzSemJyIwSWg8mKd3seIu9gZETVN4GOZFKcVrUxV89S4emp7VeVXU0caBgFDpbkH--vpKNtpwoaqAMSU6sGItVldmZiS-6MMDonm5Uwf36AzHpXXhkaLtm4FL3zeRNje7pwYro7juvrIi7y_BL_9KBsuhb2JVSRKgVGe0r6gfn6_X_Abty4XxuJkNtxXAW967PoyxVqeW7ue3DpsaMePTvVA3bQu5wYEkgSmw.Odsm08n8zlXnBaU0AsYn7AYdOpd5_7jFZunC8KfPcac&dib_tag=se&keywords=DWLIFE%2BKevlar%2BCord&qid=1756934029&s=sporting-goods&sprefix=dwlife%2Bkevlar%2Bcord%2Csporting%2C221&sr=1-6&th=1
https://www.walmart.com/ip/Gorilla-Glue-Super-Glue-15g-Bottle-Net-Content-Quantity-1/14971870?wmlspartner=wlpa&selectedSellerId=0&wl13=1734&gclsrc=aw.ds&adid=2222222227714971870_117755028669_12420145346&wl0=&wl1=g&wl2=c&wl3=501107745824&wl4=pla-394283752452&wl5=9022196&wl6=&wl7=&wl8=&wl9=pla&wl10=8175035&wl11=local&wl12=14971870&veh=sem_LIA&gclsrc=aw.ds&gad_source=4&gad_campaignid=12420145346&gbraid=0AAAAADmfBIpU4mY5OMOCHPxGWXBxHOLtR&gclid=CjwKCAiAnoXNBhAZEiwAnItcG65_1mdYEyv1ksgpaswOcHGw7GrP1v15hXlOMzXeDJBd9KYfQEWmqxoCh-MQAvD_BwE

hours to complete. Thus, each partner in the project can expect a salary of $43/hr x 2.5 x 60 =
$6450. Since there are three of us, $6450 * 3 = $19350 in labor cost. This comes out to be a total
cost 0of $19,519.73.

3.2 Schedule

Week Task Person
February 16st - February Work on glove sensor PCB Ankur
2 Work on the robotic hand PCB Matthew
Research hand designs Tunc
Compile and submit list for ordering parts Everyone
February 23st - March 2nd | Finish PCB Design and submit for audit Ankur and Matthew
Work on Robot Hand Design Everyone
PCB Ordering 1st Round 2/26 Everyone
Finish Design Document 2/27 Everyone
March 2nd - March 9th Gather all components needed from self service Tunc
inventory
Finalize the robot hand design Everyone
Construct 1st motor prototype on breadboard Matthew

using dev board

Start printing 3D hand Ankur
Begin construction of robotic hand + glove Tunc
Solder PCB together Matthew and Tunc
Review PCB design if needed Everyone
Design Review 3/4 9:30 AM Everyone
PCB Ordering 2nd Round 3/5 Everyone
March 9th - March 16th Begin programming robotic hand algorithm Ankur

Begin 2nd prototype of ESP32 microcontrollers Matthew




using BLE

Solder PCB together Matthew and Tunc
Continue programming robotic hand Ankur
Finish printing 3D hand Ankur
Begin constructing final design Tunc
Review PCB design if needed Everyone
PCB Ordering 3rd Round 3/12 Everyone
Breadboard Demo Everyone

March 16th - March 23th Spring Break Everyone

March 23th - March 30th Continue programming robotic hand Ankur
Finish constructing prototypes Matthew
Solder PCB together Matthew and Tunc
Finish constructing robotic hand Tunc
Review PCB design if needed Everyone
PCB Ordering 4th Round 3/26 Everyone

March 30th - April 6th Finish programming robotic hand Ankur
Test power consumption of each component in Tunc
robotic hand
Begin testing worst-case scenarios with motors on | Matthew and Ankur
hand
Solder PCB together Matthew and Tunc
Add optional features if time permits Everyone

April 6th - April 13th Finalize Design Matthew and Tunc
Finalize any code made Ankur
Add optional features if time permits Everyone
Progress Demo Everyone

April 13th - April 20th

Finalize Design

Matthew and Tunc

Finalize any code made

Ankur




Integration Tests Everyone
Add optional features if time permits Everyone
April 20th - April 27th Fix any persisting bugs or add minor changes Everyone
Mock Demo + Presentation Everyone
April 27th - May 4th Final Demo Everyone

4 Ethics and Safety

With a project of such scope attempting to interact and benefit the deaf and
hard-of-hearing community, there are many ethical and safety considerations that must be made.
While working on the project, there are things that should be thought of as fundamental

obligations, such as hazard mitigation and inclusive design, in order to set up for success.

