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ABSTRACT
Avalanche incidents and disasters remain as the biggest and most
significant risk in backcountry skiing and snowboarding, where
uncertain and rapidly changing conditions and limited real-time
data and information leaves these riders vulnerable. As a result,
over 160 skiers die in avalanche related disasters every year in the
US alone. So, our solution was to provide these users with real-time
data analysis for the snow beneath the skiers feet through a
handheld device, called AvAlert.

AvAlert is a compact, integrated avalanche-awareness device
designed to enhance decision-making and improve situational
safety in remote alpine environments. The system combines real-
time environmental sensing, including snow depth (ultrasonic
sonar), atmospheric pressure, temperature, humidity, and
geomagnetic heading, into a single, rugged, portable unit
powered by an ESP32-S3 microcontroller and displayed on a high-
visibility TFT screen interface.

AvAlert continuously monitors terrain and atmospheric indicators
associated with avalanche risk and presents them through an
intuitive, color-coded interface that communicates stability trends,
depth changes, and directional orientation. The device
emphasizes clarity, durability, and low-power performance to
ensure reliability in extreme cold and high-altitude conditions.
Unlike smartphone-dependent solutions, AvAlert functions as a
standalone safety instrument, reducing reliance on cellular
connectivity and preserving battery life for emergency
communication devices. This combination allows riders to make
better decisions in the backcountry, supporting smart risk
management in backcountry terrain.

The proposed design meets criteria for portability, environmental
resilience, real-time processing, and user-centered interface
design. By consolidating critical avalanche-related data into a
single dedicated platform, AvAlert aims to empower backcountry
travelers with actionable information, supporting safer route
selection and informed risk assessment in avalanche-prone
terrain.
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INTRO
DUCTI
ON
AvAlert is a compact & handheld avalanche risk
assessment device created to provide backcountry
snow riders with real-time locational environmental
data, such as snow depth and atmospheric
conditions, to serve as a first-of-its-kind informational
avalanche device. This proposal outlines our design
process, mathematical and technical validation, and
implementation system for our low-power device
that aims to solve avalanche death problems and
meet safety and performance criteria all while
following an engineering protocol set by our
requirements and constraints. 

SEC
TIO

N
        I

in introduction:
a. background
b. thesis statement
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I.   INTRODUCTION
 Year after year, an estimated six million skiers venture into the
backcountry, at the mercy of Mother Nature and her plethora of
dangerous mannerisms. According to ShelterBox.org, 150 of
these skiers will be caught and killed in an avalanche; a small
percentage, yes, but still one hundred and fifty too many [8]. This
also does not include injuries or people put in dangerous, life-
threatening situations as a result of these disasters. Each of these
skiers will face the unknown, that is, avalanche conditions, without
a surefire way of knowing the current dangers they may
encounter, except for word of mouth. Adding to the fear, 90
percent of all avalanches are triggered by someone in the victim's
party, according to the National Weather Service [2]. During a
candid interview with an experienced backcountry snowmobiler
and snowboarder, JR Brewer, I received several chilling firsthand
anecdotes about the dangers of backcountry riding. While
conversing, he elaborated on the uncertainties he feels every time
he enters the Rocky Mountain wilderness with aspirations of a fun
day in the breathtaking backcountry, he risks life and limb to do the
things he loves. During our interview, he told me a bone-chilling
story taking place on Rabbit Ears Pass outside of Steamboat
Springs, Colorado, during the 2022/2023 season; during a ride day
with several friends, they were riding on the south side of the pass
above tree line when Mother Nature let her wrath loose. He
recollects the frightening experience well, stating that while
descending a cornice, he felt a shift below his machine, but it was
too late. The powerful slide effortlessly swept him and his sled
away into the white abyss, with nothing to do other than hope he
was along for the ride. Luckily, he was able to regain control of his
body and the machine. He conquered Mother Nature head-on and
narrowly rode away from the slide. After this day, he says he will
never enter the backcountry without his avalanche safety
equipment, but he says that just isn’t enough after “coming too
close to the edge,” as he said. He then went on to say that although
most riders, including himself, accept the risks of backcountry
riding, they do not do so willingly, but for lack of a viable means to
detect avalanches before you are battling one. He ended our
conversation with great interest and optimism for the future of
avalanche safety, with great fascination in the future of our device. 

a. background 5



I.   INTRODUCTION
 The problem is this: no current device exists to perfectly warn a
skier about the conditions of the snow beneath their feet, and
whether or not it is at risk for causing an avalanche. Although
things like beacons and receivers exist, neither of these devices
comes in handy unless you are already caught in the slide. Clearly,
a gap exists in the skiing industry for preventative, early-action
avalanche warnings and information. A solution to fill this hole
would be an integral part of any skier's routine and a necessary
measure to keep our backcountry skiers safe. To back this up, we
interviewed John Iannone, an avid backcountry skier from Winter
Park, Colorado, who has lived in the area for 30 years. Iannone
emphasized that “avalanche prevention measures are currently
limited to education and awareness of conditions,” a gap that is
concerning and an unstable foundation at best. Digging a pit to
estimate these conditions, he said, is “time consuming, requires
significant physical exertion, and is often overlooked” and even
“ignored by backcountry recreation enthusiasts.” Something
needs to be done about the inefficiency of the current avalanche
prevention and the lack of a solution thereof.

 Many different factors must be taken into account when studying
and predicting avalanche conditions, but perhaps the most
important are layer density and snow water equivalent (SWE).
Analyzing density and SWE is very important when investigating
what snow is prone to sliding and causing an avalanche, especially
when doing layer analysis. Avalanches are a direct result of the
build-up of layers in snowpack; a weak layer in the snowpack is
always a cause for concern, so one must analyze these layers to
understand the dangers. Snow stratigraphy, or layer-by-layer
density, SWE, and characteristic analysis techniques provide
important data on dangerous layers and harsh conditions. Data
like this can be graphed, as shown from SnowPilot, and analyzed
for density differences; for example, a node taken on Berthoud
Pass, CO, on April 27th, 2025, shows a layer of highly dense snow
on top of a less dense layer, possibly indicating dangerous layering
patterns [7]. However, these metrics require a large pit to be dug
and fancy instruments and equipment to be created, something
the average skier cannot and will not do before skiing down. 

b. thesis state. 6



I.   INTRODUCTION
 Climate conditions locally can also be heavily attributed to
avalanche conditions and the likelihood of a slide. For example,
Simon Fraser University lists conditions including heavy snowfall,
snowstorms, and wind direction in the top 3 reasons for avalanche
disasters [6]. All three of these things are important, especially
when considered directly after they happen. Climate and weather
changes directly contribute to and correlate with snow water
equivalent, layering, grain size, and overall moisture. When put
together, climate data along with direct measurements of these
qualities are what make a full and complete avalanche analysis
and risk assessment. In Colorado alone, the National Weather
Service cites that 6 people die each year in these disasters [1]. 

SWE is directly correlated to the type of avalanches that will
happen. Precipitation can cause heavy snow in new storms, and
when placed on top of an extremely weak layer of snow, it can
create a super dangerous situation and cause the weak layer to
collapse. According to OrtoVox’s Lab Snow Safety Academy, “A
new snow layer often poorly bonds with the old snow layer,” and
this is the main reason why slab avalanches happen [5].
Consequently, they also cite that 95% of avalanche casualty cases
result from the victims triggering their own slab avalanches. That
number spikes to 99% when we look at all avalanches caused by
recreational skiers, casualty or not. Linking these together, we can
identify that the most dangerous avalanche encounters include
the factor of wet, new snow drifting over a soft and weak layer.
Another important factor to consider when identifying dangerous
slopes is slope angles. According to Avalanche Safety,» Identify
Terrain, slopes that exist at 30 degrees or more are extremely
prone to slab avalanches, and these slope angles exist very
commonly in most backcountry areas [4]. Large cornices and
backcountry faces have steeper slopes like these, and more
common than not, thrill-seeking skiers are looking for the steeper
slopes that give them an adrenaline rush. 

b. thesis state. 7



 When it comes to current infrastructure in the avalanche safety
world, there are a plethora of solutions, yet “Avalanche hazard
prediction remains a crucial task for mountainous regions
worldwide,” according to the National Library of Medicine [3].
Stationary weather stations and buried radar devices can provide
professionals with the data they need to predict and understand
current avalanche conditions. Artificial triggering of avalanches
using either remote triggering stations or a physical, specialized
high-caliber firearm can be used to mitigate problem areas near
railroads and roadways. Field researchers can take snow cores to
study snowpack and get an understanding of problem layers.
Avalanche Zoning can be used to map high-risk areas, typically
those near developments and populated areas. And of course,
plenty of gear exists for the skiers to use as they venture into the
backcountry; beacons, transceivers, avy-packs, and plenty of
other gear exist as precautionary measures. Plenty of options exist
for protecting people and infrastructure from the destructive
forces of avalanches. Amongst all of these solutions, not one of
them can be used as a real-time detection device. Even with all of
these options, skiers still get caught in avalanches, and according
to Brian Pollock (FOBP), “40% had taken an L1 class.” L1 being the
highest level of professional risk management. Avalanches are
unpredictable by nature, so predictions and single-point data can
only get skiers so far.

