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Abstract
Collisions between cyclists and motor vehicles often result in sig-
nificant emotional distress for the motorist and injuries or fatalities
for the cyclist who rely mainly on passive equipment for protection.
While radar-based sensing has long supported driver assistance,
cyclist safety technologies have only recently begun to incorporate
comparable capabilities for environmental awareness. However,
most current solutions provide asymmetric safety, placing the re-
sponsibility for awareness only on one party. In this article, we
present the preliminary design, implementation, and testing of a
GPS-enabled, radio-based, audio-visual alert system that supports
mutual awareness and reduces the likelihood of accidents by alert-
ing both parties to each other’s presence and distance. We detail
our design process, report on early prototyping, and reflect on
our challenges. This novel approach to mutual awareness in traffic
safety hopes to inspire new research into cooperative road user
technologies and help shift the safety paradigm from individual to
shared responsibility.

CCS Concepts
• Hardware→ Emerging tools and methodologies.
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1 INTRODUCTION AND MOTIVATION
As cyclists become increasingly common on roadways, accidents
involving injuries and fatalities among these vulnerable road users
have also increased [11, 25]. These outcomes are especially preva-
lent in countries where cyclists must share the road with motor
vehicles due to the absence of dedicated cycling infrastructure
[26, 27]. This persistent danger of serious injury may deter many
would-be cyclists [2], reinforcing the need for transportation safety
technologies to recognize and treat cyclists as active participants
in the traffic ecosystem.

This problem is an international one. In 2022, cyclists accounted
for 10% of all road fatalities in the E.U. [11]. While the absolute
yearly number of cyclist deaths in Europe has remained steady
(around 2000) since 2010, their proportion relative to overall traffic
fatalities has increased [11, 25]. In the U.S., 1,084 cyclists were killed
in crashes with motor vehicles in 2022, the highest number recorded
since 1975 [23]. In both regions, a significant share of these accidents
occur in urban areas [1, 25]. These trends suggest that relying solely
on passive safety measures such as bicycle lanes, traffic calming
road furniture, and speed limits have not been sufficient, even in
cycling-friendly nations such as Denmark and the Netherlands
[11]. There is an urgent need to complement passive infrastructure
improvements with active safety systems that support real-time
detection and awareness between drivers and cyclists.

Currently, cyclists primarily rely on hand signals and eye contact
to communicate with drivers during shared-space interactions [2].
Accidents often occur when drivers fail to perceive or misinterpret
these signals [15, 20]. As a result, the burden of collision avoidance
falls either on the cyclist, who must make evasive maneuvers, or
on the driver, who must negotiate the shared road appropriately.
Advanced Driver Assistance Systems (ADAS) hold promise for
preventing many of these crashes [29], but rely on clear weather [4],
good road conditions [6], and quick decision-making [33]. Failures
often result in harm [16, 17]. Prior work has proposed various
driver- and cyclist-facing alert systems [3, 7, 13, 29, 31, 32], but
these solutions often either place the onus solely on the cyclist or
on the driver to avert collisions.

To address this limitation, this work-in-progress paper intro-
duces a low-cost audio-visual alert system that uses GPS and Radio
Frequency (RF)-based signaling to enable real-time, synchronized
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Figure 1: AI-generated illustration of a bicycle–vehicle inter-
action using the radio-based system. A: Cyclist’s handlebar-
mounted screen alerts to vehicle presence and proximity; B:
Transceiver is mounted beneath the saddle of the bicycle; C:
Radio signal spans bicycle and vehicle; D: Driver-facing HUD
alerts the driver to the cyclist’s presence and proximity.

alerts between vehicles and cyclists to facilitate mutual awareness
of presence and proximity as depicted in Figure 1. To the best of
our knowledge, no existing system provides shared alerts to both
drivers and cyclists in real time. Our system uses GPS-enabled mi-
crocontrollers and RF transceivers mounted on both the vehicle
and cyclist, which exchange location data and alert both parties in
real time to each other’s presence and proximity. In early testing,
our system demonstrated the ability to detect relative position and
distance, while successfully communicating shared alerts using a
timed transmission strategy (3.1). Unlike existing solutions that pri-
marily place responsibility on one party, our approach distributes
awareness between cyclists and drivers, which represents a novel
step toward symmetric safety systems that promote cooperative
road use. In this paper, we outline the early implementation deci-
sions, challenges, opportunities for the community, and our vision
for the system’s integration with existing cycling technologies and
ADAS of the future.

