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Abstract

Research Article

The quiet operation of electric and hybrid vehicles at low speeds can pose a risk to pedestrians.

To enhance pedestrian safety, Acoustic Vehicle Alerting Systems (AVAS) have been developed.
The objective of this study is to develop an Optical Vehicle Alerting System (OVAS) that is
integrated with vehicle speed data, with the aim of improving pedestrian awareness. By processing
speed data transmitted via the Controller Area Network (CAN) bus, a variety of light patterns were
projected on the road surface using optical sources in daylight conditions. In the pro-posed system,
the efficacy of linear laser-based warning patterns generated by laser sources was compared with
that of circular light patterns produced by arrays of light-emitting diodes (LEDs) com-bined with
lens structures. A vehicle simulation was conducted to measure the light intensity and illumination
profiles of laser and LED-based systems in a test environment. The findings revealed that an alerting
pattern was generated with an illuminance of 90 lux at a distance of five metres when six LEDs with
a wavelength of approximately 505 nm and an output power of 5 mW were employed. Similarly, a
dynamic, speed-dependent linear alerting pattern was generated using three laser diodes operating
at a wavelength of 532 nm and an output power of approximately 100 mW. The effectiveness of
light intensity and illumination profiles was evaluated based on performance at different vehicle
speeds. The OVAS system designed with LEDs was mounted at two different heights, 30 cm and
50 cm above the ground, and their performances were compared. It was observed that the OVAS
positioned at 50 cm projected a light pattern covering 242% more area at a range of 1-3 metres
compared to the system mounted at 30 cm. This emphasises the considerable impact of the
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1. Introduction

The interaction between vehicles and pedestrians in traffic has
become increasingly complex with the development of electric
and hybrid vehicles (EVs and HVs) [1]. Vehicle manufacturers
design their vehicles and components in compliance with
regulations to ensure the safety of drivers, passengers and
pedestrians [2]. Regulations and national laws are key
considerations in the design and production of vehicles and their
components. The silent operation of EVs and HVs at low speeds
has recently become a significant risk, particularly for visually
disabled pedestrians. This highlights the importance of
improving road safety measures for pedestrians [3]. Inadequate
road lighting also negatively affects pedestrian and driver safety
[4]. Therefore, estimating vehicle stopping points can be

challenging and raise potential safety concerns [5]. Pedestrian
accidents are among the most common and deadly road traffic
accidents, and urban transport authorities need to take measures
to improve pedestrian safety.

For this purpose, modeling vehicle-pedestrian interactions
helps to predict collision risks and identify critical factors in
preventing serious accidents [6]. Safety measures are
particularly important for hearing-disabled pedestrians, who
face difficulty detecting auditory warnings. For this reason,
vehicle manufacturers need to take measures to increase
pedestrian awareness of vehicle warnings.

Advancing LED technologies has significantly improved the
efficiency of vehicle warning lights [7]. Technologies such as
dynamic LED arrays and external vehicle projection lighting
have been developed, with holographic projection technologies
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demonstrating their ability to project light patterns for
pedestrians using powerful optical sources [8]. Electronic
solutions for optical warning patterns have been tailored for the
automotive industry, allowing the creation of different figures
through micro-lens arrays [9]. Solutions combining reflectors,
lenses and LEDs offer a variety of options. Linear light patterns
can assist the driver in aligning with the road, thereby improving
road safety. Lighting systems used in forklifts and similar
vehicles are used as directional indicators to improve safety in
industrial environments. These systems are being adapted for
automotive use so that they can be mounted on vehicles. Optical
projections have shown promise in marking safety zones,
contributing to occupational safety by visually indicating
hazardous areas. Such projections can be used to optically mark
danger zones [10].

Figure 1. LED-based OVAS

One of the primary design principles aiming to ensure vehicle
and pedestrian safety is to provide adequate lighting at the front
and rear of the vehicle. In this context, compliance with the
standards of the vehicle's headlight placement design is critical
[11]. Simulation software developed for this purpose plays an
important role in the development of automotive lighting
products that comply with standards and regulations. For this
purpose, software such as Zemax Optics Studio [12],
LucidShape and CATIA V5 [13] have been used to optimize
light distribution with advanced diffractive lens designs. On the
other hand, predictive algorithm-based adaptive headlight
systems increase night driving safety by illuminating the road
according to the road illumination and slope level, as well as the
load amount and speed of the vehicle [14]. Laser diode-based
headlights offer significant advantages in adaptive lighting due
to their high efficiency and compact size [15].

