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1 Preface

This protocol covers the assessments to be carried out for safety features fitted to
TFL buses.

Where a vehicle manufacturer perceives that a particular feature should be changed,
this should be raised by the manufacturer with the competent authority (TfL)
assessor present at the assessment, or in writing to the competent authority (TfL)
Nominated Officer in the absence of an assessor. The competent authority (TfL) will
assess the problem based on their judgment and provide instruction to the
assessment facility.

Vehicle manufacturers are barred from directly or indirectly interfering with the
assessment and prohibited from altering any characteristics that may impact the
assessment, including but not restricted to vehicle setting, laboratory environment
etc.

2 Disclaimer & Copyright

TfL has taken all appropriate caution to guarantee that the information contained in
this protocol is correct and demonstrates the prevailing technical decisions taken by
the organisation. In the occasion that a mistake or inaccuracy is identified, TfL
retains the right to make amendments and decide on the assessment and future
outcome of the affected requirement(s).

©Copyright TfL 2019: This work is the intellectual property of TfL. A licence is
permitted for this material to be distributed for non-commercial and educational use
on condition that this copyright statement shows on the replicated materials and
information is provided that the copying is by permission of TfL. To circulate
otherwise or to republish will be deemed a breach of intellectual property rights.

Some sections of text in the attachments are reproduced with permission from Euro
NCAP.
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Attachment 1: London Bus Cycle

1 Introduction

The LBC supersedes the former Transport for London MLTB procedure and
encompasses a number of additions to more accurately refect real-world driving
conditions. TfL in conjunction with the LowCVP have harmonised both the former
MLTB and LUB cycles, enhanced test procedures & setup conditions so that the
real-world operating conditions are better reflected during the test process. This has
enabled LowCVP and TfL to combine both test cycles into one bus test cycle called
the “UK Bus Cycle” or UKBC.

The following preconditions, vehicle setup, in-test procedures and emission
standards must be met in order for a TfL designated testing authority to issue LBC
certification.

2 Normative References

United Nations Economic Commission for Europe (UNECE) Regulation 101: Uniform
provisions concerning the approval of passenger cars powered by an internal
combustion engine only, or powered by a hybrid electric power train with regard to
the measurement of the emission of carbon dioxide and fuel consumption and/or the
measurement of electric energy consumption and electric range, and of categories
M1 and N1 vehicles powered by an electric power train only with regard to the
measurement of electric energy consumption and electric range

3 Definitions

e Test Authority: The test authority is an organisation designated by TfL to
ensure comparative standards and quality of testing is achieved. Only an
accredited testing authority can be used, a list of approved authorities is
available on request to TfL

o Test Bus: is the vehicle being assessed for its emissions performance
o Kerb Weight:

e ULW: Unladen weight of the bus when all fluid levels are filled to
recommended levels but no driver, passengers or luggage are on board.

e GVW: Gross Vehicle Weight is the maximum weight of the vehicle permitted
by law or defined by the vehicle manufacturer, whichever is the lower.

¢ Payload capacity: is the GVW minus the Kerbweight.

o Test weight: Is the total mass of the vehicle at which testing shall be
undertaken and is equal to the kerbweight plus the passenger load

o Passenger load: The passenger load is a mass equal to the number of
passenaers multiolied bv 68 ka plus 75ka to represent the driver.
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4

4.2

4.3

4.4

4.5

4.6

46.1

46.2

4.7

4.8

4.9

ECU: Electronic Control Unit

Vehicle Preparation

Testing shall in principle follow UNECE Regulation 101, whole vehicle
testing procedure for passenger cars.

The Test Bus shall be provided either by the manufacturer or by TfL. It
shall be specified in accordance with the full applicable requirements of
the London bus specification.

The testing authority should request a vehicle specification sheet detailing
the bus model, registration plate, ULW,GVW, passenger capacity: both
seated and standing, engine start process).

Manufacturers and / or bus operators are permitted to be present during
preparation and testing but are not permitted to interfere with or adjust the
bus engine calibration/ after treatment/ propulsion / energy recovery
system without full agreement of the testing authority and TfL. A software
ID and serial number will be noted by the test authority and recorded on
the test certificate issued. Any adjustments will be noted by the testing
authority. Laptops must not be connected during certification runs. ECU
flash file must be as used in London operation. Certification runs must be
in the same condition and consecutive.

The test bus shall be weighed by the testing authority to obtain the kerb
weight and compared to the ULW as certified on the side of the bus. The
kerb weight as measured by the testing authority shall be used for the
purposes of the test.

The test Venhicle shall be loaded with a ballast mass equivalent to the
passenger load, which shall be calculated as follows:.

If the seated passenger capacity multiplied by 68 kg per passenger is a
mass of half of the payload capacity or more, then the passenger load
shall be defined based a passenger number equal to half of the seated
capacity.

If the seated passenger capacity multiplied by 68 kg per passenger is a
mass of less than half of the payload capacity, then the passenger load
shall be defined based a passenger number equal to a quarter of the total
passenger capacity (seated + standing).

Wheels and tyres shall meet the manufacturers specifications. Tyre
pressures shall be set to the bus manufacturer's recommendation and
shall be the same for both track coastdown and dyno tests.

The exhaust system shall be checked to ensure it is free from significant
leaks. The wheels and tyres used for track coastdown must be to
manufacturer specification. Track coastdown and dyno tyre pressure must
be the same.

If a coastdown is required, the test bus must be delivered to the Test
Authority ahead of the scheduled test date.
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4.10  The Test Bus must be in a safe on-road condition for testing. No warning
lights shall be present on instrument panel (except if present due to a
modification to allow vehicle to drive on a chassis dynamometer) and
power steering MUST be active

5 Test Procedure & Limit Values

51 All Buses

51.1 The bus is linked to a chassis dynamometer in a test chamber for
emissions testing. The test chamber is held at a temperature of 10°C +/-
2°C and vehicle tracking fans are positioned to simulate actual road speed
in the test chamber.

51.2 All power operated passenger doors shall be opened and closed on every
designated bus stop, except during a warmup phase. Doors shall not be
opened at any other time during the test.

513 All bus ancillaries must be turned on including; all interior lighting, exterior
sidelights and dipped beam headlamps.

514 Drivers cab demisters shall be turned on to full.

51.5 50% of available opening saloon windows shall be open on upper & lower
saloon, evenly distributed and every other window each side.

516 Interior heating shall be setat 17°C £ 2 CC (if not autc
for diesel & diesel-electric hybrid vehicles, 15°C for battery & fuel cell
electric vehicles witha + 1 atowaturing test permitted. Heating

shall be switched on at the start of the warm up phase of the test
procedure. Doors shall remain closed throughout the warm up phase.

51.7 The Test Authority shall monitor the temperature in the centre isle. The
combined average saloon temperature per test run shall be recorded on
the test certificate. The positions at which temperatures shall be monitored
are defined as:

518 Lower Saloon, 1m above the saloon floor

5.18.1.1 centre front of bus (0.5m from windscreen).
a) centre of middle aisle

b) centre rear (0.5m from back of bus).
c) next to front windscreen demister vent

51.8.2 Upper Saloon, 1m above saloon floor:
a) centre front of bus (0.5m from windscreen).

b) centre of middle aisle
c) centre rear (0.5m from back of bus).

51.9 None of the above temperature readings should fall outside of the
permitted range at any time. Temperature variation outside of permitted

Bomaida tmmnmir vmmiild fia a FAallad dand AtilniAaat da vAavdAavir by T
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5.2
5.2.1

522
523

524

5.2.5

5.2.6

5.2.7

528

529

5.2.10

Conventional Diesel and Diesel Electric Hybrid Buses

The UKBC is made up of the following phases based on the original LUB
and MLTB cycles but in a revised order.

a) Outer Urban Phase

b) Inner Urban Phase

c) Rural Phase

The Precertification warm up run shall use only the Outer Urban Phase.

Note: In the previous LBSL emission procedure, warm-ups used the full
MLTB cycle.

The data from all three phases from the new UKBC is combined to give an
average emission performance and is used for certification by LowCVP.

Data from the LBC, i.e. the Outer Urban and Inner Urban phases, is
combined to give an average emission performance and is used for
certification by TfL. This must be extracted from a full UKBC run. To reflect
the changes in procedure and harmonisation with LowCVP into a single
UK bus test the Outer and Inner Urban phases extract from UKBC will
called London Bus Cycle, LBC.

To clarify;
a) UKBC = Outer + Inner + rural phases
b) LBC = Outer and Inner phases (Previously MLTB)

c) The LBC shall not be tested in isolation. It must be extracted from a full
UKBC test. The rural phase of tests must be carried out on every
vehicle

d) Pre-test cycle warmup shall be an Outer Urban Phase, and shall be
performed prior to each test run.

The buses must arrive at the test site with a full tank of fuel, including Ad-
Blue. A one litre fuel sample shall be taken and retained for analysis if
required.

Well-to-wheel emissions factors will be taken from the most recently
published UK Government’s (currently DBEIS) annual average carbon
conversion factors for UK fuels e.g. Pump diesel inclusive of biofuel
content.

The bus will be run over three validated UKBC cycles of the above test to
produce an average result in the report from the extracted Outer and Inner
Urban phases (LBC). Cycles must be consecutive unless net energy
change (NEC) exceeds +/- 5% in which case another test shall be
required.

NEC shall be calculated as per the revised LBC procedure, document
available on request to TfL.

TRANSPORT

MAYOR OF LONDON FOR LONDON

EVERY JOURNEY MATTERS



Transport for London e

5.2.11 Bag analysis of the following emissions is reported for each test.
Emissions are reported on each of the three phases (outer, inner, rural)
and a combined overall test average, in grammes per kilometre for each
pollutant.

a) Engine NOx, NO, NO2, HC, CO, CO2 at 1 Hz

b) Tailpipe NOx, NO, NO2, HC, CO, CO2 at 1 Hz

c) FTIR at tailpipe (NO, NO2, N20O, methane (CH4), NH3)

d) Particle number to PMP method

e) Three dilute ‘bags’ collected and analysed for NOx, CO, HC & CO2

f) PM is measured over the combined Outer and Inner urban phases on
one filter, per test cycle. The Rural phase shall be collected on a single
filter, per test cycle. The weighted average mass of the Outer/Inner and
the Rural phase shall be calculated for the UKBC.

g) Fuel Consumption is calculated using Carbon Balance Method,
reported in Litres / 100km

5.2.12  An emission test summary sheet showing all ‘bag’ data shall be provided
to TfL showing all ‘legislated’ pollutants along with a TfL emissions
summary certificate indicating CO2e.

5213  A*hybrid” bus is defined as a bus that has on board energy storage which
is then used to provide vehicle traction.

5.2.14  For hybrid buses that have the ability to operate in electric mode for more
than 1km, the effect of the transition from electric to diesel on SCR
efficiency will need to be demonstrated. For these vehicles, the test
procedure must be agreed with TfL in advance of testing being conducted.

5.2.15 The emissions measured on average over the extracted LBC, shall not
exceed the limit values defined below;

Double Deck Single Deck
Emission Standard :;If:;ﬁ Standard | Hybrid Diesel-
Diesel Electric Diesel Electric
CO7 g/Km 1250 980 900 750
NOy g/Km 0.5
PM g/Km 0.01
PN/Km 6E+11
CO2.¢9g/Km <5% COg.1ot
NH3 10ppm (average) 25 ppm (peak)

5.2.16  TfL reserves the right to review emissions test limits at anytime, however
limits are not subject to an annualised update on publication of DBEIS

Arnnmiial IV AviAavra~nAa AavihAan AaAanmurArvaiAanm fAntAava
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5.3
5.3.1

53.2

533

534

53.5

5.3.6

5.3.7

53.8

5.3.9

5.3.10

5.3.11

5.3.12

5.3.13

Battery Electric Buses

Buses powered by battery electrical energy storage shall be tested over
the complete UKBC procedure. It shall be assumed that they are charged
using average UK grid-sourced electricity.