Through our extensive research, we have deduced that there is
currently no solution for real-time avalanche detection on the
market. A product such as the one we plan to design is essential to
keeping backcountry skiers alike safe from the unpredictability of
Mother Nature. During our initial research, we have learned the key
data markers for safe and unsafe snow, consisting of: snow
density, snow water equivalent (SWE), grain size, layer-by-layer
topography, and slope angle. In addition to these markers, we
studied specific climate data and snowpack records from different
areas all over the northern continent to determine various types of
snow accumulation patterns using records dating back decades.  

I.   INTRODUCTION b. thesis state. 8



SCOPE
OF
WORK
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in scope of work:
a. overview/srr
b. alternative solutions
c. evaluation
d. decision

In our project, we will design, prototype, create, and
test AvAlert through integration of environmental
sensors and real-time data analysis into a device that
is rugged and field ready. Through structured
research, evaluation of multiple system
configurations and hardware options, and
comparison of various alternative solutions through
success criterion, we determined our final design
and product structure and plan. 
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II. SCOPE  OF  WORK a. overview/srr
Breaking the AvAlert project down into a year-long
scope can be challenging with such daunting of a
task. Our scope of work is large, but broken down
into a timeline overview and a specific criterion box
of 10 specific items, it becomes a bit clearer. Our
overview can be seen through the stages of
development we will work through, including
research, 3D modeling, prototyping, hardware,
software, testing, and reiteration. Through our SRR
(System Requirements Review) table, we specified
exactly what we wanted to give the customer and
client, with feasible goal setting and realistic items to
accomplish.
*More can be seen on our overview w/ Gantt Chart in Section III.

System Requirements Review (SRR)
Through multiple design reviews,
carefully curated research, and a laundry
list of items we created, we came up with a
10 criteria System Requirements Review
that acted as our rubric for AvAlert. In this
rubric contains specifications for
functionality, hardware constraints,
software constraints, and the minimums
and maximums of what we had to do to
accomplish them.

10



II. SCOPE  OF  WORK a. overview/srr

1) The AvAlert Device will allow backcountry skiers
and riders to make informed decisions on
avalanche conditions and will act as an extra layer
of risk assessment when traveling in the variable
terrain of the backcountry. 

2) The AvAlert Device must be compact and
portable to allow skiers and riders to stow it away
within their backpacks. Max dimensions 4” by 8”

3) The AvAlert Device must be waterproof and
sealed to function in the wet environment, that is
the backcountry. It must hold up to snow testing
and variable storm conditions. The device will be
sealed with o-rings and silicon around any
openings.

4) The AvAlert Device will be equipped with a
screen interface to provide the user with real-time,
visible, and approachable data readings. The
danger reading will be shown as a colored bar:
stable (green), variable (yellow), unstable (red).

RUBRIC
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5) As a part of a positive user interface, the device
will deliver auditory cues along with its
measurement to give the user positive feedback. A
single beep will sound during a manual reading
followed by a secondary sound (one beep = stable,
two beeps = variable, three beeps = unstable).
While you ski the device will deliver these cues if
and when conditions change to allow you to make
informed decisions in avalanche terrain.

II. SCOPE  OF  WORK a. overview/srr

6) The AvAlert Device must be able to function in
temperatures as cold as -40°F to account for
extreme and unpredictable backcountry
conditions.

7) AvAlert’s AI model within the device's Internal
computer will use a variety of measurements from
its sensors to predict avalanche danger.
Temperature, pressure, depth, humidity, and slope
will allow the device to predict snowpack.

8) The Sonar Sensor that the device will be
equipped with will feed the model a depth
measurement. The Sonar needs to be calibrated
and put up against measured values to ensure
reliability. Snow pits will help us establish its
accuracy during initial setup.

12



9) The Model will be able to make predictions on
SWE using temperature, humidity, depth, and
baseline data from past Snow research, utilizing
data from the Colorado Avalanche Information
Center, and measurements taken during real-life
testing in various sites (Berthoud Pass, Rabbit Ears
Pass, Loveland Pass)

II. SCOPE  OF  WORK a. overview/srr

10) Internal slope angle measurement will allow
the device to make predictions within the
parameters of reason (snow is only dangerously
avalanche-prone between 30 and 45 degrees).
Slope angle will be weighted highest in the AI
models' calculations as slope angle is the most
important variable in avalanche risk assessment. 

After reviewing these criteria, it became
clearer as to exactly what type of work we

were going to have to do. Each of these
boxes cover key parts of a solution to a

truly easy-to-use risk assessment device
that is accurate and reflects industry-

standard data analysis and risk rating. 
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Using the SRR, we came up with distinct
design stages to set a rough outline.

1) Device Foundationals

Stage 1 included researching & establishing simple
plans for our microelectronics, such as finding the
best fit for our device. This included
microcontrollers, power systems, displays, and
sensors. In stage 1, we also aimed to develop initial
SolidWorks models of what hardware components
we wanted to include to perform what we wanted. 

II. SCOPE  OF  WORK a. overview/srr

2) Coding + Hardware Integration

Stage 2 outlines a block for boiling down our
research into mathmatical equations that we could
then turn into code that blended the sensors data
together. In addition, during this stage, we aimed to
integrate a hardware case for our device, including
wiring all of our electronics together for full
integration. This stage was the biggest because it
included the backend math and also transforming it
into a coded User Interface (UI) that gave clear risk
assessment. In addition , we had to integrate
hardware and software together, which would soon
come to be a challenge.
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3) Testing + Revision

II. SCOPE  OF  WORK a. overview/srr

Stage 3 gives space for all types of testing. This
includes simulations of harsh conditions in
fabricated situations along with real , gritty
backcountry skiing and hands-on device testing.
Our 4-step process includes sensor testing, risk-
rating testing, simulated testing, and on-site testing
where we would give not only the software
corrections, but the hardware as well to ensure
waterproofing and durability.

4) Implementation + Revision

Stage 4 is the process of taking our findings from
testing, and making the actual corrections to
AvAlert. This includes sensor reading correction in
the code, risk-rating recalibration, and better
hardware/waterproofing.

5) Review + Marketing

Stage 5 is polishing details, market analysis for real
business large-scale  operation, and creating
presentations + marketing to promote AvAlert as a
viable solution.

15



ALTERNATIVES

MATERIAL

II. SCOPE  OF  WORK b. alt. solutions

Within our research and requirement definitions, we
researched various different ways of accomplishing
our SRR in categories like material, electronics, CAD
Design, and wiring, using the best from each to
ultimately combine each categorical advantage into
one device.

Within our budget and school constraints, we had
only a few options of materials to pick from.  

3D Printing
PLA: Low-cost, lightweight, but
accessible printers are small
and PLA is very low strength. In
addition, the solids are porous
and not very waterproof.

Resin: Stronger,  solid-body,
bigger print plate and reliable
printing. However, it costs more
and prints take considerably
longer time.

Resin Printing (Formlabs)

PLA Plastics

16



ELECTRONICS

II. SCOPE  OF  WORK b. alt. solutions

Molding/Metals
Metal bodies or a plastic mold
would have been viable
options with a higher budget. In
addition, metal would have
been to heavy under the size
restrictions set in the SRR (see
pp. 11, box 2). 

Motherboards
With our small sizing
constraints, we needed a small
motherboard. However we also
needed a motherboard with
capability to handle all of our
environmental sensors. We
compared the Espressif ESP32-
S3 DevKit C and the Arduino
Uno sets of boards. The
Espressif had plenty of pins and
capacity to handle all of our
sensors, but had a harder
interface to code in. The Uno
was easier to code, but had less
capacity.

