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Event Data Recorder - Output Data Definition

RATIONALE

This SAE Recommended Practice is being revised to remove references to automated driving system (ADS) Level 3, 4,
and 5 and SAE J3016, which will now be covered in SAE J3197, and to make updates based on recent discussions in the
SAE EDR Committee.
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1. SCOPE

This SAE Recommended Practice provides common data output formats and definitions for a variety of data elements that
may be useful for analyzing vehicle crash and crash-like events that meet specified trigger criteria. The document is intended
to govern data element definitions, to provide a minimum data element set, and to specify EDR record format as applicable
for light-duty motor vehicle Original Equipment applications.

1.1 Purpose

EDR records have several potential uses. These include providing operational information on the vehicle’s
occupant/pedestrian protection system and other vehicle systems for the purpose of aiding in crash reconstruction and
supporting improved highway safety. Creating standard definitions for the data elements in the EDR record reports should
help facilitate these uses.

For data elements described in this document, it is understood that individual manufacturers may incorporate unique
hardware in vehicles which require modified data element format, range, units, and sampling rate. It is expected that in such

cases, the manufacturer continues to capture the data element in the EDR record, but the format may be altered to capture
the most appropriate content.

2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J211-1 Instrumentation for Impact Test - Part 1 - Electronic Instrumentation

SAE J670 Vehicle Dynamics Terminology

SAE J1698 Event Data Recorder

SAE J1698-2 Event Data Recorder - Retrieval Tool Protocol

SAE J1698-3 Event Data Recorder - Compliance Assessment

SAE J2948 Keyless Ignition Control Design

SAE J3016 \1;a>;9nlomy and Definitions for Terms Related to Driving Automation Systems for On-Road Motor
ehicles

2.1.2  Other Publications

Electronic 2010 Fatality Analysis Reporting System (FARS) Coding and Validation Manual, U.S. Department of
Transportation, National Highway Traffic Safety Administration,
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/811530
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2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

2.21 Code of Federal Regulations (CFR) Publications

Available from the United States Government Printing Office, 732 North Capitol Street, NW, Washington, DC 20401,
Tel: 202-512-1800, www.gpo.gov.

49 CFR Part 563  Event Data Recorders

3. GENERAL TERMS AND DEFINITIONS

Refer to SAE J1698 for definitions.

4. EVENT DEFINITIONS

4.1  Front/Side/Rear Impact Event

A front/side/rear impact event is a crash or other physical occurrence that causes a front/side/rear impact trigger threshold
to be met or exceeded, or any non-reversible deployable restraint to be deployed, whichever occurs first. For purposes of

recording event data, only one front/side/rear impact event can be in progress at any given time.

(+/-)
A

] 3 Change in Velocity (DeltaV)
E (g) Acceleration (G)
‘g) erloymentOr - - 0.8 km/h
= Delta-V Trigger Threshold (0.5mph)
E’ (km/h) Exceeded 20ms
£ 20ms: Front
. 5ms: Side
] 20ms: Rear
] 0.8km/h .
2| (0.5mph)
€
o]
o h 4
E N Deployrﬁenl oOr Acceleration(G)
-‘E' ~ Trigger Threshold
k= Exceeded Algorithm Reset
(o]
o
=
- Algorithm
3 “Wake-Up” ™ ) .
o Change in Velocity
‘3 (Delta-V)
First Recorded
Delta-V value _
ie Duration »i Tim;
(ms)
Beginning of End of Event
Event (time zero) (Tenp)

<PreEvent X ventData

Figure 1 - Common referencing data points of an impact event’

T This figure is a very simplified image of event data to illustrate common referencing data points and it is not d
i e e oot phtighents

Depending on the direction of impact, delta-V and/or acceleration data may be in either positive or ncgatlive v
SAE J211 and SAE J670 for sign conventions. Document Sharing Hub
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Therefore, depending on the circumstances, a front/side/rear impact event can result in either a deployment or
non-deployment of an occupant protection system. In the case of events which include vehicle rotation (relative to any axis),
there is the possibility that the vehicle is not parallel to the ground throughout an impact event.