Energy consumption over the LBC will be extracted from the full UKBC via
the use of current clamps connected to the high voltage (HV) battery.

The vehicle shall be driven over a minimum of 4 consecutive repeats of
the UKBC with minimal breaks between the cycles. No prior warm up cycle
before test run is required (A short warm up may be performed by the test
house, at their discretion).

As no warm-up run is required, the saloon temperature limit of 15 + 1°C
will not apply to the first test of the four consecutive test runs of a battery
EV. The correct saloon temperature shall be achieved on all other
subsequent runs.

The vehicle shall be fully charged in a set location, less than 500m from
the chassis dynamometer. The vehicle should be electrically fully charged
using the manufacturers recommended equipment and process.
Manufacturers must liaise with the test house to ensure the correct
charging equipment is provided for vehicle charging.

If necessary the vehicle shall be moved to the test cell by driving or
otherwise, but aiming to use as little energy as possible. This is to save
potential costs for facility utilisation whilst charging.

The testing shall commence as soon as possible after the vehicle is
removed from charge and within 6 hours as a maximum.

For the purpose of creating a dynamometer set of coefficients, the test
house is allowed to use the dynamometer to motor the driven axle up and
then allow it to coastdown as controlled by the dynamometer. Otherwise
rotation of the wheels should be kept to a minimum.

The distance travelled shall be recorded by the dynamometer. If the
vehicle warns the driver to stop and recharge or can not achieve 20km/h
then the test shall be aborted.

The manufacturer will provide the ability for the test house to read the
traction battery State Of Charge (SOC). This will be recorded by the test
house at the start and end of each phase of the LBC.

The manufacturer shall declare the minimum SOC that the vehicle will
operate normally at, as well as the maximum available onboard energy
that can be used for vehicle operation in kWh.

The vehicle shall be moved, if required, using minimal energy, to be
recharged using the same equipment prior to testing not more than 1 hour
after the completion of the 4th cycle.

The vehicle shall be fully recharged during which the energy drawn from
the mains by the charger shall be measured on a continuous basis as
required in Regulation 101, and recorded.
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5.3.14

5.3.15

5.3.16

5.4
5.4.1

54.2

9.5
5.5.1

The energy consumption shall be calculated as the total energy consumed
by the mains charger (including energy lost during charge process) divided
by the recorded distance travelled over the 4 UKBC tests. This shall be
expressed as KWh/km.

The overall vehicle emissions factors in g/km will be derived using the
consumption calculated in item 37 above in kWh/km and the national grid
average emissions as stated by the latest UK Government National
averages for UK Grid electricity, as stated in point 21.

From the SOC and distance travelled data this shall be linearly
extrapolated to equate to an estimated range distance based on the
declared minimum SOC recommended in service to maintain battery
warranty.

Plug-in & Opportunity Charging Hybrid Buses

Manufacturers should discuss the operating characteristic for their plug-in
vehicles with TfL and the test house to ensure the optimum test process is
adopted.

Please contact TfL directly if you have a technology not considered here or
wish to gain further clarity on the test process detail.

Fuel Cell Buses

The evaluation process is currently under development.

TRANSPORT

MAYOR OF LONDON FOR LONDON

EVERY JOURNEY MATTERS



Transport for London e

Attachment 2: Noise Test Procedure
and Limit Values

1 Introduction

This procedure is intended to provide objective measurement of both exterior and
interior noise associated with the bus

2 Normative References

e [SO 10844:2014 — Acoustics: Specification of test tracks for measuring noise
emitted by road vehicles and their tyres.

e |EC 61672-1:2013 — Electroacoustics — Sound level meters — Part 1:
Specifications
IEC 60942;2017 — Electroacoustics - Sound Calbrators
ISO 362:2007 — measurement of noise emitted by accelerating road vehicles
— engineering method — part 1: M and N categories

¢ United Nations Economic Commission for Europe (UNECE) Regulation 51:
Uniform Provisions Concerning the Approval of Motor vehicles having at least
4 wheels with regard to their sound emissions - 03 Series of amendments.

e ANSI S3.5-1969, “Methods for Calculation of the Spech Intelligibility Index”

3 Definitions

e Sound Intensity is defined as the power carried by sound waves per unit
area in a direction perpendicular to that area. Its standard unit is the watt per
square metre. Clearly this is a complex measurement involving multiple units
and the range of sound intensity can be very large. Thus, sound intensity is
usually measured in Decibels (dB).

o Decibels (dB) are effectively a logarithmic ratio of sound intensity relative to a
threshold level of 0 dB. Zero dB is the quietest sound audible to a healthy
human ear. From there, every increase of 3dB represents a doubling of the
sound intensity.

e Sound pressure level (SPL) is strongly related to sound intensity and is the
difference between ambient air pressure and the peak pressure caused by the
sound wave and is measured in units of Pascal. However, sound pressure
levels are also often expressed in Decibels. Hearing is directly sensitive to
sound pressure.

¢ Maximum SPL is the peak value of SPL recorded during any given
measurement peridod.

¢ Lgq is the Equivalent Sound Level and is defined as the constant sound level
that would produce the same cumulative sound intensity as a sound whose
level varies over a defined recording period
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4.2

6.1

6.2

7.2

7.3

7.4

A-weighting: Sound intensity is spread out across a wide range of
frequencies. However, the human ear is not as good at hearing very high or
very low frequencies as it is those in the mid range. The standard decibel
scale treats all frequencies equally and is referred to variously as flat, linear or
Z weighted. An A-weighted decibel scale dB(A) has been developed that
weights sound intensities at lower and higher frequencies differently so it
more closely represents a human response to sound at relatively low levels.
Articulation Index (Al) is a quantitative measure of the intelligibility of
speech; the percentage of speech items correctly perceived and recorded. An
articulation index of 100% means that all speech can be understood, 0%
means that no speech can be understood.

Test Site

The surface of the test track and the dimensions of the test site shall be in
accordance with ISO 10844:2014.

The site should allow for free-field propagation of sound, therefore there
shall be no obstacles (inclusive of any observers) which could affect the
sound field within the vicinity of the microphone.

Environmental Conditions

Ambient air temperature must be within a temperature range of 5°C to
40°C.

Wind speed, including gusts, must not exceed 5 ms™.

Instrumentation

Class 1 sound level meters, in accordance with IEC 61672, must be used
for exterior and interior measurements.

Calibration of the sound level meters must be done at the start of every
measurement session, using a precision sound calibrator (Class 1 or
better, in accordance with IEC 60942).

Test Vehicle

The test vehicle shall be representative of an in-service vehicle, fitted with
all London specific devices, and complete with regards to base vehicle
build.

The tyre tread depths shall be a minimum of 1.6 mm and tyre pressures
are to be declared by the manufacturer.

All auxiliary systems must be fully functioning. It is required of the
manufacturer to provide a mechanism to enable the cooling fans to
operate at maximum speed.

Any non-conformance must be declared prior to testing, and testing can be
continued following the discretion of TfL. It is the manufacturer’'s
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7.5

8.1
8.1.1

8.1.2

8.1.3
8.14

8.1.5

8.2

8.2.1
8.2.1.1
8.2.1.2

8.2.1.3

8.2.14
8.2.1.5
8.2.1.6

8.2.2

8.2.3

8.24

responsibility to ensure that in the event of missing devices, base vehicle
components, etc. appropriate ballast is declared.

The peak power engine speed must be declared prior to test.
Dynamic tests

General

Measurement locations shall be as specified in accordance with ISO
362:2007 (as per ECE R51-03).

If a measurement is not able to be completed, then explanation is
required.

All sound measurements shall be A-weighted, fast response.

Maximum or LEQ sound pressure levels (SPL) values to be recorded,
dependent on test.

A minimum of 4 results to be recorded (within 2 dB).

Exterior

Vehicles with Internal Combustion Engines
Tests shall be undertaken as defined in UNECE R51-03

When the reference point passes line BB, the test vehicle speed must be
35 + 5 kmh-1 and with an engine speed between 85 and 89% of the peak
power engine speed.

If the test vehicle speed or engine speed is not met from the above point,
then consult ECE R51-3 Annex 3 Para. 3.1.2.2.1.2., and conduct further
tests as declared.

Between lines AA and BB, stable acceleration shall be ensured.
The tests shall be completed with cooling fans disabled.

The maximum sound pressure level, or arithmetic average as per ECE
R51-3 Annex 3 Para. 3.1.3.2. (if further test speeds were required), shall
be declared

Vehicles with Hybrid (Parallel and Series) Powertrains

Tests shall be undertaken as defined in section 8.2.1, but separate tests
shall be undertaken with internal combustion engines operational and non-
operational.

It is expected that the manufacturer will provide suitable advice or
mechanisms to enable full control over the internal combustion engine,
else low speed mileage accumulation will be completed to decrease the
state of charge of the high-voltage batteries to force the internal
combustion engine to operate.
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8.2.5
8.2.5.1

8.2.6
8.2.6.1

8.3
8.3.1

8.3.2

8.3.3

91
9.1.1

9.1.2
9.1.3

914
9.1.5

Stationary Vehicle Sound Emissions and Compressed Air Noise

Tests shall be undertaken in accordance with UNECE R51-03 Annex 3
Para. 3.2. and Annex 5.

ECE R51-03 Improved

The tests described in section 8.2 shall be repeated but with cooling fans
at maximum operational speed.

Interior

All interior sound measurements shall be completed at the following
microphone positions. The microphone shall be positioned 1.0 m vertically
above the seat squab in all cases:

a) Driver, right-hand ear position.

b) Forward most seated position, closest to centreline of test vehicle.
c) Directly above rear axle, closest to centreline of test venhicle.

d) Rear 5-way, centre seat.

If upper saloon (i.e. double deck bus), then additional measurements at:
a) Forward-most, closest to centreline of test vehicle.

b) Rear 5-way, centre seat.

Test conditions and measurements shall be:

a) Constant speed, 16 kmh-1, HVAC system off: LEQ SPL, 5 second
measurements.

b) Constant speed, 40 kmh-1, HVAC system off: LEQ SPL, 5 second
measurements.

c) Acceleration speed, 16 - 40 kmh-1, HVAC system off: Maximum SPL.

Static tests

General

If a measurement is not able to be completed, then explanation shall be
required.

All measurements shall be A-weighted, fast response.

Maximum or LEQ sound pressure levels (SPL) values shall be recorded,
dependent on test.

A minimum of 4 results shall be recorded (within 2 dB(A)).

Arithmetic average to be declared.
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9.2

9.2.1
9.2.1.1

9212
9213

9.2.2
9.2.2.1

9222
9.223

9.23
9.2.3.1

9.23.2

924

9241

9.24.2
9243

9.25
9.2.5.1

9252

Q2R "2

Exterior

Door Warning Device(s)

Microphone position shall be 1 m from outermost face of door aperture
(away from centreline of test venhicle), bisection across door width, and
1.2 m high.

Maximum SPL shall be declared.
Requirements are applicable to each door.

Ramp Warning Device(s)

Microphone position shall be 1 m from outermost edge of ramp (away
from centreline of test vehicle), bisection across ramp width, and 1.2 m
high.

Maximum SPL shall be declared.
Applicable to each ramp fitted.

