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1 Terms and definitions

The following terms and definitions apply to this document:

Driver Monitoring System (DMS)

A system designed to monitor the driver’s attention, fatigue, health, and identity, ensuring safe
driving behavior and enabling personalized comfort features

Occupant Monitoring System (OMS)

A system that monitors the presence, behavior, and safety of passengers, as well as detecting
objects left in the vehicle, to enhance occupant safety and convenience

Vehicle Occupants Monitoring System (VOMS)

A system that provides means to monitor the driver’s attention, fatigue, health, and identity, as well
as the presence, behavior, and safety of other occupants and objects within the vehicle

NOTE: A VOMS merges Driver Monitoring System functionalities — such as assessing the driver’s
attention to the driving task, or identity for personalized comfort features — with Occupant Monitoring
System capabilities, ensuring a comprehensive understanding of the vehicle’s interior environment.

Quality Assessment (QA) Data Model

A standardized data format specifically designed to capture, store, and exchange the results of
systematic testing and evaluation procedures applied to VOMS implementations.

Test Session

A complete evaluation cycle that encompasses multiple test cases executed under controlled
conditions to assess VOMS performance against defined criteria.

Test Case

An individual testing scenario with specific parameters, expected outcomes, and success criteria
used to evaluate aspects of VOMS functionality.

Performance Metrics

Quantitative measurements that characterize VOMS system performance, including accuracy rates,
response times, false positive/negative rates, and reliability indicators.
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2 Executive summary

While this is a new initiative, it may align with existing ASAM standards related to automotive systems and
interfaces, such as the ASAM OpenX standards for simulation models. Specific connections to other
standards will be identified and explored during the project.

2.1 Purpose and scope of QA Data Model

The VOMS-QA Data Model standard specifically targets the testing and validation ecosystem that surrounds
VOMS development and deployment. The primary focus is on specifying the specific data structures for
capturing VOMS-related test results.

Primary objectives:

o Enable performance comparison: Allow objective comparison between different VOMS
implementations.

e Support regulatory compliance: Provide standardized formats for regulatory testing and certification.

¢ Facilitate continuous improvement: Enable systematic analysis of VOMS performance over time.

¢ Enhance development efficiency: Reduce effort required to process and analyze test results.

2.2 Example

For Driver Monitoring System testing, the data structure includes detailed results for attention monitoring
scenarios where the system's ability to detect visual, cognitive, and manual distractions is evaluated against
precisely defined ground truth data. Each test scenario captures the duration, description of the distraction
event, ground truth information including start and end times of distraction events with severity classifications,
and system response data including detection latency, alert triggering behavior, confidence levels, and
performance metrics such as precision scores. Fatigue detection testing follows a similar structure but
focuses on physiological indicators such as blink rate analysis, eye closure duration measurements, head
pose monitoring, and the system's ability to assess fatigue levels and generate alerts.

The Occupant Monitoring System data structure encompasses seat occupancy detection and classification
results, capturing detailed information about each seating position including occupancy status, occupant type
classification (adult, child, child seat), estimated physical characteristics, seatbelt status, and confidence
levels. Behavioral analysis scenarios focus on critical safety situations such as unattended child detection,
capturing environmental conditions, detection results for child and adult presence, movement and vocal
activity monitoring, distress indicator identification, and emergency response system activation. The data
structure also includes comprehensive performance metrics covering system processing latency, resource
utilization, power consumption, and detailed validation results demonstrating compliance with applicable
safety standards and regulatory requirements.

2.3 Clear distinction from VOMS-API standard

This proposal outlines a new project aimed at standardizing the Quality Assessment Data Model for Vehicle
Occupant Monitoring Systems (VOMS) in the automotive industry. It is crucial to understand that this QA
standard is fundamentally different from and complementary to the VOMS-API standard, addressing entirely
different aspects of the VOMS ecosystem.
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While the VOMS-API enables real-time communication during vehicle operation, the QA Data Model enables
systematic comparison, analysis, and improvement of VOMS solutions during their development lifecycle.
2.31 Key distinction

VOMS-API Standard: Focuses on operational communication interfaces between VOMS systems and
vehicle components during normal operation.

VOMS-QA Data Model: Focuses on testing and evaluation data formats used to assess VOMS performance
during development, validation, and certification processes.
2.3.2 Data model differentiation

To address the confusion about data models mentioned in the feedback, it's essential to clarify the distinct
purposes of different data models in the VOMS ecosystem.