Due to the complex nature of automobile crashes, crash prevention and mitigation countermeasures for impact events vary
significantly among vehicle types, manufacturers and event circumstances. Therefore, the beginning/end/duration of impact
events must be evaluated with caution since each vehicle represented in an impact event may use a different temporal
reference point for that event.

4.1.1 Beginning of Impact Event (Time Zero)
The beginning of an impact event (time zero) is defined by:

(1a) For systems with “wake-up” occupant protection control algorithms, the time at which the occupant protection control
algorithm is activated.

or

(1b) For continuously running occupant protection control algorithms, the time when the cumulative Delta-V of over
0.8 km/h (0.5 mph) is reached within a 20-ms time period in the longitudinal direction for a frontal/rear event or
within a 5-ms time period in the lateral direction for a side impact event.

or

(2) A deployment of a non-reversible deployable protection device occurs. This does not include the deployment of
subsequent stages of a multi-stage deployable protection device.

The beginning of an impact event (defined herein) shall not be interpreted as the moment when the subject vehicle makes
a first physical contact with another object. The beginning of an event also does not mark the condition that determines
whether to record the event data associated with the event for subsequent retrieval. The purpose of defining the beginning
of an event is to enable the alignment of data elements from multiple recording devices on a vehicle.

Table 1 - Threshold for beginning of each impact event
(continuously running algorithm)

Frontal Impact Side Impact Rear Impact
Direction of Acceleration Data Longitudinal Lateral Longitudinal
Cumulative Delta-V within a Time Period = +0.8 km/h within 20 ms = +0.8 km/h or < -0.8 km/h within 20 ms

< -0.8 km/h within 5 ms

NOTE: The disposal of an additional stage of an airbag does not constitute the beginning of an impact event and thus does
not trigger another EDR record.

4.1.2 End of Impact Event

The end of an impact event (Tenp) is dependent upon the type of occupant protection control algorithm.

(1) For “wake-up” occupant protection control algorithms, Teno occurs at the moment when the occupant protection
control algorithm resets itself. If this condition has not been met by the end of the recording period, Teno may be
defined as the last recorded data point.
or

(2) For continuously running occupant protection control algorithms, Teno occurs when the longitudinal and lateral

(if recorded) cumulative Delta-V, within a 20-ms time period, becomes 0.8 km/h (0.5 mph) or less. If this condition
has not been met by the end of the recording period, Teno may be defined as the last recorded data point.
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4.1.3 Duration of Impact Event

The duration of an impact event is the time interval between the beginning of an impact event (time zero) and the end of
the impact event (Tenp). Duration of an impact event is not a pre-determined time interval and can vary significantly for each
event. The duration of an impact event may exceed the time recording capability of the EDR.

4.2 Pedestrian Impact Event

Pedestrian protection utilizes multiple technologies, some of which are resettable or reversible. There may also be instances
of misapplied deployments. A pedestrian impact event is a physical occurrence that causes a pedestrian impact trigger
threshold to be met or exceeded or any non-reversible deployable pedestrian protection device to be deployed, whichever
occurs first. For the purposes of recording event data, only one pedestrian impact event can be in progress at any given
time.

4.2.1 Beginning of Pedestrian Impact Event (Time Zero)
The beginning of a pedestrian impact event (time zero) is defined by:

(1a) For systems with “wake-up” pedestrian protection control algorithms, the time at which the pedestrian protection
control algorithm is activated.

or

(1b) For continuously running pedestrian protection control algorithms, the time when the pedestrian protection control
algorithm determines that the specific time zero criteria, as defined for the sensing technology and application, has
been met. Pedestrian protection may employ a variety of sensing technologies which require definition of time zero
criteria appropriate for their capabilities and particular application.

or

(2) Any non-reversible deployable pedestrian protection device deployment occurs. This does not include the
deployment of subsequent stages of a multi-stage deployable protection device.

NOTE: The beginning of an event shall not be interpreted as the moment when the subject vehicle makes a first physical
contact with another object. The beginning of an event also does not mark the condition that determines whether
to record the event data associated with the event for subsequent retrieval. The purpose of defining the beginning
of an event is to enable the alignment of data elements from multiple recording devices on a vehicle.