Interior

Interior measurements for 9.2.6 and 9.2.7 to be completed at the
following microphone positions, all are 1.0 m high from seat squab:
a) Driver, right-hand ear position.

b) Forward most seated position, closest to centreline of test vehicle.
c) Directly above rear axle, closest to centreline of test venhicle.
d) Rear 5-way, centre seat.

If upper saloon (i.e. double deck bus), then additional measurements at:
a) Forward-most, closest to centreline of test vehicle.

b) Rear 5-way, centre seat.
Door Warning Device(s)

Microphone position to be 0.5 m from innermost face of door aperture
(towards centreline of test vehicle), bisection across door width, and 1.2
m high.

Maximum SPL shall be declared
Requirements are applicable to each door.

Ramp Warning Device(s)

Microphone position to be 0.5 m from outermost edge of ramp (towards
centreline of test vehicle), bisection across door width, and 1.2 m high.

Maximum SPL shall be declared.

Annlinahla tAn anrh ramn fittad
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9.2.6 Engine Idle, HVAC system off

9.2.6.1 The sound pressure level (LEQ) measured over 5 seconds shall be
declared

9.2.7 Engine Idle, HVAC system on

9.2.7.1 Tests shall be undertaken at maximum fan speed.
9.2.7.2 The sound pressure level (LEQ) measured over 5 seconds shall be
declared

10 Articulation Index (Al)

101 Further analysis shall be done on measured data using ANSI S3.5-1969,
“Methods for Calculation of the Spech Intelligibility Index”.

10.2 Individual Al values to be declared for each measurement location and
discrete test.

10.3 Average of Al values to be declared.
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Attachment 4: Installation Specification
for Fleet Management Systems (FMS)

1 Introduction

This attachment provides requirements relating to the installation of the fleet
management systems.

2 Definitions

e Cable: this is a generic term used for a wire or lom and an Ethernet cable.

¢ Channel: a channel is an unrestricted free space through which a cable can
be easily drawn. It can be specifically designed for the purpose or make use
of the existing design.
Fixing, a point to which a cable can be secured.
Roof space, this is the entire void between the inner and outer roof and
coving skins.

¢ Void: an enclosed space.

Note: The terms ‘channel’ and ‘void’ largely overlap. Channels will normally make
use of voids, but the importance is that a channel will offer an unrestricted cable
passage from end to end.

3 General Principles for Cabling Access

3.1 Designated cable channels should be provided within the voids between
the vehicle body inner and outer skins such that cables can easily be
drawn between all equipment compartments and any other part of the
vehicle in which equipment may need to be installed.

3.2 In particular,there shall be easy cable routes between equipment
compartments and the following areas:

a) Cab dashboard, header panel, offside console and coving, rear
bulkhead;

b) Offside and nearside covings, full length of both saloons;

c) Header panels, both saloons;

d) Staircase front, rear and side bulkheads, both saloons, and under
stairs area;

e) All power door gear compartments;

f)  Front, nearside and rear route/destination display equipment;

g) Engine compartment;

h)  Antenna location (forward roof area);

i) Seat stanchions/grab poles;

j)  Any further specific locations to be identified.
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3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.1

3.12

3.13

3.14
3.15

3.16

It shall be possible to feed and draw cables to and between these areas
without the need for extensive dismantling of the coachwork, and definitely
without the need for any cutting, drilling or other invasive surgery. This
shall be achieved by ensuring that all voids/channels are contiguous and
can be accessed easily by the provision of appropriate access points.

Access points shall be provided at all junctions and changes of direction.

Where a cable is secured to a fixing point the fixing point must be
accessible such that the method used to secure the cable can be easily
removed freeing the cable.

Cables for all the operator equipment fitted shall be separate and clearly
identifiable.

Cables shall be installed so that when being removed they do not shag
existing cables or equipment.

The upper and lower deck coving voids shall have channels on the left and
right hand side so that it is possible to freely run cables the full length of
the roof. Access shall be provided at regular intervals to facilitate this.

The channels in the roof space in the upper and lower deck shall be
connected by channels running across the bus from left to right. These
cross bus channels shall be at the front and rear of the bus. Access shall
be provided at regular intervals to facilitate the use of these.

There shall be fixing points to fix the cables throughout the length of all
channels. The fixing points shall be spaced at distances of approx.
200mm.

It shall be possible to run cables from the equipment enclosure to the
lower deck roof space on the left and right hand side. It will be acceptable
for the cables to follow the same route to the roof space and then one
cable can use the cross bus channelling to access the other side. Access
shall be provided at regular intervals to facilitate the use of these.

It shall be possible to run cables from the equipment enclosure to the
upper deck roof space on the left and right hand side. If practical the
cables may follow the same route to the roof space and then one cable
can use the cross bus channelling to access the other side. Access shall
be provided at regular intervals to facilitate the use of these.

All access panels used to facilitate the above shall have fastenings
designed for the purpose of being removed and refitted by authorised
personnel. At other times the panel shall remain securely in position.

All access panel fastenings shall be captive.

In the event access is restricted in areas such as the bodywork to the side
of the upper deck front screen and the stairwell, conduit should be
provided.

Where conduit is required at the upper deck front screen 2 pieces of
conduit shall be provided, one will branch and run towards the front screen
the other will run towards the rear of the bus.
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3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

4.2
4.3

Where conduit is required and the path is convoluted with tight bends
conduit shall be used in multiple straight lengths.

All cable routes, channels and ducts shall have access points at regular
intervals, and at all junctions and changes of direction, to facilitate the
insertion and removal of cables.

Where it is not possible to have intermediate access points the minimum
bend radius of the conduit shall be as advised by the supplier of the
conduit.

All conduit used shall have a smooth internal wall allowing cables to be
pushed easily through.

Where conduit is used it shall be a sufficiently long to be accessible at
each end to allow easy access

The conduit used shall be a bright colour to allow it to stand out from the
conduit used for the bus systems.

If there is a restriction to the dimensions of the conduit due to for instance
the body work then the largest dimensions possible shall be used. As an
absolute minimum this shall allow an un-terminated Ethernet cable to be
drawn through when all cables using the conduit are present.

Where a cable goes through a bulkhead the cable should be secured in
such a way that the integrity of the bulkhead in maintained. The method
used should allow for additional cables to be fitted.

Enclosure Specification

An enclosure with a minimum size of at 50dm3 (1/20 m3) approx. 370mm
X 370mm x 370mm shall be provided.

Access to the enclosure shall be provided via secure panels or doors.

The access doors or panels shall be situated to allow ease of access to
installation and maintenance personnel.
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Attachment 6: Standard for the Fire
Retardant Properties of Materials

1 Introduction

This attachment specifies additional standards for materials with respects to their fire
retardant capability, over and above those required by Regulation.

2 Normative References

United Nations Economic Commission for Europe (UNECE) Regulation No 118
Uniform technical prescriptions concerning the burning behaviour and/or the
capability to repel fuel or lubricant of materials used in the construction of certain
categories of motor vehicles

BS476: Fire tests on building materials and structures
UL94: Tests for flammability of plastic materials for parts in devices and appliances

BS5852: Methods of test for assessment of the ignitability of upholstered seating by
smouldering and flaming ignition sources.

3 Requirements

3.1 The following schedule of component materials Fire Retardant Standards
must by verified by each manufacturer and may be subject to independent
assessment during or after submission.

3.2 All internal components in the bus that are not specified below must meet
the applicable specification in EC Regulations 118.

3.3 The current minimum LBSL Materials Fire Retardancy Standards for each
type of material used on a vehicle are: -

34 All materials forming a fire barrier between the engine bay and passenger
saloons shall comply with BS476 Class 1, on engine-facing surfaces. This
overrides other points below.

3.5 All GRP materials utilized as part of the interior or exterior of the bus shall
comply with BS476 Class 3 front surface or BS476 Class 2 back surface,
as applicable.

3.6 Melamine Laminates (side or roof panels) shall comply with BS476 Class
2

3.7 All completed flooring (plywood or alternative, including floor covering)

shall comply with BS476 Class 2 on upper surface, BS476 Class 3 on
lower surface.

~ N N el Lvonteeea TANOY e Mol il il e\l ] e li s L34 T A AN
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3.9 Seat assemblies shall comply with BS5852 Crib 7
3.10 Body Insulation shall comply with BS 476 Class 2

3.11 All internal ABS products (capping and finishing trims) shall comply with
UL94Vvo

3.12 Body and Floor insulation shall comply with BS476 Class 2

3.13 The above materials, or any treatment used to achieve the standard, must
be capable of achieving the required standard when suitably cleaned or
maintained over the operational life of the bus.

3.14 Replacement components and their associated material must achieve the
same minimum standard as the original.
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Attachment 9: Heating Ventilation and

Air Conditioning (HVAC)

1

Introduction

This attachment provides specifications, test methods and limit values for the heating
ventilation and air conditioning system as required by the main specification
document.

1.1
1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

General requirements

The heating and cooling system should keep the bus saloon at a
comfortable temperature throughout the day and year. This specification
sets out a controlled test; however we expect the heating system to work
over a wider range of climate conditions to be capable of maintaining the
bus saloon temperature at 15 degrees evenly throughout the vehicle.
Whilst the heating system must be specified to meet the requirements set
out in this specification, TfL may choose to set potentially less onerous
requirements in service, particularly as we transition to zero tailpipe
emission vehicles and range is an issue.

The objective of this testing is to validate the saloon heating performance
of all vehicles and the cooling performance of the upper saloon air cooling
systems for double deck vehicles. This test is carried out simultaneously
with a test to validate the cooling performance in the driver’s cab.

The bus for testing provided either by the manufacturer or TfL from an
operator shall be to the London specification and fitted with all equipment
necessary for operation in London.

The testing authority is designated by TfL to ensure comparative
standards and quality of testing is achieved.

Manufacturers and / or bus operator are permitted to be present during
testing but are not permitted to interfere with or adjust the bus setting
without full agreement of the testing authority and TfL. All adjustments will
be noted by the testing authority.

The testing authority shall temporarily fit four thermocouples to single deck
vehicles or seven to double deck vehicles, three on the lower deck, three
on the upper deck and one in the driver’s cab.

Thermocouples on the lower deck are to be fitted in the front, middle and
rear centre line, 1.2 metres above floor level.

The upper deck thermocouples will be located 1.2 metres above the floor
of the upper saloon, along the longitudinal centreline of the bus (mid-
gangway). The forward / rearward position of the three thermocouples
should be as follows;
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1.10

1.11

211
2111

212
2121

213

a) Thermocouple 1 (front) should be located at a position aligning with the
middle of the seat base of a seat at the very front of the upper saloon
on the nearside.

b) Thermocouple 2 (middle) should be located at a position aligning with
the middle of the seat base of a seat on the 7th row (from front) of the
upper saloon on the nearside.

c) Thermocouple 3 (rear) should be located at a position aligning with the
middle of the seat base of a seat at the very back of the upper saloon
on the nearside.

The driver's cab thermocouple will be located 1.2 metres above the floor
for the driver’s feet, on the centreline of the driver's seat base when the
driver’s seat is set to a mid-position on its forward / rearward slider.

The thermocouples are connected to a data logger capable of recording
the temperature at each point at a maximum of 1 minute intervals. The
results from the data logger shall be the only results utilised to evaluate
the test procedure.

Heating Test

The heating test is to be undertaken in a climatic chamber with the
temperature set at zero degrees Celsius. In order to simulate the heating
effect from passenger loading, 14 x 130 W heaters are to evenly
distributed across the front, middle and rear seats (to include upper deck
where applicable by applying 7 to the lower deck and 7 to the upper deck).

