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C.1

TERMS AND DEFINITIONS

C.1.1

PBC (Peak Braking Coefficient)

It refers to the measured value of friction coefficient between tire and road surface based on the
maximum deceleration of a rolling tire. It is measured on the dry road surface specified in Chapter 6 of
the standard GB/T 26987-2011; Alternatively, it can be measured by using the method specified in 5.6.4
of the standard GB 21670-2008.
C.1.2

AEB (Autonomous Emergency Braking)

It refers to the brake that the vehicle automatically applies when it detects a potential collision to reduce
the vehicle speed and avoid collision as much as possible.
C.1.3

DBS (Dynamic Brake Support)

When the driver has performed a braking operation but is still detected as having the possibility of a
collision, the system will automatically adjust the braking force to achieve greater vehicle deceleration
under the same driver braking input than that under normal driving conditions.
C.1.4

FCW (Forward Collision Warning)

It refers to the warning automatically given by the system to warn the driver when it detects that a
collision is very likely to occur.
C.1.5

LKA (Lane Keeping Assist)

The system can monitor the relative position between vehicle and lane line in real time and intervene in
the lateral motion control of vehicle continuously or if necessary to keep vehicle driving in the original
lane.
C.1.6

LDW (Lane Departure Warning)

It refers to a warning message that is provided automatically by the vehicle in response to the vehicle
that is about to drift beyond a delineated edge line of the current lane.
C.1.7

BSD C2C/C2TW (Blind Spot Detection Car to Car/Car to TW)

It is used to monitor the blind spot of driver's field of vision in real time and send warning message
when other road users appear in the blind spot.
C.1.8

SAS (Speed Assist System)

It is used to detect the road speed sign and inform the driver, give an speed alarm based on the speed
limit information and actively intervene to control the speed, so as to keep the vehicle speed within the
allowable maximum speed limit.
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C.1.9

SAS-SLIF (Speed Assist System -Speed Limit Information Function)

It can obtain speed limit information, inform the driver and give overspeed alarm based on the speed
limit information.
C.1.10 SAS-SLF (Speed Assist System -Speed Limitation Function)
It can actively intervene and control vehicle speed to keep vehicle speed within the maximum allowed
speed.
C.1.11 VUT (Vehicle Under Test)
It refers to the vehicle that is equipped with corresponding ADAS function system and is tested in
accordance with the requirements specified in this test procedure.
C.1.12 GVT (Global Vehicle Target)
It refers to the global vehicle target used as specified in this test procedure.
C.1.13 TW (Two Wheeler)
C.1.14 PTA (Pedestrian Target Adult)
It refers to the pedestrian target adult used as specified in this test procedure.
C.1.15 STA (Scooter Target Adult)
It refers to the scooter target adult used as specified in this test procedure.
C.1.16 BTA (Bicyclist Target Adult)
It refers to the bicyclist target adult used as specified in this test procedure.
C.1.17 HMI (Human Machine Interface)
C.1.18 TTC (Time To Collision)
It refers to the time required to maintain the current state of motion and the collision between VUT and
GVT, PTA, STA, BTA.
C.1.19 CCRs (Car to Car Stationary)
It refers to the scenario where the GVT is stationary and the rear vehicle has rear-end collision with front
vehicle.
C.1.20 CCRm (Car to Car Moving)
It refers to the scenario where the GVT is moving at a slow speed and the rear vehicle has rear-end
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collision with front vehicle.
C.1.21 VRU (Vulnerable Road Users)
C.1.22 CPFA-50 (Car-to-Pedestrian farside Adult)
It refers to the scenario where the vehicle collides with a farside adult pedestrian crossing the road and
the collision location is at the position of 50% of the vehicle's front end structure when no any braking
measure is taken.
C.1.23 CPFA-25 (Car-to- Pedestrian farside Adult)
It refers to the scenario where the vehicle collides with a farside adult pedestrian crossing the road and
the collision location is at the position of 25% of the vehicle's front end structure when no any braking
measure is taken.
C.1.24 CPNA-25 (Car-to- Pedestrian nearside Adult)
It refers to the scenario where the vehicle collides with a nearside adult pedestrian crossing the road and
the collision location is at the position of 25% of the vehicle's front end structure when no any braking
measure is taken.
C.1.25 CPNA-75 (Car-to- Pedestrian nearside Adult)
It refers to the scenario where the vehicle collides with a nearside adult pedestrian crossing the road and
the collision location is at the position of 75% of the vehicle's front end structure when no any braking
measure is taken.
C.1.26 CSFA-50 (Car-to- Scooter Farside Adult)
It refers to the scenario where the vehicle collides with a farside scooter adult crossing the road and the
collision location is at the position of 50% of the vehicle's front end structure when no any braking
measure is taken.
C.1.27 CBNA-50 (Car-to- Bicyclist Farside Adult)
It refers to the scenario where the vehicle collides with a nearside bicyclist adult crossing the road and
the collision location is at the position of 50% of the vehicle's front end structure when no any braking
measure is taken.
C.1.28 CBLA-25 (Car-to-Bicyclist Longitudinal Adult)
It refers to the scenario where the vehicle collides with a farside bicyclist adult moving in longitudinal
direction and the collision location is at the position of 25% of the vehicle's front end structure when no
any braking measure is taken.
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C.1.29 CBLA-50 (Car-to-Bicyclist Longitudinal Adult)
It refers to the scenario where the vehicle collides with a farside bicyclist adult moving in longitudinal
direction and the collision location is at the position of 50% of the vehicle's front end structure when no
any braking measure is taken.
C.1.30 XVUT, YVUT
It refers to the real-time position coordinates of VUT during the test.
C.1.31 XGVT, YGVT
It refers to the real-time position coordinates of the GVT during the test.
C.1.32 XPTA, YPTA
It refers to the real-time position coordinates of the PTA during the test.
C.1.33 XSTA, YSTA
It refers to the real-time position coordinates of the STA during the test.
C.1.34 XBTA, YBTA
It refers to the real-time position coordinates of the BTA during the test.
C.1.35 VVUT
It refers to the real-time speed of VUT during the test.
C.1.36 VGVT
It refers to the real-time speed of the GVT during the test.
C.1.37 VPTA
It refers to the real-time speed of the PTA during the test.
C.1.38 VBTA
It refers to the real-time speed of the BTA during the test.
C.1.39 VSTA
It refers to the real-time speed of the STA during the test.
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C.1.40 TAEB
It refers to the time when AEB system is triggered. The specific determination method is: firstly,
determine the first data point in the filtered deceleration curve below -1m/s2; and then, push forward
from this point to the intersection point of the deceleration curve and -0.3m/s2 for the first time. The time
at this point is TAEB.
C.1.41 TFCW
It refers to the time when the FCW gives a warning and the the signal receiver detects the FCW alarm.
C.1.42 TLDW
It refers to the time when the LDW gives a warning and the signal receiver detects the LDW alarm.
C.1.43 TSAS
It refers to the time when the SAS system gives a warning and the signal receiver detects the SAS
alarm.
C.1.44 TBSD
It refers to the time when the BSD system gives a warning and the signal receiver detects the BSD
alarm.
C.1.45 Vtest
It refer to the speed test of VUT.
C.1.46 Vimpact
It refers to the speed of VUT when VUT collides with GVT/PTA/BTA/STA.
C.1.47 Vrel,test
It refers to the stable relative speeds of VUT and GVT/PTA/BTA/STA at the beginning of test.
C.1.48 Vrel,impact
It refers to the relative speed of VUT and GVT/PTA/BTA/STA after a collision when VUT collides with
GVT/PTA/BTA/STA.
C.1.49 T0
In the AEB scenario, T0 is the It refers to the time when TTC = 4s; in the LDW/LKA test, T0 is the It
refers to the time when VUT runs in stable status for 2s; in the SAS test, T0 is the time when VUT is
100m away from the speed limit plate; in the BSD C2C/BSD C2TW test, for the overtaking scenario, T0
is the time when the longitudinal distance between two vehicles is 33m; for the lane merging scenario,
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T0 is the time when the lane merging action begins.
C.1.50 Timpact
It refers to the time when VUT collides with GVT/PTA/BTA/STA.
C.2

VEHICLE COORDINATE SYSTEM

During the test, it is required to use the inertial coordinate system specified in the standard ISO
8855:1991, where the x-axis points towards the front of the vehicle, the y-axis points towards the left
side of the driver and the z-axis points upwards (i.e. right hand coordinate system). Viewed from the
origin to x, y and z axes, roll, pitch and yaw rotate clockwise around the x, y and z axes respectively.
This coordinate system shall be used for both left and right hand drive vehicles tested.
C.3

REQUIREMENTS FOR TEST WEATHER

C.3.1

It is dry and free from precipitation or snow.

C.3.2

Horizontal visibility at ground level shall be greater than 1km.

C.3.3

Wind speed shall be below 10m/s.

