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THE ‘BLACK BOX’ FOR HEAVY VEHICLES

An Introduction to EDRs and Global Regulations

In a world where vehicle safety is paramount,
Event Data Recorders (EDRs) are becoming a
global standard. Think of an EDR as a
vehicle's "black box." In the critical moments
before, during, and after a crash, it
automatically records key data points—like
vehicle speed, brake application, and seatbelt
use. This information is invaluable for
investigators, helping to reconstruct

accidents, evaluate vehicle performance, and

ultimately make our roads safer.
While EDRs have been in passenger cars for years, the focus is now on heavy-duty vehicles.
In Europe, this new era is defined by two key United Nations (UN) regulations:

<~UN Regulation No. 160 (R160): For passenger cars and light commercial vehicles
(categories M1/N1).

<~UN Regulation No. 169 (R169): For heavy vehicles, including buses, coaches, and trucks
(categories M2/M3 and N2/N3).

Both regulations ensure that this critical crash data is collected in a standard format and is
protected to survive an impact. Importantly, they are designed with privacy in mind, so no

personal data like VIN, GPS location, or driver information is ever recorded.

These UN rules are not just recommendations; they have been adopted into law. In the EU,
EDRs became mandatory for all new car and light van types starting in 2022 and all new
vehicles of those types by 2024. For heavy-duty vehicles, the deadlines are approaching fast,
with new vehicle types needing EDRs by early 2026 and all new heavy vehicles by 2029.
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A Global Snapshot: The EDR Landscape

The push for EDRs isn't limited to Europe. Around the world, the trend is clear:

ElChina: Since January 2022, all new passenger cars must be equipped with either a data
EDR or a dashcam, a unique dual-compliance option.

E=United States: While there is no current federal mandate, nearly all new light vehicles in the
U.S. come with an EDR. Federal regulations set a standard for data, format, and survivability if
a vehicle is equipped with one. Recent updates are even expanding the pre-crash data
recording window from 5 to 20 seconds.

This global convergence means that for vehicle manufacturers (OEMs), EDRs are no longer a

niche requirement—they are a fundamental part of building a product for a global market.

Global Event Data Recorder (EDR) Adoption

Regulatory timeline across major automotive markets

2006+ 2022 2022 2024 2026 2029

4@ e
United States China EU EU EU EU
Voluntary Mandatory Mandatory Mandatory Mandatory Mandatory
Heavy
99% of vehicles Passenger cars Passenger cars New car models trucks/buses All heavy vehicles
equipped only (M1/N1) (M1/N1) (M2/M3/N2/N3) in service

Vehicle Categories

> ggm$e$§i§ & Light D N2/N3: Heavy Trucks ED M2/M3: Buses & Coaches
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Why EDR Compliance is a Strategic Imperative

For OEMs, complying with regulations like UNECE R169 is more than just a legal necessity; it's

a smart business decision.

@ Market Access: Without a compliant EDR, your new heavy vehicle models can't receive

type-approval, effectively blocking you from selling in key markets like the EU.

I\ Risk Mitigation: Non-compliance can lead to stiff fines, legal liability in accident cases,

and a damaged brand reputation.

@ Global Efficiency: By designing a robust EDR system that meets the most stringent global

standards, you can streamline your product development. One strong design can satisfy
requirements for most, if not all, regions that have EDR regulations in place or forthcoming.

This report will walk you through the specifics of UNECE R169, providing a clear, actionable

guide to ensure your engineering and product teams are prepared for the road ahead.

R169 COMPLIANCE CHECKLIST

Implementing an EDR solution for heavy vehicles might seem complex, but it boils down to a
few key steps. This checklist breaks down the technical and strategic requirements into a clear,

actionable guide for your team.

000000

Confirm

. Record the Define the Demonstrate Plan for Data Choose Your Prepare for
Vehicle . 5 5 3
Right Data Triggering Crash Retrieval & System Type-
Scopes: Elements Logic Survivability Securit Architecture Approval
Applicability 9 Y PP

This infographic provides a summary of UNECE R169 requirements. Always consult the official regulation for full details.

