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1. SCOPE

Adaptive cruise control (ACC) is an enhancement of conventional cruise control systems that allows the ACC-equipped
vehicle to follow a forward vehicle at a pre-selected time gap, up to a driver selected speed, by controlling the engine, power
train, and/or service prakes. This andard TOCUSES on specifying the minimum requirements for ACC system operating
characteristics and ¢lements of the user interface. This document applies to original equipment ahd aftermarket ACC
systems for passenger vehicles (including motorcycles). This document does not apply to heavy vehicles (GVWR > 10,000
Ibs. or 4,536 kg). Furthermore, this document does not address other variations on ACC, sueh as “stop & go” ACC, that
can bring the equipped vehicle to a stop and reaccelerate. Future revisions of this document should consider enhanced
versions of ACC, as|well as the integration of ACC with Forward Vehicle Collision Warning Systems (FVCWS).

2. REFERENCES
2.1 Applicable Doguments

The following publicptions form a part of this specification to the extent Specified herein. Unless oth¢rwise indicated, the
latest issue of SAE publications shall apply.

2.1.1 ISO Publications

Available from Amerjcan National Standards Institute, 25 West 43rd Street, New York, NY 10036-8007, Tel: 212-642-4900,
WWW.ansi.org.

ISO 15622:2010 Intelligent transport systems:= Adaptive Cruise Control Systems - Performance Requirements and
Test Procedures

ISO 22179:2009 Intelligent Transport.Systems - Full Speed Range Adaptive Cruise Control Systems -
Performance Requirements and Test Procedures

ISO 2575:2010/Amd 1 Road vehicles - Symbols for controls, indicators and tell-tales
2.2 Related Publigations

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

Bareket, Z., Fancher, P., Peng, H., Lee, K., and Assaf, C. (2003). Methodology for Assessing Adaptive Cruise Control
Behavior. IEEE Transactions on Intelligent Transportation Systems, 4(3). pp. 123-131.

Bato, J. and Boyle, L. (2011). Adaptive Cruise Control: User Differences in Urban and Rural Environments. Proceedings of
the Human Factors and Ergonomics Society 551" Annual Meeting. Santa Monica, CA: Human Factors and Ergonomics
Society. pp. 1943-1947. September 19-23.

Dickie, D. and Boyle, L. (2009). Driver's Understanding of Adaptive Cruise Control Limitations. Proceedings of the Human
Factors and Ergonomics Society 53rd Annual Meeting. Santa Monica, CA: Human Factors and Ergonomics Society. pp.
1806-1810. October 19-23.

Ervin, R., Sayer, J., LeBlanc, D., Bogard, S., Mefford, M., Hagan, M., Bareket, Z., Winkler, C. (2005). Automotive Collision
Avoidance System Field Operational Test Methodology and Results (UMTRI-2005-7-1). Ann Arbor, Ml: The University of
Michigan Transportation Research Institute.
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Ervin, R., Sayer, J., LeBlanc, D., Bogard, S., Mefford, M., Hagan, M., Bareket, Z., Winkler, C. (2005). Automotive Collision
Avoidance System Field Operational Test Methodology and Results Volume 2: Appendices (UMTRI-2005-7-2). Ann Arbor,
MI: The University of Michigan Transportation Research Institute.

Fancher, P. s., Ervin, R. D., Sayer, J. R., Hagan, M., Bogard, S., Bareket, Z., Mefford, M. L., Haugen, J. (1998). Intelligent
Cruise Control Field Operational Test (Final Report) (UMTRI-98-17 & DOT HS 808 849). Ann Arbor, MI: The University of
Michigan Transportation Research Institute.

Hoedemaeker, M. and Brookhuis, K. (1998). Behavioural Adaptation to Driving with an Adaptive Cruise Control (ACC).
Transportation Research Part F, 1. pp 95-106.

Koziol, J., Inman, V., Carter, M., Hitz, J., Najm, W., Chen, S., Lam, A., Penic, M., Jensen, M., Baker, M., Robinson, M.,

Goodspeed, C. (1999).

