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Abstract 

This study examines the role of Event Data Recorders (EDRs) in modern road accident investigation 
and connects their function to emerging frameworks of sustainable and safe mobility within the 
European Green Deal. EDRs are electronic systems installed in vehicles capable of recording critical 
pre-crash and crash-related data, enabling accurate forensic reconstruction and evidence-based 
evaluation of traffic incidents. While EDR technology has traditionally been associated with vehicle 
safety and legal investigation, recent European transport policies – including the European Green 
Deal and the Sustainable and Smart Mobility Strategy – recognize safety as a core dimension of 
sustainability. Reducing fatal and severe road accidents preserves human life (social sustainability), 
reduces socio-economic losses (economic sustainability), and supports resilient mobility systems 
(institutional sustainability). The study integrates technical, regulatory, and sustainability 
perspectives by analysing EDR development, data retrieval methods, legal frameworks, and a real 
crash case involving emergency braking. Findings show that EDR-generated evidence increases 

mailto:eriseldaalimeti7@gmail.com


 
INTEC International Conference 
February 2026 
POLIS University, Tirana, Albania 

 

 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them. Project ref.: 
101081873-ERASMUS-EDU-2022-CBHE-STRAND-2    
 

57 

reconstruction accuracy, enhances transparency in insurance and judicial processes, and contributes 
to safety objectives embedded within EU sustainability targets such as Vision Zero 2050. Ultimately, 
EDR adoption strengthens the connection between sustainable transport, traffic safety, and 
responsible mobility. In conclusion, the use of black boxes increases road safety, as they can identify 
dangerous driver behaviours and provide accurate evidence during accident investigations. This 
study emphasizes the importance of implementing black box technology in all vehicles to improve 
accident monitoring and protect human lives. 

Keywords: sustainability, accident reconstruction, EDR 

 

I. INTRODUCTION 

Modern vehicles are increasingly equipped with advanced electronic systems that enable 
continuous data monitoring, logging, and communication between vehicle subsystems. Among 
these, the Event Data Recorder (EDR) plays a critical role in reconstructing road accidents by 
capturing second-level pre-crash and crash data relevant to technical, forensic, and legal 
investigations (National Highway Traffic Safety Administration [NHTSA], 2014; Bosch, 2023). Typical 
parameters recorded include vehicle speed, brake status, accelerator position, engine RPM, 
seatbelt usage, and steering wheel angle (Gabauer & Gabler, 2008). 

Historically, EDR systems emerged in the 1970s as part of airbag diagnostic modules designed 
primarily to ensure correct deployment during collisions (Hughes et al., 1999). Over time, they 
evolved into forensic tools capable of storing high-integrity crash data. Today, standardized 
retrieval tools such as the Bosch Crash Data Retrieval (CDR) platform provide structured access to 
vehicle data for expert accident reconstruction. 

Simultaneously, the legal landscape around EDRs has evolved. Regulatory authorities, particularly 
in the United States and Europe, have established standards and requirements for crash data 
retention and accessibility (ISO, 2021; European Commission, 2021). From 2024 onward, EDR 
installation becomes mandatory for new vehicles in the European Union (European Commission, 
2021). In parallel with technological development, the legal framework governing EDR usage 
evolved, particularly in the United States and Europe. Since the first court case involving EDR data 
in 1994, regulatory bodies such as the National Highway Traffic Safety Administration (NHTSA) have 
progressively introduced standards (NHTSA, 2014; ISO, 2021). This process culminated in 
mandatory EDR implementation for all new vehicles sold from 2024 onward (European 
Commission, 2021). 
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Figure 1. Sample of EDR. 

 

I.1 Safety as a dimension of sustainability 

Traditional views treated road safety as a technical safety matter. However, European mobility 
policy increasingly frames safety within sustainability, because: 

• fatalities and severe injuries impose high social costs, 
• road accidents cost the EU an estimated €280 billion annually in socio-economic losses, 
• safe mobility supports economic resilience and public health, 
• reducing crashes contributes to institutional sustainability. 

The European Green Deal (European Commission, 2019) and the Sustainable and Smart Mobility 
Strategy (European Commission, 2020) explicitly identify safe mobility as a pillar of sustainable 
mobility alongside environmental decarbonization and digital transformation. Within this context: 
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Figure 2. Safety = Sustainable, created by ChatGPT. 

EDR technology supports these principles by enabling evidence-based accident prevention, judicial 
transparency, insurance evaluation, and traffic behaviour analysis. 
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II. BACKGROUND AND REGULATORY 

II.1 EDR Technology 

EDR technology began with General Motors’ Sensing Diagnostic Module (SDM) in the 1970s. 
Initially, data storage occurred only when airbags deployed. Later generations expanded storage 
windows to include pre-crash intervals (Hughes et al., 1999). Current EDR systems record:  

• pre-crash vehicle dynamics (speed, brake, throttle), 
• crash pulse data, 
• restraint system engagement, 
• seatbelt usage, 
• occupant information. 

When a predefined triggering event occurs, the EDR stores a snapshot of these parameters for later 
analysis. 

 

II.2 Technical standards & regulation 

Key regulatory frameworks include: 

• NHTSA Final Rule (2014) defining minimum data elements for EDRs in the US, 
• ISO 19237:2021 defining international EDR standards, 
• EU Regulation 2019/2144 making EDR installation mandatory in new vehicles from 2024, 
• GDPR implications for data privacy and ownership. 

These frameworks standardize data collection, storage, and admissibility in legal or insurance 
contexts. 