1. Confirm Vehicle Scope & Applicability
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Before you begin, verify that your vehicle falls under UNECE R169.

e The Rule: R169 applies to heavy-duty categories M2/M3 (buses) and N2/N3 (trucks). If
your vehicle’s Gross Vehicle Weight (GVW) exceeds 3.5 tonnes, this is likely your
regulation.

e Your Action: Check your vehicle’s classification. Misclassifying a truck on the lighter end

of the "heavy" spectrum (e.g., around 8-12 tonnes) could lead to costly mistakes.

2. Record the Right Data Elements

The EDR must capture a specific set of data points in the moments before and during a crash.

e The Rule: R169 specifies a minimum list of data, including vehicle speed, brake use,
seatbelt status, and impact severity (delta-V). If your vehicle has certain systems like
an Advanced Driver-Assistance System (ADAS), the EDR must also record their status.

e Your Action: Go through Annex 4 of R169 and map each required data element to a
signal from your vehicle's systems (e.g., engine ECU, brake controller). Remember, you

only need to record data from systems your vehicle is already equipped with; you don't
need to add new sensors just for the EDR.

Crash Event Timeline

Vehicle Speed (Annex 4.2.1) Longitudinal AV (Annex 4.2.6) Brake Status (Annex 4.2.3) Steering Input (Annex 4.2.4) ABS Activation (Annex 4.2.8)

Crash Event Timeline (T-20s to T+20s)

Vehicle Speed (km/h)

Longitudinal AV (m/s) Brake Status

Steering Input (°) ——— ABS Activation
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Time-Zero Definition: T, represents the moment of crash recognition as defined by R169. Data is captured from T-20s through the post-event period with 10ms
resolution.
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_’I 3. Define the Triggering Logic

The EDR needs to know when an event has occurred so it can "lock in" the crash data.

e The Rule: Unlike the light-vehicle R160, which often triggers on airbag deployment,
R169 for heavy vehicles primarily uses a sudden deceleration or impact force
threshold.

e Your Action: Calibrate a robust crash detection algorithm using accelerometers and
event based recording from data logging parameters. The trigger threshold should be
severe enough to avoid false positives from potholes or bumps, but sensitive enough to

capture all relevant impacts. Document these criteria for type-approval.

Airbag

J Deploy
Signal detected @ a
Trigger Logic

EDR Recording
Processing signals

e Deceleration Data capture started
>8g threshold

Either event triggers system

_] 4. Demonstrate Crash Survivability

This is a critical step: you must prove the EDR and its data can survive a severe crash. R169

offers two options.

e Option 1: Component Shock Testing: This is the most common and cost-effective
method. You subject the EDR device to a defined mechanical shock on a test bench to

prove it can withstand a crash-level impact without data loss.

e Option 2: Full-Scale Crash Test: You prove the EDR survives a real-world crash test of
equivalent severity to passenger car standards (like R94 for frontal impact). This is

more expensive and complex, but provides excellent real-world validation.

e Your Action: Choose the most suitable option for your vehicle program. For most

heavy-duty OEMs, the component shock test (Option 1) is the logical choice due to its
lower cost.
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Shock Test vs Full Crash Test

Two approaches to EDR validation and testing

= A

Component Shock Test Full Crash Test
Pros: Pros:
« Lower cost « Real crash conditions
- Faster execution - Complete system validation
- Repeatable conditions - Regulatory confidence
- Isolated testing « Integration testing
Cons: Cons:
« Limited real-world simulation « High cost
« No vehicle integration - Time consuming

5. Plan for Data Retrieval and Security

Once the data is recorded, you need to be able to get it out and ensure it's protected.

e The Rule: R169 doesn't specify how to retrieve data, leaving it to regional laws.
However, it explicitly prohibits the recording of personal data like VIN, GPS
coordinates, or date/time for privacy.

e Your Action: Develop or license an EDR readout tool that can be provided to authorities.
Ensure your EDR's firmware never records personal data and that it has an adequate
power backup (typically a capacitor) to finish saving data if power is lost in a crash. The
data must be non-volatile, meaning it's retained indefinitely.
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Data Survivability & Storage o] Download & Retrieval Info )