ESP32-S3 DevKit C

Arduino UNO

Casting

17



Sensors
II. SCOPE  OF  WORK b. alt. solutions

There were limited options for
depth sensors that could
perform the type of acoustic
sounding we wanted. We
looked at traditional Garmin
Fish Finder technology that
could perform deep scans, but
sizing and cost restraints
limited this option. We were
able to find a depth sensor from
MaxBotix that provides deep
scanning while also being well
within budget constraints.
For angle sensors, compasses,
and temp sensors, we looked at
a few options. The SparkFun
BNO086 Angle sensor was
cost-effective and local, as
opposed to Bosch alternatives.
However, we used a Bosch
combined sensor for
temperature, pressure, and
humidity to knock out a few
things in one, and a Bosch
magnetometer. We looked at
other options, like the Adafruit
MCP9808, but it wasnt as cost
effective and lacked features.

MaxBotix MB7374

SparkFun BNO086 IMU

Bosch/Adafruit BME280
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II. SCOPE  OF  WORK b. alt. solutions

CAD/HARDWARE
We considered multiple design
ideas, including having a smart
probe to physically test the
snow, a device with no screen
that connected to an app, or a
handheld like a phone.

Having a probe would allow us
to get more accurate SWE data.
It directly measures the water
content and is a hardware-
backed measurement.
However, it defeated the
purpose of the device being
easy to use and really portable.
It also violated our sizing
constraints in the SRR. 

We wanted a friendly, easy to
use UI, whether on the device or
on an app on a smartphone.
However, a physical screen
made the data real, and easy to
use without worrying about 

Smart Avalanche Probe

Probe UI

SolidWorks CAD Software
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II. SCOPE  OF  WORK b. alt. solutions

WIRING
To connect the parts we
wanted to use together, we
figured that we only had
soldering or plug and play
wiring options with STEMMA
cables or Dupont Wires with
male and female connectors.

Soldering would be a viable
long term solution, and is the
more professional and safe way
to ensure the wiring and related
harnesses stay intact during
the users experience. However,
it is time consuming
considering the volume of parts
that we have. 

Dupont cables would allow
easy plug and play use, along
with STEMMA cables to simply
daisy-chain the electronics to
the board. However, we would
risk the cables slipping and
coming undone with no
securing methods.

Dupont Cables

STEMMA-QT Cables

Soldering Microelectronics

20



EVALUATION
II. SCOPE  OF  WORK c. evaluation

When choosing the right parts and ideas to follow to
carry out AvAlert, we had to consider many things,
including but not limited to: economic,
environmental, sustainability, manufacturability,
equipment, staffing, resources, budget, and time.

We put the different options head-to-head per
category in decision-matrix figures to evaluate
which path we should take for the various
components of our project. 
To view the decision-matrix, please refer to appendix A-1/A-2.

For material, resin scored highest, with its highlights
including economics, manufacturability, and SRR
compliance for its waterproofing abilities and the
printers we have in house. In terms of
motherboards, the ESP32-S3 DevKit C came out on
top, with the pin availability of the board making it a
more viable option over the UNO board. For our
depth sensor, MaxBotix’s depth sensor proved to be
the best option due to its pricepoint being well
within budget while also fulfilling SRR depth
requirements. The Bosch combined temp sensor
won for our other environmental data, due to its
cost-effectiveness and ability to condense three
stats into one sensor. 

21



For our overall hardware design, we ditched the
probe in favor for a case design that has an in-house
screen. The probe wasn’t feasible for
manufacturability and we also didn’t have the
resources to create a smart probe ourselves. A case
design with a screen still fulfilled SRR Requirements
while also being manufacturable with the staffing,
budget, and time constraints that we had. To
connect all of these components, STEMMA wires
were the preferred choice for what we could use
them on due to their plug and play capability,
however all of them scored high on the figure, and
therefore we planned on using a combination of
soldering, DuPont wires, and STEMMA cables.

To view the decision-matrix, please refer to appendix A-1/A-2.

II. SCOPE  OF  WORK c. evaluation 22



II. SCOPE  OF  WORK d. decision

DECISION
To fully meet our SRR, following our part orders and
the evaluation of which components will work the
best, we combined our choices into a singular,
handheld device that would give accurate risk-
assessment for avalanche terrain and snow covered
mountains. 

We are proud to say that our AvAlert v.3.2 prototype
hits ALL 10  major system criteria. For criteria 1 and 2,
we successfully created a device that fits within a
4"x8" box, adhering to our compact requirements
and the device itself presents analyzed data in a WiFi
and Bluetoooth-free way that adds as another layer
of risk assessment and skier safety. The device
provides a smooth user interface that allows the user
to make informed decisions about the snow
beneath their feet, before they decide to ski it. Hitting
criteria 3, the resin printed CASE design is fully
watertight and insulated, and all openings are
sealed with O-rings and adhesive material. For #4,
the device has a clear, go/no-go bar spanning the
top of the home screen, making AvAlert’s data
presentation approachable for all audiences. On
criteria #5, we have included a tiny electromagnet
speaker that delivers audio cues as outlined in the
SRR, as part of a positive user interface.

23



II. SCOPE  OF  WORK d. decision 24

For criteria #6, we chose and utilized all
microelectronics that are rated for super cold
temperatures at around -40 degrees Fahrenheit, and
insulated the inner workings of AvAlert to add an
extra layer of protection allowing it to be skied in and
used in the most brutal of winter conditions. On
criteria 7 and 8, we included all of the data metrics
outlined, and the devices internal AI crafted
processing software model uses all of those metrics
relevantly. In addition, we have real, high-accurate
depth readings coming directly from the sonar
sensor that have been calibrated with snowpits, as
outlined.  Regarding #9 and #10, the code model we
implemented directly bases its predictions off of
changes in SWE and layer boundaries, using CAIC
and other relevant avalanche data as the main driver
for how it analyzes the data being fed to the system.
In addition, we weighted slope angle as the greatest
factor so that AvAlert only makes relevant
predictions for snow greater than 30 degrees in
slope as listed, due to the lack of avalanches below
that threshold.

In summary, our compact device hits all of these
criteria, with testing to back up our evaluations. We
believe that we created the best product based on
our criteria and constraints, and feel that it is
accomplishing everything we set out to do: a device
that lets skiers be safer.
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To further refine our project, we set deadlines and
met meeting dates with our stakeholders to have
certain items done in order to keep on an efficient
timeline. We organized this plan through a Gantt
Chart and various other dates and deadlines where
we had to meet with the shareholders. 

We also defined what makes our personnel qualified
and what roles we specifically fill in our project. In
addition, our personnel structure also helps develop
the timeline as we can plan out when our roles need
to come into play for more efficient production of
AvAlert.

no subsections in personnel/organization
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PERSONNEL
 III. PERSONNEL   +  ORGANIZATION

SAM    IANNONE

AUSTIN   BALL

CAVIN   DOUGHERTY

 Sam is an ambitious engineer and leader with
meticulous organizational skills, and a strong
communicator who values collaboration and
teamwork. His strengths include additive
manufacturing, SolidWorks, 3D modeling, and
graphic design. Notable achievements include
leading roles in a NASA engineering project,
public art initiatives, and honors societies. 

Austin is an accomplished SolidWorks
Professional and aspiring engineer with a
comprehensive mechanical background. His
expertise spans multiple industrial fields, and he
is a recognized creative contributor within the
adaptive manufacturing sector.

Cavin is an aspiring engineer with a strong
interest in the convergence of civil and
environmental engineering, driven by a decade-
long passion for the mountains, skiing, and the
natural world they represent. His technical
foundation is robust, evidenced by his
certifications as a SolidWorks Associate and
SolidWorks Professional. 

To view resumes, please refer to section VI.
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 III. PERSONNEL   +  ORGANIZATION

To manage such a large capacity of tasks
throughout the entire year, we had to break it down
further into steps where we could meet deadlines.
We created a Gantt Chart to keep blocks of time set
for certain larger tasks. In addition, meeting with the
stakeholders provided a built-in timeline that
followed in order to show progress each meeting. 

ORGANIZATION

GANTT    CHART

27

To view more in depth, please refer to appendix
B-1.



STAKEHOLDER     DEADLINES
Along the course of the year, various project
meetings and deadline requirements for the STEM
capstone itself gave us a rough framework of what
items we needed to meet and when we needed to
meet them. There were several design reviews,
system requirement reviews, and other panel
discussions with Darin Spain (3  party coordinator
and stakeholder) and staff of Jeffco STEM
departments. Each meeting provided insightful
feedback, criticisms, and outside opinions that
drove our project forward and ensured that we held
accountable to our own requirements while also
creating a viable, working product.

rd

Above is our Gantt Chart year long overview plan
from September 2025 to April 2026. By November,
we wanted a fulfilled model with all 3D components
mapped out and an organizational framework for
AvAlert ready to go. We wanted to have a physical
model we were proud of done by January, so that
we could follow it up with the necessary testing and
revision making by March. Then, until the end of the
semester would include final touches, marketability,
and final testing.