Heating (non zero emission buses)

The heating system shall be capable of raising the temperature from zero
to 15°C in 45 minutes, rising to and maintaining 17°C within 90 minutes.
The test should include both doors opening for 10 seconds at a time to
simulate 15 bus stops evenly distributed in the first 25 minutes and 13
evenly distributed in the next 20 minutes. Maximum air vents velocity of 5
m/s.

Heating (zero emission buses)

Zero emission buses are required to have a pre-heat function. The
vehicle is to be pre-heated from zero to 15°C (T2) and maintained at 15°C
for 1 hour (T3). The zero emission bus should maintain a temperature of
15°C whilst doors are cycled (T4). A +/- 1°C degree test tolerance is to be
applied. A current clamp will be connected to the HVAC unit to calculate
power consumption. The test should include the opening of both doors for
10 seconds every two minutes for one hour. The maximum air vent
velocity is 5 m/s.

The testing authority will produce a graph of the test showing the

temperature recorded by each individual thermocouple — temperature

against time. Ambient chamber temperature will also be included on each
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44

4.5

46

4.7

438

4.9

4.10

4.11
412

413

All bus models will be tested in a temperature controlled chamber at a
temperature of 30°C and must achieve the pull down procedure shown
below to validate settings and efficiencies.

In order to simulate the heating effect from passenger loading, 14 x 130 W
heaters are to evenly distributed across the front, middle and rear seats (to
include upper deck where applicable by applying 7 to the lower deck and 7
to the upper deck).

The bus will be put in a closed climate control chamber set at a
temperature controlled to hold 30°C (+/- 1°C). It is permissible to open the
vehicle windows, doors or roof vents as considered necessary to speed up
the soak time.

The soak condition is considered to be met when all four thermocouples
record a steady state of 30°C for 15 minute duration (+/- 1°C) after a
minimum soak time of 1 hour. A minimum of 15 minutes of data should be
recorded to demonstrate a stable soaked temperature. During this time if
the temperature of any sensor drops below 30°C the 15 minutes should be
reset.

The bus should be powered on when the following preparations checks
have been completed:

a) All windows, roof vents and doors are closed
b) The thermocouples are correctly positioned
c) The data recorder is running.

When the bus is switched on the upper saloon air cooling should come on
automatically (as above 23°C). The driver’s cab air conditioning should be
turned on, set to maximum capacity, maximum fan speed and if there is a
control to direct the airflow it should be directed to the driver position rather
than the windscreen. If possible all dashboard vents, floor vents or ceiling
vents in the driver's cab should be directed towards the sensor position as
far as practical. If the cab air conditioning has a damper flap to select
between fresh air and recirculated air then the recirculated air function
should be selected. The drivers windscreen demist system should be
turned off and any associated vents closed.

For the complete duration of the test, the bus should be powered on and
should be run at the bus engine idle speed, where applicable. If any
recirculation air supply is optional or variable the system should be set to
maximum fresh air supply. Any demisting or other system that provides air
to the upper saloon must be isolated to not interfere with the test results.

The data logger timer should then start.

The test will measure the temperature drop delivered by the system over a
30 minute period on a minute by minute basis.

All three upper saloon thermocouples should achieve the target reduction
temperature of 25°C within the first 20 minute period and be capable of
holding the temperature below the 25°C for the remaining 10 minutes.
Averaaina the restilts is not accentable over time or hetween the sensors
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414 The testing authority will produce a graph of the Pull Down showing the
temperature recorded by each individual thermocouple — temperature
against time. Ambient chamber temperature will also be included on each
graph. A spreadsheet showing the results from each thermocouple and
ambient chamber temperature will accompany the graphs.
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Attachment 10: Destination Display
Output

Off Side Front Near Side
Front
Ultimate Destination Route Number
1160mm x 330mm 450mm x 330mm
Sight Size Sight Size

Near Side Route Number and Destination

Route Number Forward Side Destination Rearward
270mm x 210mm 687mm x 210mm
Sight Size Sight Size
Rear

Route Number

450mm x 330mm
Sight Size
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Attachment 15: Automated Emergency
Braking (AEB) Assessment Protocol

1 Introduction

This document presents an assessment protocol and the underlying test procedures
for objectively measuring the performance of Automated Emergency Braking (AEB).

1.1 Scope

This protocol applies to all new buses intended for service under contract to TfL that
are passenger vehicles with a maximum mass exceeding 5 tonnes and a capacity
exceeding 22 passengers. The passenger vehicles will be capable of carrying seated
but unrestrained occupants and standing occupants. Such vehicles are categorised
the Consolidated Resolution on the Construction of Vehicles (R.E.3) as M3; Class |,
Class Il.

1.2 Purpose

The purpose of the assessment is to test the ability of an AEB system fitted to a bus
to avoid or mitigate collisions with other road users while minimising risks to
occupants of the bus from unnecessary brake interventions. It is intended that the
assessment generates objective data from a controlled and repeatable test to
measure casualty reduction potential in the following collision types and where the
bus is moving at a speed between 10 and 60 km/h:

¢ Frontal collisions with the rear of a stationary vehicle ahead;
e Frontal collisions with a pedestrian crossing the road; and
¢ Frontal collisions with the rear of pedal cycles travelling in the same direction

The assessment also tests for false positive activation in a manoeuvre where the
impact can easily be avoided by steering. Premature activation in situations where a
pedestrian about to cross on a collision course with the vehicle, suddenly stops
before entering the vehicles path is also assessed.

However, it should be noted that tests for true, false and premature positive
activations represent only a small proportion of the real-world events that the
systems will encounter in service. For example, it is expected that systems will react
in collisions with the rear of any normal road vehicle in the lane ahead but only
collisions with cars and bicycles are assessed. Similarly, the false and premature
activation tests represent just two of thousands of real world scenarios that might
challenge AEB systems. This protocol promotes the functionality that TfL see as
reasonably feasible and of most benefit to their objectives but, in isolation, it is
insufficient to guarantee excellent system performance at all times in real world
service. Manufacturers should always design systems to perform well in real world
service and not only to do well in this test.
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This test and assessment protocol may be applied in collaboration with a vehicle
manufacturer as a validation of data they provide, or independently as part of a
market surveillance activity or any other reason as defined by the Approval Authority.

2 Normative references

The following normative documents, in whole or in part, are referenced in this
document and are indispensable for its application. For dated references, only the
edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

e Directive 2007/46/EC of the European Parliament and of the Council
establishing a framework for the approval of motor vehicles and their trailers,
and of systems, components and separate technical units intended for such
vehicles.

. Relgulation (EU) 2018/858 of the European Parliament and of the Council of
30" May 2018 on the approval and market surveillance of motor vehicles and
their trailers, and of systems, components and separate technical units
intended for such vehicles, amending Regulations (EC) No 715/2007 and
(EC) No 595/2009 and repealing Directive 2007/46/EC

e UNECE Regulation 107 Uniform provisions concerning the approval of
category M, or M3 vehicles with regard to their general construction

e Euro NCAP Test Protocol AEB VRU Systems Version 2.0.1 August 2017
e Euro NCAP Test Protocol AEB Systems Version 1.1 June 2015

e Euro NCAP Test Protocol AEB Systems Version 2.0.1 November 2017

¢ Articulated Pedestrian Target Specification document version 1.0.

¢ Bicyclist Target Specification document version 1.0.

e Euro NCAP Technical Bulletin TB025 — Global Vehicle Target Specification
for Euro NCAP

e [ISO 15037-2 Road vehicles — Vehicle Dynamics Test Methods — Part 2:
General conditions for heavy vehicles and buses
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3

Definitions

For the purpose of this Protocol:

3.1

3.2

3.3

3.4

3.5

3.6

AEB: Automated Emergency Braking — any system that is active at
speeds of 10 km/h or more and uses information from sensors to detect an
imminent collision and, if the driver fails to take appropriate avoidance
action, automatically applies sufficient braking to avoid the collision or at
least reduce the collision speed. Different sub-categories of AEB are
currently considered:

a) AEB bus front to vehicle rear — an AEB system that detects and
responds to imminent collisions where the front of the equipped
vehicle would collide with the rear of another vehicle directly ahead
of it.

b) AEB Pedestrian — an AEB system that detects and responds to
imminent collisions with pedestrians.

c) AEB Cyclist — an AEB system that detects and responds to
imminent collisions with pedal cycles and their riders.

Approval Authority: The Approval Authority is the body within TfL that
certifies that a bus is approved for use in the TfL fleet and assigns its score
under the bus safety standard for use in procurement processes.

FCW: Forward Collision Warning — an audiovisual warning that is provided
automatically by the vehicle in response to the detection of a likely collision
to alert the driver.

PBC: Peak Braking Coefficient — the measure of tyre to road surface
friction based on the maximum deceleration of a rolling tyre, measured using
the American Society for Testing and Materials (ASTM) E1136-10 (2010)
standard reference test tyre, in accordance with ASTM Method E 1337-90
(reapproved 1996), at a speed of 64.4km/h, without water delivery.

Test Path: For the bus stop test, the test path is defined by the co-ordinates
specified in Appendix A. For all other tests, the test path is a virtual straight-
line path equivalent to the centreline of the lane in which the collision occurs.
Test Scenario: An arrangement and movement of vehicles and test
equipment that is intended to represent a particular collision type. A range of
different test scenarios are referred to in this protocol:

a) Bus-to-Car Rear Stationary (BCRS) — a collision in which a bus
travels forwards towards another stationary vehicle and the frontal
structure of the bus strikes the rear structure of the other vehicle.

b) Bus-to-Pedestrian Farside Adult 50% (BPFA-50) — a test scenario
representing a collision in which a bus travels forwards towards an
adult pedestrian crossing its path running from the farside and the
frontal structure of the bus strikes the pedestrian at 50% of the
width of the bus when no braking action is applied.

c) Bus-to-Pedestrian Nearside Adult 25% (BPNA-25) — a test scenario
representing a collision in which a bus travels forwards towards an
adult pedestrian crossing its path walking from the nearside and
the frontal structure of the bus strikes the pedestrian when it has
crossed 25% of the width of the bus when no braking action is
applied.

d) Bus-to-Pedestrian Nearside Adult 75% (BPNA-75) — a test scenario
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adult pedestrian crossing its path walking from the nearside and
the frontal structure of the bus strikes the pedestrian when it has
crossed 75% of the width of the bus when no braking action is
applied.

e) Bus-to-Pedestrian Nearside Child 50% (BPNC-50) — a test
scenario representing a collision in which a bus travels forwards
towards a child pedestrian crossing its path running from behind
and obstruction from the nearside and the frontal structure of the
bus strikes the pedestrian when it has crossed 50% of the width of
the bus when no braking action is applied.

f) Bus-to-Bicyclist Longitudinal Adult 25% (BBLA-25) — a collision in
which a bus travels forwards towards a bicyclist cycling in the same
direction in front of the bus where the bus would strike the cyclist at
25% of the width of the bus assuming that no braking or steering is
applied in response to any FCW issued.

g) Bus-to-Bicyclist Longitudinal Adult 50% (BBLA-50) — a collision in
which a bus travels forwards towards a bicyclist cycling in the same
direction in front of the bus where the bus would strike the cyclist at
50% of the width of the bus when no braking or steering action is
applied.

h) Aborted Crossing Test - a scenario in which a bus travels forwards
towards a child pedestrian on a crossing trajectory, walking from
the nearside and, prior to the child pedestrian actually entering the
path of the bus, the child pedestrian stops.

i) Bus Stop Test — a scenario in which a bus follows a defined curved
path first left then right such that the nearside front corner of the
bus passes a stationary adult pedestrian.

