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Use Case & Design Requirements

Bike Safety Hub

Blind Spot Detection

o  Warnif car or large object is
within 10-meter range

Collision Alerts
o Relative speed of car behind
is >=15 mph
o  Near insufficient distance
left to brake before hitting
car in front!?

Turn signals
o Capable of self-canceling
when making 90 deg. Turns

Centralized Warning
Display

o Flashred on section of
display if having potential of
being hit

Category

Cost

Power Consumption
Detection Range
Uptime

Confusion Matrix

Ruggedness
Difficulty of Installation

'Equation for stopping distance from AASHTO “Guide for the development of bicycle facilities”, 4th ed.

Metrics

<= $200 Market Price
>=2 hrs endurance
>=10m

>=99.999%

<=40% False Negatives
<= 30% False Positives

IPX4

Easy (user survey)



Solution Approach

Cars Can't See Bikers vs Bikers Can’t See Cars
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“Man Riding Bicycle during Nightfall” from Pixabay under CCO
“Bicyclist with a rearview mirror attached to his helmet” from Oregon DOT under CC-BY 2.0



https://www.pexels.com/photo/man-riding-bicycle-during-nightfall-207779/
https://creativecommons.org/publicdomain/zero/1.0/
https://commons.wikimedia.org/wiki/File:Bicyclist_with_a_rearview_mirror_attached_to_his_helmet.jpg
https://creativecommons.org/licenses/by/2.0/

Why Radar?




Other Possible Benefits

Public Health

Making biking safer
More people biking

Safety Economic

Reduce collision rates between Reduce healthcare, repair costs
cyclists and vehicles due to less rate of collisions




System Specification

K-LD7 Radar
RPi 4

Hosyond IPS 5 INCH LCD
Hyunduo 5V LED CHIP light bulb
Anker 337 power bank

Button

Rapid prototyped waterproof oN oF

enclosure &

-

Release
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https://m.media-amazon.com/images/|/61e-0+8K9HL._SL1500_.jpg

https://www.sparkfun.com/products/15447

https://m.media-amazon.com/images/I/71PrFibLvLL._AC_SL1200_.jpg
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https://m.media-amazon.com/images/I/51rXQqJtTxL._AC_SL1500_.jpg




HW Custom Design ] [ SW Self Developed ]
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Turn Signal Schematics
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Turn Signal Ul

led blinking hello world GUI

switch activation design mockup
handlebar position sensing Ul implementation
self cancellation sensor integration

Radar Exterior Case
radar basic bring up bike attachments
raw data processing fitment check

tuning for BSM*, RCW*, FCW* waterproof check

*BSM - Blind Spot Monitoring, RCW - Rear Collision Warning, FCW - Forward Collision Warning



Testing, Verification and Metrics

Metric

Uptime

Confusion
Matrix

Power
Consumption

Test Plan

Record time that radars
respond to data queries on
RPi, divide by total application
runtime

Static testing - Record radar
performance with and without
objects in front in a controlled
environment

Real world testing - Record
video, manually count both

types

Measure average current
draw using ammeter and
extrapolate total time
Record the running time of
the system under normal use

Pass Metric

>=99.999%
uptime

<=40% False
Negatives

<=30% False
Positives

Endurance
time >= 2 hrs

Mitigation Plan

Analyze why system is not
available and address
accordingly - e.g., if wiring is
loose, tighten them

Try with different enclosure
materials and radome
configurations

Tune radar parameters (max
speed, distance, frequency)
Switch to other method
(LIDAR)

Measure current draw of each
component to identify excess
usage

Use a lower power device that
still meets perf. need

Increase battery size



Testing, Verification and Metrics
Test Plan

Metric

Detection
Range

Ruggedness

Difficulty of
installation

Static testing - Verify radar on

bike can see parked car
beyond 10 min a controlled
environment

Real world testing - Record
both display and behind bike,
manually analyze distance of

vehicle when alert is triggered

Test with IPX4 test protocol

Test functionality of systemin

case by riding around in poor
conditions and verifying
functionality still works

Ask 5+ bike riders to try the
product and gather their
opinions

Pass Metric

Car>=10m
detected

Passes IPX4 test,
functionality
unimpeded by
case

Rated “easy” on
rating scale

Mitigation Plan

Try with different enclosure
materials and radome
configurations

Tune radar parameters (max
speed, distance, frequency)
Switch to other method
(LIDAR)

Identify points of water
entry and seal

Verify all wiring is tight and
undamaged

Verify radome to sensor
distance is correct

Survey what people want
and redesign if possible



S— >~ February 2024 March 2024 Anril 2024
G S T T L T T T T T
= = i Week 2 - Weas p— Week 7 Waek s — Week 10 Weai 11 °
Radar 21224 312712 P ro e Ct
Part Selection 212124 2,9151 “tack Wang)-
f— — —— % {Jack Wang)Johnny Tia, Jason Lu
Management
Initial softw... 2120124 212612 [ {Jack Wang)
Tuning FCW 2127124 3/113/2 Jasortu)
& .
Tuning BSM 2127124 31137z {Jack Wang}
.
Tuning RCW 3/14/24 312072 : {Jack Wang) .
— P
Bike Installation 3/21/24 31277z e
Turn Signals 2/12/24 3/26/2 2
.
7777222222722
‘Schematic Design 2112124 2/119/z (Johnny Tian}
Simulation/Ve... 2/20/24 2/22/% lohnny Tan};
.
Schematics/Pa 2023124 212602 {Johnny Tian} Jack Wang.Jason Lu a S O n
.
Part Shipping 2/26/24 31127z {Johnny Tian}
.
Benchtop Testing 3/13/24 31191z 1 ohnny Tian) . R P I S Oftwa re/l I I
Bike Installation 3120124 31261z
Central Computer 2/2124 311612 O h n n y.
.
Part Selection 212724 2781 “tJasun Ly Fack Wang:Johnmy Tra
.
Part Shipping 2/9/24 21144, . | l | r n S Ig n a S
Initial softw... 2/15/24 212112 {Jason Lup
. .
. e Enclosure fabrication
Visualization. 2/29/24 3/15/2 L T
.
. o - ! . Pa rt | n Sta atl O n
CAD Design 3/13/24 3/19/z {Johnny Tian}
Prototyping/R. 3/20/24 3/26/2 {Johnny Tian}
Final Build 3127/24 a12/2 {Johnny Tian}
Slack Time aza2a ar2orz ——
Integration 413124 412312
Full System |I. 4/3/24 4/9/2 {Jack Wang},Johnny Tian.Jason Lu
Feedback Capture 4/10/24 4/16/2 {Jason Lu}
Road Testing 410124 4r16r2 S . {Johnny Tian}
pring break
Final Polish 411724 412312 I | 2<c0 L) 120k War.Jonory Tian
Design Presentation 2120124 21201z .
i G Start of finals —
Final Demo 4/30/24 4/30/2 <