C.3.4 For the tests conducted under natural light, natural ambient illumination must be homogenous
in the test area and more than 2000lux for daylight testing with no strong shadows cast across the test
area other than those caused by the test devices. Ensure test is not conducted driving towards or away
from the sun when there is direct sunlight.
C.4

VUT PREPARATION

C.4.1

Confirmation of tire status

It is required to use the new original tire that is consistent with the tire configuration (supplier, model,
size, speed and load level) specified by the manufacturer for the test. Subject to the manufacturer's
specified tire configuration (supplier, model, size, speed, and load level), it is allowed to use the
replaced tire provided by the manufacturer or the manufacturer's designated agent. The tire is inflated to
the standard cold air pressure recommended by the manufacturer. This cold air pressure is at least
applicable for normal load conditions.
C.4.2

Confirmation of vehicle status

C.4.2.1 Fill with fuel to the level at least 90% of fuel tank volume;
C.4.2.2 Check the fuel-water status of the complete vehicle and increase it to the highest limit if
necessary;
C.4.2.3 Ensure that the spare tire (if this configuration is available) and vehicle tools are already
contained in VUT and no other items are allowed in the vehicle;
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C.4.2.4 Ensure that all tires are inflated to the tire pressure recommended by the manufacturer under the
current load conditions; and
C.4.2.5 Measure the front and rear axle load of the vehicle and calculate the total weight of the vehicle,
take this weight as the vehicle's curb weight and record it.
C.4.3

Running-in of brake system

VUT uses 80km/h as the initial running-in speed and brakes at a deceleration of 3m/s2 until it stops. This
process is repeated 200 times. The initial braking temperature is 65℃~200℃. The temperature shall be
cooled to 65℃~200℃ or driving 2km between every twice braking.
C.4.4

Equipment installation and stowage

C.4.4.1 Install the equipment and instruments required for the test;
C.4.4.2 Stow the vehicle based on the loading quality requirements (200kg minus the weight of the
driver and test equipment) and install it firmly;
C.4.4.3 In case that the driver is included, measure the front and rear axle loads of the vehicle;
C.4.4.4 Compare it with the vehicle curb weight;
C.4.4.5 The difference between the measured total weight of the vehicle and the sum of curb
weight+200kg shall be in the scope of ±1% and the difference between the front and rear axle load
distribution and the full-fuel empty-load vehicle axle load distribution shall be less than 5%. If the actual
situation of the vehicle does not meet this requirement, it is required to adjust the stowage without
affecting the vehicle performance and ensure that it is firmly fixed after the adjustment; and
C.4.4.6 Repeat C.4.4.3 to C.4.4.5 until the front and rear axle loads and total weight of the vehicle can
meet the requirements specified in C.4.4.5. Carefully adjust the stowage to be as close as possible to the
original vehicle attributes and record the final axle load.
C.5

PRETREATMENT BEFORE VUT TEST

C.5.1

Setting of system functions

Set the driver custom option in the system function to the middle setting or a higher level. The setting
requirements are shown in Figure C.1. (In the LDW/LKA system test, lane centering function shall be
turned off; in the SAS test, the driver custom option in the system function sets overspeed alarm
threshold to 0km/h) .
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Setting 3
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Setting 4

Figure C.1 Setting of system functions at all levels
C.5.2

Active hood system

When the vehicle is equipped with an active hood system, it is required to turn it off before the test.
C.5.3

Braking preparation before the test

C.5.3.1 When the initial speed is 56km/h, brake the vehicle to a standstill at an average deceleration of
0.5g~0.6g, do it for a total of 10 times;
C.5.3.2 After the series braking is completed at the initial speed of 56km/h, stop the vehicle with full
force at the initial speed of 72km/h, do it for a total of 3 times;
C.5.3.3 When the braking specified in C.5.3.2 is performed, apply sufficient braking force to the brake
pedal, so that the vehicle's ABS is in working condition during the main phase of each braking process;
C.5.3.4 Upon the completion of the last braking specified in C.5.3.2, drive the vehicle at the speed of
72km/h for 5 minutes and cool the brake; and
C.5.3.5 Start the test within 2 hours after the completion of the braking preparation work.
C.5.4

Tire preparation before the test

C.5.4.1 Drive VUT along a circle with a diameter of 20m in a clockwise direction for three turns, and
then drive in a counterclockwise direction for three turns. The driving speed shall cause the vehicle to
produce a lateral acceleration about 0.5g~0.6g;
C.5.4.2 Use a sinusoidal steering input with a frequency of 1Hz for the test at a vehicle speed of
56km/h. At the peak steering angle, the vehicle shall produce a lateral acceleration of 0.5g~0.6g.
Conduct the test for four times. Each test consists of 10 sinusoidal cycles; and
C.5.4.3 During the last sine cycle of the last test, the steering wheel angle amplitude is twice that of
other cycles. The maximum time interval allowed between all tests is 5 minutes.
C.6

TEST SCENARIOS

C.6.1

AEB system for Car to Car Stationary (AEB CCR)
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C.6.1.1 Lateral offset
The term “lateral offset” refers to the horizontal distance between the center position of VUT head (or
GVT tail) and the planned path. VUT lateral offset and GVT lateral offset are shown in Figure C.2.
VT path
VUT lateral offset

VT lateral offset

VUT path
Distance in X direction

Figure C.2 Lateral offset
C.6.1.2 Offset ratio
The offset ratio is defined as the percentage of overlap between VUT and GVT in VUT. The reference
line defined by overlap is the center line of VUT. In the case of 100% overlap, the center line of VUT is
aligned with that of GVT, as shown in Figure C.3.

-50%
Left outer edge of GVT
center line of VUT

100%
center line of GVT
center line of VUT

+50%
Right outer edge of GVT
center line of VUT

Figure C.3 Definition of offset ratio
C.6.1.3 Test devices and targets
C.6.1.3.1

Test devices

C.6.1.3.1.1 The test devices shall meet the requirements for sample and record of all dynamic data at a
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frequency of at least 100Hz. DGPS time is used for data synchronization between GVT and VUT.
C.6.1.3.1.2 The devices used to sample and record VUT and GVT data shall meet at least following
requirements for accuracy:
a) VUT and GVT speed to 0.1km/h;
b) VUT and GVT lateral and longitudinal position to 0.03m;
c) VUT and GVT heading angle to 0.1°;
e) VUT and GVT yaw rate to 0.1°/s;
f) VUT and GVT longitudinal acceleration to 0.1m/s²; and
g) VUT steering wheel velocity to 1.0°/s.
C.6.1.3.2

Data filter

C.6.1.3.2.1 Position and speed are used in their raw state without subject to data filter.
C.6.1.3.2.2 Acceleration is filtered with a 12-pole phaseless Butterworth filter at a cut off frequency of
10Hz.
C.6.1.3.2.3 Yaw rate is filtered with a 12-pole phaseless Butterworth filter at a cut off frequency of
10Hz.
C.6.1.3.3

Requirement for GVT

C.6.1.3.3.1 GVT is used to replace the actual Type-M1 passenger car (including vision, radar, lidar and
PMD attributes).
C.6.1.3.3.2 For the requirements of GVT specification, please refer to TB025-Global Vehicle Target
specification for Euro NCAP v1.0. The logo of the "Tianjin CATARC" logo is attached to the license
plate of the GVT vehicle, as shown in Figure C.4.

Figure C.4 C-NCAP GVT outside view
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C.6.1.3.3.3 If the manufacturer believes that the GVT can not meet the target requirements of VUT
sensor, please directly contact the C-NCAP Management Center.
C.6.1.4 Requirements for test site
C.6.1.4.1
The test shall be conducted on a dry, flat and solid-paved road surface that is free of visible
moisture. A single slope is used and maintained at a level between 1%. The road surface shall have a
peak adhesion coefficient greater than 0.9.
C.6.1.4.2
The road surface shall be compacted and free of any irregularities (such as large dip angles,
cracks, manhole covers or bolts with reflecting ability) that may cause abnormal operation of sensor.
The width from the lane center line to both sides of the road is not less than 3.0m. There is at least 30m
reserved road ahead of the end point of the test, as shown in Figure C.5.

Figure C.5 Test area
C.6.1.4.3
The test lanes are allowed to have lane markings, but it is necessary to ensure that the lane
markings do not cross the test track in the braking area after AEB is triggered and FCW alarm is given.
C.6.1.5 AEB CCR system performance test scenarios

Figure C.6 CCRs test scenario where the front vehicle is stationary
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Figure C.7 CCRm test scenario where the front vehicle is moving at a low speed
CCRs: GVT is on the driving path of VUT and VUT runs on the planned path, as shown in Figure C.6.
The AEB function of VUT is respectively tested at the speed of 20km/h, 30km/h and 40km/h, while the
FCW function of VUT is respectively tested at the speed of 50km/h, 60km/h, 70km/h and 80km/h.
CCRm: Both VUT and GVT run on the planned path, as shown in Figure C.7. GVT runs at the constant
speed of 20km/h. The AEB function of VUT is respectively tested at the speed of 30km/h, 40km/h and
50km/h, while the FCW function of VUT is respectively tested at the speed of 60km/h, 70km/h and
80km/h.
C.6.1.6 Summary of AEB CCR test scenarios
The summary of AEB CCR test scenarios is shown in Table C.1. When FCW system is tested, the brake
is applied 1.2s after TFCW. The braking characteristic curve is provided by the manufacturer. The
braking stroke is completed within 200ms and the maximum rate is 400mm/s. In the case of nonemergency braking, the braking deceleration produced is in the range of -4m/s2~-4.25 m/s2. If the
deceleration exceeds this range or the manufacturer does not provide a braking force characteristic curve,
the braking force is applied by following the process specified in C.6.1.7.8.
Table C.1
Test scenario

AEB CCR test scenarios

Test type

Test speed (km/h)
20
20
30
30
40
40
50
50
60
60
70
70
80
80

AEB

CCRs (The front car is
stationary)
FCW
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Offset ratio
-50%
100%
+50%
100%
-50%
100%
+50%
100%
-50%
100%
+50%
100%
-50%
100%