VOMS-API VOMS-QA Data Model

Purpose Real-time operational communication Testing and evaluation documentation

Content Driver state, sensor readings, alerts, system | Performance metrics, validation results,
status, runtime configuration compliance data

Usage Vehicle systems requesting current Engineers analyzing system performance
monitoring data and comparing solutions

Frequency | Continuous, high-frequency updates | Periodic, comprehensive evaluations (hours
(milliseconds to seconds) to days)

Format Optimized for low-latency communication Optimized for detailed analysis and long-

term storage

2.4 Industry Impact and Benefits

The standardized QA Data Model addresses critical industry challenges in VOMS development and
validation. Currently, each organization develops proprietary testing frameworks and result formats, making
it extremely difficult to compare solutions objectively or share validation methodologies across the industry.

The standard will not replace existing testing procedures (like Euro-NCAP's DMS testing), define hardware
specifications for VOMS, or address non-VOMS vehicle systems.

Expected deliverables include:

o Data format specification for VOMS quality assurance results,
o Support package that provides a complete document capturing the results of a sample test session.

Companies participating in the project will benefit from contributions to a standardized quality assurance
result data format for VOMS. Participation would be particularly interesting for automotive OEMs, Tier 1
suppliers, and VOMS providers.
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3 Overview / Goals

3.1 Motivation

Vehicle Occupant Monitoring Systems (VOMS) are increasingly crucial in enhancing road safety by detecting
driver fatigue, distraction, and other impairments that can lead to accidents. The motivation for developing a
standardized Quality Assessment Data Model for VOMS stems from fundamental challenges in the current
testing and validation landscape for automotive monitoring systems. As vehicles incorporate more advanced
autonomous features, the diversity and complexity of VOMS solutions have grown significantly.

As VOMS technology becomes increasingly sophisticated and safety-critical, the need for rigorous,
comparable, and standardized testing methodologies has become paramount.

3.1.1  Current testing landscape challenges
The automotive industry currently faces significant challenges in VOMS testing and validation:

o Fragmented testing approaches: Different organizations employ varying testing methodologies,
making it impossible to compare results across different VOMS implementations or validate claims
about system performance.

o Proprietary result formats: Each testing organization or VOMS provider uses custom data formats
for storing and reporting test results, creating barriers to data sharing and collaborative analysis.

¢ Limited precision and detail: Without standardized frameworks, test result documentation often
lacks sufficient precision and detail to support thorough analysis or regulatory compliance verification.

¢ Inefficient comparison processes: The absence of standardized formats makes it extremely difficult
to compare competing VOMS solutions objectively, leading to suboptimal procurement decisions and
slower technology advancement.

¢ Regulatory compliance complexity: Different regulatory frameworks (Euro-NCAP, C-NCAP,
NHTSA) require different testing approaches and result formats, creating additional complexity for
global automotive manufacturers.

3.2 Strategic objectives

3.21 Enable objective performance comparison

By providing standardized formats for test results, the QA Data Model will enable objective comparison of
VOMS solutions across different vendors, technologies, and implementation approaches. This capability is
essential for:

e Procurement decisions: Automotive OEMs can make informed decisions based on comparable
performance data

e Technology development: VOMS providers can benchmark their solutions against industry
standards

¢ Regulatory assessment: Certification bodies can apply consistent evaluation criteria across different
solutions
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3.2.2  Support regulatory compliance and certification

The standardized data model will facilitate compliance with various regulatory frameworks by providing
structured formats that can accommodate different testing requirements while maintaining consistency in
data representation.

3.2.3 Accelerate innovation through data sharing

Standardized formats will enable secure sharing of anonymized test data across the industry, accelerating
innovation through collaborative analysis and benchmarking while protecting proprietary information.

3.24 Improve development efficiency

By reducing the effort required to process, analyze, and compare test results, the standard will enable more
efficient VOMS development cycles and faster time-to-market for improved solutions.

3.3 Relations to other standards, projects, or organizations

In developing this standard, it is crucial to consider existing standards, projects, and related organizations
that influence the VOMS landscape. This ensures that the proposed standard is not only comprehensive but
also compatible with current practices.

Below is a list of relevant standards and organizations.

3.3.1 Related standards and standardization activities

3.3.1.1 ASAM OpenX standards

e ASAM OpenDRIVE, OpenSCENARIO, and OpenX Ontology: These standards are pivotal for
defining simulation environments and scenarios that could be extended or referenced in VOMS
verification procedures.

o ASAM OpenMATERIAL: A standardized format for material properties, closely linked with their
respective 3D models.

« ASAM ODS: A standardized, platform-independent framework for managing, storing, and accessing
measurement data in automotive environments. In context of this standard ODS will be used to
describe information regarding test sessions and test cases.