)/

Figure 2. Laser-based OVAS

Today, since the silent operation of electric and hybrid
vehicles poses a safety risk for pedestrians, the use of Acoustic

Vehicle Alerting Systems (AVAS) has become mandatory in
regions such as the European Union. UNECE Regulation R138,
which came into force in 2021, requires all new electric and
hybrid vehicles to use AVAS. The regulation requires vehicles
to produce sounds within certain decibel ranges at low speeds
and to provide frequency changes during acceleration and
deceleration. These audible warnings are of great importance for
silent vehicles to be noticed, especially by pedestrians. In
addition to the AVAS system, the integration of the recently
proposed Optical Vehicle Alerting System (OVAS) into
automotive standards has been guided by the AVAS regulations.

Figures 1 and 2 illustrate the OVAS systems developed using
LED and laser technologies respectively. With LED technology,
the OVAS system can produce projection patterns and be
integrated into vehicle components such as side mirrors,
headlights or other suitable locations. In addition, LEDs can be
added to signal lamps to project information such as the vehicle's
charging status onto the ground. The integration of the OVAS
system into the regulation can be achieved by complementing
acoustic alerts with optical alerts. For example, as the vehicle's
speed increases, optical alerts can be activated in addition to
acoustic alerts, making both forms of alerts more noticeable to
pedestrians. Similar to AVAS systems, the OVAS system
should also provide dynamic alerts based on vehicle speed,
which can be achieved by increasing the frequency or intensity
of the optical alert with speed. In conclusion, the OVAS system
should be developed in accordance with the sound and
frequency variation rules outlined in UNECE R138. UNECE
R138 is a regulation that mandates electric and hybrid vehicles
to produce an audible warning sound for pedestrian safety. This
regulation specifies key parameters, such as sound levels and
frequency ranges, to standardize the audible alerts that should be
emitted by vehicles. By aligning the technical testing and type
approval processes with AVAS regulations, the OVAS system
can gain wider acceptance in the automotive industry and make
a significant contribution to pedestrian safety.

In this study, two different optical vehicle alerting systems
(OVAS) based on LED and laser technologies were developed
and their performances were compared. The systems were
designed to operate using vehicle speed data and could also be
manually controlled independently of speed. As there is no
existing regulation in this area, the developed OVAS systems
aim to contribute to the formulation of future regulations as
innovative OVAS solutions. The systems developed use speed
data from the vehicle's Controller Area Network (CAN) to
project light patterns onto the ground to alert pedestrians. The
first implementation used laser light sources and lenses to create
linear patterns. The second implementation used LEDs with a
dominant wavelength of 520nm and reflectors to create circular
patterns. Both systems were designed to be suitable for mass
production in electric and hybrid vehicles. To achieve this, a
Hazard Analysis and Risk Assessment (HARA) was carried out
in accordance with automotive standards to determine the
Automotive Safety Integrity Level (ASIL) required for
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compliance. Multi-layer PCB designs were created using Altium
Designer, and electrical surge tests were performed in
accordance with ISO 7637-2 ve 1SO 16750-2 standards.
Mechanical designs for mounting the systems in vehicles were
developed in Solid-Works and manufactured using 3D printing
technology. For the LED-based systems, simulations were
carried out using ANSYS Speos 2022 R2 to optimise the light
patterns and optical measurements were carried out in a dark
room. The vehicle CAN network was simulated using a DEW-
43A DAQ instrument. Finally, the designs were validated
through in-vehicle field tests to demonstrate effectiveness and
reliability.

2. Simulation and Experimental Methods

The human eye's response to light energy is maximum around
550 nm (green light). For this reason, semiconductor-based
compact LED and laser diodes used in OVAS design and
operating around 550 nm can provide sufficient visual alerts at
low power levels. Laser diodes produce narrow, linear patterns,
while LEDs produce wide, circular patterns. LED and laser-
based light sources eliminate the need for frequent replacement
due to their long lives [11]. Specifically, LED-based light
sources offer significant advantages in terms of long life, cost
efficiency, and ease of use. Diffractive optical lenses can be used
to precisely direct and focus light onto the illuminated surface
[16].

In our simulations, ANSY'S Speos 2025 R2 was used to model
and characterize the optical performance of the proposed OVAS
system. The Lambertian distribution used in Ansys Speos
describes the illumination pattern of light on surfaces. This
distribution is calculated from the cosine of the angle between
the direction of incident light and the surface normal and is
represented as a light intensity pattern [17]. In simulation
studies, lenses with different reflector configurations were used
for both light sources to obtain optimum light distribution.