3.7 Test Service: The organisation undertaking the testing and certifying the
results to the Approval Authority.
3.8 Test Target (TT): an item of test equipment accurately representing the

characteristics of the relevant road user, as seen by the relevant sensing
technologies used by AEB. A range of specific test targets are defined’:

a) EBT: Euro NCAP Bicyclist and Bike Target — means the bicyclist
and bike target as specified in the Euro NCAP Bicyclist Target
Specification document version 1.0.

b) EPTa: Euro NCAP Pedestrian Target — means the adult pedestrian
target with articulating legs as specified in the Euro NCAP
Articulated Pedestrian Target Specification document version 1.0.

c) EPTc: Euro NCAP Child Target — means the child pedestrian target
as specified in the Euro NCAP Articulated Pedestrian Target
Specification document version 1.0.

d) EVT: Euro NCAP Vehicle Target — means the car target defined in
Annex A of the Euro NCAP AEB Systems test protocol (2015).

e) GVT: Global Vehicle Target — means the car target defined in the
Euro NCAP Technical Bulletin TB 025.

'71S0 standards for these test targets are under development and once published should replace the
references to the eauivalent Euro NCAP standards
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3.9 Vehicle Manufacturer: the business responsible for the manufacture of the
bus being assessed.

3.10 Vehicle width: The widest point of the vehicle ignoring the rear-view
mirrors, side marker lamps, tyre pressure indicators, direction indicator
lamps, position lamps, flexible mud-guards and the deflected part of the tyre
side-walls immediately above the point of contact with the ground.

3.1 Vehicle Under Test (VUT): means the vehicle assessed according to this
protocol.
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Table 4:

Variables to be measured periodically, ideally before each test but at

least every 30 minutes, with minimum operating ranges and measurement

accuracy

Variable Operating range (at least) Measurement accuracy
Ambient " o o

Temperature -5°C to +50°C +1°C

Track Temperature -5°C to +50°C +1°C

Wind Speed 0 m/s to 20 m/s +0.2m/s

Ambient lllumination | 0 Ix to 150,000 Ix +10%

52 Measuring equipment

521 Details of the sensors used to measure the required variables shall be

522

recorded in the test report together with the position in which they are
installed within the VUT (measured relative to the local co-ordinate system
for the test vehicle).

The default equipment to be used shall be a high quality inertial navigation
system in combination with differential GPS. Data shall be recorded at a
sample rate of 100 Hz. With such equipment, post-sampling digital filtering
shall be as follows:

a) Position and speed require no additional digital filtering after data
capture;

b) Acceleration and yaw rate shall be filtered with a phaseless digital
filter complying with the requirements of ISO 15037-2:2002.

Alternatively, any measuring equipment that can be demonstrated to be
compliant with the requirements of ISO 15037-2:2002 is permitted.

523

In addition to the data recording described above, the VUT shall be
equipped with one or more video cameras positioned such that for each
and every test, the TT can be clearly seen at the moment of impact, at
impact points ranging from 1% to 99% of the vehicle width. A means of
accurately synchronising the video feed with the data recordings shall be
provided. This camera footage is intended for engineering use only in
order to provide a visual reference to allow cross-checking of post-
processed data. Camera mounting position, lens type etc are not
considered important for this purpose provided impact position or timing of
avoidance can clearly be seen in the resulting footage.
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53 Variables to be derived from the measurements
53.1 General

The variables that shall be calculated from the measured data are defined
below:

Table 5: Variables to be derived from the measured data

Variable Description Definition/Derivation Method
AvUT Long VUT Longitudinal The component of Ayyrx acting in the
Acceleration horizontal plane, or Ayyrx corrected for pitch
angle
ApPeAk_vUT Long | Peak Longitudinal The largest value of Avut Long that occurs
Acceleration of VUT | between the time Taeg and the end of test
AvuT Lat VUT Lateral The component of Ayyty acting in the
Acceleration horizontal plane, or Ayyry corrected for roll
angle
To The start of the test | Derived by recording the time T when the

measured TTC first drops below 4s

TTC Time To Collision For every data point a calculation of the time
taken for the VUT to reach the point of impact
with the TT based on the current position of
each and an assumption that the velocity of
each (in the direction of travel of the VUT)
remains constant

TaAEB The time at which Find the first data point when the filtered
AEB activates AvUT Long is -1 m/s? or larger, then move
backwards in time to find the data point
where the acceleration first crossed -0.3
m/s%. The time at this point is Taes.

Trcw The time at which The time recorded at the first data point
FCW activates where FCWa=True, based on recognition of
the audible component of the warning. The
means of recognition may need to vary
depending on the exact system but may, for
example, be achieved using a microphone in
close proximity to the warning speaker where
the signal is filtered with a pass band of 50Hz
either side of the measured tone and dB(A)
fast weighting applied, and noting the time
when the weighted signal exceeds 50dB(A)

Timpact The time at which See section 0.
the VUT collides with
the TT
VTest vut N().mi_r)al ip‘it'i.a_l Defined by specific test condition
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6
6.1
6.1.1

6.1.2

6.1.3

6.2
6.2.1

6.2.2

6.2.3

6.24

6.3
6.3.1

Test conditions

Test track

Tests shall be conducted on a dry (no visible moisture on the surface),
uniform, solid-paved surface with a consistent slope between level and
1%. The test surface shall have a minimal peak braking coefficient (PBC)
of 0.9 in the region where data is recorded.

The test zone surface shall be paved and shall not contain any
irregularities (e.g. large dips or cracks, manhole covers or reflective studs)
that may give rise to abnormal sensor measurements. The test zone shall
extend to a lateral distance of 3.0m either side of the test path and to a
longitudinal distance of 30m ahead of the VUT when the test ends.

The presence of lane markings is allowed. However, testing shall only be
conducted in an area where typical road markings depicting a driving lane
are not be parallel to the test path within 3.0m either side. Lines or
markings may cross the test path, but shall not be present in the area
where AEB activation and/or braking after FCW is expected.

Weather and lighting conditions

Tests shall be conducted in dry conditions with ambient temperature
above 5°C and below 40°C.

No precipitation shall be falling and horizontal visibility at ground level shall
be greater than 1km. Wind speeds shall be below 10m/s to minimise EPT,
EBT and VUT disturbance. The Test Service may, at their discretion
repeat tests if unexpected results are observed at a time when wind speed
exceeds 5 m/s.

For daytime testing, natural ambient illumination shall be homogenous in
the test area and in excess of 2000 lux for daylight testing with no strong
shadows cast across the test area other than those caused by the VUT,
EPT or EBT. Testing shall not be performed driving towards, or away from
the sun when there is direct sunlight.

Testing at low ambient lighting conditions are defined herein as night-time
tests. The conditions for those tests shall be as defined by ANNEX B of
the Euro NCAP AEB VRU test protocol (2018).

Surroundings

Tests shall be conducted in surroundings such that there are no other
vehicles, highway infrastructure (except lighting columns during the low
ambient lighting condition tests), obstructions, other objects or persons
protruding above the test surface that may give rise to abnormal sensor
measurements within a minimum lateral distance of the VUT test path as
per table below, 1.0m around of the EPT and EBT and within a longitudinal
distance of 30m ahead of the VUT when the test ends (Figure 6).
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7
7.1
7.1.1

7.2
7.2.1

7.3
7.3.1

7.4
741

7.5
7.5.1

7.6
7.6.1

Vehicle preparation
Deployable protection systems

If the vehicle is equipped with any external deployable safety systems (for
example, pedestrian airbag), then this should be disabled before testing
commences.

Tyres

Perform the testing with new (>90% original tread depth across the tread
width) original fitment tyres of the make, model, size, speed and load
rating as specified by the vehicle manufacturer. Replacement tyres are
permitted and may be supplied by the manufacturer or acquired at an
official dealer representing the manufacturer. Replacement tyres must be
of identical make, model, size, speed and load rating to the original
fitment. Tyres shall be inflated to the manufacturers recommended
pressure. They shall be set when the tyres are cold and re-checked at the
start of every test day.

Wheel alignment measurement

The vehicle shall be subject to a vehicle (in-line) geometry check to record
the wheel alignment in test condition. This shall be done with the vehicle at
kerb weight.

Vehicle mass

The AEB shall be operative at all states of load. However, it shall be tested
and assessed unladen with only the driver and test equipment on board.
Each axle of the vehicle shall be weighed in the condition as tested and
the measurements recorded in the test report. At the discretion of the
Approval Authority, additional tests may be undertaken in full or partial
load conditions to assess the extent of any performance degradation
compared to unladen.

AEB/FCW system check

As part of vehicle preparation, it is permitted to perform a maximum of 10
runs at the lowest test speed at which the system is expected to work to
ensure proper functioning of the system before formal testing begins. This
check may be performed using static targets without instrumentation or
driving control or within a fully equipped test scenario, as deemed
appropriate by the Test Service and agreed with the Vehicle Manufacturer.

Measuring front end geometry

The x-y co-ordinates for the virtual front-end vehicle contour given by the
Vehicle Manufacturer shall be verified. When the co-ordinates specified
are within 10mm of those measured by the Test Service, the co-ordinates
as provided by the Vehicle Manufacturer will be used. When the co-
ordinates measured by the Test Service are not within 10mm of those
supplied, or where the Vehicle Manufacturer has not provided the required
data, the co-ordinates as measured by the Test Service shall be used.
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8

8.1
8.1.1
8.1.1.1

8.1.2
8.1.2.1

8.1.3
8.1.3.1

8.2
8.2.1

8.2.2

8.2.3

8.24

8.2.5

Test procedure
VUT pre-test conditioning
Sensor calibration

If requested by the Vehicle Manufacturer, the Test Service shall drive a
maximum of 100km on a mixture of urban roads with other traffic and
roadside furniture to ‘calibrate’ the sensor system. Harsh acceleration and
braking shall be avoided.

Brake conditioning

It shall be ensured that the brake assemblies are suitably run-in (also
referred to as bedded in) and brake surfaces are neither brand new or
corroded.

Tyre conditioning

Tyres shall have been used in normal driving for at least a distance of
150km. At the start of each sequence of testing, tyres shall be warmed up
by driving for 1 km repeatedly steering left and right with a lateral
acceleration of approximately 3 m/s®.

Alignment checks

Before testing is undertaken and if any unexpected performance is
observed during the tests, the Test Service shall consider checking the
test equipment is correctly reproducing the intended test scenario.

For BCRS tests, this shall involve a static alignment test where the VUT is
positioned on the test path while just touching the rear of the TT. The
vehicles shall be manually measured to ensure that the centreline of the
VUT and TT are aligned. The co-ordinates that the inertial measuring
system report for the VUT at that time shall be recorded and retained for
reference during analysis.

For VRU tests involving crossing scenarios static and dynamic tests shall
be considered.

For static tests, position the VUT on the test path with the foremost point of
the vehicle positioned on the X-axis at the point where impact with the TT
would be expected. Move the TT to the y-position expected to correspond
to the intended impact point (25%, 50%, 75%). Measure the distance from
the TT reference point to the edge of the bus in the y-axis and calculate
the actual impact point (%). Check that error complies with requirement.

For dynamic tests, run the desired test scenario without a TT in position
such that AEB does not activate. Analyse the data to identify Yimpact_Act
and check that it complies with the requirements for that scenario.
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833 Test execution

a) If requested by the Vehicle Manufacturer, an initialisation process shall
be completed before the first, or every, test run. The initialisation shall
involve driving the vehicle on a circular path of radius < 30m for a
distance of 190m, half of which involves a left turn and half a right turn.
At the request of the Vehicle Manufacturer this may also involve driving
past a small number of parked vehicles. The initialisation process shall
be completed before the tyre warm up.

b) The first test shall be commenced a minimum of 90 seconds and a
maximum of 10 minutes after completion of the tyre warmup.
Subsequent tests shall be completed within this same time window. If
the time between tests exceeds 10 minutes, then repeat the tyre
warmup procedure.

c) Select the normal Drive mode of the vehicle/gearbox. Accelerate the
VUT to the test speed, position it on the test path and achieve steady
state conditions before T, (TTC=4s).

d) If the VUT instigates AEB, then the accelerator pedal shall be released.
No other driving controls (e.g. clutch or brake) shall be operated during
the test.

e) The test is considered complete when one of the following has
occurred:

f) Vwur =0 km/h; or
g) VUT has made contact with the TT.