2 BACKGROUND AND RELATEDWORK
In this section, we beginwith a brief exploration of driver awareness
and the protection of vulnerable road users (2.1). We then review
related work on radar technologies supporting cyclists’ safety (2.2).

2.1 Driver Awareness and Protecting Vulnerable
Road Users

Vulnerable road users (VRUs), including cyclists, pedestrians, mo-
torcyclists, and individuals with reduced mobility, face higher risks
of injury or mortality on roadways compared to enclosed vehicles
due to limited physical protection [2, 14, 21]. Interactions between
cyclists and vehicles are especially hazardous during overtaking or
lane-sharing scenarios due to limited lateral space and high speed
differentials [7]. With increasing rates of crashes involving cyclists,
there is a growing demand for proactive safety interventions [28].

Figure 2: Illustrative handlebar-mounted display and rear-
facing radar sensor on a bicycle, functioning similarly to
the Garmin Varia1 system by visualizing the proximity of
approaching vehicles from behind, in this case, showing a
car at 150 meters.

ADAS have emerged as tools to improve driver situational aware-
ness and reduce high risk events [4, 29]. These systems use multi-
modal sensors (radar, camera, LIDAR) to detect, track, and predict
the behavior of surrounding road users and objects [4, 7, 30]. ADAS
provide anticipatory information to improve driver gaze and extend
response time [28]. While these systems are primarily designed to
assist drivers, cyclists benefit indirectly through enhanced driver
awareness and improved vehicle responses. However, such systems
often lack mechanisms for direct, symmetric detection and notifica-
tion between cyclists and drivers. Our proposed prototype moves
beyond that limitation with an audio-visual shared alert system
that supports mutual awareness of both cyclist and driver.

2.2 Cyclist Warning Systems and Radar-Based
Hazard Detection

Radar-equipped systems have long been used in automotive safety
to help vehicles detect and avoid nearby objects [29] because radars
offer high accuracy in range and speed estimation, reliability in
object-detection, and consistent performance in poor lighting or
weather conditions [18], where other systems often fail [4]. This
versatility has enabled radar technologies’ more recent adaptation
into rear-mounted cyclist safety systems that detect approaching
vehicles and alert riders of their presence via handlebar-mounted
displays as depicted in Figure 2. Commercial products like the
Garmin Varia1 and others work similarly by showing proximity of
vehicles approaching from behind. Furthermore,

radars offer a cost-effective and reliable way to estimate velocity
[18], which allows them to be viewed as a foundational technology
in the development of robust, real-time cyclist warning systems
[18, 22, 32]. Newer prototypes integrate auditory [3], tactile [24],
1https://www.garmin.com/en-US/p/698001/
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and visual warnings [21], with studies suggesting that multimodal
alerts, when deployed early, reduce corrective or evasive reaction
time without significantly increasing cognitive load [28, 30].

Although the use of radar for hazard detection is robust, the
systems mentioned above rely on radar purely for forward or rear
detection. Our system uses GPS and RF-based signaling between
vehicle- and cyclist-mounted transceivers to deliver real-time alerts
to both drivers and cyclists, enabling a symmetric system that sup-
ports mutual awareness of presence and proximity. Our alert system
escalates from light to sound as the vehicle nears the cyclist. To our
knowledge, this is the first system to integrate mutual signaling be-
tween drivers and cyclists, marking a step toward safer interactions
on the road.

3 EARLY IMPLEMENTATION DECISIONS
In this section, we outline our system’s core functionality and key
design decisions. As shown in Figure 3, the system includes cyclist
and vehicle units that use RF transceivers to exchange real-time
GPS data and trigger synchronized alerts based on proximity.