Test scenario

Test type

Test speed (km/h)
30
30
40
40
50
50
60
60
70
70
80
80

AEB
CCRm (The front car
is moving at a low
speed)
FCW

Offset ratio
+50%
100%
-50%
100%
+50%
100%
-50%
100%
+50%
100%
-50%
100%

C.6.1.7 Test requirements
C.6.1.7.1

Gear selection and vehicle control

For the AT VUT, select Gear-D; for MT VUT, shift the transmission to the highest gear where the
engine speed reaches at least 1500RPM at the test speed. The speed limit or cruise device on the VUT
can be used to maintain the test speed, unless the manufacturer indicates that these functions affect the
operation of the AEB/FCW system. If necessary, turn the steering wheel slightly to keep the VUT
running along the planned path.
C.6.1.7.2

Time interval

The first test starts within 90s to 10min after the tire preparation is completed. Then, the time interval
between the end of each test and the start of next test is also 90s to 10min. If it exceeds 10min, tire
preparation is required again. During the test interval, the speed of VUT shall not exceed 50km/h unless
there are special conditions that seriously affect vehicle safety. In addition, no severe acceleration,
deceleration and steering operation shall be performed.
C.6.1.7.3

Test accuracy

Accelerate the VUT and GVT (if required) to the required test speed. The test shall meet the following
conditions within the time range from T0 to TAEB/TFCW.
a) VVUT (GPS speed): Test speed＋1.0km/h;
b) VGVT (GPS speed): Test speed±1.0km/h;
c) Lateral offset: 0±0.1 m;
d) Yaw rate: 0±1.0°/s;
e) Steering wheel angle speed: 0±15.0°/s
C.6.1.7.4

Single test end conditions
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The test ends when one of the following conditions occurs:
a) VVUT=0km/h;
b) VVUT<VGVT and there is no possibility of collision in this test; and
c) VUT contacts with GVT.
C.6.1.7.5

Test scenario end conditions

If the speed reduction of VUT < 5km/h or Vrel, impact>50km/h, test scenario is stopped.
C.6.1.7.6

Precautions

For MT or AT accelerator control, it is required to ensure that the accelerator pedal will not take over the
effect of AEB in the AEB process. When the AEB system reduces the initial speed of VUT by 5km/h,
the accelerator pedal is released. No other driving control operation is allowed during the test, such as
controlling the clutch or brake pedal.
C.6.1.7.7

AEB system test validity judgment method

C.6.1.7.7.1 If the manufacturer does not submit the estimated results, only one test shall be conducted
at each test site.
C.6.1.7.7.2 If the manufacturer submits the estimated results, the C-NCAP Management Center will
determine the final test results based on the estimated results and the field test conditions.
C.6.1.7.7.3 C-NCAP judges the test results in accordance with the following procedure:
C.6.1.7.7.3.1 Where the first test is conducted, if there is no difference between the first test result and
the estimated result a, this test result is the final test result; if there is a difference between the first test
result and the estimated result b, the second test is required.
Notes: a: No difference: The speed difference between the test result and the estimated result is
≤5km/h or the alarm time requirement is same as the estimated result; and
b: Difference existed: The speed difference between the test result and the estimated result
is >5km/h or the alarm time requirement is different from the estimated result.
C.6.1.7.7.3.2Where the second test is conducted, if there is no difference between the test result and the
estimated result, the second test result is the final result; if there is a difference between the second test
result and the estimated result, but there is no difference from the first test result, the average of the first
and second test results is taken as the final result; otherwise, the third test is conducted.
C.6.1.7.7.3.3Where the third test is conducted, if there is no difference between any two of the three
tests, the average of the two results is taken as the final result; if there is any difference in the three test
results, the test is stopped and the test is conducted again after cause analysis.
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C.6.1.7.7.3.4If there is difference between the final result of a single test and the estimated result, it is
deemed as a single invalidation. After the cumulative five times of invalidation, the estimated result is
no longer used and only a single test will be conducted in the subsequent tests.
C.6.1.7.7.4 The test validity determination process is shown in Figure C.8:
Start test
1st test
No difference
from the
estimated result

2nd test
No difference
from the
estimated result

No difference
from the 1st
test result

3rd test

No difference
between any two of
the three tests

Output: 1st test
result

Output: 2nd test
result

Output: Average of
the two test results

Output: Average of
the two test results
without any difference

Stop the test, analyze
the cause and test
again

End

Figure C.8 Test validity determination process
C.6.1.7.8

FCW brake application method

The braking characteristic curve is used to determine the brake pedal displacement and pedal force
required to reach a certain vehicle deceleration (the typical typical vehicle deceleration in response to
daily emergency by the driver).
C.6.1.7.8.1 Definitions
TBRAKE——Time when the brake pedal displacement reaches 5mm for the first time;
T-6m/s2——Time when the longitudinal acceleration is less than -6m/s2 for the first time; and
The definitions of T-2m/s2 and T-4m/s2 are same as that of T-6m/s2.
C.6.1.7.8.2

Calibration of braking characteristic curve

Firstly, carry out brake running-in and tire pretreatment as described in C.5.3 and C.5.4 of this procedure;
and then, start the calibration within 10 minutes after pretreatment.
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C.6.1.7.8.3 Calibration process
C.6.1.7.8.3.1 Touch the brake pedal at full stroke and then release it.
C.6.1.7.8.3.2 Accelerate the VUT speed to 85km/h or above. For AT, select Gear-D; for MT, select the
highest gear where the engine speed reaches at least 1500RPM at the speed of 85km/h.
C.6.1.7.8.3.3 Release the accelerator pedal to make the vehicle coast and apply braking at the travel rate
of (20±5)mm/s at the speed of (80±1.0) km/h until the vehicle’s longitudinal acceleration reaches -7m/s2.
For MT vehicles, step on the clutch when the engine speed is lower than 1500RPM and end the test
when the vehicle speed reaches -7m/s2.
C.6.1.7.8.3.4 Conduct the above test three times. The time interval between tests is 90s to 10min. If the
time exceeds 10min, it is required to conduct brake run-in and tire pretreatment again, and then
continue calibration.
C.6.1.7.8.3.5 Use the results of the above three repeated tests, calculate the pedal stroke in the range of
T-2m/s2 ~T-6m/s2 at the speed of T-4m/s2 by using the second order curve fitting and least square method. The
stroke is D4.
C.6.1.7.8.3.6 Use the results of the above three repeated tests, calculate the braking force in the range of
T-2m/s2 ~T-6m/s2 at the speed of T-4m/s2 by using the second order curve fitting and least square method. The
braking force is F4.
C.6.1.7.8.4 F4 confirmation method
C.6.1.7.8.4.1 Accelerate the VUT speed to 85km/h or above. For AT, select Gear-D; for MT, select the
highest gear where the engine speed reaches at least 1500RPM at the speed of 85km/h.
C.6.1.7.8.4.2 Apply the braking force by following the steps specified in C.6.1.7.8.5 and calculate the
average acceleration from TBRAKE＋1s to TBRAKE＋3s. If the acceleration is beyond the range of -4m/s2~4.25m/s2, adjust the braking force appropriately. If the test is repeated three times and the braking
acceleration meets the requirements of this range, confirm that the braking force is the final F4. Confirm
the test time interval is 90s to 10min. If it exceeds 10min, conduct the brake run-in and tire pre-treatment
again.
C.6.1.7.8.5 Brake characteristic curve application method
C.6.1.7.8.5.1 During the FCW test, the accelerator pedal is released at TFCW+1s.
C.6.1.7.8.5.2 At TFCW+1.2s, the smaller value between 5×D4mm/s and 400mm/s is taken as the brake
pedal rate.
C.6.1.7.8.5.3 During the above action, the pedal force is filtered and collected by using a second-order
bandpass filter (20~100)Hz.
C.6.1.7.8.5.4 When any one of the following conditions is met, it switches to the braking force control
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with the target of F4 and the time is recorded as Tswitch.
a) The stroke of the brake pedal reaches D4 defined in C.6.1.7.8.3.5; and
b) The braking force of the brake pedal reaches F4 defined in C.6.1.7.8.3.6.
C.6.1.7.8.5.5The braking force shall be stable before Tswitch+0.2s at the latest and shall remain in the
range of (1±25% )×25. During this period, the AEB's intervention is allowed to cause the braking force
to beyond this range, but the duration shall be less than 200ms.
C.6.1.7.8.5.6During the period from TFCW+1.4s to the end of the test, the average value of braking
force shall be within the range of F4±10N.
C.6.2

Pedestrian-AEB system (AEB VRU_Ped)

C.6.2.1 Lateral offset
The term “lateral offset” refers to the horizontal distance between the center position of vehicle head and
the planned path. The lateral offset of VUT is showed in Figure C.9.

VUT lateral offset

Distance in X direction

Pedestrian path

VUT path

Figure C.9 Lateral offset
C.6.2.2 Determination of collision location
A virtual contour line is defined around the front profile of VUT. After subtracting 50mm from each
side of the vehicle width, seven points are evenly distributed on the remaining width and connected by a
straight line to produce the virtual contour line, as shown in Figure C.10.
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Vehicle width

Figure C.10 Virtual contour line around the front profile of VUT
The manufacturer is required to submit the information about VUT’s virtual contour (A, B and C values)
to the laboratory of C-NCAP Management Center for confirmation, as shown in Figure C.11.