Memory Usage 1785 | 256 MB

Total Records Crash Events
69.7265625%
1547 15
Crash Events Buffer 15.0 / 50 events
30% Data Integrity 100%
(]
B Mode J Retention
RS 30 days Last Export 7/30/2024, 4:15:42 AM
o Export Format JSON/XML
Last Overwrite © 7/29/2024, 9:22:10 AM p /
Annex 4 Compliance © Full
Hardware/Software Information Encryption AES-256
Hardware P/N EDR-R169-HV-001
Export Options
Software Ver: v2.1.4-R169
4. Export Raw EDR Data (JSON/XML)
Firmware Ver: FW-3.0.8

@ Generate Compliance Report
A\ FIFO Buffer Management
R169 requires First-In-First-Out overwrite logic for non-crash data. Crash event data is

preserved in non-volatile memory and never overwritten

@ R169 Annex 4 Data Elements Compliance
Power/Loss Survivability: All crash data is stored in non-volatile memory with

backup power supply capable of 10 minutes operation after main power loss.

@ Longitudinal AV 426 Compliant
@© Lateral AV 427 Compliant
© ABS Activity 428 Compliant

Data Access Requirements: R169 mandates that EDR data must be retrievable using
commercially available tools without requiring proprietary software or special access
codes.

6. Choose Your System Architecture

The hardware and software setup for your EDR can vary of which there are two primary
methods including:

e Integrated EDR: The EDR function is embedded within an existing ECU, like the Airbag
Control Unit (ACU). This saves hardware cost and wiring, but requires the ECU to meet
all R169 specs for survivability and memory.

e Dedicated EDR Module: A standalone "black box" is installed in a protected area of the
cab.

7. Prepare for Type-Approval

The final step is to prepare your documentation and undergo the official approval tests.
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The Rule: You must submit an Information Document detailing the EDR system, its
data elements, and the crash survivability method you used (Option 1 or 2).

Your Action: Put together a comprehensive report for the technical service. The EDR
must be non-deactivatable, so ensure there is no way for the user to turn it off. Make
sure the EDR's approval number is added to the vehicle's overall type-approval

documentation and plate.

STRATEGIC INSIGHTS FOR OEM LEADERSHIP

Compliance with UNECE R169 is more than a technical checklist. It's a strategic decision that

affects your program costs, product architecture, and long-term business viability. This section

provides deeper insights for engineering managers and executives on how to approach EDR

implementation from a business-first perspective.

Impact on Cost, Timeline, and Resources

Implementing EDR capability is a manageable investment, especially with early planning.

While the per-vehicle hardware cost is minimal—often in the single digits—the main costs are

one-time engineering expenses for development, validation, and testing.

To manage these costs and timelines effectively, consider the following strategies:

Start Early: Integrate EDR as a core requirement from the initial concept phase of a new
vehicle. This prevents expensive late-stage changes if you discover a necessary sensor

is missing or an ECU lacks sufficient memory.

Leverage Common Architectures: If your company produces both light-duty and
heavy-duty vehicles, use the same EDR platform for both R160 and R169 applications.
This unified approach can save significant development costs by reusing software
modules and ensuring the platform meets the most stringent requirements (e.g.,

heavy-duty shock survivability).

Combine Testing Programs: Schedule EDR shock tests alongside other environmental
tests like vibration testing to save time. Additionally, instrument any developmental

crash tests (such as cab structure tests) to get EDR data, which can serve as internal
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validation or even a demonstration for compliance.

e Invest in Tools and Training: Do not overlook the need for tools and training for both
engineering and after-sales teams. Providing your service network with EDR download
tools and training is essential, as dealers may be asked to retrieve data after an

accident.