4.2.2 End of Pedestrian Impact Event

The end of a pedestrian impact event (Tenp) is dependent upon the type of control algorithm.

(1) For “wake-up” pedestrian protection control algorithms, Teno occurs at the moment when the pedestrian protection
control algorithm resets itself. If this condition has not been met by the end of the recording period, Teno may be
defined as the last recorded data point.
or

(2) For continuously running pedestrian protection control algorithms, Teno occurs when the event is determined to
have ended as defined by the specific OEM and pedestrian protection control system supplier. If this condition has
not been met by the end of the recording period, Teno may be defined as the last recorded data point.

4.2.3 Duration of Pedestrian Impact Event

The duration of a pedestrian impact event is the time interval between the beginning of a pedestrian impact event (time zero)

and the end of a pedestrian impact event (Teno). The duration of a pedestrian impact event is not a pre-determined time
interval and can vary significantly for each event. The duration of a pedestrian impact event may exceed the time recording

capability of the EDR. Documents
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4.3 Rollover Event

A rollover event is a physical occurrence in which the occupant protection control algorithm initiates deployment of a rollover
occupant protection system. For purposes of recording event data, only one rollover event can be in progress at any given
time.

Due to the complex nature of rollover events, crash prevention and mitigation countermeasures for rollover events vary
significantly among vehicle types, manufacturers, and event circumstances. Therefore, rollover events must be evaluated
with caution since each vehicle may use a different temporal reference point for its rollover event.

4.3.1 Beginning of Rollover Event

The beginning of a rollover event (time zero) is defined by:

(1a) For systems with “wake-up” rollover occupant protection control algorithms, the time at which the rollover occupant
protection control algorithm is activated.

or

(1b)  For continuously running occupant protection control algorithms, the time at which the event is determined to have
started as defined by the specific Original Equipment Manufacturer (OEM) and occupant protection control system
supplier (for example, accumulated angle or angular rate).

or

(2) A rollover occupant protection system deployment occurs. This does not include the deployment of subsequent
stages of a multi-stage deployable protection device.

The beginning of a rollover event also does not mark the condition that determines whether to record the event data
associated with the event for subsequent retrieval.

In addition, the beginning of a rollover event may not necessarily be coincident with the moment at which the subject vehicle
starts to roll.

4.3.2 End of Rollover Event

The end of a rollover event (Tenp) is dependent upon the type of control algorithm.

1. For “wake-up” occupant protection control algorithms, Teno occurs at the moment when the occupant protection control
algorithm resets itself. If this condition has not been met by the end of the recording period, Teno may be defined as the
last recorded data point.

2. For continuously running occupant protection control algorithms, Teno occurs when the event is determined to have
ended as defined by the specific OEM and occupant protection control system supplier (for example, accumulated angle
or angular rate). If this condition has not been met by the end of the recording period, Teno may be defined as the last
recorded data point.

The end of a rollover event shall not be interpreted as the moment when the subject vehicle comes to a complete stop.

4.3.3 Duration of Rollover Event

The duration of a rollover event is the time interval between the beginning of the rollover event (time zero) and the end of
the rollover event (Tenp).

Duration of a rollover event is not a pre-determined time interval and can vary significantly for each event. The duration of
a rollover event may exceed the time recording capability of the EDR.
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4.4 Data Capture Requirements

The EDR must capture and record the data elements for events in accordance with the following conditions and
circumstances:

a. For front, side, or rear events:

1. Capture and record the data when a change in vehicle velocity, in the longitudinal direction, that equals or exceeds
8 km/h within a 150 ms interval.

2. For vehicles that record “delta—V, lateral,” capture and record the data when a change in vehicle velocity in either
the longitudinal or lateral direction that equals or exceeds 8 km/h within a 150 ms interval.