Figure C.11 VUT virtual frame location map
A virtual rectangular frame is defined around the PTA, as shown in Figure C.12. The height of the Point
H in the figure is (923±20)mm. When the virtual contour of VUT contacts with the virtual frame of PTA,
it is determined that a collision has occurred, as shown in Figure C.13.

Figure C.12 Size of PTA virtual border
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Figure C.13 Confirmation of collision between PTA and VUT
C.6.2.3 Test devices and PTA
C.6.2.3.1

Test devices

C.6.2.3.1.1 The test devices shall meet the requirements for sample and record of all dynamic data at a
frequency of at least 100Hz. DGPS time is used for data synchronization between PTA and VUT.
C.6.2.3.1.2 The devices used to sample and record VUT and PTA data shall meet at least following
requirements for accuracy:
a) VUT speed to 0.1km/h;
b) PTA speed to 0.01km/h;
c) VUT lateral and longitudinal position to 0.03m;
d) PTA lateral position to 0.03m;
e) VUT yaw rate to 0.1°/s;
f)

VUT longitudinal acceleration to 0.1m/s²; and

g) VUT steering wheel velocity to 1.0°/s.
C.6.2.3.2

Data filter

C.6.2.3.2.1 Position and speed are used in their raw state without subject to data filter.
C.6.2.3.2.2 Acceleration is filtered with a 12-pole phaseless Butterworth filter at a cut off frequency of
10Hz.
C.6.2.3.2.3 Yaw rate is filtered with a 12-pole phaseless Butterworth filter at a cut off frequency of 10Hz.
C.6.2.3.3

PTA
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C.6.2.3.3.1 PTA is used to replace pedestrian (including vision, radar, lidar and PMD attributes).
C.6.2.3.3.2 For the specific requirements for PTA, please see the
Specification document version 2.0.

Articulated Pedestrian Target

C.6.2.3.3.3 PTA uses leg-moving pedestrian target. Figure C.14 is a schematic diagram of a legmoving pedestrian target.

Figure C.14 C-NCAP PTA outside view
If the manufacturer believes that the PTA can not meet the target requirements of VUT sensor, please
directly contact the C-NCAP Management Center.
C.6.2.4 Requirements for test site
C.6.2.4.1
The test shall be conducted on a dry, flat and solid-paved road surface that is free of visible
moisture. A single slope is used and maintained at a level between 1%. The road surface shall have a
peak adhesion coefficient greater than 0.9.
C.6.2.4.2
No other vehicles, highway facilities, obstacles, persons or other protrusions that may cause
the abnormal work of sensor are allowed within a certain distance from the driver's side and passenger's
side of the center line of the test path (see Table C.2) and within the test area 30m away from the front
of the test end point , as shown in Figure C.15.
Table C.2

Distance between the center line of the test path and the driver side and passenger side
Scenario

Driver side

Passenger side

CPFA-50

6m

4m

CPFA-25

6m

4m

CPNA-25

4m

4m

CPNA-75

4m

4m

CPLA-50

6m

6m

CPLA-25

6m

6m
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Driver side

Passenger side

Figure C.15 Scope of test area
C.6.2.4.3
The test lanes are allowed to have lane markings, but it is necessary to ensure that the lane
markings do not cross the test track in the braking area after AEB is triggered and FCW alarm is given.
C.6.2.5 AEB VRU_Ped system performance test scenario
The test scenarios of AEB VRU_Ped system include six scenarios, i.e. CPFA-25, CPFA-50, CPNA-25,
CPNA-75, CPLA-50 and CPLA-25, as shown in Figure C.16, Figure C.17 and Figure C.18.

Axis
AA: Trajectory of Point H on the dummy
BB: center line of VUT
Distance
D: Distance of Point H from the starting position to
the center line of VUT
F: Dummy acceleration distance
C: Offset of the collision position at 25% in the
farside scenario
Point
L: Collision position at 50% in the farside scenario
M: Collision position at 25% in the farside scenario

Figure C.16 Schematic diagram of farside scenario (CPFA-25, CPFA-50)
In the farside scenario, pedestrian moves at a speed of 6.5km/h in a direction perpendicular to the
driving direction of VUT. VUT is tested at the speeds of 20km/h, 30km/h, 40km/h, 50km/h and 60km/h
respectively. The collision positions at 25% and 50% correspond to the Point M and Point L showed in
Figure C.16.
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Axis
AA: Trajectory of Point H on the dummy
BB: center line of VUT
Distance
E: Distance of Point H from the starting
position to the center line of VUT
G: Dummy acceleration distance
C: Offset of the collision position at 25%
and75% in the nearside scenario
Point
K: Collision position at 75% in the nearside
scenario
M: Collision position at 25% in the nearside
scenario

Figure C.17 Schematic diagram of nearside scenario (CPNA-25, CPNA-75)
In the nearside scenario, pedestrian moves at a speed of 5km/h in a direction perpendicular to the driving
direction of VUT. VUT is tested at the speeds of 20km/h, 30km/h, 40km/h, 50km/h and 60km/h
respectively. The collision positions at 25% and 75% correspond to the Point M and Point K showed in
Figure C.17.

Axis
AA: center line of dummy trajectory
BB: center line of VUT
Distance
G: Dummy acceleration distance
S: Dummy uniform distance
H: Offset of the collision position at 25% in the
longitudinal scenario
Point
L: Collision position at 50% in the longitudinal scenario
M: Collision position at 25% in the longitudinal scenario

Figure C.18 Schematic diagram of longitudinal scenario (CPLA-50, CPLA-25)
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In the longitudinal scenario, pedestrian moves at a speed of 5km/h in a direction same as the driving
direction of VUT. VUT is tested at the speeds of 20km/h, 30km/h, 40km/h, 50km/h and 60km/h
respectively. The collision position at 50% corresponds to the Point L showed in Figure C.18.
In the longitudinal scenario, pedestrian moves at a speed of 5km/h in a direction same as the driving
direction of VUT. VUT is tested at the speeds of 50km/h, 60km/h, 70km/h and 80km/h respectively. The
collision position at 25% corresponds to the Point M showed in Figure C.18.
C.6.2.6 AEB VRU_Ped system performance night test conditions
C.6.2.6.1

Background light intensity

The value of background light intensity is measured at the intersection of the vehicle's driving trajectory
and the pedestrian's moving trajectory. In addition, when the background light intensity is measured, all
lights (including vehicle lights) shall be turned off. The background light intensity shall meet the
requirement of IEB<1lux.

Axis
EE: center line of dummy trajectory
BB: center line of VUT
Distance
S: Distance between adjacent street
lights
Point
Iss: Measuring point

Figure C.19 Schematic diagram of background light intensity measurement points
C.6.2.6.2

Light intensity on the VUT path

The average light intensity of the VUT path (
) refers to the average light intensity of the
measurement points on the VUT path, i.e. the average light intensity on the trace B-B showed in Figure
C.20. The average light intensity of the VUT path shall be in the following range:
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Axis
EE: center line of dummy trajectory
BB: center line of VUT
Distance
S: Distance between adjacent street lights
Xi: Distance between adjacent measuring
points
X5....X10=S/10

Figure C.20 VUT path illumination measurement chart
C.6.2.6.3

Light intensity on the PTA path

The minimum light intensity at the measurement point along the PTA path (i.e. the E-E axis showed in
Figure C.21) shall meet the requirement of I PTAi>5lux.

Axis
EE: center line of dummy trajectory
BB: center line of VUT
Distance
S: Distance between adjacent street lights
Yi: Distance between adjacent measuring
points Y1....Y8=1m
Point
IPTAi: Measuring point

I=1...8

Figure C.21 PTA path illumination measurement chart
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C.6.2.6.4 Test road lamp device
Roadlamp device setting in pedestrian night test is shown in Figure C.22, pedestrian path is arranged
with 6 lamps, the pedestrian passing is set in the middle of the 3rd and 4th lamps.

Axis
EE: center line of dummy trajectory
BB: center line of VUT
Distance
D: lateral distance between road
lamps and test vehicle path.
S: Distance between adjacent street
lights

C.22 Roadlamp device setting in pedestrian night test
C.6.2.7 Summary of AEB VRU_Ped test scenarios
The summary of AEB VRU_Ped test scenarios is showed in Table C.3.
Table C.3
AEB VRU_Ped

CPFA-25

AEB VRU_Ped test scenarios
CPFA-50

CPNA-25

CPNA-75

CPLA-50

CPLA-25

Test type

AEB

FCW

Test speed (km/h)

20-60

50-80

Target speed (km/h)

6.5

5

Light condition

Day and night

Day

Vehicle light status

Low-beam
light

Street light status

Yes

/

The following tests are added in the CPNA-75 scenario:
a) When VUT speed is 20km/h, PTA speed is 3km/h;
b) When VUT speed is 10km/h, PTA speed is 5km/h; and
c) When VUT speed is 45km/h, PTA speed is 5km/h.
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Day and night
High-beam light
No

C.6.2.8 Test requirements
C.6.2.8.1

Gear selection and vehicle control

For the AT VUT, select Gear-D; for MT VUT, shift the transmission to the highest gear where the
engine speed reaches at least 1500RPM at the test speed. The speed limit or cruise device on the VUT
can be used to maintain the test speed, unless the manufacturer indicates that these functions affect the
operation of the AEB system. If necessary, turn the steering wheel slightly to keep the VUT running
along the planned path.
C.6.2.8.2