EU regulations have set a firm deadline, with EDRs becoming mandatory for new heavy vehicle
types from January 7, 2026, and for all new heavy vehicles by 2029. This sets a hard deadline
for market access in Europe. For global OEMs, China's EDR mandate is already active for new
passenger cars since January 1, 2022. The U.S. is also likely to make EDRs mandatory in the

coming years, so proactive compliance provides a competitive advantage.
System Architecture and Product Strategy

Beyond regulatory compliance, the EDR system can be a strategic asset.

e Integration with Telematics: Many OEMs are combining EDR with telematics or
connectivity modules. This allows for real-time crash data uploads to a cloud or

emergency services, offering customer benefits like faster emergency response.

e Aftermarket and Fleet Services: Fleet operators are increasingly interested in EDR data
for their own accident analysis. Offering a secure interface for customers to access this

data can improve transparency and serve as a value-add service.

e Future-Proofing for ADAS/ADS: The UNECE working group is already planning to
expand EDR requirements to cover automated driving systems (DSSAD). By designing
your EDR system with extra memory and input channels, you can future-proof it for
new ADAS-related data elements that will likely be mandated in the future.

R169 vs. R160 for Medium-Duty Vehicles

OEMs with products that fall on the border between light-duty and heavy-duty categories face
a unique strategic choice. For a vehicle like an 8-12t truck (N2 category) with airbags, the
applicable standard is unambiguously R169, not R160.

While R169 is the legal requirement, the presence of airbags in a heavy vehicle allows for

alignment with light-duty vehicle practices:
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e Triggering and Data: An airbag-equipped heavy vehicle can use a similar hardware
setup to a passenger car, where the airbag control unit serves as the EDR module.
R169 includes data fields for airbag status, so your EDR must populate those.

e Crash Testing: If you are already conducting a developmental crash test for airbag
validation, you can use that test to satisfy R169's Option 2 for data survivability. This

can save the cost of a separate component shock test.

In summary, there is no regulatory choice between R160 and R169 for an 8-12t vehicle, but it
is often efficient to treat these vehicles as an extension of a light-duty EDR program to achieve

commonality in parts and processes.

Mechanical Shock vs. Full Crash Demonstration

The choice between Option 1 (component shock test) and Option 2 (full-scale vehicle crash

test) is a crucial strategic decision that affects cost, time, and confidence.

Criteria Option 1: Component Shock Test Option 2: Full-Scale Crash Test
Cost & Ti Far cheaper and quicker. Can be done with Major expense, requiring a sacrificial prototype and

oS ime

one EDR unit on a test rig. time for scheduling and execution.

Evidence Stringent and accepted by regulators, but may The "gold standard" for proving EDR hardware,
Strength not capture all real-world dynamics. mounting, and wiring will survive in a real crash.
Common Most common for heavy-duty vehicles, as Less common for heavy vehicles, but used for light
Use they are not routinely subject to crash tests. vehicles where crash tests are already mandatory.

Unless your budget is extremely tight, it is recommended to perform a mechanical shock test to
meet the letter of R169, and conduct at least one system-level crash test as a validation

exercise. This dual approach ensures both regulatory compliance and real-world robustness.
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Risks of Non-Compliance and Enforcement
Failure to comply with EDR regulations carries significant risks for OEMs:

e Regulatory Blocking: In markets where EDRs are mandatory, a non-compliant vehicle
cannot be homologated or sold. This could effectively remove your product from the
market.

e Penalties and Recalls: Authorities can impose fines or demand recalls if
non-compliance is discovered, and UNECE regulations allow for the withdrawal of
approvals.

e Liability and Legal Exposure: EDR data is frequently used as evidence in crash
investigations and lawsuits. A non-compliant EDR that provides corrupt or missing data
could expose your company to legal challenges.

e Market Acceptance: Large fleet operators and insurance companies may require proof
of EDR compliance, making non-compliant vehicles less attractive to these key

customers.

Enforcement mechanisms vary by region. In the EU, enforcement is direct via type-approval. In
China, it is tied to production certification, with regulators able to halt production. In the U.S,,
where EDRs are currently "if equipped," enforcement can occur via compliance tests or defect
investigations. The safest course is proactive compliance, treating the EDR like any other

safety-critical system.
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GLOBAL VIEW AND COMPARISON

Understanding how UNECE R169 and R160 fit into the global landscape is crucial for any OEM

operating in multiple markets. While the rules vary slightly by region, there is a clear trend

toward international harmonization. Below is a comparison of the major EDR regulations in key

markets.