 III. PERSONNEL   +  ORGANIZATION

DEADLINES    ON   
NEXT    PAGE

28



  BACKGROUND RESEARCH PAPER -   DUE  BY  9/16/25

 III. PERSONNEL   +  ORGANIZATION

  INITIAL  PROJECT   PITCH -    9/16/2025

When initially researching for the Avalert project, we
knew it would be paramount to build a baseline
understanding of the avalanche climate. We spent
the bulk of the time analyzing avalanche research
data and understanding why a product such as ours
would be a postive addition to the market.  In
addition, we reviewed what environmental factors
trigger avalanches to study those specifically in
AvAlert.

When it came time to pitch the project to our
stakeholders for the first time, it was important in the
early stages to make sure the problem was clear. Since
the solution itself was very early stages, we focused on
the “why” behind the concept. We explained the
problem that avalanches present in the backcountry,
150 deaths per year, and the dangers that our concept
could help solve. We also needed to explain basic
avalanche characteristics, such as dry slab vs wet slab, to
give the stakeholders a basic understanding of the
problems we would need to overcome in product
design. Once we, and the stakeholders, had a baseline
understanding, we could move on to intial product
design.

To view the background research paper, refer to appendix C-1 

To view the initial project pitch, refer to appendix C-2
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 III. PERSONNEL   +  ORGANIZATION

 SYSTEMS  REQUIREMENT  REVIEW -   10/16/2025

The SRR was outlined by a large focus on our
success criteria that we had outlined in our initial
design. We discussesd largly with stakeholder Darin
Spain how we could go about updating and refining
the criteria we had defined, and how to apply our
ideas to the project.  We had mostly settled on a
rough product design, but needed to focus more on
parameters to make sure that, as the design
progressed, we understood how we needed to
construct it. 

 PRE-CRITICAL   DESIGN REVIEW-   12/18/2025

By the PRE-CDR, we had the first proof-of-concept
prototype ready to present. At this point in the project,
it was more about outlining to furture plans as it came
to testing. We explained the processes that had gotten
us to the point we were at, and the trials and errors that
had led to the current design. Once this roadmap had
been laid down, we discussed with the stakeholders
the next steps. The design was there, and it was solid.
We just needed to get out in the field and refine and
make changes as we saw necessary with our testing.
This meeting made some immediate necessary
changes clear and led to us having a very usable
product before the next meeting.

To view the SRR presentation, refer to appendix C-3 or pp. 11-13

To view the PRE-CDR, refer to appendix C-4
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 CRITICAL  DESIGN   REVIEW-   02/12/2026

 III. PERSONNEL   +  ORGANIZATION

When we reached the CDR, we had a product
completely ready for testing. Over the last two
months, since the PRE-CDR, we had completly
changed the case design as we saw fit after
discussing the first prototype. After a brief run-
through of project history, we outlined the changes
to the case and then went on to talk about our plans
for testing. This was the most important topic for
CDR as was shown during PRE-CDR. 

 FINAL   DESIGN   REVIEW-   05/12/2026

By the FDR, we needed to have a final product,
project proposal, design portfolios, individual
portfolios, and market analysis for real scale
production of AvAlert. In addition, we wanted to
have every fine detail fully refined, thorough testing,
and a real market-ready product. This would be the
final venture for the AvAlert in Capstone:STEM
before moving outside of the classroom entirely. So,
we wanted to make sure what we were presenting
as our final run was something that we were truly
hoping to be proud of.

To view the CDR, refer to appendix C-5

31



DATA +
ANALY-
SIS ,EDP

SEC
TIO

N
       I V

To mathematically prove and refine the metrics that
drove AvAlert, various computations and backend
iterations changed the way we thought about our
snow analysis. In addition, testing gave way for
sensor correcting, updated risk ratings, and new
mathematical analysis. All of this became a part of
our design process, outlined by the Engineering
Design Process (EDP) that built the framework for
engineering our way to success.

in data+analysis/EDP:
a. design process
b. mathematical + scientifical
c. data + srr analysis
d. results
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DESIGN    PROCESS
OVERVIEW

IV.  DATA+ANALYSIS a. design proc.

Using our knowledge of the EDP, we used it to create
a circular, constantly moving definition on how we
wanted to create iterations of our device. 

Starting off, since we knew
our problem, researched
what to do about it, and
decided on a series of
requirements that we
agreed would create a
successful product, it was
then time to plan out and
create the AvAlert. We had
chosen on parts and 

evaluated our different options, and it was time to
assemble. We started off with a block case that we
carved out a hole for the screen, with no outside
features behind the mounting straps on the outside.
Visually, it looked like a big box. It was also bifurcated
in half, and did not have a way to put it together and
lacked any vents for the sensors.

VIEW ON NEXT PAGE
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IV.  DATA+ANALYSIS a. design proc.

AvAlert v.1.0

This is how AvAlert v.1.0
was made. We later realized
that the screen was not
usable without buttons, we
needed vents to give
outside air to the
environmental sensors, and
a better way to connect the
two halves together. So,
thats what we did.

In terms of the sensors and
electronic wiring, we routed
the BNO086 Angle Sensor
to the motherboard, and
created our sensor
STEMMA-QT chain off of the
angle board. This solution
came as a result from
checks and tries with
different combos, and this
one proved to work and
feed data directly to the
code that actually popped
up on the screen. The UI
was still rough, but
displayed the data
accurately.

AvAlert v.1.0 Wiring Setup
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IV.  DATA+ANALYSIS a. design proc.
Based on trying different
combinations of sensor
organizations and seeing if
the data would work, we
came up with a final wiring
schematic. Simply trying led
our electronics to working.
We also updated and
troubleshooted our code
using Codex, which helped
also analyze our data from
our research to create our
code criterion for our risk
rating.AvAlert Final Wiring Schematic

For our power, we wired our battery into a charger and
converter combo that powered our board while
making the device rechargeable. As we approached a
more final, robust design with the electronics, the case
began to follow suit. We added mounting pegs for the
screen and angle sensor, and added vents with a
subhousing that allowed our temp sensor to get air
access, and wiring shelves and mounting areas for the
depth sensor and battery (view below).  Then, as our
code advanced better, we made the UI smoother,
added buttons to toggle the screen back and forth and
on and off, and made the data easy and readable with
a clear risk-rating bar that made for a smooth user
experience. Overall, these accomplishments reflect
our SRR perfectly, and the trial and error drove our
design process forward.
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IV.  DATA+ANALYSIS a. design proc.

AvAlert v.3.2 CASE Front Side
(Critical Avalanche Sensor
Enclosure)

AvAlert Sensor Housing v.2.1

AvAlert v.3.2 Fully Assembled

AvAlert UI Simulation

AvAlert v.3.2 CASE (Critical
Avalanche Sensor Enclosure)

For the rest of the design process documents, please
refer to the D appendix.
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MATHEMATICAL
AND SCIENTIFICAL

DATA
ANALYSIS

IV.  DATA+ANALYSIS b. math + sci.

Between math that started during our research phase
or drove our code into final production, calculations
and scientifical analysis have driven our entire project.
Our three step process of data analysis into math
conversion into code implementation allowed for us to
clearly develop math that was accurate AND working.

MATHEMATICAL
CONVERSION

IMPLEMENT TO
CODE

In data analysis, we took CAIC, Open Snow, and other
online avalanche data platforms and analyzed it using
a ChatGPT model. Through this AI model, we fed it
thousands upon thousands of metrics to analyze
which factors we needed to understand that proved to
be the most impactful in avalanches. Then, using this,
we created a risk-rating function with categorical
weighting between each environmental data point to
combine all of our metrics into one value that could
predict relative avalanche likelihood. We then
implemented this using Codex, to turn math into
software.
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To view all calculations, please refer to the G appendixes.



IV.  DATA+ANALYSIS b. math + sci.

Like stated earlier, we used various avalanche
platforms to gather data and feed to our AI model to
analyze. In our research analysis, which can be found
in Section 1b on pp. 8, we have learned the key data
markers for safe and unsafe snow, consisting of: snow
density, snow water equivalent (SWE), grain size, layer-
by-layer topography, and slope angle. 