3. For both cases above, if the event is less than 150 ms in duration, capture and record the data when a change in
vehicle velocity that equals or exceeds 8 km/h since the most recent time zero.

b. For front, side, rear, rollover, or pedestrian protection events:
1. Capture and record the data when a deployment of any non-reversible protection device occurs.
c. In an air bag deployment event (frontal, side, rear, rollover), capture and record the current deployment data. The

memory for the air bag deployment event must be locked to prevent any future overwriting of the data in subsequent
events. Events that result in the deployment of a reversible device do not need to be locked.

d. In an event that does not meet the criteria in (c), capture and record the current event data.

e. The types of events described in the event definitions (4.1 through 4.3) may be recorded separately in different records
and/or different electronic modules.

f. The EDR shall be capable to record at least two events, subject to the following conditions:

1. Ifan EDR record void of previous event data is available, the current event data is recorded.

2. If an EDR record void of previous event data is not available and the current event deployed an air bag, the
manufacturer must overwrite a previous event that did not deploy an air bag, if one exists. If the current event did
not deploy an air bag, the manufacturer may choose to either overwrite any previous event data that did not deploy
an air bag with the current event data or to not record the current event data. If all previous events deployed air

bags, the manufacturer will not be able to record the current event.

3. EDRrecords containing previous air bag deployment event data (frontal, side, rear, rollover) must not be overwritten
by the current event data.

g. The EDR has the ability to store at least one pedestrian impact event, if equipped with a pedestrian protection system.
4.5 Data Record Management

This recommended practice does not recommend a specific method or location for EDR, subject to the following
recommendations:

a. The ECU containing the EDR should be located in an area of the vehicle which protects against physical damage that
would prevent the retrieval of the data.

b. The ECU containing the EDR should be tamper-resistant and/or tamper-evident.
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5. DATA ELEMENTS

5.1 Data Element Availability

The data elements listed in this recommended practice are only relevant if the specific vehicle is equipped with the
associated sensor and/or vehicle system and their status is received by the EDR via its vehicle communication bus. While
each OEM can determine which data elements are applicable to their vehicle EDR, the OEMs are referred to Section 7 for
recommended data element recording methodology.

5.2 Data Element Types

5.2.1 Time Series Data

Dynamic vehicle data collected at a specified frequency with more than one data point necessary to complete the data set.
5.2.2 Static Data

Any data element that is recorded only once per event.

5.3 Data Element Values

5.3.1 Data/Signal Not Available

“Data/signal not available” indicates the condition when a specific data value does not exist in the output data set. A unique
value should be used to indicate this condition (e.g., $FF, $FFFF, etc., for unsigned data or $81, $8001, etc., for signed
data).

5.3.2 Invalid Data

“Invalid data” indicates that the originating source (e.g., ECU/sensor) is unable to generate valid data. A unique value should
be used by the originating source to indicate this condition (e.g., $FE, $FFFE, etc., for unsigned data or $80, $8000, etc.,
for signed data).

5.3.3 Status of the Data Element

The reported status of a data element, that is sent over a vehicle’s communication bus or is assessed via an electrical
circuit, is not necessarily the actual physical state of the switch or sensor. For data elements that receive information from
a communication bus message (e.g., door lock status), they indicate the commanded state of the associated switch or
sensor. For data elements assessed via an electrical circuit (e.g., safety belt status), they indicate the status of the electrical
circuit which includes the associated switch or sensor.

5.4 Data Element Accuracy

Accuracy requirement as listed for each data element only applies within the range of the associated physical sensor. If the
measured quantity exceeds the design range of the sensor, the reported data element must indicate when the measurement
first exceeded the design range of the sensor.

6. RECOMMENDED MINIMUM EVENT DATA RECORDER DATA ELEMENTS

6.1  Minimum Data Element Set

The following data elements (which will be defined in Section 7) are the recommended minimum set of data elements that
should be recorded.