3.3.1.2 ISO standards

o ISO/TS 15007: Provides methods for measuring driver visual behavior, related to VOMS metrics for
distraction and drowsiness detection.

o 1S0 2631-1:1997: Provides estimates of the likelihood of passengers reaching emesis due to motion.

o 1SO 9241-307:2008: Establishes the requirements and recommendations for image contents and
electronic display systems to reduce visually induced motion sickness (VIMS), while viewing images
on electronic displays.

3.3.1.3 SAE standards

o SAE J3016: Taxonomy and definitions for autonomous driving levels. Important for aligning VOMS
standards with vehicle automation levels.

o SAE J3131: Guidelines for sensor fusion and perception in automated driving systems, which can
support VOMS technology development.
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3.3.1.4 AUTOSAR Classic and Adaptive

Relevant for ensuring VOMS software components integrate smoothly with vehicle electronic
architectures. Classic/Adaptive usage is dependent on having functional-safety-related functionality.

3.3.1.5 Global vehicle safety and compliance frameworks

3.3.2

3.3.3

General Safety Regulations [1]: A European Union framework aimed at enhancing road safety by
mandating advanced safety features in vehicles.

Euro-NCAP: Existing testing protocols for evaluating DMS functionality, which can be referenced for
defining validation benchmarks.

GBI/T 41797-2022: This Chinese standard, effective from May 2023, establishes the general and
performance requirements, along with test methods, for driver attention monitoring systems.
C-NCAP: The China New Car Assessment Program also evaluates DMS for its safety ratings,
including Driver Fitness Monitoring and Driver Attention Monitoring.

Visual-Manual NHTSA Driver Distraction Guidelines: Guidelines promoting safety by discouraging
the introduction of excessively distracting devices in vehicles.

Projects and collaborations

ADAPTIVE (EU Project): Focuses on advanced driver assistance systems, including monitoring
functions that could provide insights into VOMS testing methods.

L3Pilot (EU Project): Offers extensive research data on automated driving, including driver
monitoring, which can aid in setting realistic performance standards for VOMS.

Related organizations

AUTOSAR: For collaborations on software architecture that may include VOMS components.
ISO/TC 22/SC 39: Committee that deals with vehicle safety, which can provide relevant insights for
VOMS standardization.

SAE International: Active in publishing automotive standards relevant to driver monitoring and
automated vehicle systems.

Euro NCAP: Could provide test protocols and safety evaluation criteria that align with VOMS
performance standards.
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4 Distinction from VOMS-API standard

4.1 Fundamental differences in purpose and application

This section provides comprehensive clarification of how the VOMS-QA Data Model differs fundamentally
from the VOMS-API standard in purpose, application, and data content.

411 Operational vs. analytical context

VOMS-API Standard context: The VOMS-API operates within the real-time operational environment of a
functioning vehicle. It defines the communication protocols and data structures used when vehicle systems
need to interact with VOMS during normal driving operations. The API enables requests such as "What is
the current driver attention level?" or "Configure the fatigue detection sensitivity."

VOMS-QA Data Model context: The QA Data Model operates within the testing and validation environment
used during VOMS development, certification, and quality assurance processes. It defines the data structures
used to document testing procedures, capture performance measurements, and store validation results for
analysis and comparison.

41.2 Data content and structure differences
API standard content:

o Current driver state (attention, fatigue, health)

¢ Real-time sensor readings (eye gaze, head pose, biometrics)
o System alerts and notifications

¢ Configuration parameters and system status

e Error conditions and diagnostic information

QA data content:

o Performance metrics (accuracy rates, response times, reliability measures)
o Validation results (pass/fail status, detailed measurements)
o Comparative analysis data (benchmarking results, trend analysis)

4.1.3 Usage patterns and frequency
APl usage:

e Frequency: Continuous, high-frequency communication (10-100 Hz)
o Latency: Low-latency requirements (< 100ms response times)
e Users: Vehicle ECUs, ADAS systems, infotainment controllers
e Purpose: Enable real-time decision making and system coordination

QA data usage:

e Frequency: Periodic, comprehensive evaluations (weekly to monthly)

e Latency: No real-time requirements (minutes to hours acceptable)

e Users: Test engineers, validation teams, certification bodies, researchers
o Purpose: Enable systematic analysis, comparison, and improvement
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4.2 Complementary relationship

While fundamentally different, the two standards are complementary and mutually supportive:

Development lifecycle integration:

o QA Data Model supports VOMS development and validation
¢ API Standard enables VOMS deployment and operation

o QA results inform API performance requirements

¢ API operational data can be fed back into QA analysis

4.3 Different stakeholder communities

API Standard stakeholders:

e Vehicle system integrators

¢ VOMS software developers

o Automotive OEMs (integration teams)
o Tier 1 suppliers (system developers)

QA Data Model stakeholders:

o Test engineers and validation teams

o Certification and regulatory bodies

e Research institutions

e Quality assurance organizations

¢ Automotive OEMs (procurement and validation teams)
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5 Technical content

This section outlines the technical details and components involved in the standardization project for VOMS
Quality Assessment Data Models. The content is structured to include components to be standardized and
methods of standardization. It also details top-level requirements and the benefits of implementing the
proposed standard. This section is intended for readers with an engineering background without specific
domain expertise; thus, a brief introduction to the key concepts is included.