We identified that the most important markers to
achieve an analysis of these ticket items are slope
angle, depth, and temperature trends. In addition,
logging the placement of these trends gives us a map
for each of these metrics listed above to better predict
avalanche likelihood. Below is what these snow
sample graphs look like, that allowed us to feed the
items into the AI to analyze: 

DATA   ANALYSIS

To view the full list of
data entries and data
sets entered into the AI
analysis model, please
refer to the E
appendixes.

Left:
Source- Robert Craft,
snowpilot.com
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Refreshes Data
Every 1s

MATHEMATICAL
CONVERSION

IV.  DATA+ANALYSIS b. math + sci.

Knowing what was important now, we defined our
environmental metrics as follows under Step 1:

We created a four-step process to our mathematical
analysis of snowpack data as follows:

Creates Rate
Function From

Data

Interpolates
Rates into Risk

Scores

Combines Risk
Scores into
Composite
Function

Snow Depth [cm]

Air Temperature [°C]

Slope Angle  [°]

Storm Override, if on [cm/hr]
All of these are functions of time, and refresh at a rate of 1 Hz, or every
second. This provides constant data feeding to the model that allows it to
make the most accurate predictions.
All of these encase the processes that happen during step 1, or our data collection step.
These variables allow us to plug data into other functions.

Refreshes Data
Every 1s

The rate of change functions for
each variable are defined as the
derivative of the input functions.
The input functions are defined as
the antiderivative of the rate of
change functions., through the
fundemental theorem of calculus.
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Creates Rate
Function From Data

IV.  DATA+ANALYSIS b. math + sci.

STEP  TWO
We plugged our data points into
constantly updating derivatives,
letting us see trends in our data that
evolve as the skier moves down the hill
and become more representative of
what is happening as data is added.

Snow Loading Rate:

Temperature Trend:

Averaging Correction:

Storm Override Depth:

This rate gave us depth
trends while the skier was
moving down the
mountain.

This allowed us to see how
the temperature was
changing during skiing.

This removed any
extraneous values from the
depth sensor, erasing data
from when a skier fell, jolted,
or made any sudden
movement.

This fixed depth readings
when a snow storm was
happening, and would be
enabled when the user
turned it on.
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IV.  DATA+ANALYSIS b. math + sci.

Individual Risk Ratings for Data Functions:

SAFE Snow slopes are
only really
dangerous above
30 degrees.

Low Loading

Medium

High Risk Loading

Large changes in
depth trend
indicate shelves
that pose high
avalanche danger.

Stable Temperature

Medium

Destabilized Temp.

Rapid warming or
cooling poses
another layer of risk
to avalanche
danger.

Interpolates Rates
into Risk Scores

STEP  THREE
We then mathematically defined what
trend values define each individual
data metric as stable, variable, or
unstable.
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IV.  DATA+ANALYSIS b. math + sci.
Then, we converted these risk scales into functions that
we could plug into the composite function in step 4.
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Combines Risk
Scores into

Composite Function

STEP  FOUR
To synthesize all of our individual risk
weightings for each trend function,
we then had to make a composite risk
score that combined these functions
into a master risk rating that either spit
out stable, variable, or unstable.

IV.  DATA+ANALYSIS b. math + sci.

Composite Risk Function:

if,

for all values possible on:

--Display stable

--Display variable

--Display unstable

This composite risk function allows us to compile large
volumes of data and their respective trends and boil it
down to a risk score. We have angle weighted highest,
due to its influence on conditions, followed by depth at
second, and temperature at third.

There are also some exceptions to our rules:
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IV.  DATA+ANALYSIS b. math + sci.

EXCEPTIONS   

Slopes over 40 degrees pose
serious avalanche risk, no
matter the other conditions.
Friction becomes too low
and poses great risk.

Rapid changes in depth
indicate high loading that
poses dangerous avalanche
conditions, that need to be
read as unstable.

The following all force AvAlert to read unstable:

Rapid changes in
temperature like these force
unstable due to the urgency
of freezing or melting that
alters snowpack conditions
rapidly and in an unstable
direction.

Storm rating with high
loading makes backcountry
conditions uncertain, and
must force unstable.

This series of equations was AvAlert ready and we could
move on to the next step. We took these functions and
began implementing them into our code.
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IV.  DATA+ANALYSIS b. math + sci.

CODE    IMPLEMENTATION
Using ChatGPT’s Codex software, we were able to
transform our functions into implementable code. 

We plugged the math listed above into Codex, and it
allowed us to incorporate this algorithm as the driver
behind our UI display. 

All of this allowed the
user to view readable
risk ratings in real time
that reflected the
research, calibration,
and mathematical
refining thanks to the
help of our AI code
model.

Behind the scenes, all of
this was happening,
but the user experience
is smoother and does
not reveal the inner
workings, allowing for
simplicity and usability.

Maximizing
functionality and ease-
of-use, this
combination smoothly
blends real research
with easy experience.

AvAlert UI Simulation
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IV.  DATA+ANALYSIS b. math + sci.

MATH    IN    TESTING
Our math did not stop at the development stage.
Throughout our testing and data analysis, multiple
implementations of scientific testing methods influenced
how we edited and reiterated AvAlert.

For our sensors, including angle, altitude, temperature,
and depth, we field tested and simulation tested their
values against real values from independent sensors. We
recorded the difference in value, as delta, and summed
and averaged all of the recorded values to find how far off
AvAlert was reading data from trusted ratings. We then
used these numbers to correct the values it outputted in
the code by offsetting the values it displays by the average
delta value. The math is as follows:

The math is simple,
but allows for
AvAlert’s values to be
closer to accepted
and true
measurements.

To refer to our testing documents, please refer to the F appendices.
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IV.  DATA+ANALYSIS c. data + srr

DATA    +    SRR
ANALYSIS
Our testing methods went through sensor accuracy,
prediction accuracy, simulated testing, and on site
testing. So, we analyzed the data that we gathered and
used this for corrections and then to compare against
SRR and analyze.

47

To refer to our testing documents, please refer to the F appendices.

The first phase of our testing included comparing the
sensor readings coming from AvAlert and putting
them up against measured values. From this, we
could account for the difference by code correcting it
to make sure the numbers AvAlert was analyzing
were as close to real values as possible.



IV.  DATA+ANALYSIS c. data + srr 48
First, we tested depth by digging real snowpits to
compare the depth that  AvAlert is reading with the
actual pit depth. We performed on-site calibration in
order to get reliable values for depth readings, testing
at a baseline of 3ft. Within 6 recalibration attempts, we
got it so close that our sonar reading was only 0.02 ft
away, or 0.6% different than actualized values. 

To refer to our testing documents, please refer to the F appendices.

We also found similar success with the accuracy of
the other sensors. Temperature was off at most by 0.1
degrees, with an average difference of less than
0.25%. Angle was off by at most 1 degree, which was
later code corrected down close to zero. In addition,
altitude was off by around 40 feet, which at an altitude
around 10-11,000 feet is only around 0.36% off.

DEPTH



In addition, the code was predicting accordingly to
the mathematical analysis and equation paramaters
we created.

On top of quantitative measures, we also saw lots of
promising trends in the field.  From our expertise,
when skiing on more powedery fields with less risk
and low slab probability, AvAlert predicted stable
accordingly. In addition, when we trekked with
AvAlert on steeper and more dangerous slopes,
AvAlert also responded accordingly.

We were also able to utilize AvAlert when it was
stored inside of a backpack, as the sonar capabilities
passed through the fabric in the backpack. Usability
seemed highly viable for a skiier and rider market,
and the data was easily usable in the field.

Overall, we are super happy with how AvAlert
performed in the field, and it seems to uphold and
adhere to our standards and industry conditions.
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50IV.  DATA+ANALYSIS d. results

RESULTS
Overall, we are highly satisfied with how AvAlert
holds up under real testing conditions. Although
sources of error we could have encountered includes
CASE insulation modifying data and utilizing a
prototype for testing, that is missing actual materials
that we would use, we believe our code corrections
that we have made to account for these gaps in our
development account for this. 

We believe that this solution is much better than
anything on the market because it is preventative,
and aims to act as risk assessment before the
avalanche itself happens. In addition, the
combination of data that it analyzes is extremely
powerful, whether or not it is in AvAlert or not. Snow
experts, ski patrol, and climate scientists alike can
make great use of this data, and these metrics have
great implications for safety and climate tracking.
This device brings harder to gather data and
compacts it into a handheld module, that proves to
be a wonderful solution to skier safety and avalanche
issues. Furthermore, we are proud to have carried
AvAlert out to this stage of testing, and if we had
another year, would dive deeper into materials
engineering for an easier to make case and refine our
testing and code values even further.
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no subsections in budget analysis

Through our engineering design process, we
budgeted under our $500 Capstone:STEM class
limit when building AvAlert, so much so that we
were able to create two identical prototypes.
Furthermore, we budgeted not only in the class, but
we performed real market analysis as well to
determine the macroeconomics of AvAvalert and
real pricing if the product were to go to market with
actual margins and cost analysis.