4.1 Ethics

A primary ethical consideration is being able to honestly represent the capabilities and
the scope of the system, as mentioned in the IEEE code of ethics. The goal of this project is to be
a tool/supplement for people. Thus, we need to be honest and transparent and clearly outline the
capabilities so as not to mislead users, in accordance to IEEE Code of Ethics Section 1.5. This
section states that engineers are required to “be honest and realistic in stating claims or estimates
based on available data.”

Additionally, a large ethical concern surrounding this entire project is the areas of
accessibility and inclusivity. The entire goal of the tool is to help bridge the gap and reduce
communication barriers in society, along with making a positive contribution on inclusive
education. We will have multiple testers from the Deaf community looking at the project in order
to provide accurate feedback and avoid single-source bias. Additionally, will have people who
have certifications in sign language and other learning professionals guide us on ways that
students learn best. This aligns with both IEEE Section I.1, which prioritizes the safety, health
and welfare of the public, and ACM Code 1.2, which requires professionals to avoid harm by

considering the diverse impacts of their work.



Another aspect of the project is that it involves wireless data transmission through
Bluetooth from the sensor glove. Even though the data being transferred does not involve any
personally identifiable information, according to the ACM principles regarding privacy and
responsible data handling, we should only utilize and obtain the necessary data, following the
data minimization rule in ACM Codel.6. This section states that professionals should only use
personal data for agreed-upon purposes with an emphasis on informed consent. The IEEE Code
of Ethics Section 1.1 also reinforces this by requiring engineers to protect the privacy of others.

A final ethics consideration that we need to be professionally competent and rely on the
engineering practices that we have learned throughout our course loads instead of blindly
copying implementations from online, as required by the IEEE Code of Ethics Section I.6.
Additionally, if we do utilize open source resources, we should reference and cite them
upholding the standards of crediting the contributions of others properly as mentioned in IEEE
Section [.5. We also commit to treating all of our testers and collaborators with the utmost

respect, refraining from any form of discrimination as said in IEEE Section 2.

4.2 Safety

There are several safety risks that can arise during the development and testing of the
product. As such, we have also designed mitigation strategies in accordance with the ECE 445
safety guidelines and engineering standards. First and foremost, there are electrical hazards
present due to the fact that the system will be powered via the wall outlet. To comply with UL
61010-2-030, the safety standard for electrical equipment, measurement, control, and laboratory
use, with circuits that are designed to connect with external devices. We will insulate exposed
wiring, regulate the DC power rails with overcurrent protection, and limit the max current to
draw the acceptable current values. We will also adhere to the course safety guidelines that
require at least two people in the lab at all times while working with powered systems. We have
also completed all of the required online safety training.

Similarly, there are mechanical hazards in the form of the servo-driven fingers pinching
or snapping, and having sharp objects fly under excessive tension. UL 3100, the standard for
safety for Automated Mobile Platforms, applies to this. In accordance with UL 3100 and general

safety practices when working with robotics, we will operate the servos at reduced torque values



and place a clear barrier in front of the robot hand. We will also inspect all of the 3D printed
parts for any cracks, fatigue, or tangled nylon string before each testing session.

There are also thermal hazards present where several servos may heat up during long
periods of operation or while running when the finger stays in place. In order to mitigate this
risk, in the software, we will limit the maximum amount of time that a servo will stay on and
also monitor the temperature of the servos. This aligns with the course policy of reading and
understanding guidelines for safe battery usage, especially for the glove sensor.

Now, looking at the safety considerations during use, potential misuse includes applying
excessive force to the joints, trying to wear the robotic hand, and modifying the wireless
connections while powered. These concerns came up during the proposal review and have been
discussed and addressed. To mitigate these risks, we will place hard stops in the software that
limit the angles of the servos so that the finger joints do not overextend beyond their intended
range of motion (typical max of 60 degrees).

Following the course safety guidelines, any testing involving electrical current near
human testers would require additional review and approval, but our current design only contains
the non-invasive sensor glove that operates at low voltage and isolates the user from the main
power supply. This isolation shows that our current design will sufficiently protect the user from

electrical hazards while still achieving the goals.
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