8.34 Validity of tests

Post-processing of data shall be undertaken to demonstrate the validity of
tests. Tests are considered valid when all of the following criteria are met
at all times between T and Tags:

a) Vwr = Test Speed and < Test Speed + 0.5 km/h;

b) Lateral deviation from VUT Test Path (Yvut emor) = 0 £ 0.05m;
c) VUT Yaw Velocity (W'vyr) =0+ 1.0 °/s;

d) Steering wheel velocity (Q'vut) =0 £ 15.0 */s; and

e) Centreline of the Test Target is within £ 5cm of the Test path and
parallel to the Test path within £5°

To consistently meet these tolerances, electro mechanical control systems
shall be used to apply the driving controls.

If a test is found to be non-compliant then it shall be repeated until a
compliant result is achieved.
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a) a Vehicle Manufacturer has provided data indicating an expected
significant performance at the next speed increment; and

b) Vrest_vur — Vimpact_vur 2 Skm/h where Vigst_yvur = 40km/h

The number of test runs to be completed in each test condition and the
process of determining the result to be recorded for that condition shall be
as defined in section 8.3.2.

843 Test execution

The process for executing each test shall be as defined in section 8.3.3.
with the following exceptions.

To is defined as being at a TTC of 6 seconds.

The test is considered complete when one of the following has occurred:
a) VVUT =0 km/h;

b) VUT has made contact with the TT; or

c) The TT has crossed the full width of the VUT and moved out of its path
without making contact with it.

844 Validity of tests

Post-processing of data shall be undertaken to demonstrate the validity of
tests. Tests are considered valid when all of the following criteria are met
at all times between Ty and activation of AEB or the end of test, whichever
comes first:

a) Vyyur = Test Speed and < Test Speed + 0.5 km/h;

b) Lateral deviation from VUT Test Path (Yvut gmor) =0 £ 0.05m;
c) Lateral deviation from TT path =0 £ 0.05m;

d) Lateral Velocity of deviation from the TT path =0 £ 0.15m/s;
e) VUT Yaw Velocity (W'vur) =0+ 1.0 °/s; and

f) Steering wheel velocity (Q'vyr) =0+ 15.0 °/s.

Once it has reached a steady state condition, the speed of the TT shall
remain at the defined speed +0.2 km/h. The steady state period shall
commence no later than the point when the EPT has reached a lateral
distance (Global y-axis) of:

a) 3.0m from the VUT centreline, in tests approached from the nearside;
and

b) 4.5m from the VUT centreline in tests approached from the farside
In addition to this, Point L = Target value £ 3% of vehicle width

To consistently meet these tolerances, electro mechanical control systems
shall be used to apply the driving controls.

If a test is found to be non-compliant then it shall be repeated until a

ramnliant raciilt ic arhiavad
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8.4.6 Sequence and number of test runs

VUT tests speeds (Vrest vut) shall be increased in increments of 5 km/h,
until Vrest vur =40 km/h.

VUT tests speeds in excess of 40 km/h shall only be tested when:

a) a Vehicle Manufacturer has provided data indicating an expected
significant performance at the next speed increment; and

b) Vrest_vur — Vimpact_vur 2 Skm/h where Vrest_yvur = 40km/h.

The number of test runs to be completed in each test condition and the
process of determining the result to be recorded for that condition shall be
as defined in section 8.3.2.

847 Test execution

The test execution shall be as specified in section 8.3.3, except that
steady state shall be achieved before the time Tp — 1 seconds (that is, 1
second before Ty).

For scenario BBLA-25 only, the test may be aborted if no FCW has been
issued when the TTC has reduced to < 1.5 seconds.

8.4.8 Validity of tests

Post-processing of data shall be undertaken to demonstrate the validity of
tests. Tests are considered valid when all of the following criteria are met
at all times between the time To — 1seconds and Tages or Trcw:

a) Test Speed < Vyyr < Test Speed + 0.5 km/h;

b) Lateral deviation from VUT Test Path (Yvut gmor) = 0 £ 0.05m;
c) Lateral deviation from TT path =0 £ 0.15m;

d) Lateral Velocity of deviation from the TT path =0 £ 0.15m/s;
e) VUT Yaw Velocity (Wvur) =0+ 1.0 /s and

f) Steering wheel velocity (Q'vyr) =0+ 15.0 °/s.

Once it has reached a steady state condition, the speed of the TT shall
remain at the defined speed +0.2 km/h. The steady state period shall
commence no later than the point when the TT is positioned 22m forward
of the impact point on the VUT.

To consistently meet these tolerances, electro mechanical control systems
shall be used to apply the driving controls.

If a test is found to be non-compliant then it shall be repeated until a
compliant result is achieved.

TRANSPORT
MAYOR OF LONDON FOR LONDON

EVERY JOURNEY MATTERS







Transport for London e

853 Test execution

Accelerate the VUT to the test speed (Viest wur), position it on the test
path and achieve steady state conditions before To (TTC=4s). For buses
with automatic transmission, select Drive (D). For buses with a manual
transmission, select the highest gear that results in an engine speed of at
least 1,000 RPM at the test speed.

If the VUT instigates AEB, then the throttle pedal shall be released. No
other driving controls (e.g. clutch or brake) shall be operated during the
test.

The test is considered complete one second after the TT has come to rest
(Vr1=0).

8.54 Validity of tests

Post-processing of data shall be undertaken to demonstrate the validity of
tests. Tests are considered valid when all of the following criteria are met
at all times between Ty and activation of AEB or the end of test, whichever
comes first:

a) Test Speed < Vyyr < Test Speed + 0.5 km/h;

b) Lateral deviation from VUT Test Path =0 + 0.05m;

c) Lateral deviation from TT path =0 + 0.05m;

d) Lateral Velocity of deviation from the Test Target path =0 +
0.15m/s;

e) VUT Yaw Velocity (W'vwT1) =0+ 1.0°/s; and

f) Steering wheel velocity (Q'vur) =0+ 15.0%/s.

Once it has reached a steady state condition, the speed of the TT (V17)
shall remain at the defined speed +0.2 km/h until commencement of the
deceleration phase.

The nominal impact point (Point M) shall be 25% + 3% of vehicle width.

The deceleration phase shall commence at the time required to achieve
the intended point W. The mean deceleration shall be within £5% of the
target value.

To consistently meet these tolerances, electro mechanical control systems
shall be used to apply the driving controls.

If a test is found to be non-compliant then the non-compliant tests must be
repeated until 3 compliant runs are achieved.
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8.7 Validation of Vehicle Manufacturer supplied test data

The procedure as outlined above is intended to be applicable as an
independent assessment of a bus equipped with AEB capable of standing
alone. Where a Vehicle manufacturer supplies a Test Service with a
prediction of performance in each test condition in terms of both an
expected impact speed (Okm/h if it is expected that the system will avoid
impact) and, where applicable, the peak deceleration applied to achieve
that result, a reduced burden procedure can be undertaken. The Test
Service will randomly select a sample of test conditions in which to verify
the Vehicle Manufacturer's result, ensuring a broad cross section of
variables are covered:

a) For car scenarios, a minimum 3 of 5 test conditions;

b) For crossing scenarios, a minimum 16 of 32 test conditions;

c) For longitudinal scenarios, a minimum 6 of 11 test conditions; and

d) Aborted crossing and bus stop tests shall always be completed in full.
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91
9.1.1

9.1.2

913

9.2

9.2.1

922

9.23

924
9.25

9.3

Assessment of results

Assessment criteria

The true positive performance of AEB shall be assessed using the criteria
(VaeB_Rred)- This is defined as the difference between the test speed and
the impact speed, expressed as a percentage of the test speed, where the
impact speed is considered to be Okm/h when the impact is avoided.

For the longitudinal cyclist tests the test and impact speeds are defined as
the relative speeds of the VUT and the TT. An example of this is shown:

Table 8: Example Vaeg_red for longitudinal cyclist tests

Condition VUT TT R elative
TestSpeed (km/) 50 15 35
Impact S peed (km/h) 30 15 15
Ve Red (km/h) -20
Vaee Red (%) 57%

FCW shall be assessed on a binary basis, based upon the TTC at the
moment the warning is issued (TFCW). When TFCW=1.7seconds then the
score shall be 100%. Where TFCW<1.7seconds, then the score shall be
0%.

Pre-conditions

The score awarded for AEB will be zero unless the following pre-
conditions are met:

In test BPNA-75 with VTEST_TT= 3km/h and VTEST_VUT=20 km/h then
VAEB_Red shall exceed 25% in both day & night conditions

In test BPNA-75 with VTEST_TT= 5km/h and VTEST_VUT=10 km/h then
VAEB_Red shall exceed 25% in both day & night conditions

The AEB system shall default ON at the start of every journey. It shall not
be possible for the driver to easily switch off the system. It shall be
possible for technicians to enable a service mode that deactivates it for
maintenance and test purposes (for example when placed on a rolling
road/brake rollers).

AEB must not activate in the false positive bus stop test.
VAEB_Red shall be no less than 1 km/h in the true positive bus stop test.

Test scenario and crash type scores

Each individual test scenario comprises several individual tests at different
initial test speeds. Weightings shall be applied to each individual test
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9.3.1

9.3.2

©

within each test scenario and crash type.
defined in the following sections.

The speed weightings are

Car tests

For scenario BCRS, the score for the test scenario shall be calculated
from each individual test run according to Table 9Error! Reference
source not found., containing hypothetical results as a worked example.

Table 9: Scoring and weighting applicable to scenario BCRS

Test Speed A B C=A'B
(km/h) Vaes Red Speed Weighting | Weighted score
10 100.0% 5.0% 5.0%
15 100.0% 5.0% 5.0%
20 100.0% 20.0% 20.0%
25 100.0% 15.0% 15.0%
30 100.0% 15.0% 15.0%
35 100.0% 20.0% 20.0%
40 60.0% 10.0% 6.0%
45 20.0% 5.0% 1.0%
50 0.0% 5.0% 0.0%
Total (Scenario Score) 87.0%

The total of the weighted scores for each test speed shall become the
scenario score. The car tests only use one test scenario and therefore the
scenario score is also the crash type score.

VRU crossing tests

The weightings for the VRU crossing tests and a worked example are
shown in Error! Reference source not found..

Table 10: Scoring and weighting applicable to each VRU crossing scenario

MAYOR OF LONDON

Test Speed A B C=A'B
(km/h) VagB_Red Speed Weighting | Weighted score

20 100.0% 20.0% 20.0%

25 100.0% 20.0% 20.0%

30 53.0% 20.0% 10.6%

35 40.0% 20.0% 8.0%

40 20.0% 10.0% 2.0%

45 0.0% 10.0% 0.0%
Total (Scenario Score) 60.6%

The total of the weighted scores for each test speed shall become the
scenario score. The process shall be repeated for each of the VRU
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calculation with a worked example.