Overall, we will walk you through the class budget
and how we stayed under, and run through cost-
analysis if we were producing on a mass scale, with
updated part prices, etc.



52V.  BUDGET   ANALYSIS 

ACTUAL  BUDGET
Given to us as a part of the Capstone:STEM class, we
had $500 to execute our plan for AvAlert, including
all parts and materials that we planned on using. This
was a challenge to try and invent a never-seen-
before device with this amount of money, especially
with the cost of microelectronics and materials
needed to test and try different things. 

Above all, however, this budget was for the class,
and did not include labor or time costs. In addition,
tax exemptions were granted due to the educational
nature of this project.

Asides from just the goal of staying under $500 of
production costs for prototyping, we had to keep in
mind that AvAlert was aimed to be user-friendly and
provide a solution to the backcountry skier market.
Therefore, maintaining a pricepoint that is cost-
effective while also matching the current market
prices of other avalanche devices was important to
creating a realistic and marketable product.

On the next page, you can view our landed cost for
AvAlert, which ended up costing us just shy of $300.
However, most of the project parts were reusable,
such as wires and heat shrink, allowing us to create
two identical AvAlert prototypes in budget.



53V.  BUDGET   ANALYSIS 

LANDED COSTS

We also used resin on our FormLabs 3L provided by
our school, however factoring in plastics for this
project would add around $10 of  realized costs.



54V.  BUDGET   ANALYSIS 

MARKET ANALYSIS
In the long run, our goal was to actually send AvAlert
to market, to make a real difference and put it out
into the world. Accordingly, this meant we had to run
a market analysis on the economic viability of
AvAlert. In addition, scaling AvAlert to real
production meant that the costs of materials would
change and labor costs would have to be factored
in. Additionally, resin printing is not time-effective
enough for scaled production, so silicone injection
molding would be the viable option for a real,
assembly-line style manufacturing process of
AvAlert.

Analyzing the current avalanche technology
market, we were working in a product price range of
around $300-$1500. Beacons and airbags are
already essential products that are a part of  most, if
not all riders setups. 

In addition, in consulting with real backcountry
riders, we were reassured that AvAlert fills a new
niche of avalanche safety necessity not offered by
anything else on the market. This gave us a window
that allowed us to initially price it enough to encase
labor and material costs while also strategically
placing it in the price range of other technology.
To view the consultations, please view the F appendixes.



55V.  BUDGET   ANALYSIS 

Choosing a retail price of $679.99 posed AvAlert in a
strategic medium between necessary avalanche
products like the beacons and high-end premium
products like airbags. In addition, full backcountry
kits already can run upwards of $6,000, and with
something that carries the safety necessity as high
as AvAlert does, it is a small price to pay for peace of
mind.



56V.  BUDGET   ANALYSIS 
The backcountry ski market is saturated with
specialty gear and expensive safety measures.
AvAlert targets an untapped niche within a 1.5 - 2
billion dollar industry of gear. Avalanche airbag
packs are a basic necessity for big-line backcountry
skiing and run anywhere from $500 for a vest-style
bag or upwards of $1500 for a proper backpack-
style bag. A full beacon and receiver kit for
avalanche rescue, something that all backcountry
skiers and riders must wear at all times, costs around
$400 for a mainstream brand. And of course, once
you factor in other basic tools such as shovels,
probes, and proper clothing, any rider is most likely
thousands of dollars deep. With the actual ski setup
easily costing upwards of $2000 dollars before the
rest of the gear, a $679 device that can help prevent
skiers from getting caught in avalanche disasters
doesn't sound so expensive. Avalanche gear is
expensive, and the market understands that, so a
price point of $679 slots right into expected price
ranges, and the market will understand its value in
the wake of safety. 
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I

Sam Iannone, Austin Ball, Cavin Dougherty
Below are our credentials, qualifications,
experiences, and individual skills that make each
one of us capable to work on this project.

Together, these skills make for an equipped and
balanced team that we believe is essential to our
success in engineering, product development,
organzation, and end-to-end perfection.

This section also serves as our follow-up to the
personnel bit in Section III where we briefly
summarized the qualifications and resumes of each
group member.

no subsections in resumes
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SAM   IANNONE
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AUSTIN   BALL
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II

All of the in text citations, data sources, research
citations, and other references made throughout the
content of our proposal can be found in this section.

Research paper citations found in Section I are cited
using IEEE format, with sources labeled [1]-[8].

Any other source not explicitly referenced or created
by ourselves can be found in the appendices, or
Section VIII. This includes CAD Drawings, project
evolutional documents, data documents, and other
references made too large to include in the body of
the proposal.

no subsections in works cited
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Some visuals, graphs, and other ommitted sources
in works cited are visible in Section VIII, the
appendices, where they can be found.

In addition, lots of knowledge has also stemmed
from our extensive knowledge of the backcountry,
personal experience in the backcountry, and several
anecdotal pieces of information and conversations
that have been contracted between us and outside
sources.
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Any other source not explicitly referenced or created
by ourselves can be found in the appendices. This
includes CAD Drawings, project evolutional
documents, data documents, and other references
made too large to include in the body of the
proposal.

Appendices are labeled in letter then number
organizational format, and references can be found
embedded in the pages throughout this proposal.

All SolidWorks Drawings are .SLDDRW files,
SolidWorks VisualEyes renderings have also been
included.
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AvAlert Final Wiring Schematic

AvAlert Screen
Mounting Plate



92VIII.  APPENDICES

AvAlert CASE Rear Side

AvAlert CASE Front Side

AvAlert CASE Resin Printing



93VIII.  APPENDICES

 AvAlert Sensor Box

AvAlert Screen Mounting
Plate

AvAlert Full SolidWorks
Assembly Drawing



94VIII.  APPENDICES

AvAlert Full SolidWorks
Exploded Assembly

Drawing

Early AvAlert Wiring
Schematic Plan

AvAlert CASE
Render



95VIII.  APPENDICES

E



96VIII.  APPENDICES



97VIII.  APPENDICES



98VIII.  APPENDICES



99VIII.  APPENDICES

F

For Sensor Accuracy Testing, we created a 40-
pt data table to gather delta points, then
averaged it at the bottom. Then, taking this,
we put it into a collective table to see the code
corrections needed for all sensors.



Actual AvAlerts Delta

0 2 2

7 9 2

9 10 1

18 20 2

30 32 2

38 40 2

48 46 2

Actual
Number

AvAlerts
Number

Delta

40 39.9 0.1

41 40.4 0.6

41 40.5 0.5

41 40.8 0.2
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Depth Sensor Calibration Testing

Angle Sensor Data 03/12/2026 [deg] Temp Sensor Data 03/12/2026 (F)
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Sonar Proofs/Backend Calculations

Code Order of operations Math
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Calculations
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	II. SCOPE  OF  WORK

	a. overview/srr
	Breaking the AvAlert project down into a year-long scope can be challenging with such daunting of a task. Our scope of work is large, but broken down into a timeline overview and a specific criterion box of 10 specific items, it becomes a bit clearer. Our overview can be seen through the stages of development we will work through, including research, 3D modeling, prototyping, hardware, software, testing, and reiteration. Through our SRR (System Requirements Review) table, we specified exactly what we wanted to give the customer and client, with feasible goal setting and realistic items to accomplish.

	System Requirements Review (SRR)
	Through multiple design reviews, carefully curated research, and a laundry list of items we created, we came up with a 10 criteria System Requirements Review that acted as our rubric for AvAlert. In this rubric contains specifications for functionality, hardware constraints, software constraints, and the minimums and maximums of what we had to do to accomplish them.
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	a. overview/srr
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	II. SCOPE  OF  WORK
	a. overview/srr
	After reviewing these criteria, it became clearer as to exactly what type of work we were going to have to do. Each of these boxes cover key parts of a solution to a truly easy-to-use risk assessment device that is accurate and reflects industry-standard data analysis and risk rating.