In order to evaluate the contribution of the OVAS system to
pedestrian detection at various speeds and environmental
conditions, simulations were carried out and prototype designs
were optimized using the simulation results. Experimental
characterization of the optical pattern for the LED-based OVAS
system was performed using the Everfine GO-HD5 automotive
goniophotometer. The system's optical performance was
analyzed within a £180° horizontal and £120° vertical rotation
range, utilizing a pre-amplified, constant-temperature
photometer head with CLASS L (f1'<1.5%) accuracy to ensure
high-fidelity luminance measurements. Precise angular
resolution of 0.01° enabled detailed gradient analysis, while the
integrated laser alignment system optimized positioning
accuracy during the test cycle. The photometric data, including
illuminance curves and equal luminous intensity distributions,
were processed in real-time through software-controlled
automation, facilitating objective evaluation of the lighting
performance. Measurements were taken at angles of 30° to the
left, right, up and down from the centre of the source. During the

measurements, the OVAS system was powered by the internal
power supply of the Everfine GO-HD5 and aligned with an
integrated laser system. The measurement point was positioned
at a height of 50 cm to avoid interference with the connector
panels on the unit. The simulation results carried out on ANSYS
Speos during the design phase were compared with the
measurement results. Six LEDs, each driven at approximately
700 mA, were used in the system during the measurements.

To simulate our OVAS system, a CAN simulation interface
was designed using Dewesoft software and the DEWE-43A
DAC device. This allows detailed testing and validation of the
communication protocols and ensures reliable integration of the
OVAS system into the overall vehicle architecture. The OVAS
system allows ID information in data packets received over the
CAN bus to be modified, ensuring seamless integration with
vehicle software without 1D conflicts. Vehicle speed data is
monitored within predefined limits to control the light intensity.
The direction of light is configured to project either towards the
vehicle or forward, depending on the application. The functional
block diagram of the system is shown in Figure 3, which
effectively illustrates the integration and operation of the various
system components. The controller processes the data from the
CAN interface and adjusts the driver module to control the
system's output based on the received commands. The power
module varies depending on the use of LEDs or lasers.

N

\

Power
Meodule

Controller

Can Interface

Power and Can Input
Figure 3. System functional block diagram

Figure 4 illustrates the design of the electronic control
circuits, including the integration of the laser and LED. The laser
driver circuit is integrated with the laser diode and uses a voltage
stabilizer regulator. A modular electronic system design was
implemented to test the OVAS system which consists of an
electronic control module and a light source driver module.
Light sources of different types and power levels can be
connected and tested through the CAN communication-based
control module. The OVAS system uses a TJA1042 transceiver
IC to transmit and receive data using the CAN bus which is 4-
wire controlled consisting of CAN H and CAN L
communication and power supply cables. Filters and terminators
are used to reduce noise on the CAN bus. The TJA1042

108



Duru et al. / International Journal of Automotive Science and Technology 9 (1): 106-113, 2025

PARADY......ccr ™
v' "" AUTOMOTIVE ENGINEERS

transceiver also includes an internal wake-up filter block and an
additional software-based filtering feature. The power line
passes through forward protection diodes and filters to form the
power supply line. QM ASIL level components have been
selected and the circuits are designed following automotive
standards. The circuits operate independently and the general
controller acts as a constant current and voltage source circuit.
Transient Voltage Suppressor (TVS) diodes are used at the
power input along with parallel resistors and capacitors to
suppress voltage spikes and transient loads. Surge tests have
shown successful results. The voltage from the input connector
is converted to the required level using a DC-DC converter. A
universal control board was designed to drive both laser and
LED light sources. The LED driver circuit operates at constant
current, while the integrated laser diode driver circuit operates
at constant voltage. Both systems were designed to operate
within a voltage range of 10-30 volts. The control board is used
to switch between the laser and LED driver circuits. The
constant current source circuit uses an AL8860 IC to switch and
an Rset resistor to set the output current of the LED at 700 mA.
The OVAS system using laser diodes has similar characteristics
to LED diodes in terms of heat and efficiency. A LM317 IC is
used in the laser driver board to provide voltage regulation. In
addition to passive cooling, software-based temperature
monitoring was implemented in the system for additional
protection.

Constant Voltage
Source Circuit

Figure 4. Electronic Circuit Designs
3. Simulation Results

LED and laser diode light sources used in ANSYS Speos
simulations were selected based on their wavelengths, which are
close to the peak sensitivity of the human eye: approximately
505 nm for LED and 532 nm faor laser diode. LED with a power
of 5 mW and laser diode with a power of 200 mW were used in
the simulations. The simulation results have shown that both the
505 nm LED and the 532 nm laser diode light sources produced
distinct light patterns that improved pedestrian visibility. These
results underscore the effectiveness of specificed wavelengths
and power levels in producing high-visibility optical alerts,
which are critical for pedestrian safety in low visibility or high-

risk scenarios.