Time interval

The first test starts within 90s to 10min after the tire preparation is completed. Then, the time interval
between the end of each test and the start of next test is also 90s to 10min. If it exceeds 10min, tire
preparation is required again. During the test interval, the speed of VUT shall not exceed 50km/h unless
there are special conditions that seriously affect vehicle safety. In addition, no severe acceleration,
deceleration and steering operation shall be performed.
C.6.2.8.3

Test accuracy

Accelerate VUT to the required test speed. VUT shall meet the following conditions within the time
range from T0 to TAEB/TFCW.
a) VUT speed (GPS speed): Test speed+0.5km/h;
b) VUT lateral offset: 0±0.05 m;
c) Yaw rate: 0±1.0°/s;
d) Steering wheel angle speed: 0±15.0°/s;
e) PTA speed during CPFA: 6.5±0.2km/h;
f)

PTA speed during CPNA: 5±0.2km/h; and

g) PTA speed during CPLA: 5±0.2km/h。
C.6.2.8.4

Single test end conditions

The test ends when one of the following conditions occurs:
a) VVUT =0km/h;
b) VUT contacts with PTA; and
c) PTA leaves the VUT’s driving path.
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C.6.2.8.5

Test scenario end conditions

For the test where VVUT<40km/h, the reduction in vehicle speed is less than 3km/h; for the test where
VVUT>40km/h, the reduction in vehicle speed is less than 20km/h; the manufacturer predicts that it has
no performance. Or, in the FCW test whee TTC <1.5s , the test is stopped.
C.6.2.8.6

Precautions

For MT or AT accelerator control, it is required to ensure that the accelerator pedal will not take over the
effect of AEB in the AEB process. When the AEB system reduces the initial speed of VUT by 5km/h,
the accelerator pedal is released. No other driving control operation is allowed during the test, such as
controlling the clutch or brake pedal.
C.6.2.8.7

AEB VRU_Ped system test validity judgment method

For the “AEB VRU_Ped system test validity judgment method”, please refer to C.6.1.7.7.
C.6.3

TWAEB system (AEB VRU_TW)

C.6.3.1 Lateral offset
The term “lateral offset” refers to the horizontal distance between the center position of vehicle head
and the planned path. VUT lateral offset is showed in Figure C.23.
VUT lateral offset

VUT path

Figure C.23 Lateral offset
C.6.3.2 Determination of collision location
A virtual contour line is defined around the front profile of VUT. After subtracting 50mm from each
side of the vehicle width, seven points are evenly distributed on the remaining width and connected by a
straight line to produce the virtual contour line, as shown in Figure C.24.
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Vehicle width

Figure C.24 Virtual contour line around the front profile of VUT
The manufacturer is required to submit the information about VUT’s virtual contour (A, B and C values)
to the laboratory of C-NCAP Management Center for confirmation, as shown in Figure C.25.

Figure C.25 VUT virtual frame location map
A virtual rectangular frame is defined around the BTA/STA, as shown in Figure C.26 and Figure C.27.
When the virtual contour of VUT contacts with the virtual frame of BTA/STA, it is determined that a
collision has occurred. In the CBNA scenario, the BTA reference point is the bottom of the bracket
(crankshaft); in the CBLA scenario, the BTA reference point is the last edge point of the rear wheel; and
in the CSFA scenario, the STA reference point is the frontmost edge point of the front wheel.

Figure C.26 Size of BTA virtual border
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Figure C.27 Size of STA virtual border
C.6.3.3 Test devices and TW target
C.6.3.3.1 Test devices
The test devices shall meet the requirements for sample and record of all dynamic data at a frequency of
at least 100Hz. DGPS time is used for data synchronization among BTA, STA and VUT.
The devices used to sample and record VUT, BTA and STA data shall meet at least following
requirements for accuracy:
a) VUT speed to 0.1km/h;
b) VUT lateral and longitudinal position to 0.03m;
c) BTA and STA speed to 0.01km/h;
d) BTA and STA lateral and longitudinal position to 0.03m;
e) VUT yaw rate to 0.1°/s;
f)

VUT longitudinal acceleration to 0.1m/s²; and

g) VUT steering wheel velocity to 1.0°/s
C.6.3.3.2

Data filter

C.6.3.3.2.1 Position and speed are used in their raw state without subject to data filter.
C.6.3.3.2.2 Acceleration is filtered with a 12-pole phaseless Butterworth filter at a cut off frequency of
10Hz.
C.6.3.3.2.3 Yaw rate is filtered with a 12-pole phaseless Butterworth filter at a cut off frequency of
10Hz.

30

C.6.3.3.3

TW target

C.6.3.3.3.1 BTA is used to replace bicycle and STA is used to replace scooter, as shown in Figure C.28
and Figure C.29 (including vision, radar, lidar and PMD attributes).

Figure C.28 C-NCAP BTA outside view

Figure C.29 C-NCAP STA outside view

C.6.3.3.3.2 For the specific requirements for BTA, please see the Bicyclist Target Specification
document version 1.0.
C.6.3.3.3.3 STA is a characterization parameter that can represent the combination of scooter and adult
driver and adapt to the flexible targets of system sensors (millimeter wave radar, camera and lidar etc.)
STA should be composed of car body, front wheels, rear wheels, trunk, rearview mirrors, license plate,
driver and helmet etc. The wheels must be able to rotate and the car body must have an obvious pedal
structure to place the driver's feet. The driver's clothing and shoes, as a flexible target, must be made of
tear-proof and waterproof materials. The driver's skin surface must use a non-reflective flesh-colored
texture.
The main dimensions of STA are showed in Table C.4.
Table C.4

Main dimensions of STA

Dimension

Value (mm)

Total length

1720

Total width

630

Total height

1000

Wheel track

1230

Seat height

730

Seat width

280

Pedal height

300

Pedal width

300

C.6.3.3.3.4 If the manufacturer believes that the BTA-STA can not meet the target requirements of
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VUT sensor, please directly contact the C-NCAP Management Center.
C.6.3.4 Requirements for test site
C.6.3.4.1
The test shall be conducted on a dry, flat and solid-paved road surface that is free of visible
moisture. A single slope is used and maintained at a level between 1%. The road surface shall have a
peak adhesion coefficient greater than 0.9.
C.6.3.4.2
No other vehicles, highway facilities, obstacles, persons or other protrusions that may cause
the abnormal work of sensor are allowed within a certain distance from the driver's side and passenger's
side of the center line of the test path (see Table C.5) and within the test area 30m away from the front
of the test end point , as shown in Figure C.30.
Table C.5

Distance between the center line of the test path and the driver side and passenger side
Scenario

Driver side

Passenger side

CSFA-50

22 m

4m

CBNA-50

4m

17 m

CBLA-50

6m

6m

CBLA-25

6m

6m

Driver side

`

Passenger
side

Figure C.30 Scope of test area
C.6.3.4.3
The test lanes are allowed to have lane markings, but it is necessary to ensure that the lane
markings do not cross the test track in the braking area after AEB is triggered and FCW alarm is given.
C.6.3.5 AEB VRU_TW system performance test scenario
The test scenarios of AEB VRU_Ped system include four scenarios, i.e. CBNA-50, CSFA-50, CBLA-25
and CBLA-505, as shown in Figure C.31, Figure C.32 and Figure C.33.
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Axis
AA: Trajectory of Point H on BTA
BB: center line of VUT
Distance
C: BTA acceleration distance
D: BTA uniform distance
Point
E: Collision location at 50% in the
nearside scenario

Figure C.31 Schematic diagram of CBNA-50 scenario
In CBNA-50 scenario, BTA moves at a speed of 15km/h in a direction perpendicular to the driving
direction of VUT. VUT is tested at the speeds of 20km/h, 30km/h, 40km/h, 50km/h and 60km/h
respectively. The collision positions at 50% correspond to the Point E showed in Figure C.31.

Axis
AA: Trajectory of Point H on STA
BB: center line of VUT
Distance
C: STA acceleration distance
D: STA uniform distance
Point
M: Collision location at 50% in the
farside scenario

Figure C.32 Schematic diagram of CSFA-50 scenario
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In CSFA-50 scenario, STA moves at a speed of 20km/h in a direction perpendicular to the driving
direction of VUT. VUT is tested at the speeds of 30km/h, 40km/h, 50km/h and 60km/h respectively. The
collision positions at 50% correspond to the Point M showed in Figure C.32.