©

Each of the different VRU scenarios shall also be weighted according to
casualty prevention potential to produce a crash type score for all VRU
crossing scenarios. Table 11 below shows the scenario weighting and the

Table 11: Scoring and weighting to combine scenario scores to crash type

score
Scenario A B C=AB
Scenario Score | Scenario Weighting | Weighted score

BPFA-50 (Day) 60.6% 15.0% 9.1%
BPNA-25 (Day) 75.4% 26.0% 19.6%
BPNA-25 (Night) 60.7% 22.0% 13.4%
BPNA-75 (Day) 91.0% 18.0% 16.4%
BPNA-75 (Night) 80.0% 15.0% 12.0%
BPNC-50 (Day) 70.0% 4.0% 2.8%

Total (Crash Type Score) 73.2%

9.3.3 VRU longitudinal tests
The VRU longitudinal tests assess both AEB and FCW. The principles for
AEB are identical to the crossing scenarios. Forward collision warning
shall be assessed according to Tecw. The calculations are illustrated with a
worked example in Table 12.
Table 12: Scoring and weighting for VRU longitudinal tests
BBLA-50 (AEB) BBLA25-(FCW)
Test A B C=A*B D E F=D if E21.7
s Speed | Weighted | Speed T Weighted
AEB Red | Weighting score | Weighting Few score
25 100.0% 20.0% 20.0%
30 100.0% 20.0% 20.0%
35 80.0% 20.0% 16.0%
40 40.0% 15.0% 6.0%
45 0.0% 10.0% 0.0%
50 0.0% 5.0% 0.0% 40.0% 1.8 40.0%
55 0.0% 5.0% 0.0% 30.0% 1.6 0.0%
60 0.0% 5.0% 0.0% 30.0% 1.5 0.0%
Total (Scenario score) [ 62.0% | Total (Scenario score) 40.0%
Scenario weighting 75.0% 25.0%
Total (Crash type score) 71.5%

The total of the weighted scores for each test speed shall become the
scenario score. Each scenario is weighted to then produce a combined

£_ L _ .
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10
10.1

10.2

10.3

10.4

Test report

The Test Service shall provide a comprehensive test report that will be
made available to the Approval Authority. The test report shall consist of
three distinct sections:

a) Performance data;

b) Confirmation of protocol compliance; and
c) Reference information.

The minimum performance data required is:

a) The value Vimpact and Apeak vuT Long fOr each and every individual test
run, with the number of tests reported based on the rules in, for
example, section 8.3.2; and

b) For BBLA-25 the performance output is the TTC at Tecw.
To confirm protocol compliance, the Test Service shall:
a) Make available the video recordings as specified in section O;

b) Include in the report processed data (e.g. graphs, tables etc.) that show
that each test was compliant with its respective section on validity of
tests; and

c) Provide data on environmental validity criteria, including temperature,
weather and lighting measurements, demonstrating compliance with
respective limit values.

The reference information required includes as a minimum:

a) Vehicle make;

b) Vehicle model;

c) Vehicle model variant;

d) AEB hardware version (e.g. sensor types, ECU references);
e) AEB software version;

f) Tyre make/model/size/pressure;

g) Test weight;

h) Make, model, serial number of key control and measurement
equipment;

i) Details of the Test Service; and
j) Test date(s).
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Attachment 16: Automated Emergency
Braking (AEB) Guidance Notes

1 Introduction

Automated Emergency Braking (AEB) is a system that uses forward looking sensors
such as Lidar, Radar, and/or Cameras to identify a risk of an imminent collision. It
will typically first warn the driver of the risk and, if the driver does not react, apply
braking automatically to avoid the collision or to reduce the collision speed and
therefore the potential for injury.

TfL intend to run a trial on some routes to determine whether AEB is effective when
fitted to London buses.

This document sets out the guidance notes related to the fitment of AEB. These
guidance notes are aimed at bus operators and manufacturers as a practical guide
for implementation of the Bus Safety Standard.

These notes are for guidance only, and are not legally binding. In all circumstances,
the guidance provided by a manufacturer of the bus or system shall take
precedence, and these guidance notes are only for use in the absence of other
information. These are not intended to be exhaustive, but to point the operators
toward practical advice and questions to raise with manufacturers/suppliers.

2 Selection of buses/systems
Any bus that meets the TfL Bus Vehicle Specification.

AEB shall be provided on all new build buses, within the AEB road trial. The road
trial is being undertaken to increase understanding of system effects before full
implementation.

It shall not be retrofitted unless sufficient evidence can be provided to TfL that
systems can be implemented safely and robustly.

2.1 Compliance and warranty

As part of the acceptance procedure for new buses, they will be tested against TfL’s
Test and Assessment protocol for AEB. In order to be accepted, new buses must
attain a score greater than zero for AEB - the higher the score the better.

A bus operator should ask to see compliance certificates for UNECE Regulation 13
and warranty information for the brake system from the bus manufacturer and/or the
AEB system supplier. The bus operator must be able to present certificates to TfL as
evidence that the bus brake system will continue to operate safely.

A bus manufacturer should work with any brake or AEB system suppliers to ensure
that UNECE Regqulation 13 requirements are met, and that warranty on the brake
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system is maintained. The bus manufacturer must be able to present certificates to
TfL as evidence that the bus brake system will continue to operate safely.

2.2 Normal Operation

A bus operator should ask to see evidence of how well the system performs when it
is activating in the situations it is intended to activate in. This should include the
results and scoring from the AEB solution test and assessment protocol document.
This protocol includes a variety of physical tests designed to assess the ability of an
AEB system fitted to a bus to avoid or mitigate collisions with other road users while
minimising risks to occupants of the bus from unnecessary brake interventions.

2.3 False positive activations

All AEB systems carry a risk that the sensors ‘misjudge’ a particular traffic situation
such that a warning function or even automated braking are applied in a situation
where it would not be intended to act, otherwise known as a false positive activation.

It is important that an AEB system causes as few braking events resulting from false
positive activations as possible. The manufacturer shall target zero false positive
activations and will need to demonstrate evidence to TfL that the vehicle is capable
of driving for at least 600,000km in mixed London traffic without any false positives.

A bus operator should ask to see the evidence from the bus manufacturer and/or
AEB system suppliers that demonstrates that their vehicles have been rigorously
tested and there is evidence to show the distance travelled during development of
the AEB system without any false positive activations occurring. Such a test
programme must cover an extensive range of environmental conditions, events and
scenarios that are representative of those that could reasonably be expected to
occur in service. This may involve documents showing how far has been driven in
dense city environments for the base system used across different vehicles and
specifically for the system as fitted to the specific bus in question and the number of
false positive activations. The evidence can relate to the manufacturers tuning
process, in which case it is permissible for the system to have suffered a false
positive activation if there is evidence to show that the algorithm was tuned to
eliminate that effect and that this was demonstrated to work in a computer simulation
using the actual sensor inputs recorded by the system when the activation first
occurred.

24 False negatives

It should be noted that systems are not guaranteed to successfully detect an
imminent frontal collision in all circumstances. There are some circumstances in
which it is not designed to activate. Even in situations it is designed to activate in,
unusual permutations of conditions can come together to cause it to fail to detect the
object. These instances are known as false negatives.

2.5 Balancing risks
The TfL requirements are open and flexible. Although certain minimum standards
matiat lha maat A i il FALl $A maAaAt A rAaArdirAarnaAanta AF A A vrAIAlA AnAAIfFiAAb AL
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there is still very considerable room for industry to choose the level of system
performance that they think will work best for their particular operation. For example,
TfL will attempt to commercially incentivise systems that maximise the potential to
avoid collisions. However, some manufacturers may produce systems that apply
only partial braking in an emergency, or differ in terms of the vehicle speed that the
system will be active at. Operators should aim to consult different manufacturers to
identify any such differences, explain the rationale and then decide which best suits
their corporate aims, balancing any incentives with the effect on any internal
objectives.

2.6 Monitoring

AEB is new to the bus market and London will be a pioneer in implementing it. Any
brake activation, human or automated, has the potential to cause injury to bus
occupants. The AEB system cannot apply braking that is any more severe than a
skilled driver could. However, in a false positive brake activation this creates a risk
that would not exist if the automated system did not exist. TfL has, therefore,
mandated that if an AEB system is fitted, it must make data available for recording
via the CCTV system or some other suitable method.

It is very important that operators capture as much of this data as possible, monitor it
closely and report it to TfL. Current practice with CCTV is that operators make a
semi-permanent download of CCTV data every time there is an incident which the
driver feels could result in a complaint or some form of claim. As a minimum, any
observed activation of AEB should be considered as such an incident and result in
data recording and retention and reporting to TfL

However, the above system is reliant on the driver. In false positive activations, a full
brake stop should be relatively rare. Most will be a very short duration stab on the
brakes, very quickly released again. Drivers may not realise that it was caused by
AEB and hence not report appropriately. Similarly in true positive situations where
genuine collision risk existed, there may be an incentive for drivers not to report AEB
activation because they may feel it would highlight some shortcoming in their driving.
It would, therefore be preferable if the data provided by the AEB could trigger an
automatic record and alert to the operator. This would ensure a more accurate
assessment of the operational success of the system or alternatively flag any
emerging problems earlier.

3 Training

3.1 For test houses

The AEB solution test and assessment protocol contains many similarities to the
tests carried out on passenger cars by EuroNCAP and by regulatory authorities on
HGVs. Therefore test houses accredited to undertake Euro NCAP tests or to
undertake approval tests to UNECE Regulation 131 will be considered suitable to
undertake performance tests. Test houses without such accreditation will be required
to demonstrate to TfL, at their own expense, that they can achieve the same
standard of testing as an accredited organisation.
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3.2 Bus drivers

An AEB system is only aimed at preventing rare occurrences where the driver has
not already taken any/sufficient braking action in order to avoid an imminent collision.
As such, the system should be entirely invisible to the drivers for the vast majority of
their driving time

In principle therefore, the drivers don’t necessarily need to be trained in exactly how
the system works. However, it may be beneficial to inform them how the system will
operate, e.g. the specific audible and/or visual warnings, how the system will apply
the vehicle’s brakes, and any specific action(s), if any, required by the driver to return
to normal driving following an activation. One key message for drivers is that this is a
system of last resort, intended to work in situations that develop faster than they can
reasonably react or where they have not been able to pay full attention to the risk for
whatever reason. It does not replace any part of the driving task or their
responsibility for safe operation of the vehicle and will not work in all circumstances,
environments or weather conditions. Under no circumstances should they attempt to
demonstrate its operation or rely on it to stop the vehicle in a situation they are
capable of dealing with.

Unless automatic monitoring is implemented, drivers should be encouraged to report
every activation of the system in whatever driving circumstance it occurs.

3.3 Shift Supervisors

Shift supervisors should be trained in how the system works and the monitoring and
reporting requirements. In the event that the system develops a fault, then, unless
the manufacturer advises differently, they should understand this as an ‘amber’
warning where the loss of capability is explained to the driver and the vehicle is
taken out of service for repair as soon as possible. The system should fail safe in
that it will simply stop providing the benefit rather than cause any new problems. As
such it is not necessary to stop immediately (e.g. at the roadside) in the case of a
warning light illuminating in the cab.

3.4 Bus maintenance engineers

The engineers carrying out general bus maintenance should be aware of the location
and details of any sensors related to the AEB system. Training should be based on
the manufacturers’ guidance. However, this is likely to include understanding the
importance of ensuring the sensors are correctly aligned, undamaged and
unobstructed since the performance of the AEB system is completely contingent on
the sensors the system is connected to.

A bus operator should ask the bus manufacturer and/or AEB system supplier to
provide guidelines in the event that the windscreen/grille area in front of sensor
becomes damaged, or if the performance of the system has degraded.