Evaluation of the Intelligent Cruise Control System Volume 1 — Study Results (DOT-VNTSC-
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Cambridge, MA: John A. Volpe National [ransportation oY
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969). Cambridge, MA: John A. Volpe National Transportation Systems Center
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bms. International Journal of Vehicle Autonomous Systems, 2(1-2). pp. 3-17.

stems Center, U.S.

r, M., Robinson, M.,
DT-VNTSC-NHTSA-
U.S. Department of

or Collision Warning

L., and Green, P. (2009). Effects of Time-Gap Settings of Adaptive Cruise Confrol (ACC) on Driving

bjective Acceptance in a Bus Driving Simulator, .Safety Science, 47(5). pp. 620-

(2008). Human Driving Data-Based Design'of a Vehicle Adaptive Cruise Contrg

System Dynamics, 46(8). pp. 661-690.

Najm, W., Stearns,
Avoidance System
Transportation Syste

Nowakowski, C., O’(

M., Howarth, H., Koopmann, J., and™Hitz, J. (2006). Evaluation of an Automotiv
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of Following Gap Settings Less Than One Second. Proceedings of the Human Factors and Ergonomicg
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] Feenstra, P. (2010). Driver Behavior Analysis During ACC Activation and D

Traffic Environment.

[EEE Transactions on Intelligent Transportation Systems, 11(2). pp. 329-338.

Tactivation in a Real

Rudin-Brown, C. and Parker, H. (2004).

Preventive Strategies. Transportation Research F, 7. pp 59-76.

Behavioural Adaptation to Adaptive Cruise Control (ACC): Implications for

Seppelt, B. and Lee, J. (2007). Making Adaptive Cruise Control (ACC) Limits Visible. International Journal of Human
Computer Studies, 65. pp. 192-205.

Strand, N., Nilsson, J., karlsson, I.C.M., and Nilsson, L. (2010). Exploring End-User Experiences: Self-Perceived Notions
of Use of Adaptive Cruise Control Systems. IET Intelligent Transport Systems, 5(2). pp. 134-140.
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Vollrath, M., Schleicher, S., and Gelau, C. (2011). The Influence of Cruise Control and Adaptive Cruise Control on Driving
Behaviour — A Driving Simulator Study. Accident Analysis & Prevention, 43(3). pp. 1134-1139.

Zhen, P. and McDonald, M. (2005). Manual vs. Adaptive Cruise Control — Can Driver's Expectation be Matched?
Transportation Research Part C, 13. pp 421-431.

3. DEFINITIONS

For the purpose of this document, the following definitions apply.

3.1 ADAPTIVE CRUISE CONTROL (ACC)

Enhancement to conventional cruise control systems (see conventional cruise control) that allows the subject vehicle to

follow a forward vehfcle at a pre-selected time gap by controlling the propulsion system and/or the-s¢rvice brake, up to a
maximum speed set|by the driver.

3.2 CLEARANCE((c)

D
=

Distance from the fofward vehicle's trailing surface to the subject vehicle's leading surface. -See Figur

W Path

FIGURE I'- CLEARANCE
NOTE: Clearance|is also sometimes referred toc@s following distance or following gap or distance gap.
3.3 CONVENTIONAL CRUISE CONTRQL*(CCC)

System capable of cpntrolling the speed\of'a vehicle, as selected by the driver without consideration of ip-path (see Figure 1)
forward vehicles.

3.4 FORWARD VEHICLE

Vehicle immediatelyfin front of, moving in the same direction, and traveling on the same roadway path [see Figure 1) as the
subject vehicle.

3.5 FREE-FLOWING TRAFFIC
Smooth flowing, light-to-heavy traffic, excluding stop and go and emergency braking situations.
3.6 MAXIMUM SELECTABLE TIME GAP (tmax)

Largest available value of time gap, t, that can be selected by the driver, in systems that permit driver selection of time gap.
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3.7 MAXIMUM SET AND OPERATING SPEED (Vmax)

Maximum speed at which a driver can set (engage) and operate a cruise control system (adaptive or conventional).
3.8 MINIMUM OPERATING SPEED FOR AUTOMATIC POSITIVE ACCELERATION (Viow)

Minimum speed below which ACC will not engage, resume, or positively accelerate.

3.9 MINIMUM SET SPEED (Vset_min)

Lowest speed at which a cruise control system (adaptive or conventional) can be engaged by the driver.

3.10 MINIMUM STEADY-STATE FOLLOWING TIME GAP (tmin)

Minimum value of time gap, t, that can be set either by the driver or the ACC system.
3.11 MAXIMUM SHNSOR RANGE (dmax)

Maximum distance the ACC system sensor can reliably measure to a forward vehicle.
3.12 SERVICE BRAKE

The primary vehicle pomponent that develops forces intended to slow the vehicle motion.