Figure 5 shows the lux value map of the light intensity
produced by the LED source at heights of 30 cm and 50 cm
above the ground obtained using ANSYS Speos. Figure 6 shows
the visible colour and brightness of the light on a dark concrete
surface at 30 cm (left) and 50 cm (right) obtained using ANSY'S
Speos. This visual comparison helps to evaluate the lighting
quality of the LED-based OVAS system at different heights,
focusing on the uniformity of light distribution and colour
consistency. The data obtained using the Everfine GO-HD5
goniophotometer validates the design against the simulation
results and demonstrates the expected performance of the
system in use. In addition, immunity and emission tests were
performed on the designed OVAS systems as parts of the
electromagnetic compatibility (EMC) evaluation. The ISO 7637
standard is widely used in the automotive industry to test the
electromagnetic compatibility of electronic systems and
components. The same standard also evaluates the
environmental factors (such as temperature, vibration, and
humidity) that electronic components in vehicles may encounter
and evaluates their resistance to these factors.

The functionality of the OVAS systems was simulated using
Dewesoft software. Data acquisition was performed using
DEWE-43A devices, leveraging their 24-bit sigma-delta ADCs
with anti-aliasing filters to ensure high-precision signal
processing. The synchronized sampling architecture enabled
microsecond-level timing accuracy across analog, digital, and
CAN input channels, ensuring reliable correlation of multi-
domain data. Real-time analysis capabilities facilitated
frequency-domain assessments and time-synchronized event
detection, optimizing system validation under dynamic
conditions. By changing the vehicle speed values in the
simulation, the system's response to certain changes was
observed. In dark room tests, the vehicle speed was simulated,
and the warning lights were monitored accordingly. A unified
simulation was performed for systems using both laser and LED
sources, demonstrating compatibility in handling real-time
changes. The systems designed are programmed to
automatically deactivate when the vehicle speed exceeds 20
km/h. This threshold can be adjusted via software, providing
flexibility to meet varying operational requirements. The
simulation results have shown a strong correlation with real
world conditions. Field tests to assess real-world performance
confirmed that laser and LED light sources were particularly
effective in alerting pedestrians at low speeds (below 20 km/h).
These results confirm the reliability and practicality of OVAS in
improving pedestrian safety in real-world conditions.
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Figure 5. Lux value map of LED-based OVAS formed on the ground
at 30 cm and 50 cm heights obtained in ANSY'S Speos software.

Figure 6. Visible color and light intensity on the dark concrete surface
at heights of 30 cm (left) and 50 cm (right) obtained in ANSYS Speos
software.

4. Experimental Results

For the experimental characterization of the system,
electrical, mechanical, chemical and climatic tests in accordance
with the 1SO-16750 standard were realized. The electronic
boards were tested over a temperature range of -40°C to +85°C,
and no degradation in performance was observed. The
electronics circuits' compliance with 1SO 7637-2 standards was
rigorously verified through tests conducted using the Teseq N5G
instrument. Electrical pulses were applied to the circuits, and
their responses were analyzed, offering critical insights into
their classification according to ISO 7637-1:2015 standards
[18].

Automotive electronic electromagnetic compatibility is not
only one of the important performance indicators for evaluating
automobiles and parts but also one of the necessary tests for the
export of automobiles and parts to foreign markets [19]. CISPR-
25 compliant measurements, as shown in Figure 7, indicated that
the signal levels remained below the limit thresholds. The test
detected dBuV levels up to 1 GHz. In the emission test, the
entire frequency band was monitored, with white representing
the average signal and orange representing the peak signal

levels. The measurement results demonstrated that the signal
levels stayed below the specified limits.

Avarage Limit

Figure 7. Emission Measurement with Near Field Probe.

The measurements were conducted using a near-field probe,
providing an approximate idea of the results. For products
intended for use in vehicles, accredited laboratories must
perform tests under appropriate lab conditions, and certification
should be obtained accordingly [20].

The OVAS system, designed with LED and laser light
sources, demonstrated adaptability to various vehicle types.
Simulation results obtained using LED sources were validated
through vehicle-mounted OVAS system tests at heights of 30
cm and 50 cm. The light patterns and intensities were assessed
to ensure the design's validation and effectiveness. Figure 8
shows the controlled dark room environment used for the light
pattern measurements. The measurements were carried out in
our goniophotometry laboratory using sensors that comply with
automotive standards. In the photogoniometry laboratory, there
are three sensors used for different classifications.The first
sensor was selected, and the system was classified as a warning
and signal lamp based on this classification.