6.1.1 Longitudinal Delta-V

6.1.2 Maximum Recorded Longitudinal Delta-V
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6.1.4 Speed, Vehicle Indicated
6.1.5 Engine throttle Position, Percent Full (or Accelerator Control (Pedal) Position, Percent Full)
6.1.6  Service Brake, On and Off
6.1.7 Ignition Cycle at Event
6.1.8 Ignition Cycle at Imaging
6.1.9 Safety Belt Status, Driver
6.1.10 Occupant Protection System Warning Lamp Status
6.1.11 Occupant Protection Device Deployment Time (for Driver Frontal Air Bag First Stage Deployment)
6.1.12 Occupant Protection Device Deployment Time (for Passenger Frontal Air Bag First Stage Deployment)
6.1.13 Multi-Event, Number of Events
6.1.14 Time from Event Xto Y
6.1.15 Event Data Recording Complete
6.2 Additional Data Elements
The following data elements (which will be defined in Section 7) should be recorded if they are available.
6.2.1 Lateral Acceleration
6.2.2 Longitudinal Acceleration
6.2.3 Normal Acceleration
6.2.4 Lateral Delta-V
6.2.5 Maximum Recorded Lateral Delta-V
6.2.6 Time to Maximum Recorded Delta-V, Lateral
6.2.7 Time to Maximum Recorded Delta-V, Resultant
6.2.8 Revolution per Minute (rpm)
6.2.9 Roll Rate (or Roll Angle)
I 6.2.10 Antilock Brake System Status
6.2.11 Electronic Stability Control System Status
6.2.12 Steering Input
6.2.13 Safety Belt Status, Front Passenger
6.2.14 Frontal Air Bag Suppression Switch Status, Front Passenger

6.2.15 Occupant Protection Device Deployment Time (for Driver Frontal Air Bag Additional Stages) DOCU ments
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6.2.16 Occupant Protection Device Deployment Time (for Passenger Frontal Air Bag Additional Stages)
6.2.17 Occupant Protection Device Deployment Time (for Driver Side Air Bag)

6.2.18 Occupant Protection Device Deployment Time (for Front Passenger Side Air Bag)

6.2.19 Occupant Protection Device Deployment Time (for Driver Side Curtain/Tube Air Bag)
6.2.20 Occupant Protection Device Deployment Time (for Passenger Side Curtain/Tube Air Bag)
6.2.21 Occupant Protection Device Deployment Time (for Driver Pretensioner)

6.2.22 Occupant Protection Device Deployment Time (for Front Passenger Pretensioner)

6.2.23 Seat Track Position Switch; Forward Status, Driver

6.2.24 Seat Track Position Switch; Forward Status, Front Passenger

6.2.25 Occupant Size Classification, Driver

6.2.26 Occupant Size Classification, Front Passenger

7. DATA ELEMENT DEFINITIONS

As the technology used to accelerate the vehicle may vary, the unit, minimum resolution, minimum range, and minimum
accuracy for the following data elements may be defined by the system developer.

7.1 Acceleration Data
7.1.1 Lateral Acceleration

The y-component of the vector acceleration of a point in the vehicle. The lateral acceleration is positive from left to right,
from the perspective of the driver when seated in the vehicle facing the direction of forward vehicle travel.

Unit G

Minimum Resolution 0.5

Minimum Range -5to +5

Minimum Accuracy At the option of the manufacturer
Minimum Recording Interval 0 to 250 ms relative to time zero
Minimum Recording Frequency | 500 samples/second

NOTE: Due to the potential for accelerometer saturation during certain events, this data element may not be suitable for
use in event reconstruction. However, this data element may be useful for other purposes such as deployment
analysis.
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7.1.2  Longitudinal Acceleration

The x-component of the vector acceleration of a point in the vehicle. The longitudinal acceleration is positive in the direction
of forward vehicle travel.

Unit G

Minimum Resolution 0.5

Minimum Range -50 to +50

Minimum Accuracy At the option of the manufacturer
Minimum Recording Interval 0 to 250 ms relative to time zero
Minimum Recording Frequency | 500 samples/second

NOTE: Due to the potential for accelerometer saturation during certain events, this data element may not be suitable for
use in event reconstruction. However, this data element may be useful for other purposes such as deployment
analysis.

7.1.3 Normal Acceleration

The z-component of the vector acceleration of a point in the vehicle. The normal acceleration is positive in a downward

direction.
Unit G
Minimum Resolution 0.5
Minimum Range -5to +5
Minimum Accuracy At the option of the manufacturer
Minimum Recording Interval 0 to 250 ms relative to time zero
Minimum Recording Frequency | 500 samples/second

NOTE: Due to the potential for accelerometer saturation during certain events, this data element may not be suitable for
use in event reconstruction. However, this data element may be useful for other purposes such as deployment
analysis.