	II. SCOPE  OF  WORK
	a. overview/srr
	Using the SRR, we came up with distinct design stages to set a rough outline.
	1) Device Foundationals
	2) Coding + Hardware Integration


	II. SCOPE  OF  WORK
	a. overview/srr
	3) Testing + Revision
	4) Implementation + Revision
	5) Review + Marketing
	II. SCOPE  OF  WORK
	b. alt. solutions



	ALTERNATIVES
	Within our research and requirement definitions, we researched various different ways of accomplishing our SRR in categories like material, electronics, CAD Design, and wiring, using the best from each to ultimately combine each categorical advantage into one device.
	MATERIAL
	Within our budget and school constraints, we had only a few options of materials to pick from.
	3D Printing
	PLA: Low-cost, lightweight, but accessible printers are small and PLA is very low strength. In addition, the solids are porous and not very waterproof.
	Resin: Stronger,  solid-body, bigger print plate and reliable printing. However, it costs more and prints take considerably longer time.


	II. SCOPE  OF  WORK
	b. alt. solutions
	Molding/Metals
	Metal bodies or a plastic mold would have been viable options with a higher budget. In addition, metal would have been to heavy under the size restrictions set in the SRR (see pp. 11, box 2).



	ELECTRONICS
	Motherboards
	With our small sizing constraints, we needed a small motherboard. However we also needed a motherboard with capability to handle all of our environmental sensors. We compared the Espressif ESP32-S3 DevKit C and the Arduino Uno sets of boards. The Espressif had plenty of pins and capacity to handle all of our sensors, but had a harder interface to code in. The Uno was easier to code, but had less capacity.


	II. SCOPE  OF  WORK
	b. alt. solutions
	Sensors
	There were limited options for depth sensors that could perform the type of acoustic sounding we wanted. We looked at traditional Garmin Fish Finder technology that could perform deep scans, but sizing and cost restraints limited this option. We were able to find a depth sensor from MaxBotix that provides deep scanning while also being well within budget constraints. For angle sensors, compasses, and temp sensors, we looked at  a few options. The SparkFun BNO086 Angle sensor was cost-effective and local, as opposed to Bosch alternatives. However, we used a Bosch combined sensor for temperature, pressure, and humidity to knock out a few things in one, and a Bosch magnetometer. We looked at other options, like the Adafruit MCP9808, but it wasnt as cost effective and lacked features.

	II. SCOPE  OF  WORK
	b. alt. solutions


	CAD/HARDWARE
	We considered multiple design ideas, including having a smart probe to physically test the snow, a device with no screen that connected to an app, or a handheld like a phone.
	Having a probe would allow us to get more accurate SWE data. It directly measures the water content and is a hardware-backed measurement. However, it defeated the purpose of the device being easy to use and really portable. It also violated our sizing constraints in the SRR.
	We wanted a friendly, easy to use UI, whether on the device or on an app on a smartphone. However, a physical screen made the data real, and easy to use without worrying about
	II. SCOPE  OF  WORK
	b. alt. solutions


	WIRING
	To connect the parts we wanted to use together, we figured that we only had soldering or plug and play wiring options with STEMMA cables or Dupont Wires with male and female connectors.
	Soldering would be a viable long term solution, and is the more professional and safe way to ensure the wiring and related harnesses stay intact during the users experience. However, it is time consuming considering the volume of parts that we have.
	Dupont cables would allow easy plug and play use, along with STEMMA cables to simply daisy-chain the electronics to the board. However, we would risk the cables slipping and coming undone with no securing methods.
	II. SCOPE  OF  WORK
	c. evaluation


	EVALUATION
	II. SCOPE  OF  WORK
	c. evaluation
	For our overall hardware design, we ditched the probe in favor for a case design that has an in-house screen. The probe wasn’t feasible for manufacturability and we also didn’t have the resources to create a smart probe ourselves. A case design with a screen still fulfilled SRR Requirements while also being manufacturable with the staffing, budget, and time constraints that we had. To connect all of these components, STEMMA wires were the preferred choice for what we could use them on due to their plug and play capability, however all of them scored high on the figure, and therefore we planned on using a combination of soldering, DuPont wires, and STEMMA cables.

	II. SCOPE  OF  WORK
	d. decision


	DECISION
	II. SCOPE  OF  WORK
	d. decision

	PERSONNEL + ORG.
	SECTION       I I I
	no subsections in personnel/organization
	III. PERSONNEL   +  ORGANIZATION


	PERSONNEL
	SAM    IANNONE
	Sam is an ambitious engineer and leader with meticulous organizational skills, and a strong communicator who values collaboration and teamwork. His strengths include additive manufacturing, SolidWorks, 3D modeling, and graphic design. Notable achievements include leading roles in a NASA engineering project, public art initiatives, and honors societies.

	AUSTIN   BALL
	Austin is an accomplished SolidWorks Professional and aspiring engineer with a comprehensive mechanical background. His expertise spans multiple industrial fields, and he is a recognized creative contributor within the adaptive manufacturing sector.

	CAVIN   DOUGHERTY
	Cavin is an aspiring engineer with a strong interest in the convergence of civil and environmental engineering, driven by a decade-long passion for the mountains, skiing, and the natural world they represent. His technical foundation is robust, evidenced by his certifications as a SolidWorks Associate and SolidWorks Professional.
	III. PERSONNEL   +  ORGANIZATION


	ORGANIZATION
	To manage such a large capacity of tasks throughout the entire year, we had to break it down further into steps where we could meet deadlines. We created a Gantt Chart to keep blocks of time set for certain larger tasks. In addition, meeting with the stakeholders provided a built-in timeline that followed in order to show progress each meeting.
	GANTT    CHART
	III. PERSONNEL   +  ORGANIZATION

	STAKEHOLDER     DEADLINES

	DEADLINES    ON    NEXT    PAGE
	III. PERSONNEL   +  ORGANIZATION
	BACKGROUND RESEARCH PAPER -   DUE  BY  9/16/25
	When initially researching for the Avalert project, we knew it would be paramount to build a baseline understanding of the avalanche climate. We spent the bulk of the time analyzing avalanche research data and understanding why a product such as ours would be a postive addition to the market.  In addition, we reviewed what environmental factors trigger avalanches to study those specifically in AvAlert.

	INITIAL  PROJECT   PITCH -    9/16/2025
	When it came time to pitch the project to our stakeholders for the first time, it was important in the early stages to make sure the problem was clear. Since the solution itself was very early stages, we focused on the “why” behind the concept. We explained the problem that avalanches present in the backcountry, 150 deaths per year, and the dangers that our concept could help solve. We also needed to explain basic avalanche characteristics, such as dry slab vs wet slab, to give the stakeholders a basic understanding of the problems we would need to overcome in product design. Once we, and the stakeholders, had a baseline understanding, we could move on to intial product design.


	III. PERSONNEL   +  ORGANIZATION
	SYSTEMS  REQUIREMENT  REVIEW -   10/16/2025
	The SRR was outlined by a large focus on our success criteria that we had outlined in our initial design. We discussesd largly with stakeholder Darin Spain how we could go about updating and refining the criteria we had defined, and how to apply our ideas to the project.  We had mostly settled on a rough product design, but needed to focus more on parameters to make sure that, as the design progressed, we understood how we needed to construct it.

	PRE-CRITICAL   DESIGN REVIEW-   12/18/2025
	By the PRE-CDR, we had the first proof-of-concept prototype ready to present. At this point in the project, it was more about outlining to furture plans as it came to testing. We explained the processes that had gotten us to the point we were at, and the trials and errors that had led to the current design. Once this roadmap had been laid down, we discussed with the stakeholders the next steps. The design was there, and it was solid. We just needed to get out in the field and refine and make changes as we saw necessary with our testing. This meeting made some immediate necessary changes clear and led to us having a very usable product before the next meeting.


	III. PERSONNEL   +  ORGANIZATION
	CRITICAL  DESIGN   REVIEW-   02/12/2026
	When we reached the CDR, we had a product completely ready for testing. Over the last two months, since the PRE-CDR, we had completly changed the case design as we saw fit after discussing the first prototype. After a brief run-through of project history, we outlined the changes to the case and then went on to talk about our plans for testing. This was the most important topic for CDR as was shown during PRE-CDR.

	FINAL   DESIGN   REVIEW-   05/12/2026
	By the FDR, we needed to have a final product, project proposal, design portfolios, individual portfolios, and market analysis for real scale production of AvAlert. In addition, we wanted to have every fine detail fully refined, thorough testing, and a real market-ready product. This would be the final venture for the AvAlert in Capstone:STEM before moving outside of the classroom entirely. So, we wanted to make sure what we were presenting as our final run was something that we were truly hoping to be proud of.
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	DESIGN    PROCESS OVERVIEW
	VIEW ON NEXT PAGE
	IV.  DATA+ANALYSIS
	a. design proc.
	This is how AvAlert v.1.0 was made. We later realized that the screen was not usable without buttons, we needed vents to give outside air to the environmental sensors, and a better way to connect the two halves together. So, thats what we did.
	In terms of the sensors and electronic wiring, we routed the BNO086 Angle Sensor to the motherboard, and created our sensor STEMMA-QT chain off of the angle board. This solution came as a result from checks and tries with different combos, and this one proved to work and feed data directly to the code that actually popped up on the screen. The UI was still rough, but displayed the data accurately.


