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Goal: 
Make studying a little less 
stressful and a little more 
fun — with BearBot!

Use-Case Requirements:
● Response Time ≤ 

500 ms [1] [3]
● Scent Diffusion that 

lasts for ~ 1 Hour [4]
● Battery Life of 2 

Hours [2]
● Easily Portable

Limitations of Bearbot & 
Safety

● Can’t shake 
aggressively X

● Liquid is cold & 
harmless ✓
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Design Requirements  
■ Arduino Nano Connect RP2040 & OLED 

Graphic Display Module (UR: <= 500 ms)
○ Arduino Nano Connect RP2040 & OLED 

Specification (SPI)
■ Response time of a few milliseconds

○ SPI ranges from 10MBPs to 20 MBPs
○

■ Bearbot Diffuser Design 
■ (UR: 1 Hour Diffusion = 4 Oz) 

○ Cylinder is 3cm long & 4 cm radius
○ Π×42×3 = 150 cm^3
○ Can hold up to 5 Oz liquid →  > 1 hour  

■ 4 AA Battery Pack Holder, Rocker Switch, & 
Voltage Regulator 
(UR: 2 Hours Battery Life)
○ 1.5 V AA battery → 2000mAh
○ (2000mAh * 4 batteries * 6V) = 48Wh
○ 48Wh / (5W) = 9.6 hours
○

■ Bearbot Diffuser Design (UR: Safety)
○ Hole for wires at the bottom covered 

by diffuser 
○ Keep components safe in case of spill

UR == User Requirement



Solution Approach



Solution Approach



Complete Solution
Physical Study Bearbot
● Hardware Electronic Components

○ Speakers → Music
○ Diffuser → Aromatherapy
○ Rotary Encoder  → Volume & Fidget
○ Buttons → Navigation & Fidget
○ Motors & Arms → 

Personality/Companionship
○ OLED Screen → Navigation & 

Personality/Companionship
○ Power Rocker Switch & Battery Pack → 

Transportability

● Hardware Exterior
○ Transparent Plastic 
○ Silicone Skin

Study Bearbot Web Application
● User Authentication System

○ Login/Signup Functionality 
○ User Data Storage - Study session history 

● Interactive Controls
○ Timer Function - Pomodoro-style study timer with start/pause/stop capabilities
○ Study Mode Toggle - Switch between study and fidget modes
○ Sound Control - Selection of ambient sound tracks and volume adjustment
○ LED Light Control 

● Study Analytics
○ Weekly Study Tracker - Visual representation of study hours per day
○ Session History - Record of completed study sessions

● Connectivity Features
○ Real-time Sync - Bidirectional communication with physical Bearbot
○ Connection Status Indicator 

● User Experience
○ Motivational Quotes - Encouraging messages to maintain study motivation
○ Intuitive Interface - Clean, minimal design for distraction-free studying



Complete Solution



Testing, Verification and Validation 
■ Conduct Trial Runs with Bearbot for 20 Minutes (10 Participants)

○ Goal: Measure stress relief, ability to focus, & interactivity
○ Pre and Post Study Survey 
○ Screen Record Web Application
○ Avg Response > 5 → Pass
○ If user receives a positive experience from Bearbot (i.e 7-10 on survey scales) → Pass
○

■ Conduct Trials on Battery Life (5 Trials)
○ Goal: Measure the lifetime for the Battery
○ For 1 trial, if battery life >= 2 Hours → Pass
○

■ Conduct Trials on Diffusion Time (5 Trials)
○ Goal: Measure the lifetime for the Diffuser 
○ For 1 trial, if diffuser life >= 1 Hour → Pass



Testing, Verification and Validation 

Trial Time

1 42:25:00

2 44:25:00

3 56:40:00

4 47:28:00

5 43:40:00

Trial Hour

1 5

2 9

3 10

4 7

5 8

Battery Tests Diffuser Tests

Average Hours: 7.8
Standard Deviation: 1.9

Passed Use Case Requirement 

Notes: First two trials were with 
rechargeable Amazon Batteries - 

last three trials were with Duracell 
Batteries. 

Average Minutes:  46:55:36
Standard Deviation: 5:45
Refill Rate / 2 Hours: ~2.5

Failed Use Case Requirement

Notes: An additional part was needed 
for the diffuser that took up some of 

the area of the hole: another fabrication 
pass with the CAD 



Testing, Verification and Validation 
User Study Tests

● Participants: CMU students from diverse majors (ECE, MechE, CS, etc.)
● Context: Users studied with Bearbot for ~20 minutes in a private study 

setting.
● Data Collected: Pre/post-study surveys + recorded interactions.

Key Metrics Before After

Stress (1=relaxed, 7=stressed) 4.5 3

Focus (1=unfocused, 7=focused) 4.5 5.5

User Comfort — ~6.33

Would Use Again — ~6.17

*Note: We plan to test with 4 more participants, but based on current data: 

Passed Use Case Requirement 



Design Tradeoffs

Diffuser Activated with Switch
● More Powerful with Constant 5V vs Digital Write
● Removed Aroma Option from OLED Screen

○ Fabricated New Part to Cover Diffuser

Removing Rotating Base 
● Made Bearbot Less Clunky & Easier to Hold

○ Moved Away from Voice Recognition
● Lost Some Interactivity 



Project Management - Schedule