3.1 Hardware Platform and Communication
Architecture

The system architecture is anchored around two Arduino microcon-
trollers, chosen because of their low power consumption, accessible
integrated development environment, and widespread community
support. Each unit, car and bicycle, continuously tracks its own
location using a GPS module and sends positional data to the other
via RF transceivers. This mutual exchange of positional data forms
the basis for proximity detection and alert logic. Communication
is separated into distinct transmit and receive channels to reduce
packet collisions, a challenge that frequently caused dropped mes-
sages in earlier iterations. The RF transmission range is empirically
verified to be reliable up to 250 meters with an audio-visual and
context-aware alerting strategy. When the car is within 250 meters
of the bicycle, both entities receive a visual alert (light), while a
supplemental audio alert is triggered within 100 meters. To support
environmental durability and future prototyping, both devices are
housed in sturdy modifiable Lego™-like casings, with future ver-
sions envisioned as integrated elements of the vehicle’s heads-up
display. Recognizing the limited power supply on the bicycle, we
offloaded all processing tasks, such as GPS-based distance calcu-
lation, angle computation from the bicycle, proximity threshold
checks, and alert triggering, to the vehicle’s microcontroller. The
cyclist’s unit transmits only its GPS coordinates, while the car-side
system continuously computes the distance and angle between both
units and determines whether alerts (visual or auditory) should be
triggered. Both interfaces, as shown in Figure 3, include visual and
auditory cues, appropriate for their respective noisy and attention-
saturated environments.

3.2 Vector-Based Movement Modeling and
Coordinate Normalization

To calculate and represent the direction of travel and relative angu-
lar motion between the bicycle and car, we reduced their interaction
to three interpretable states: increasing distance, decreasing dis-
tance, or simultaneous changes in both distance and angle. This

abstraction assumed both parties are moving along the same or
opposite directions within a lane. Perpendicular interactions were
excluded since they are typically mitigated by intersection infras-
tructure such as stop signs and traffic lights. Using a coordinate
system where 0° is directly left, 90° ahead, and 180° right, we de-
fined the angular field-of-risk in which both the cyclist and driver
should be alerted to one another’s presence to be 45°–135° based
on our tests and prior research [8, 9, 14]. As vector-based logic
is implemented, we redefined the car’s position as the origin of a
dynamic coordinate plane, continuously recalculating the cyclist’s
position relative to it. This approach helped mitigate GPS jitter
and improved the accuracy of distance and angle calculations. We
also addressed mechanical sources of signal fluctuation by fixing
the RF antennas to the external casings of both modules as seen
in Figure 5 to minimize angular noise from unintended antenna
rotation during field testing.

3.3 Speed-Gated Computation and
Distance-Based Alert Filtering

During initial testing, we observed inconsistencies in angle read-
ings when the vehicle was stationary or moving at very low speeds.
These fluctuations were caused by minor GPS drift and noise, which
became impactful when there was little or no forward movement to
stabilize calculations. As a result, the system occasionally reported
erratic proximity estimates, even when the cyclist and vehicle were
not changing position relative to each other. To address this, we in-
troduced a minimum vehicular speed threshold of 5 kph (3.11 mph),
below which the system temporarily pauses angle and distance
computations to avoid false alerts and improve overall reliability
during stop-and-go conditions. Alerts are also gated by vehicle
motion, pausing when the car is stationary and resuming when it
moves again. If the bicycle alone is in motion while the car remains
stationary, no alert is issued, as the car is not considered an imme-
diate threat. This speed and angle restriction is based on targeted
moment of increased threat: when the vehicle is approaching the
cyclist from behind and is moving faster than the bicycle [7, 12]. By
filtering out divergent trajectories, alerts yielded more consistent
and actionable outputs, as depicted in Figure 4.

4 DEVELOPMENT CHALLENGES
Several technical challenges emerged during early development
that may be instructive for others building similar mutual sensing
and dual-sided alerting systems. One key issue is the potential for
communication deadlocks, where both the vehicle and bicycle units
continuously transmit without successfully receiving each other’s
messages. To address this, we implemented an alternating software-
level timing mechanism which allows each device to monitor the
elapsed time since its last sent message and dynamically switches
into receive mode after a fixed interval. While this solution im-
proves transmission handshakes, occasional information packet
drops persist. Furthermore, the introduction of angular calculations
is a critical variable since distance alone is insufficient to determine
the relative spatial relationship between the car and bicycle. We
know from literature that the position of the VRU relative to the car
poses vastly different safety implications, perceived or otherwise
[2, 8]. To address this, we incorporate directional angle calculations
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Figure 3: System flowchart showing data exchange between a vehicle and a cyclist. Each unit calculates its own GPS location,
exchanges data, and triggers visual or auditory alerts based on proximity. Lights are activated within 250 m and sound within
100 m.