	IV.  DATA+ANALYSIS
	a. design proc.
	Based on trying different combinations of sensor organizations and seeing if the data would work, we came up with a final wiring schematic. Simply trying led our electronics to working. We also updated and troubleshooted our code using Codex, which helped also analyze our data from our research to create our code criterion for our risk rating.
	For our power, we wired our battery into a charger and converter combo that powered our board while making the device rechargeable. As we approached a more final, robust design with the electronics, the case began to follow suit. We added mounting pegs for the screen and angle sensor, and added vents with a subhousing that allowed our temp sensor to get air access, and wiring shelves and mounting areas for the depth sensor and battery (view below).  Then, as our code advanced better, we made the UI smoother, added buttons to toggle the screen back and forth and on and off, and made the data easy and readable with a clear risk-rating bar that made for a smooth user experience. Overall, these accomplishments reflect our SRR perfectly, and the trial and error drove our design process forward.


	IV.  DATA+ANALYSIS
	a. design proc.
	For the rest of the design process documents, please refer to the D appendix.
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	b. math + sci.


	MATHEMATICAL AND SCIENTIFICAL
	Between math that started during our research phase or drove our code into final production, calculations and scientifical analysis have driven our entire project. Our three step process of data analysis into math conversion into code implementation allowed for us to clearly develop math that was accurate AND working.
	DATA ANALYSIS
	MATHEMATICAL CONVERSION
	IMPLEMENT TO CODE

	In data analysis, we took CAIC, Open Snow, and other online avalanche data platforms and analyzed it using a ChatGPT model. Through this AI model, we fed it thousands upon thousands of metrics to analyze which factors we needed to understand that proved to be the most impactful in avalanches. Then, using this, we created a risk-rating function with categorical weighting between each environmental data point to combine all of our metrics into one value that could predict relative avalanche likelihood. We then implemented this using Codex, to turn math into software.
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	DATA   ANALYSIS
	Like stated earlier, we used various avalanche platforms to gather data and feed to our AI model to analyze. In our research analysis, which can be found in Section 1b on pp. 8, we have learned the key data markers for safe and unsafe snow, consisting of: snow density, snow water equivalent (SWE), grain size, layer-by-layer topography, and slope angle.
	We identified that the most important markers to achieve an analysis of these ticket items are slope angle, depth, and temperature trends. In addition, logging the placement of these trends gives us a map for each of these metrics listed above to better predict avalanche likelihood. Below is what these snow sample graphs look like, that allowed us to feed the items into the AI to analyze:
	IV.  DATA+ANALYSIS
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	MATHEMATICAL CONVERSION
	We created a four-step process to our mathematical analysis of snowpack data as follows:
	Knowing what was important now, we defined our environmental metrics as follows under Step 1:
	Snow Depth [cm]
	Air Temperature [°C]
	Slope Angle  [°]
	Storm Override, if on [cm/hr]
	All of these are functions of time, and refresh at a rate of 1 Hz, or every second. This provides constant data feeding to the model that allows it to make the most accurate predictions. All of these encase the processes that happen during step 1, or our data collection step. These variables allow us to plug data into other functions.
	The rate of change functions for each variable are defined as the derivative of the input functions. The input functions are defined as the antiderivative of the rate of change functions., through the fundemental theorem of calculus.
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	STEP  TWO
	We plugged our data points into constantly updating derivatives, letting us see trends in our data that evolve as the skier moves down the hill and become more representative of what is happening as data is added.
	Snow Loading Rate:
	This rate gave us depth trends while the skier was moving down the mountain.
	Temperature Trend:
	This allowed us to see how the temperature was changing during skiing.
	Averaging Correction:
	This removed any extraneous values from the depth sensor, erasing data from when a skier fell, jolted, or made any sudden movement.
	Storm Override Depth:
	This fixed depth readings when a snow storm was happening, and would be enabled when the user turned it on.
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	STEP  THREE
	We then mathematically defined what trend values define each individual data metric as stable, variable, or unstable.
	Individual Risk Ratings for Data Functions:
	SAFE
	Snow slopes are only really dangerous above 30 degrees.
	Low Loading
	Large changes in depth trend indicate shelves that pose high avalanche danger.
	Medium
	High Risk Loading
	Stable Temperature
	Rapid warming or cooling poses another layer of risk to avalanche danger.
	Medium
	Destabilized Temp.
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	STEP  FOUR
	To synthesize all of our individual risk weightings for each trend function, we then had to make a composite risk score that combined these functions into a master risk rating that either spit out stable, variable, or unstable.
	Composite Risk Function:
	if,
	--Display stable
	--Display variable
	--Display unstable
	for all values possible on:
	This composite risk function allows us to compile large volumes of data and their respective trends and boil it down to a risk score. We have angle weighted highest, due to its influence on conditions, followed by depth at second, and temperature at third.
	There are also some exceptions to our rules:
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	EXCEPTIONS
	The following all force AvAlert to read unstable:
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	CODE    IMPLEMENTATION
	Using ChatGPT’s Codex software, we were able to transform our functions into implementable code.
	We plugged the math listed above into Codex, and it allowed us to incorporate this algorithm as the driver behind our UI display.
	All of this allowed the user to view readable risk ratings in real time that reflected the research, calibration, and mathematical refining thanks to the help of our AI code model.
	Behind the scenes, all of this was happening, but the user experience is smoother and does not reveal the inner workings, allowing for simplicity and usability.
	Maximizing functionality and ease-of-use, this combination smoothly blends real research with easy experience.
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	MATH    IN    TESTING
	Our math did not stop at the development stage. Throughout our testing and data analysis, multiple implementations of scientific testing methods influenced how we edited and reiterated AvAlert.
	For our sensors, including angle, altitude, temperature, and depth, we field tested and simulation tested their values against real values from independent sensors. We recorded the difference in value, as delta, and summed and averaged all of the recorded values to find how far off AvAlert was reading data from trusted ratings. We then used these numbers to correct the values it outputted in the code by offsetting the values it displays by the average delta value. The math is as follows:
	The math is simple, but allows for AvAlert’s values to be closer to accepted and true measurements.
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	DATA    +    SRR ANALYSIS
	Our testing methods went through sensor accuracy, prediction accuracy, simulated testing, and on site testing. So, we analyzed the data that we gathered and used this for corrections and then to compare against SRR and analyze.
	The first phase of our testing included comparing the sensor readings coming from AvAlert and putting them up against measured values. From this, we could account for the difference by code correcting it to make sure the numbers AvAlert was analyzing were as close to real values as possible.

	IV.  DATA+ANALYSIS
	c. data + srr
	First, we tested depth by digging real snowpits to compare the depth that  AvAlert is reading with the actual pit depth. We performed on-site calibration in order to get reliable values for depth readings, testing at a baseline of 3ft. Within 6 recalibration attempts, we got it so close that our sonar reading was only 0.02 ft away, or 0.6% different than actualized values.
	DEPTH

	We also found similar success with the accuracy of the other sensors. Temperature was off at most by 0.1 degrees, with an average difference of less than 0.25%. Angle was off by at most 1 degree, which was later code corrected down close to zero. In addition, altitude was off by around 40 feet, which at an altitude around 10-11,000 feet is only around 0.36% off.
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	RESULTS
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	MARKET ANALYSIS
	In the long run, our goal was to actually send AvAlert to market, to make a real difference and put it out into the world. Accordingly, this meant we had to run a market analysis on the economic viability of AvAlert. In addition, scaling AvAlert to real production meant that the costs of materials would change and labor costs would have to be factored in. Additionally, resin printing is not time-effective enough for scaled production, so silicone injection molding would be the viable option for a real, assembly-line style manufacturing process of AvAlert.
	Analyzing the current avalanche technology market, we were working in a product price range of around $300-$1500. Beacons and airbags are already essential products that are a part of  most, if not all riders setups.
	In addition, in consulting with real backcountry riders, we were reassured that AvAlert fills a new niche of avalanche safety necessity not offered by anything else on the market. This gave us a window that allowed us to initially price it enough to encase labor and material costs while also strategically placing it in the price range of other technology.
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