 

II.3 Safety within the European Green Deal 

The European Green Deal (2019) aims to make the EU climate-neutral by 2050. Although primarily 
environmental, it includes transport-related sustainability pillars: 

• decarbonization, 
• modal shift, 
• digital mobility, 
• infrastructure, 
• safety. 
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In parallel, the Sustainable and Smart Mobility Strategy (2020) targets: 

• 50% reduction in road fatalities by 2030, 
• Vision Zero by 2050. 

EDR integration supports these objectives through: 

• crash analysis (policy feedback), 
• behaviour profiling (driver safety), 
• reduction in fatalities (social sustainability), 
• reduction in insurance/legal costs (economic sustainability). 

Thus, EDR technology reinforces EU mobility sustainability. 

 

III. METHODOLOGY 

III.1 EDR hardware integration 

EDRs are usually integrated in the Airbag Control Module (ACM) but may also reside in: 

• Powertrain Control Module (PCM), 
• Roll Over Sensor (ROS), 
• Active Safety Control Module (ASCM). 

 

III.2 Vehicle data communication 

EDR systems do not generate data but record data from other Electronic Control Units (ECUs) via 
the vehicle’s CAN Bus. Continuous data streams include: 

• wheel speed sensors, 
• brake pedal sensors, 
• throttle position, 
• steering wheel angle, 
• seatbelt status. 

 

III.3 Data retrieval methods 

According to NHTSA (2014), EDR data can be retrieved via: 

1. OBD-II diagnostic port (most common), 
2. Direct-to-module cable connection, 
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3. Advanced protocols (FlexRay, serial). 

The Bosch CDR software requires VIN entry to: 

• identify the correct module, 
• auto-select protocols, 
• display connector locations, 
• ensure compatibility. 

 

III.4 Data storage and integrity assurance 

After data reading, verification, and decoding, the Bosch CDR system enters a critical phase: data 
storage and integrity assurance. The retrieved data are saved in a dedicated file with the extension, 
CDRx, which represents the official Bosch CDR format. The .CDRx file contains: 

• Original raw data (HEX data): stored exactly as read from the EDR 
• Decoded data: automatically generated using the appropriate Software ID 
• Technical meta-information: including date and time of reading, tools used, reading 

method, and operator identification 

Once a .CDRx file is saved, it is protected against any modification. The file is locked within the 
Bosch CDR system, ensuring that the original data remains unchanged and fully traceable, which is 
essential for legal and forensic applications. 

 
Figure 3. Flow chart for EDR data storage. 
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Figure 4. Flow chart for EDR data storage. 

 

IV. RESULTS & TECHNICAL CASE STUDY  

IV.1 Crash scenario overview 

In a real emergency braking case, EDR output captured: 

• vehicle speed profile, 
• accelerator pedal = 0%, 
• brake pedal = activated. 

Two braking phases were identified: 

Table 1. Phases for analysis speed and deacceleration from EDR. 

Phase 1: –1.0 s to –0.5 s Phase 2: –0.5 s to 0.0 s 
• Speed: 173 km/h → 164 km/h 
• Δv = 9 km/h over 0.5 s 
• Deacceleration ≈ 5.0 m/s² 

• Speed: 164 km/h → 148 km/h 
• Δv = 16 km/h over 0.5 s 
• Deacceleration ≈ 8.88 m/s² 

These values are characteristic of high-load emergency braking on the vehicle’s front axle, 
indicating escalating brake intensity. 
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Figure 5.  Analysing Crash Data retrieved from a crashed car EDR. 

 

IV.2 Forensic implications 

EDR data enabled reconstruction of: 

• reaction time, 
• brake timing, 
• vehicle dynamics, 
• severity estimation. 

 
 
IV.3 Integrity and legal value 

Because .CDRx files are immutable, they possess: 

• evidential value in court, 
• transparency in insurance disputes, 
• repeatability for research. 
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IV.4 Sustainability implications 

EDR contributes to sustainability by: 

• reducing fatalities → social sustainability, 
• reducing crash-related public cost → economic sustainability, 
• supporting policy evaluation → institutional sustainability. 

 

Figure 6. EDR insight, created by ChatGPT. 
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V. DISCUSSION AND CONCLUSION 

This study demonstrates that EDR systems are not merely engineering tools but sustainability 
enablers. The European Green Deal and Vision Zero integrate safety into sustainability due to the 
socio-economic burden of road crashes. 

EDR enables, improved forensic reconstruction, accurate judicial evaluation, faster insurance 
settlement, identification of high-risk patterns, data for automated/connected vehicle policies. 

Barriers include data privacy and GDPR constraints, standardization gaps across manufacturers, 
insurance access debates, limited public awareness. 

Future integration with V2X, ADAS, and autonomous driving systems will enhance sustainable 
mobility outcomes. 

Event Data Recorders constitute a vital component of sustainable and safe mobility. Their technical 
capability to capture objective vehicle data strengthens accident analysis, legal transparency, 
insurance fairness, and policymaking. 

As the EU transitions toward Vision Zero 2050, mandatory EDR adoption will play a pivotal role in 
decreasing road-related fatalities and injuries. By aligning with the European Green Deal, EDR 
technology contributes to sustainability across social, economic, and institutional dimensions. 

Future research should focus on: 

• standardizing EDR data models globally, 
• integrating EDR into autonomous vehicle data frameworks, 
• balancing data privacy with public safety, 
• leveraging EDR datasets for AI-based safety analytics. 
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