Axis
AA: Trajectory of rear tire of BTA
BB: center line of VUT
Distance
Q: BTA acceleration distance in AEB test
R: BTA acceleration distance in FCW test
S: BTA uniform distance
Point
U: Collision location at 50% in the
longitudinal scenario
V: Collision location at 25% in the
longitudinal scenario

Figure C.33 Schematic diagram of CBLA-50 and CBLA-25 scenarios
In CBLA-50 scenario, BTA moves at a speed of 15km/h in a direction same as the driving direction of
VUT. VUT is tested at the speeds of 20km/h, 30km/h, 40km/h, 50km/h and 60km/h respectively. The
collision position at 50% corresponds to the Point U showed in Figure C.33.
In CBLA-25 scenario, BTA moves at a speed of 15km/h in a direction same as the driving direction of
VUT. VUT is tested at the speeds of 50km/h, 60km/h, 70km/h and 80km/h respectively. The collision
position at 25% corresponds to the Point V showed in Figure C.33.
C.6.3.6 Summary of AEB VRU_TW test scenarios
The summary of AEB VRU_TW test scenarios is showed in Table C.6.
Table C.6

AEB VRU TW system test scenarios

AEB TW

CBNA

CSFA

Test type

AEB

AEB

AEB

FCW

VUT speed (km/h)

20, 30, 40, 50, 60

30, 40, 50, 60

20, 30, 40, 50, 60

50, 60, 70, 80

Target speed (km/h)

15

20

15

15

Collision location

50%

50%

50%

25%

Light condition

Day

Day

Day

Day
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CBLA

C.6.3.7 Test requirements
C.6.3.7.1

Gear selection and vehicle control

For the AT VUT, select Gear-D; for MT VUT, shift the transmission to the highest gear where the
engine speed reaches at least 1500RPM at the test speed. The speed limit or cruise device on the VUT
can be used to maintain the test speed, unless the manufacturer indicates that these functions affect the
operation of the AEB/FCW system. If necessary, turn the steering wheel slightly to keep the VUT
running along the planned path.
C.6.3.7.2

Time interval

The first test starts within 90s to 10min after the tire preparation is completed. Then, the time interval
between the end of each test and the start of next test is also 90s to 10min. If it exceeds 10min, tire
preparation is required again. During the test interval, the speed of VUT shall not exceed 50km/h unless
there are special conditions that seriously affect vehicle safety. In addition, no severe acceleration,
deceleration and steering operation shall be performed.
C.6.3.7.3

Test accuracy

Accelerate VUT to the required test speed. VUT shall meet the following conditions within the time
range from T0 to TAEB/TFCW.
a) VUT speed (GPS speed): Test speed+0.5km/h;
b) VUT lateral offset: 0±0.05 m;
c) Yaw rate: 0±1.0°/s;
d) Steering wheel angle speed: 0±15.0°/s;
e) BTA/STA (in the longitudinal scenario) lateral offset: 0±0.15 m;
f)

BTA speed in steady state: 15±0.5km/h; and

g) STA speed in steady state: 20±0.5km/h
C.6.3.7.4

Single test end conditions

The test ends when one of the following conditions occurs:
a) VVUT =0km/h or VVUT≤VBTA/STA (in the longitudinal scenario);
b) VUT contacts with BTA or STA; and
c) BTA or STA leaves the VUT driving route.
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C.6.3.7.5

Test scenario end conditions

For the test where VVUT<40km/h, the reduction in vehicle speed is less than 3km/h; for the test where
VVUT>40km/h, the reduction in vehicle speed is less than 20km/h; the manufacturer predicts that it has
no performance. Or, in the FCW test whee TTC <1.5s , the test is stopped.
C.6.3.7.6

Precautions

For MT or AT accelerator control, it is required to ensure that the accelerator pedal will not take over the
effect of AEB in the AEB process. When the AEB system reduces the initial speed of VUT by 5km/h,
the accelerator pedal is released. No other driving control operation is allowed during the test, such as
controlling the clutch or brake pedal.
C.6.3.7.7

AEB VRU TW system test validity judgment method

For the “AEB VRU_TW system test validity judgment method”, please refer to C.6.1.7.7.
C.6.4

Lane Keeping Assist (LKA)

C.6.4.1 Lateral path error
As shown in Figure C.34 below, the lateral path error is the distance between the center line of VUT
head and the given route (the two lines are parallel). That is, the VUT lateral path error is the VUT
lateral path offset.

Offset

Offset

Figure C.34 Lateral offset
C.6.4.2 Test devices
C.6.4.2.1
The test devices shall meet the requirements for sample and record of all dynamic data at a
frequency of at least 100Hz.
C.6.4.2.2
The devices used to sample and record VUT data shall meet at least following requirements
for accuracy:
a) VUT speed to 0.1km/h;
b) VUT lateral and longitudinal position to 0.03m;
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c) VUT path angle to 0.1°;
e) VUT yaw rate to 0.1°/s;
f)

VUT longitudinal acceleration to 0.1m/s²; and

g) VUT steering wheel angular velocity to 1.0°/s
C.6.4.2.3

Data filter

a) Position and speed are used in their raw state without subject to data filter;
b) Acceleration is filtered with a 12-pole phaseless Butterworth filter at a cut off frequency of
10Hz; and
c) Yaw rate is filtered with a 12-pole phaseless Butterworth filter at a cut off frequency of 10Hz.
C.6.4.3 Requirements for test site
C.6.4.3.1
The test shall be conducted on a dry, flat and solid-paved road surface that is free of visible
moisture. A single slope is used and maintained at a level between 1%. The road surface shall have a
peak adhesion coefficient greater than 0.9.
C.6.4.3.2
The test lane shall be long enough to meet the requirements for test speed. The test lane
shall be provided with high-contrast lane markings. Unless otherwise specified, the lane markings shall
be in good condition and free from defects such as damage, shielding and others affecting the induction
of relevant system. The setting of lane markings shall comply with the requirements specified in the
standard GB 5768 Road Traffic Signs and Markings. The width of a single test lane is 3.75m (the center
distance of lane line) and the width of lane line is 0.15m. The dotted line segment and the interval length
are 6m and 9m respectively. Unless otherwise specified, the lane markings shall be in white or yellow
color.
C.6.4.3.3
There lane line on the other side in the deviation direction of VUT is solid line or dotted
line, and in compliance with GB5768 Road traffic signs and markings.
C.6.4.4 LKA system performance test scenario
C.6.4.4.1

Dotted line deviation test

Figure C.35 Left deviation from dotted line
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Figure C.36 Right deviation from dotted line
The LKA dotted line is tested by deviating from the dotted line on the left and right sides respectively at
the lateral deviation speeds of 0.2m/s, 0.3m/s, 0.4m/s and 0.5m/s, as shown in Figure C.35 and Figure
C.36.
C.6.4.4.2

Solid line deviation test

Figure C.37 Left deviation from solid line

Figure C.38 Right deviation from solid line
The LKA solid line is tested by deviating from the solid line on the left and right sides respectively at
the lateral deviation speeds of 0.2m/s, 0.3m/s, 0.4m/s and 0.5m/s, as shown in Figure C.37 and Figure
C.38.
The parameters of LKA test path is set as shown in Table C.7.
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Table C.7
VlatVUT
(m/s)

Parameters of LKA test path
[°]

d1
(m)

d2
(m)

0.2

0.51

0.05

0.70

0.3

0.77

0.11

0.90

1.03

0.20

0.80

1.29

0.30

0.75

0.6

1.55

0.44

0.60

0.7

1.80

0.59

0.53

0.4
0.5

R
(m)

1200

Figure C.39 Definition of VUT path
Where: d=d1+d2+1/2* VUT width;
d1=Lateral displacement of the vehicle in the curve part;
d2;=Lateral displacement of the vehicle stably cutting out the lane and driving in the lane; and
=Yaw angle of the VUT
R = The radius of the vehicle running trajectory
C.6.4.4.3

Find the LKA release point

The vehicle manufacturer should provide the information describing when it is required to complete the
control on the vehicle's path and speed to avoid the LKA system interfering with the path and/or speed
control in each test; otherwise, for each lateral speed, calibration should be performed twice to
determine when LKA is activated. The steering wheel torque, vehicle speed or yaw rate in the two
driving modes are compared to determine where there is a significant difference and determine the time
of LKA intervention.
Test 1: Turn off LKA to complete the required test path and measure the control parameters.
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Test 2: Turn on LKA to complete the required test path and measure the control parameters.
During the operation of the calibration test group, the release of steering control should occur on the test
path and the longitudinal distance before the LKA interference position is not less than 5m.
C.6.4.5 Summary of LKA test scenarios
The summary of LKA test scenarios is showed in Table C.8.
Table C.8 LKA test scenarios
Type of lane line

Deviation direction

Test speed (km/h)

Deviation speed (m/s)
0.2

Left

80

0.3
0.4
0.5

Solid line

0.2
Right

80

0.3
0.4
0.5
0.2

Left

80

0.3
0.4
0.5

Dotted line

0.2
Right

80

0.3
0.4
0.5

C.6.4.6 Test requirements
C.6.4.6.1

Gear selection and vehicle control

For the AT VUT, select Gear-D; for MT VUT, shift the transmission to the highest gear where the
engine speed reaches at least 1500RPM at the test speed. The speed limit or cruise device on the VUT
can be used to maintain the test speed, unless the manufacturer indicates that these functions affect the
operation of the LKA system. If necessary, turn the steering wheel slightly to keep the VUT running
along the planned path.
C.6.4.6.2

Test accuracy

Accelerate VUT to the required test speed. VUT shall meet the following conditions within the time
range from T0 to TLKA.
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a) VUT speed (GPS speed): ±1km/h;
b) VUT lateral offset: ±0.05m;
c) Yaw rate: ±1.0°/s;
d) Steering wheel angle speed: ±15.0°/s;
e) Lateral deviation speed of VUT in steady state: ± 0.05m/s;
C.6.4.6.3

Test end conditions

C.6.4.6.3.1 Single test end conditions
The LKA single test ends within 2s after one of the following conditions occurs:
a) The LKA system fails to keep the VUT within the allowed lane departure distance; and
b) The LKA system intervenes to keep the VUT within the allowed lane departure distance.
During this process, VUT may produce the maximum lateral displacement. Then, the displacement is
reduced to make VUT return to the lane.
C.6.4.6.3.2 Test scenario end conditions
In a single test scenario, in case of a lower deviation speed, no score is given and the test in this scenario
is stopped. It is required to switch to other scenarios to continue the test until the end of the test. The
remaining scenarios where the test is not conducted, no score is given by default.
C.6.5 Optional audit items LDW, SAS, BSD C2C, BSD C2TW test scenarios and evaluation
methods
C.6.5.1 Transverse path error
The term “lateral offset” refers to the horizontal distance between the center position of the vehicle head
and the planned path, as shown in Figure C.40.
VUT lateral offset