NOTE 1: From Fedegral Motor Vehicle Safety Standards 49 CFR Part:571.3 Definitions: Service brakg means the primary
mechanisin designed to stop a motor vehicle.

NOTE 2: From SAHJ1100 (6) Revised 2009-11: The term brake or brake pedal refers to the service Hrake in all instances.

NOTE 3: From SAH J656 (3.92) Issued 1988-04: Service\Brake System — The brake system generally used for retarding
or stopping a vehicle.

3.13 SET SPEED
Desired travel speed, determined by the driver, for an ACC or conventional cruise control system.
3.14 STEADY STA[TE

Condition whereby the value of thexdescribed parameter does not change with respect to time, distange, etc.
NOTE: A vehicle fraveling-at constant speed can be described as traveling at steady-state speed.

3.15 SUBJECT VEHICKE

Vehicle equipped with the ACC system in question.
3.16 SYSTEM STATE

Particular operating mode of an ACC system.

3.17 TIME GAP (1)

Time interval for traveling a distance equal to the clearance ‘c’ to the forward vehicle, given the current vehicle speed. See
Figure 2.
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FIGURE 2 - TIME GAP

NOTE 1: Time gap is related to vehicle speed ‘v’ and clearance by: T = c/v.

NOTE 2: Time gap is also sometimes referred to as following time gap.

4. REQUIREMENTS

4.1

Sensor Capability

4.1.1 Response tq

ACC systems shoul@l be capable of responding to all licensable motorized road vehicles, including m

for use on public roa

4.1.2 Response tg

Drivers shall be infd
stationary vehicles.

4.2  Operational C

4.2.1 Selection of

4.2.1.1 Driver Sel

ACC systems shall g
4.2.1.2 Minimum

If vehicles are equip
set speed (Vset min).
4.2.1.3 Minimum

The minimum operat
m/s (11 mph), +10%

4214 ACC Ope

Motorized Vehicles

ds.
Stationary Vehicles

rmed, at a minimum in the vehicle operator’s instructions,if the ACC system

naracteristics

Set and Operating Speed

bction of Set Speed

rovide a means for the driver to select a desired set speed.
Set Speed

ped with both conventional-cruise control and ACC, the two systems should havg
The minimum set speed. (Vset_min) should not be less than 7.0 m/s (15 mph), +10%

Dperating Speed(for Automatic Positive Acceleration

ing speed (Vow), from which automatic positive acceleration can be achieved, shal

ation-Below Minimum Operating Speed

otorcycles, intended

joes not respond to

the same minimum

not be less than 5.0

The ACC system may continue to decelerate below the minimum operating speed for automatic positive acceleration. If an
ACC system disengages to stand-by (see Section 4.3.3) after the minimum operating speed is reached, the driver shall be
informed. There shall not be an instantaneous release of the deceleration force when standby mode is initiated.

4.2.1.5 Maximum

Set and Operating Speed

The maximum ACC operating speed (vVmax) should be no greater than the limit determined by the maximum sensor range

(dmax) divided by the

See I1SO 15622 for ¢

current selected time gap (t), where:

Y =d /T

max max

ompliance test procedure.

(Eq. 1)
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4.2.2 Selection of Set and Operating Time Gap
4.2.2.1 Minimum Steady-State Following Time Gap

The minimum steady-state following time gap (tmin) shall not be less than 1.0 s. The actual time gap value may temporarily

fall below tmin as the

subject vehicle responds to a forward vehicle.

NOTE: A steady-state following time gap of less than 1.0 s may be used if the manufacturer includes additional active
safety features (such as forward collision mitigation braking, advanced braking, etc.) or more advanced tracking
or communication capabilities to support braking, and the overall system performance can accommodate the
shorter following time gaps.

4.2.2.2 Time Gap Settings

If the time-gap settin

j is adjustable by the driver, at least one value of time gap () thatis 1.5 s, or great

br, shall be provided.