7.1.4  Peripheral Acceleration

The acceleration of a point in the vehicle. The SAE J211-1 sign convention should be used to define orientation of the
accelerometer.

Unit G

Minimum Resolution 2

Minimum Range -100 to +100

Minimum Accuracy At the option of the manufacturer
Minimum Recording Interval 0 to 50 ms relative to time zero
Minimum Recording Frequency | 500 samples/second

NOTE: Due to the potential for accelerometer saturation during certain events, this data element may not be suitable for
use in event reconstruction. However, this data element may be useful for other purposes such as deployment
analysis.
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7.2 Event Date

7.2.1 Event Date - Year

Year when the event occurred.

Unit Year

Minimum Resolution 1

Minimum Range 2000 to 2253

Minimum Accuracy 1

Recording Reference Time | -1.1 to 0 second relative to time zero

NOTE: This data should be used in combination with 7.2.2 and 7.2.3. The accuracy of this data may be affected by the
data source providing it.

7.2.2 Event Date - Month

Month when the event occurred.

Unit Month

Minimum Resolution 1

Minimum Range 1t012

Minimum Accuracy 1

Recording Reference Time | -1.1 to 0 second relative to time zero

NOTE: This data should be used in combination with 7.2.1 and 7.2.3. The accuracy of this data may be affected by the
data source providing it.

7.2.3 Event Date - Day

Day when the event occurred.

Unit Day

Minimum Resolution 1

Minimum Range 1to 31

Minimum Accuracy 11

Recording Reference Time | -1.1 to 0 second relative to time zero

NOTE: This data should be used in combination with 7.2.1 and 7.2.2. The accuracy of this data may be affected by the
data source providing it.

7.3 Event Time
7.3.1 Event Time - Hour

Hours portion of the time of the day when the event occurred.

Unit Hour

Minimum Resolution 1

Minimum Range 0to 23

Minimum Accuracy 1

Recording Reference Time | -1.1 to 0 second relative to time zero

NOTE: This data should be used in combination with 7.3.2 and 7.3.3. The accuracy of this data may be affected by the
data source providing it.
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7.3.2 Event Time - Minute

Minutes portion of the time of the day when the event occurred.

Unit Minute

Minimum Resolution 1

Minimum Range 0to 59

Minimum Accuracy +1

Recording Reference Time | -1.1 to 0 second relative to time zero

NOTE: This data should be used in combination with 7.3.1 and 7.3.3. The accuracy of this data may be affected by the
data source providing it.

7.3.3 Event Time - Second

Seconds portion of the time of the day when the event occurred.

Unit Second

Minimum Resolution 1

Minimum Range 0to 59

Minimum Accuracy 1

Recording Reference Time | -1.1 to 0 second relative to time zero

NOTE: This data should be used in combination with 7.3.1 and 7.3.2. The accuracy of this data may be affected by the
data source providing it.

7.4 Ambient Temperature

The estimated exterior ambient air temperature as measured by the vehicle system.

Unit Degrees in Celsius

Minimum Resolution 1

Minimum Range -40 to +80

Minimum Accuracy At the option of the manufacturer
Recording Reference Time | -1.1 to 0 second relative to time zero

7.5 Antilock Brake System Status

Operating status of the antilock brake system.

Unit Not applicable

Minimum Resolution Engaged, faulted, or non-engaged*
Minimum Range Not applicable

Minimum Accuracy Not applicable

Minimum Recording Interval -5.0 to 0 second relative to time zero
Minimum Recording Frequency | 2 samples/second

NOTE: The mapping from the above terms to the NHTSA Part 563 nomenclature:
Engaged = Actively controlling = On
Non-Engaged = On but not controlling = Off
NOTE: This pre-crash data element may be asynchronous relative to other data elements and time zero; therefore, the last

data point may have been captured just before time zero but no more than 0.5 second before time zero. All
subsequent pre-crash data values are referenced from this data point.
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