VUT path

Figure C.40 Lateral offset
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C.6.5.2 Test devices
C.6.5.2.1
The test devices shall meet the requirements for sample and record of all dynamic data at a
frequency of at least 100Hz.
C.6.5.2.2
The devices used to sample and record VUT data shall meet at least following requirements
for accuracy:
a) VUT speed to 0.1km/h;
b) VUT lateral and longitudinal position to 0.03m;
c) VUT path angle to 0.1°;
e) VUT yaw rate to 0.1°/s ;
f)

VUT longitudinal acceleration to 0.1m/s²; and

g) VUT steering wheel angular velocity to 1.0°/s
C.6.5.2.3

The requirements for data filter are as follows:

a) Position and speed are used in their raw state without subject to data filter;
b) Acceleration is filtered with a 12-pole phaseless Butterworth filter at a cut off frequency of
10Hz; and
c) Yaw rate is filtered with a 12-pole phaseless Butterworth filter at a cut off frequency of 10Hz.
C.6.5.2.4
The signs used in the SAS test shall comply with the relevant requirements specified in the
standard GB-5768 Road Traffic Signs and Marks and GB 51038–2015 Code for the Setting of Urban
Road Traffic Signs and Marks.
C.6.5.2.5
In BSD C2C test, GVT should be an ordinary mass-produced automobile and the
wheelbase should be in the range of 2.0m~2.5m; as an alternative, a flexible target with the
characterization parameters that can represent the vehicle and adapt to the system sensor can also be
used.
C.6.5.2.6
TW, the target in BSD C2TW test, should be the ordinary mass-produced scooter; as an
alternative, STA specified in this procedure can be used.
C.6.5.3 Requirements for test site
C.6.5.3.1
The test shall be conducted on a dry, flat and solid-paved road surface that is free of visible
moisture. A single slope is used and maintained at a level between 1%. The road surface shall have a
peak adhesion coefficient greater than 0.9.
C.6.5.3.2

The test lane shall be long enough to meet the requirements for test speed. The test lane
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shall be provided with high-contrast lane markings. Unless otherwise specified, the lane markings shall
be in good condition and free from defects such as damage, shielding and others affecting the induction
of relevant system. The setting of lane markings shall comply with the requirements specified in the
standard GB 5768 Road Traffic Signs and Markings. The width of a single test lane is 3.75m (the center
distance of lane line) and the width of lane line is 0.15m. Unless otherwise specified, the lane markings
shall be in white or yellow color.
C.6.5.4 Test scenarios
C.6.5.4.1

LDW system performance test scenario

LDW test is conducted by deviating from the solid line on the left and right sides respectively at the
speed of 80km/h and at the lateral deviation speeds of 0.6m/s and 0.7m/s, as shown in Figure C.41 and
Figure C.42.

Figure C.41 Test scenario where the left side of VUT deviates from the solid line

Figure C.42 Test scenario where the right side of VUT deviates from the solid line
For LDW test path, please refer to C.6.4.4.2.
LDW test scenarios includes the left deviation from solid line test scenario and the right deviation from
solid line test scenario. To get the score of this optional audit item, all scenarios must pass the test. The
summary of LDW test scenarios is shown in Table C.9.
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Table C.9

LDW system test scenarios
LDW test scenarios

Type of lane line

Deviation direction

Test speed (km/h)

Left

80

Right

80

Deviation speed (m/s)

Solid line

C.6.5.4.2

0.6
0.7
0.6
0.7

SAS-SLIF system performance test scenario

C.6.5.4.2.1 Speed limit information identification test

Figure C.43 Speed limit information identification test scenario
The test road shall be a long straight road with at least one lane and speed limit signs (40km/h, 60km/h)
shall be set in this section, as shown in Figure C.44. At the beginning of the test, VUT runs in a straight
line in the middle of the lane at a speed of equal to the speed limit. The test begins at least 100m from
the speed limit plate and ends when VUT passes the speed limit plate.
C.6.5.4.2.2 Overspeed alarm test

Figure C.44 Overspeed alarm function test scenario
The test road shall be a long straight road with at least one lane and speed limit signs (40km/h, 60km/h)
shall be set in this section. As shown in Figure 44. At the beginning of the test, VUT runs in the straight
line in the middle of the lane at the speed of speed limit value+10km/h. The test begins at least 100m
from the speed limit plate and ends when VUT passes the speed limit plate.
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C.6.5.4.2.3 Summary of SAS-SLIF test scenarios
SAS-SLIF test scenarios include speed limit information identification test scenario and speeding alarm
test scenario. To get the score of this optional audit item, all scenarios must pass the test. The summary
of SAS-SLIF test scenarios is shown in Table C.10.
Table C.10 SAS-SLIF test scenarios
SAS-SLIF test scenarios
Test type

Speed showed in speed limit sign
(km/h)

Test speed (km/h)

40

40

60

60

40

50

60

70

Speed limit
identification
Overspeed alarm

C.6.5.4.3

BSD C2C system performance test scenario

C.6.5.4.3.1 GVT overtaking VUT test
GVT overtaking VUT test scenario is showed in Figure C.45

VUT

GVT

Figure C.45 GVT overtaking VUT test scenario
VUT runs in a straight line at a constant speed of 50km/h. GVT runs in a straight line at a constant speed
in the adjacent lane. The lateral distance between the outermost edge of the VUT body (near the GVT
side, excluding the side mirrors) and the outermost edge of the GVT body (near the VUT side, excluding
the side mirrors) is kept as 1.5m during drive. GVT runs at a constant speed of 60km/h, 65km/h and 70
km/h and overtakes VUT. The test begins when two vehicles reach a longitudinal distance of 33m and
ends when the leading edge of VT passes 3m beyond Line C of VUT as shown in Figure C.47.
After the test, the test shall be repeated on the other side of VUT.
C.6.5.4.3.2 GVT merging test
GVT merging test scenario is showed in Figure C.46.
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VUT

GVT

Figure C.46 Schematic diagram of GVT merging into a lane
Both VUT and GVT runs in a straight line at the constant speed of 50km/h. During drive, the lateral
distance between the outermost edge of the VUT body (near the GVT side, excluding the side mirrors)
and the outermost edge of the GVT body (near the VUT side, excluding the side mirrors) is 6.5m. When
GVT crosses Line B as shown in Figure C.47 and is completely behind Line C, GVT changes lane from
the rear of VUT side at the lateral speed of 0.5±0.25m/s until the lateral distance between the two
vehicles is 1.5m. After the completion of lane change, make ensure that GVT still crosses Line B and is
completely behind Line C. GVT shall keep driving in a straight line for at least 300ms and then changes
lanes to the original lane. The test ends.
After the test, the test shall be repeated on the other side of VUT.
C.6.5.4.3.3 Definition of detection coverage area of blind spot
Detection coverage area of blind spot: The detection coverage area of blind spot is showed in Figure
C.47. The lines in Figure C.47 is used to illustrate the warning requirements of blind spot detection. The
descriptions on the right, left and rear refer to the driving direction of VUT. All dimensions given are
relative to VUT.
——Line A is parallel to the trailing edge of VUT and located 30.0m behind the trailing edge of VUT;
——Line B is parallel to the trailing edge of VUT and located 3.0m behind the trailing edge of VUT;
——Line C is parallel to the leading edge of VUT and located at the center of the 95th percentile eye
ellipse;
——Line D is a bidirectional extension line for the leading edge of VUT;
——Line E is parallel to the center line of VUT and located on the outermost edge of the left side of
VUT body (excluding the rear-view mirrors);
——Line F is parallel to the center line of VUT and located to the left of the outermost edge of the left
side of VUT body, 0.5m away from the outermost edge of the left side;
——Line G is parallel to the center line of VUT and located to the left of the outermost edge of the left
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side of VUT body, 3.0m away from the outermost edge of the left side;
——Line H is parallel to the center line of VUT and located to the left of the outermost edge of the left
side of VUT body, 6.0m away from the outermost edge of the left side;
——Line J is parallel to the center line of VUT and located on the outermost edge of the right side of
VUT body (ignoring the rear-view mirrors);
——Line K is parallel to the center line of VUT and located to the right of the outermost edge on the
right side of VUT body, 0.5m away from the outermost edge of the right side;
——Line L is parallel to the center line of VUT and located on the right of the outermost edge on the
right side of VUT body, 3.0m away from the outermost edge of the right side;
——Line M is parallel to the center line of VUT and located to the right of the outermost edge on the
right side of VUT body, 6.0m away from the outermost edge;
——Line N is the bidirectional extension line of the trailing edge of VUT; and
——Line O is parallel to the trailing edge of VUT and located 10.0m behind the trailing edge of VUT.

Figure C.47 Definition of blind spot
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Notes: 1-VUT;
2-Center of the 95th percentile eye ellipse meeting the requirements specified in the standard GB/T
36606-2018. For Type-N1 vehicles, please refer to this requirement;
3-Area enclosed by Line F, Line C, Line G and Line B is the detection coverage area of the left
blind spot of the vehicle under straight line conditions; and
4-Area enclosed by Line K , Line C, Line L and Line B is the detection coverage area of the right
blind spot of the vehicle under straight line conditions.
C.6.5.4.3.4 Summary of BSD-C2C test scenarios
BSD-C2C scenarios include GVT overtaking VUT test scenarios and GVT merging test scenarios. All
scenarios must pass the test to obtain the score for this optional audit item. The scenarios are
summarized in Table C.11.
Table C.11 BSD-C2C test scenarios
VUT speed (km/h)

Target type

Target speed (km/h)

Target action

60
50

65

Vehicle

70

50

C.6.5.4.4

Overtaking

50

Merging

BSD-C2TW system performance test scenario

C.6.5.4.4.1 TW overtaking VUT test
TW overtaking VUT test scenario is showed in Figure C.48.