5.1 Components and features to be standardized

51.1 Conventions

The QA Data Model will establish comprehensive conventions for consistent data representation across all

testing scenarios and organizations:

Data representation:

¢ Units and measurements: Standardized units for all quantitative measurements (time, distance,
angles, percentages)

o Precision requirements: Defined precision levels for different types of measurements and
calculations

¢ Null value handling: Consistent approaches for representing missing, invalid, or unavailable data

o Enumeration standards: Standardized value sets for categorical data (test outcomes, error types,
compliance levels)

5.1.2

Entities and relationships

The QA Data Model defines core objects and their relationships within the testing ecosystem.

Definition

Attributes

Relationships

Metrics Quantitative measurements = Metric type, measured Generated by test cases,
that characterize VOMS value, confidence interval, aggregated into
system performance measurement timestamp, performance summaries,
calculation method compared against
benchmarks
Performance @ Aggregated results and Summary statistics, trend Aggregates multiple
summary analysis across multiple analysis, compliance metrics, supports
test cases or sessions status, comparative certification decisions,
rankings enables longitudinal
analysis
Equipment Complete specification of Equipment identifiers, Associated with test

configuration

test equipment setup and
calibration

calibration status,
configuration parameters,
environmental conditions

sessions, affects
measurement validity,
supports result traceability
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5.1.3 Data types and structures

Comprehensive definitions for each entity using JSON Schema-style specifications that enable language-
independent implementation.

Measurement data types:

o Temporal data: Timestamps, durations, intervals with standardized precision and timezone handling

o Spatial data: Coordinates, orientations, distances with defined coordinate systems and accuracy
specifications

o Performance data: Accuracy rates, response times, reliability measures with statistical confidence
indicators

o Categorical data: Test outcomes, compliance levels, error classifications with standardized
enumerations

Structured data types:

o Result datasets: Structured formats for raw measurements, processed results, and analytical
summaries
e Compliance records: Structured representation of regulatory requirements and verification results

5.1.4 Example

A complete document capturing the results of a sample test session will demonstrate practical application of
the data model.

5.2 Method of standardization

The project will use collaborative development among ASAM members, including:

» Iterative reviews: Conducting multiple review cycles, involving automotive OEMSs, Tier 1 suppliers,
and technology partners, to refine standard definitions and technical specifications.

o Compatibility with existing standards: Ensuring alignment with related standards (for example,
ASAM OpenX) and frameworks to enhance seamless integration and interoperability.

o Update mechanism: Regular updates (for example, every three years) to incorporate new
advancements and maintain the relevance of the standard.

5.3 Top-level requirements

» Technology-agnostic framework: The standard must be adaptable to various underlying VOMS
technologies, ensuring broad applicability.

5.4 Assumptions

The standardization project operates under several key assumptions:

o The standard will not specify hardware requirements for VOMS.

o The project assumes continued support and collaboration from key stakeholders, including
automotive OEMs and VOMS solution providers.

o Alignment with future versions of related standards and updates in global data protection regulations.
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This structured approach to standardization in VOMS aims to address current industry challenges and
support future innovations in automotive safety and driver assistance technologies.
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6 Deliverables

At the end of the development phase, the project group will deliver the following work packages:
Deliverable Description Format

This Quality Assessment Data Model defines a
language-independent representation for storing
and exchanging the results of system-level tests on
vehicle occupant monitoring systems.

The specification includes:

VOMS Quality » Overview: explains the purpose of the model
Assessment data and its high-level structure. PDF document
model specification » Conventions: describes precision,

measurement units, predefined value sets.

o Entities & relationships: defines the core
objects — test results, metrics — and how they
relate.

o Data types and structures: provides JSON
Schema-style definitions for each entity.

Shows a complete document capturing the results of

. PDF document
a sample test session.

Support package

Table 1 - deliverables

6.1 Review process

The process for deliverable review documented in the project guide is applicable to all projects (see here).

The ASAM Office Responsible will provide further details on quality criteria and tools used prior to the initiation
of a review in a project.

Table 2 Selection of Review Type

Please indicate whether the project aims to perform an ASAM | ASAM Member Review
member review or a full public review. This is not required for
maintenance projects.
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