Figure 4: Serial output of early validation of proximity de-
tection from real-world testing showing GPS-based distance
(meters) and smoothed angular position (degrees) of the cy-
clist relative to the vehicle. Future versions will see this data
streamlined on vehicle HUD.

Figure 5: Annotated prototype of one of the units showing key
components: GPS receiver, RF transceiver, microcontroller,
USB power input, 250-meter LED visual alert, and a place-
holder LED for the noisemaker.

as discussed in Section 3.2. Early angle logic models attempts re-
sulted in erratic outputs when either vehicle changed direction,
even minimally. Iterative geometric analysis corrected these fluc-
tuations, including thresholding computations based on vehicle
movement and speed. However, angle measurements, though suffi-
ciently accurate to inform our alert system and support meaningful
testing as shown in Figure 4, still requires further work. To improve

stability, we plan to combine GPS data with information from an
accelerometer to smooth and filter out erratic changes.

5 CONCLUSION AND FUTUREWORK
This work-in-progress paper presented a novel radio-based haz-
ard detection system that shifts bicycle-vehicle collision avoidance
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from a one-sided notification model to a shared, symmetric, real-
time awareness framework. By equipping both cyclists and drivers
with GPS-enabled microcontrollers and RF transceivers capable
of exchanging real-time location data over a 250-meter range, the
system provides mutual awareness and early audio-visual notifi-
cations that extend beyond simple confirmation, which increases
reaction time for both users. Field testing with a single vehicle-
bicycle pair successfully showed the system’s feasibility, though
challenges remain.

Several areas continue to present opportunities for future devel-
opment to enhance system reliability, integration, and user trust.
Upcoming efforts will focus on improving its stability, refining
angle detection capabilities, and conducting iterative rounds of
user testing involving multiple bicycles and cars in varied envi-
ronments. We envision the system being natively integrated into
vehicle dashboards, akin to existing blind spot detection or lane-
keeping systems. This work contributes to ongoing discussions
around equitable safety technologies [5], trust in assistive systems
[10], and designing for shared environments [3]. Our prototype il-
lustrates how relatively low-cost sensing and feedback systems can
meaningfully support mutual safety when designed with real-time
communication, interpretability, and cooperative dynamics in mind.
It also raises technical challenges such as multimodal sensing relia-
bility, spatial positioning accuracy, and user’s ability to understand
and respond to the system feedback under real-world conditions.

Planned enhancements include a driver-facingHUD that conveys
cyclist proximity using visual metaphors (e.g., green/yellow/red
zones), dynamically updated in real time. To further improve signal
reliability and directionality, we also plan to optimize antenna
design by fixing, encasing, and upgrading to higher-gain antennas
to ensure consistent signal orientation. Longitudinal investigation
of HUD visual metaphors will also examine how drivers interpret
cyclist proximity feedback and how that interpretation influences
behavior. More broadly, future work should examine multi-cyclist
scenarios and explore communication protocol enhancements in
diverse weather, traffic, and urban/rural areas.

We hope our prototype opens a pathway for rethinking how
driver assistance systems account for vulnerable road users such as
cyclists. By shifting the responsibility for safety to both the driver
and the cyclist, our approach introduces the possibility of more
symmetric, cooperative safety systems that reduce the cognitive
and technological burden on either party. In doing so, we challenge
traditional paradigms that assume VRUs must adapt to motor ve-
hicle dominance, which aligns with growing efforts to reimagine
more equitable road-sharing futures [5, 19]. Continued iteration
and refinement of the foundation we have built can contribute to
the emergence of a transportation network redefined by the seam-
less data exchange and awareness between vehicles and VRUs. As
vehicle systems become increasingly intelligent and networked,
this work serves as an example of how human-centered, symmetric
safety systems can be embedded into everyday mobility experi-
ences. We encourage the AutomotiveUI community to explore how
such safety systems might become a ubiquitous driver-assist feature
in the near-future.
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