VUT

SCOOTE

Figure C.48 TW overtaking VUT test scenario
VUT runs in a straight line at a constant speed of 40km/h. TW runs into the blind area of VUT from the
side rear at a speed of 50km/h and overtakes the VUT. The lateral distance between the center line of the
VUT and the outermost edge of the TW body (near the VUT side, excluding the side mirrors) is kept in
the range of 2.0m-3.5m during drive. The test begins when the longitudinal distance between the last
48

edge of the VUT and the foremost edge of the target TW is 33m and ends when the leading edge of
GVT passes 3m beyond Line C of VUT as shown in Figure C.47.
After the test, the test shall be repeated on the other side of VUT.
C.6.5.4.4.2 TW merging test
TW emerging test scenario is showed in Figure C.49.

VUT

SCOOTE

Figure C.49 TW merging test scenario
Both VUT and GVT runs in a straight line at the constant speed of 50km/h. During drive, the lateral
distance between the outermost edge of the TW body (near the VUT side, excluding the side mirrors)
and the center line of the VUT is 7.5m. When TW crosses Line B as shown in Figure C.46 and is
completely behind Line C, TW changes lane from the rear of VUT side at the lateral speed of
0.5±0.25m/s until the lateral distance between the two vehicles is 2.5m. After the completion of lane
change, make ensure that TW still crosses Line B and is completely behind Line C. TW shall keep
driving in a straight line for at least 300ms and then changes lanes to the original lane. The test ends.
After the test, the test shall be repeated on the other side of VUT.
C.6.5.4.4.3 Summary of BSD-C2TW test scenarios
BSD-C2TW test scenarios include TW overtaking VUT test scenarios and TW merging test scenarios.
All scenarios must pass the test to obtain the score for this optional audit item. The scenarios are
summarized in Table C.12.
Table C.12 BSD-C2TW test scenarios
VUT speed (km/h)
40
50

Target type
Scooter

C.6.5.5 Test requirements

49

Target speed
(km/h)

Target action

50

Overtaking

50

Merging

C.6.5.5.1

Gear selection and vehicle control

For the AT VUT, select Gear-D; for MT VUT, shift the transmission to the highest gear where the
engine speed reaches at least 1500RPM at the test speed. The speed limit or cruise device on VUT can
be used to maintain the test speed, unless the manufacturer indicates that these functions affect the
operation of function system. If necessary, turn the steering wheel slightly to keep VUT running along
the planned path.
C.6.5.5.2

Test accuracy

For the test on LDW, SAS and BSD C2C /C2TW systems, accelerate the VUT to the required test speed.
The test shall meet the following conditions within the time range from T0 to TLDW/TSAS/TBSD.
a) Test speed (GPS speed) accuracy: ±2.0km/h;
b) Lateral distance accuracy: ±0.2m;
c) Longitudinal distance accuracy: ±0.2m; and
d) Lateral offset: ±0.2m
C.6.5.6 Test end conditions
C.6.5.6.1

LDW Test end conditions

C.6.5.6.1.1 Single test end conditions
During the test, the LDW system will give an alarm. The test will end 2 seconds after the device
receives this alarm. If the system does not give an alarm, the test can be ended after the outer edge of the
front wheel on the departure side exceeds 0.3m outside the lane line.
C.6.5.6.1.2 Test scenario end conditions
When the test result in any speed point in any scenario is judged as Failed, the system function is
deemed as Unqualified and the test is stopped.
C.6.5.6.2

SAS Test end conditions

C.6.5.6.2.1 Single test end conditions
a) SAS system gives alarm message; and
b) GVT has completed driving in the given route.
C.6.5.6.2.2 Test scenario end conditions
When the test result in any speed point in any scenario is judged as Failed, the system function is
deemed as Unqualified and the test is stopped.
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C.6.5.6.3

BSD C2C Test end conditions

C.6.5.6.3.1 Single test end conditions
a) BSD system gives alarm message; and
b) GVT has completed driving in the given route.
C.6.5.6.3.2 Test scenario end conditions
When the test result in any speed point in any scenario is judged as Failed, the system function is
deemed as Unqualified and the test is stopped.
C.6.5.6.4

BSD C2TW Test end conditions

C.6.5.6.4.1 Single test end conditions
a) BSD system gives alarm message; and
b) TW target has completed driving in the given route.
C.6.5.6.4.2 Test scenario end conditions
When the test result in any speed point in any scenario is judged as Failed, the system function is
deemed as Unqualified and the test is stopped.
C.6.5.7 Evaluation method
C.6.5.7.1

Evaluation method of LDW function

C.6.5.7.1.1 LDW scenario test evaluation method
For the LDW system test, the evaluation criterion used is the distance from the outermost edge of the
tire to the outside of the lane line. VUT gradually deviates from the left (right) side of the lane. The
passing condition is that the outermost edge of VUT tire shall not exceed 0.2m outside the lane line at
the time of giving alarm; otherwise, no score is given.
The system shall provide a tactile and/or audible alarm that is easily perceptible.
If VUT is only equipped with the LKA system or the LKA system is integrated with the LDW system,
the steering control is released for testing before the LKA function is intervened. If the outermost edge
of the VUT tire does not deviate 0.2m outside the lane line, then the item is scored; otherwise, he test
item has no score.
C.6.5.7.1.2 Test result judgment
Test shall be conducted in groups in each test point. Each group shall repeat three tests. If VUT passes
all three tests, it is judged that VUT is passed in this test point. At most two groups of tests shall be
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conducted in each test point.
C.6.5.7.1.3 LDW system score calculation method
If test results of all scenarios are Passed, the test item is scored; otherwise, the test item has no score.
C.6.5.7.2

Evaluation method of SAS-SLIF function

C.6.5.7.2.1 Evaluation method of identification of speed limit information
a) The speed limit information shall be displayed in the driver's direct field of vision with a traffic
sign;
b) The speed limit information shall be displayed no later than when the rear of the vehicle leaves
the plane of the speed limit plate; and
c) The identified speed limit information is not different from the speed showed as the speed limit
sign.
C.6.5.7.2.2 Evaluation method of overspeed alarm
a) The alarm message shall be given to the driver with flashing traffic signs or additional visual
signals adjacent to traffic signs; and
b) The alarm message shall not be given later than when the rear of the vehicle leaves the plane of
the speed limit plate.
C.6.5.7.2.3 Test result judgment
Test shall be conducted in groups in each test point. Each group shall repeat three tests. If VUT passes
all three tests, it is judged that VUT is passed in this test point. At most two groups of tests shall be
conducted in each test point.
C.6.5.7.2.4 SAS system score calculation method
If test results of all scenarios are Passed, the test item is scored; otherwise, the test item has no score.
C.6.5.7.3

Evaluation method of BSD C2C function

C.6.5.7.3.1 Evaluation method of test scenario of GVT overtaking VUT
a) The BSD shall not give an alarm when GVT is completely behind Line A as shown in Figure
C.47; and
b) When any part of GVT is located in the blind spot of VUT, the system shall give an alarm no
later than 300m after the leading edge of GVT crosses Line B as shown in Figure C.47.
C.6.5.7.3.2 Evaluation method of test scenario of GVT merging VUT
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a) BSD shall not give an alarm when GVT is completely outside the Line H or Line M as shown
in Figure C.47; and
b) When any part of GVT is located in the blind spot of VUT, the system shall give an alarm no
later than 300m after the outer edge of GVT passes through the Line L/G as shown in Figure C.47.
C.6.5.7.3.3 Test result judgment
Test shall be conducted in groups in each test point. Each group shall repeat three tests. If VUT passes
all three tests, it is judged that VUT is passed in this test point. At most two groups of tests shall be
conducted in each test point.
C.6.5.7.3.4 BSD C2C system score calculation method
If test results of all scenarios are Passed, the test item is scored; otherwise, the test item has no score.
C.6.5.7.4

Evaluation method of BSD C2TW function

C.6.5.7.4.1 Evaluation method of test scenario of TW overtaking VUT
a) The BSD shall not give an alarm when TW is completely behind Line A as shown in Figure
C.47; and
b) When any part of TW is located in the blind spot of VUT, the system shall give an alarm no
later than 300m after the leading edge of TW crosses Line B as shown in Figure C.47.
C.6.5.7.4.2 Evaluation method of test scenario of TW merging VUT
a) BSD shall not give an alarm when TW is completely outside the Line H or Line M as shown in
Figure C.47; and
b) When any part of TW is located in the blind spot of VUT, the system shall give an alarm no
later than 300m after the outer edge of TW passes through the Line L/G as shown in Figure C.47
C.6.5.7.4.3 Test result judgment
Test shall be conducted in groups in each test point. Each group shall repeat three tests. If VUT passes
all three tests, it is judged that VUT is passed in this test point. At most two groups of tests shall be
conducted in each test point.
C.6.5.7.4.4 BSD C2TW system score calculation method
If test results of all scenarios are Passed, the test item is scored; otherwise, the test item has no score.
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