NOTE: If the systgm is not adjustable by the driver, then the time gap setting shall be greaterthan or ¢qual to the minimum
steady-state following time gap.
4.2.2.3 Default Time Gap

If the ACC system d
time gap setting of 1
4.2.3 Longitudinal

The driver shall be
general description d

5 s or greater.
Deceleration Capability Notification

nformed, at a minimum in the operator’s manual, of the system performance li
f the deceleration capability of the ACC system.

pes not retain the last selected time gap after it is switched({o ACC OFF, the system shall default to a

Mmitations, such as a

4.2.4 lllumination pf Stop Lamps

4.2.4.1 Stop lampg shall be illuminated whenever the service brake is automatically applied by the ACC system.

NOTE: From Fedg¢ral Motor Vehicle Safety Standards 49 CFR Part 571.108 Lamps, Reflective Dev|ces, and Associated
Equipment, TABLE I-a—REQUIRED LAMPS AND REFLECTIVE DEVICES: “Stop Lampg...Must be activated
upon application of the service brakes.”

4.2.4.2  Stop lampp should be illuminated whenever the ACC vehicle speed is decreasing at a rate thjat generally exceeds
the rate ofldeceleration that can be achieved by simply releasing the accelerator pedal.

NOTE: This SAE|recommendation is allowed by the Federal Motor Vehicle Safety Standards 49 CFR Part 571.108
Lamps, Reflective 'Devices, and Associated Equipment, TABLE |-a—REQUIRED LAMPSY AND REFLECTIVE
DEVICES] /Stop Lamps...May also be activated by a device designed to retard the motion [of the vehicle.”

4.2.4.3 Stop lamps should remain illuminated for a reasonable period of time to prevent flicker during short duration ACC
brake commands.

4.2.5 Curve Capability Notification

The driver shall be informed, at a minimum in the operator’s manual, that the ACC system’s ability to follow preceding
vehicles may be limited in a curve. Additionally, the vehicle detected signal, as described in Section 4.4.2 of this document,
shall provide the driver with feedback when the forward vehicle can no longer be tracked through a curve.

4.2.6

ACC Operation with ABS and Traction Control

Automatic brake activation shall not lead to locked wheels for periods longer than anti lock devices (ABS) would allow.
Automatic power control by ACC shall not lead to excessive positive wheel slip for periods longer than traction control would
allow.
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4.3 Operating State Transitions

43.1
At a minimum, ACC

43.11 ACCOff

ACC System States

standby and ACC engaged system states shall be provided.

In this state direct access for activation of ‘ACC engaged state’ shall be disabled. To activate the ACC engaged state, the
ACC system must be in the stand-by state.

4.3.1.2 ACC Stan

d-By

In this state the AC
controller (such as in
be provided by the A
4.3.1.3 ACC Engeé
In this state the ACC
gap control shall be
4.3.2 ACC Diseng
Any manually-initiate
lead to ACC system
driver-initiated disen
applications, the ser
4.3.3 ACC Disengd
The driver shall alws
Application of the a

conditions the ACC
released.

If the ACC system re
shall inform the driv
system has determir
4.3.4 ACC Disend

For vehicles equippé

the case of a temporary accelerator pedal override). No active control of speed
CC system in this state.

lged

system shall actively control speed and/or time gap. The trapsition between sp
butomatic.

agement via Service Brake

disengagement (stand-by). Automatic re-engagement by the ACC system shal
gagement via the service brake. With any, sSimultaneous service brake an
ice brake application shall take precedence:

agement via Accelerator

celerator pedal shall temporarily place an engaged ACC system in stand-by st
Bystem should automaticafty transition back to the ACC engaged state when the
mains in a stand-by state upon release of the accelerator pedal, an alert (auditory,
ed it will remain‘in stand-by state.

agement.via Clutch

bd with“manual transmissions, ACC systems shall either temporarily suspend op

the ACC active stal

e “ofr _transition to ACC stand-by if the driver depresses the clutch pedal. Th

d service-brake application by the driver while the . AEC system is active, includir

C system Is ready for manual engagement by the driver or automatic re-engaEement by the ACC
nd/or time gap shall

eed control and time

g brake “taps,” shall
| not occur following
d accelerator pedal

ys be permitted to override the engine power control and automatic braking via the accelerator pedal.

bte, and under most
accelerator pedal is

visual and/or haptic)

pr to take manual_tontrol. This alert may be provided before accelerator pedal release if the ACC

bration but remain in

automatically transition back to the ACC engaged state when the clutch pedal is released by the driver.

. ACC system may
For systems

incorporating the service brakes, automatic braking may be continued during use of the clutch pedal. After the ACC system
releases the brakes, the system may either resume ACC control or transition to ACC stand-by in response to the driver
depressing the clutch pedal.