Figure 8. Dark Room Measurements

Figure 9 provides a comparative analysis of isolux
distributions obtained at 30 cm and 50 cm installation heights.
The measurements indicated that the system installed at 50 cm
affected 242% more area within the 1-3-meter range compared
to the 30 cm setup. The measurement results indicated that the
OVAS system met the CIE 1931 colour standard with a colour
intensity of approximately 52.2%.
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Figure 9. Diagram of Isolux Values from the Center Analyzed at 30
c¢m and 50 cm Heights.

The simulation studies were followed by tests on real
applications.  Photographs  of  the  vehicle-mounted
implementations are shown in Figure 10. Radiation
characterisation results were consistent with the specifications
defined in the simulation environment. The optical analysis and
measurement results were supported by the overall design
methodology and simulation details.

Figure 10. 50 cm Height - OVAS System with LED Light Source
(17:00)

The image shows a green light pattern on asphalt, recorded on
November 1, 2023, in Istanbul at 5:00 PM. The upper left corner
features a vehicle with the OVAS system, which was activated

and photographed on the same date. The light pattern on the
ground closely resembles the OVAS system's illumination.

The OVAS system, which creates a linear light pattern using
a laser diode, is shown on the right in Figure 11. On the left, the
OVAS system utilizing LED technology is mounted on the
vehicle. The developed laser and LED-based OVAS systems
were controlled on the vehicle under different scenarios using
CAN communication.

In the displayed image, the LED-based OVAS system creates
a distinct light pattern on the asphalt surface, while the laser
diode-based OVAS system on the right produces sharp and
linear light patterns. Analyses of the LED sources were
conducted using Ansys Speos software, and the results were
compared with measurements obtained in the goniophotometry
laboratory. The resulting graph, shown in Figure 11,
demonstrates the correlation between simulation data and real
measurements.

The experimental results indicate that when the system was
installed at a height of 50 cm, it illuminated 242% more area in
the 1-3 meter range compared to the 30 cm setup. This
distribution is illustrated in Figure 12, highlighting the increased
light coverage and effectiveness achieved with a higher
mounting position.

Figure 11. 50 cm Height- OVAS System with LED and Lazer Light
Source
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Figure 12. llluminance (Ix) variation as a function of distance (mm) for the OVAS system using LED light source at 30 cm and 50 cm heights on
the vehicle front.

5. Conclusion

In this study, LED and laser diode light source based Optical
Vehicle Alerting Systems (OVAS) designed to improve
pedestrian awareness in electric and hybrid vehicles were
successfully tested with the results agreeing well with both
simulations and real-world performance. ANSYS Speos
simulations were used to evaluate the performance of laser and
LED light sources in conjunction with vehicle speed, producing
different light patterns. The simulation results demonstrated the
effectiveness of the LED and laser diode light sources under
different lighting conditions (daylight and dark room
environments). Specifically, LED light sources with a
wavelength of 505 nm were observed to illuminate large areas,
while laser diodes with a wavelength of 532 nm produced
narrow, linear patterns.

Dark room tests showed that, in agreement with the
simulations, both laser diode and LED light sources were
effective in detecting pedestrians at low speeds. The dynamic
light patterns produced by laser-based systems, which varied
with vehicle speed, were shown to be effective in attracting
pedestrian attention, demonstrating that the simulations
accurately reflected real-world performance. Experimental tests
also confirmed that the systems operated effectively in night-
time or low-light conditions, confirming the suitability of the
design for real-world applications. In conclusion, the proposed
OVAS system provides a significant solution to the safety
challenges posed by the silent operation of electric and hybrid
vehicles and can be seamlessly integrated into automotive
standards. The consistency between simulation and test results
confirms the potential of the system for commercial
applications. The simulations were performed under both day
time and night time conditions. Further studies, particularly in
low-light scenarios (e.g. rainy or foggy wheather), have shown
that laser diode or LED based OVAS systems can be effectively
used to alert pedestrians.

The OVAS system designed with LEDs was mounted at two
different heights, 30 cm and 50 cm above the ground, and their
performances were compared. It was observed that the OVAS
positioned at 50 cm projected a light pattern covering 242%
more area at a range of 1-3 metres compared to the system
mounted at 30 cm. This emphasises the considerable impact of
the installation height on the system's efficacy.
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