Criteria

Scope of
Vehicles

Mandate Status

Data
Requirements

Crash
Survivability &
Retrieval

UN (UNECE)
R160 (Light Duty)
R169 (Heavy Duty)

R160: Passenger cars & light vans
(M1, N1).

R169: Buses, coaches & trucks (M2,
M3, N2, N3).

Mandatory in the EU (from
2022/2024 for light, and 2026/2029
for heavy).

Around 15 core data elements
(speed, braking, etc.), plus others if
equipped (e.g., airbag status).
Excludes personal data like VIN or
GPS.

Two options: a component shock
test or a full-scale vehicle crash test.

The EDR must be non-deactivatable.

United States
49 CFR Part 563

Light vehicles less than 8,500 lbs
GVWR, with frontal airbags. No
current federal mandate for heavy
trucks.

Voluntary, but an "if-equipped"
standard. Nearly 99% of new cars
voluntarily have them. Congress is
pushing for a full mandate.

Defines 15 mandatory data elements.
Being updated to expand pre-crash
recording from 5 to 20 seconds.
Excludes personal data.

Must survive crash tests analogous to
UN R160, and also withstand fire and
water immersion. OEMs must provide
a publicly available tool for data
retrieval.

China
GB 7258-2017 & GB 39732-
2020

Passenger cars. Heavy vehicle
EDR is encouraged but not yet
universally mandated.

Mandatory for new passenger
cars from January 2022. OEMs
can choose a data EDR or a
video recorder.

Closely mirrors US/UN
standards. Records speed,
braking, throttle, etc. The video
recorder option requires crash
footage.

Requires the device to survive
crash forces. If a video recorder
is used, it must survive the
crash and continue to record.

KEY TAKEAWAYS AND CONCLUSION

As the table shows, all major EDR regulations are broadly aligned in their core technical

requirements. This is the result of international harmonization efforts, and it's great news for

global OEMSs. By designing a single EDR system that meets the most stringent elements of

each standard, you can satisfy compliance across all three major markets.

The future of EDRs is also clear: regulations are evolving to include more data from Advanced
Driver-Assistance Systems (ADAS) and automated driving systems (DSSAD). Being proactive

and building a system with some expansion headroom now can prevent a costly redesign later.
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In conclusion, EDR compliance is not just a regulatory hurdle; it's a strategic opportunity. By
rigorously following the UNECE R169 checklist and investing in a robust EDR implementation,
you not only meet legal requirements but also deliver a safer, more accountable product. This
proactive approach will pay dividends in smoother global certifications, reduced litigation risk,
and an enhanced reputation for safety. Use this guide as a roadmap for your engineering and

organizational planning as you navigate the road to R169 compliance and beyond.

13
UNECE R169 EDR Compliance Checklist & Implementation Guide for OEMs



This Paper is Brought to You by Sibros

— =2IBRO5

Sibros provides vehicle-to-cloud data logging and EDR capable solutions OEMs can use to
meet and go beyond UNECE R169 requirements. With our Deep Connected Platform, OEMs
gain tools to record, store, and retrieve critical event data while laying the foundation for future

connected services including:

e Deep Logger
o Event-based recording at millisecond resolution for precise capture of crash
dynamics.
o Flexible pre-crash, crash, and post-crash windows aligned to Annex 4 data
elements.
e R169 EDR Compliance and Readout Dashboard
e Crash Survivability & Security
o Hardware & architecture designed for shock or crash test survivability, with
redundant, non-volatile storage.
o Privacy-first design (no VIN, GPS, or personal identifiers).
e Data Retrieval & Integration
o Readout tools and APIs to enable access for type-approval, service networks, or
fleet analytics.
e Future-Ready
o Scalable to support upcoming ADAS and DSSAD logging requirements,

avoiding costly redesigns.

To learn how Sibros can accelerate your R169 compliance and
unlock new connected vehicle value streams,
visit sibros.tech or contact us at info@sibros.tech.
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