4.3.5

There shall be no au

Automatic Transition between ACC and Conventional Cruise Control

tomatic switching between ACC and conventional cruise control systems.
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4.4 Displays
4.4.1 Time Gap Selection Indicator

For ACC systems that permit the driver to set a variable time gap, the selected time gap setting should be available to be
displayed to the driver while the ACC is engaged. At a minimum, this information shall be displayed when the ACC system
is first activated and when a different time gap is selected by the driver. The time gap display may be temporarily overridden
while the driver is adjusting the set speed, adjusting the settings on other systems, or when higher priority messages take
precedent.

44.1.1 Set Speed Indicator
At a minimum, the set speed shall be displayed when the driver engages the ACC system and when the driver selects a

new set speed. Thd ACC set speed should generally be displayed when the ACCT IS not In standby fnode and is actively
controlling the speed and/or time gap of the vehicle.

4.4.2 Vehicle Detgcted Signal

A “vehicle-detected”|indicator, indicating that the ACC system has detected a forwardvehicle, shall be provided when the
ACC system is in thg engaged state.

4.4.3 System Malfunction Signal/Warning
Indication of ACC system malfunction shall be provided to the driver if the \ACC system shuts downrirelinquishes control)
from a stand-by or epgaged state or if the driver manually tries to engage a malfunctioning ACC systen from the OFF state.
The malfunction ind}ation should remain active until the ACC systenyis switched OFF. If a symbol|is used, this symbol
should be a standardglized symbol in accordance with ISO 2575 (see Appendix B).
4.4.4  Conventiongl Cruise Control and ACC Indicators

If both conventional cruise control (CCC) and ACC systems are offered on the same vehicle, there spall be separate and
clear indications to the driver which, if either, systemiis engaged. If symbols are used, they should be standardized in
accordance with 1SQ 2575 (see Appendix B).
4.45 Manual Confrol Alert

Either an auditory ol haptic alert shall inform the driver to take control, and a visual alert shall supplgment the auditory or
haptic alert to provide context and explain the meaning of the alert to the driver:

a. Whenever thergl is an automiatic, system-initiated transition (i.e., not triggered by the driver) frgm ACC engaged to
manual control.

b. Toindicate whelr thesdriver may need to intervene on automatic control and take manual control df the vehicle.

NOTE:Alternatively part b of this requirement may be replaced by a Forward Collision Warning alert. (See SAE J2400.)
4.5 Performance Evaluation Test Methods

The test procedure described in Appendix A should be used to verify the control functionality of the ACC system. The
purpose of the procedure is to characterize performance of the entire ACC system including the sensor, control algorithm,
and vehicle platform. Graphs and tables showing clearance, velocity, and time gap as functions of time should be recorded
and saved for use in verifying test performance.

NOTE: The reader is also referred to ISO 15622 Sections 7.3 and 7.4 for additional test methods including a maximum
detection range test and a target discrimination test.
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4.5.1 Minimum Available (or Fixed) Time Gap Test

Perform the test procedure described in Appendix A using the smallest available time gap setting to ensure that the minimum
steady-state time gap is greater than or equal to 1.0 s. Although the test is nominally performed with a forward vehicle
traveling at approximately 97 km/h (60 mph), the test should also be performed at the minimum and maximum ACC
operating speeds to ensure that the minimum 1.0 s time gap value is met throughout the operating speed range of the ACC
system.

4.5.2 Maximum Available Time Gap Test

If the system allows multiple driver-selectable time gap settings, perform the test procedure described in Appendix A using
the largest available time gap setting to ensure that there is a functional time gap setting that is greater than or equal to
1.5 s. Although the test is nominally performed with a forward vehicle traveling at approximately 97 km/h (60 mph), this test
should also be perf¢rmed at the minimum and maximum ACC operating speeds 10 ensure that thel maximum available
steady-state time gap meets or exceeds 1.5 s throughout the operating speed range of the ACC systém.

5. NOTES
5.1 Marginal Indicla
A change bar (I) locdted in the left margin is for the convenience of the user in locating areas where te¢hnical revisions, not
editorial changes, have been made to the previous issue of this document. An (R) symbol to the left pf the document title

indicates a completq revision of the document, including technical revisions{€hange bars and (R) ar¢ not used in original
publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE SAFETY AND HUMAN FACTORS STEERING COMMITTEE
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