4 Maintenance

Operators are encouraged to establish what (if any) daily checks are required, and to
plan for these additional operational costs. Each manufacturer will have a set of
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between manufacturers, and Operators should discuss these requirements with their
suppliers to ensure that all of the implications are considered at the purchase stage
and, thereafter, in routine operation. Most systems will require that the areas that
sensors are installed in remain clean, undamaged and clear of any possible
obstruction not part of the original design. In short, do not mount any ancillary
equipment in the field of view of the sensors.

When damage occurs in the area of the sensor, it is possible that it may become
misaligned and this can significantly impair AEB performance.

Some sensors can automatically self-align to some degree in order to compensate
for minor disturbances. Others cannot and will require resetting after every
disturbance. Once a sensor has been disturbed, most will require some form of reset
and/or recalibration process. This process can vary substantially, from a simple
software reset, through simple calibration processes easily undertaken in a
workshop environment, to a need for very specialist equipment and/or large spaces
to enable dynamic manoeuvres to be safely undertaken. This can have significant
cost implications in the event of damage/disturbance. In particular, in the passenger
car market it was found that some camera based systems required complex and
expensive recalibrations after windscreen replacement whereas others did not
require any intervention. Operators should check the specific requirements of the
systems being offered by their suppliers with preference for self-aligning systems
with low burden recalibration requirements.

5 Repair

If during system maintenance checks (4) any of the sensors are deemed to be faulty
or failing they should be replaced as soon as possible. The AEB system’s
effectiveness and reliability is completely contingent on the performance of the
sensors the system is connected to. However, unless the manufacturer advises to
the contrary, the system should fail safe such that it is not necessary to stop the
vehicle immediately, for example, at the side of the road.
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Attachment 17: Intelligent Speed
Assistance (ISA) Assessment Protocol

1 Introduction

This document presents a procedure for objectively assessing the performance of
systems fitted to new buses in order to restrict their speed to within the prevailing
speed limit. These systems are collectively known as Intelligent Speed Assistance
(ISA).

ISA systems are provided to assist drivers to keep within the speed limit, but do not
absolve the driver of this responsibility. These systems act to limit further accelerator
input when the bus is at the speed limit, but no warning is issued to the driver unless
a fault is present.

2 Scope

This protocol applies to all new buses intended for service under contract to TfL that
are passenger vehicles with a maximum mass exceeding 5 tonnes and a capacity
exceeding 22 passengers. The passenger vehicles will be capable of carrying seated
but unrestrained occupants and standing occupants. Such vehicles are categorised
the Consolidated Resolution on the Construction of Vehicles (R.E.3) as Ms; Class |,
Class Il

3 Purpose

The purpose of this assessment is to test the ability of the ISA system fitted to a bus
to restrict the speed of the bus to the prevailing speed limit. This protocol provides all
parties involved (specifically bus OEMs, test houses, assessors) with instructions
regarding the test and assessment of ISA.
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4 Normative references

The following normative documents, in whole or in part, are referenced in this
document and are indispensable for the application of this test and assessment
protocol. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any
amendments) applies.

e London Bus Technical Specification: Safety Features - Intelligent Speed
Assistance (ISA)

¢ Regulation No 89 of the Economic Commission for Europe of the United
Nations (UN/ECE)

Note that miles per hour (mph) is used throughout this document, and takes
precedence over any Kilometres per hour (km/h) figure used which is for reference
only.
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5

Definitions

For the purpose of this Protocol:

AA: Approval Authority — The Approval Authority is the body within TfL that
certifies that a bus is approved for use in the TfL fleet and assigns its score
under the bus safety standard for use in procurement processes.

ISA: Intelligent Speed Assistance — system fitted to a vehicle to restrict its
speed to the prevailing speed limit.

ROM: Restricted Operating Mode — A condition where the ISA system
actively prevents acceleration beyond the prevailing speed limit

TS: Test Service — The organisation undertaking the testing and certifying
the results to the Approval Authority.

Test Speed — The speed indicated on the VUT speedometer. The tolerances
applied shall be the target speed 0, mph.

Test Track — Any sealed area of carriageway without general access to the
public.

TfL Digital Speed Map — An electronic map provided by TfL which indicates
the speed limit of roads within Greater London.

VM: Vehicle Manufacturer — The body responsible for providing a completed
bus to a bus operator

VUT: Vehicle Under Test - means a vehicle that is being tested to this
protocol.
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6

6.1

6.1.1

6.2

6.3
6.3.1

6.3.2
6.3.3

Test Conditions

Test environment

The test procedure requires that the VUT is tested by driving it both on
road, and in areas away from the public (referred to as a test track).

A test track area shall be used by the TS which permits the various tests

required. The coordinates and speed limits shall be provided to TfL which
will incorporate the details in to the TfL Digital Speed Map. The test track
shall:

a) Be a dry (no visible moisture on the surface), uniform, solid-paved
surface with a consistent slope between level and 1%; and

b) Be paved and shall not contain any irregularities (e.g. large dips or
cracks, manhole covers) which might excessively slow the VUT.

An on-road route shall be devised by the TS which starts at least 1km
outside the geographical area covered by the TfL Digital Speed Map. The
route shall travel through the TfL Digital Speed Map and out of the other
side to a point at least 1km outside of the area covered by the TfL Digital
Speed Map. The route shall incorporate a 10mph (16.1km/h) section of a
bus station, where the bus will be stopped and the system powered down,
restarted and the journey continued. The route shall also incorporate
20mph (32.2km/h), 30mph (48.3km/h), and 40mph (64.4km/h) sections
with transitions between each.

Weather and lighting

Tests shall be conducted in dry conditions with ambient temperature
above 5°C.

No precipitation shall be falling.

Wind speeds shall be below 10m/s to minimise the effect of wind on bus
speed. In case of wind speeds above 5m/s during test, the validity of the
test is decided at the discretion of the TS using the VM predicted
performance.
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Pre-test submissions

71 It is necessary for the TS to understand details of and make certain
additions to the ISA system being tested. Therefore the following
documentation shall be provided by the VM prior to any testing:

a) Full identification of the ISA system hardware and software versions,
and the applicable model of bus.

b) A test vehicle with an indicator system (visible to the bus driver) that
displays the maximum speed limit of the ISA system when in restricted
operating mode.

c) Evidence from an appropriately certified body that the system has been
tested and approved as per the requirements of adjustable speed
limitation devices within Regulation No 89 of the Economic
Commission for Europe of the United Nations (UN/ECE) at speeds of:
10mph (16.1km/h); 20mph (32.2km/h); 30mph (48.3km/h); 40mph
(64.4km/h).

d) A statement describing how the ISA system operates.

e) A written declaration that this ISA system does not have adverse
effects on fuel consumption or emissions.

f) A statement regarding any relevant Type Approvals which apply to the
ISA solution. If Type Approvals are not required then a statement of
this shall be provided.

g) A description of the applicable iBus system type (1 or 2) and a
schematic diagram of the GPS antenna connection to the ISA system.

h) Detail of London Buses' approval for use of the Radio Frequency
splitter (if used).

i) A schematic diagram and description of where the ISA system obtains
the vehicle speed information.

j) A demonstration of the receipt of a speed signal from either the FMS or
CAN to the ISA system.

k) A statement confirming for which option the ISA is specified from
either:

I) Option 1 — No intervention by any vehicle system to enforce a speed
reduction; or

m) Option 2 — No intervention by the foundation brakes to enforce a
speed restriction, however energy recovery and engine retardation is
permitted.

n) A statement as to whether speed restriction is assisted by any system,
and a description of the operation of this system.

0) A statement as to whether a function that provides an overspeed
notification to the bus driver is fitted, and provide details of the form of
this notification.
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p) A statement that the vehicle performance characteristics are unaffected
when the vehicle is not in restricted operating mode.

g) Instructions regarding how the ISA system is enabled and disabled.

r) A test vehicle modified with additional in-line switches to individually
isolate cabled connections to the GPS, FMS and/or CAN speed signal
in to the ISA system.

s) A description of potential failure modes of the ISA system.

t) A description of all mapping formats from the file format list provided in
the London Bus Technical Specification which can be used on the ISA

system.

u) A statement regarding how any bus mapping can be updated on an ad-
hoc basis.

V) Instructions with/in the application for the updating of the digital speed
map, and include any equipment necessary to facilitate this updating
for the test. Two off-road test track-specific maps shall be provided,
with different zones and speed limits as agreed with the test body. This
shall also include the description of how the map update is protected
from unauthorised access.

w) A declaration regarding any additional antenna for updating the digital
speed map.

X) Instructions and any necessary equipment to read and clear any ISA
system fault. A list of possible faults and their codes shall be provided
and guidance on how to trigger these faults.

y) A photo of the ISA symbol as shown on the driver information screen.

z) A photo of the speed limit symbol as shown on the driver information
screen.

aa)A copy of the ISA fitment information to the driver (sticker, light, voice
instruction etc), in a suitable format such as a photo or video recording.
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8.1.1

8.1.2

8.1.3

8.14

8.1.5

8.1.6

8.1.7

8.1.8

8.1.9

System checks

A number of checks should be made by the Test Service whilst the vehicle
is static:

The TS shall physically observe a cabled connection from the GPS
antenna to the ISA system. The test shall be deemed to have failed if this
cabled connection cannot be observed.

Any speed retardation system declared by the VM shall be investigated
and observed by the TS.

The TS shall enable and disable the system using the instructions
provided by the VM.

The TS shall look for and attempt to non-destructively disable the system
in those areas of the VUT accessible to the driver within a period of 2
minutes without tools. The system shall be deemed to fail this requirement
if the ISA system can be disabled without tools within a 2 minute period.

The TS shall observe if the following dash lamps are fitted:

a) Green — The system is functioning correctly within the Digital Speed
Map area;

b) White — The vehicle is not within the Digital Speed Map area; and
c) Amber — The ISA system has a fault.

d) The system shall be deemed to have failed if all the dash lamps are not
fitted.

The TS shall, if possible, trigger an ISA system fault. The illumination
status of the green, white, and amber dash lamps shall be recorded. The
system shall be deemed to have failed if the green lamp is not
extinguished and the amber lamps are not illuminated when a system fault
is caused.

The TS shall, if possible, trigger a condition which would make the ROM
not be activated. The illumination status of the green, white, and amber
dash lamps shall be recorded. The system shall be deemed to have failed
if the green lamp is not extinguished and the amber lamps are not
illuminated when a system fault is caused.

The TS shall load each applicable mapping format and test that this has
properly applied by driving the vehicle on the off-road test track and testing
for the correct application of 20mph (32.2km/h) and 30mph (48.3km/h)
speed limits. The test shall be deemed to have failed if this information is
not provided. The test shall be deemed to have failed if these mapping
formats fail to properly load and apply.

The TS shall observe that any outdated Digital Speed Map can be
completely removed from the ISA system and replaced with an updated
map. This test may require a computer connection to the ISA system to
check upon file deletion and addition, and the system shall be deemed to
have failed if outdated Digital Speed Maps cannot be completely removed.
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8.1.10  The TS shall make an ad-hoc change to the Digital Speed Map. The
system shall be deemed to have failed if in the assessment of the TS the
bus Digital Speed Map cannot be updated on an ad-hoc basis.

8.1.11 Additional antenna for updating the Digital Speed Map is prohibited. The
presence of such an antenna shall result in test failure.

8.1.12  The TS shall cause a fault within the ISA system and record the
illumination status of the amber dash light. The system shall be deemed to
have failed if the amber dash light does not illuminate.

a) The TS shall interrogate the ISA system for the fault and record if it
matches the caused fault. The system shall be deemed to have failed if
the system fault recorded does not match the system fault caused.

b) The TS shall clear the fault from the system and observe the
illumination status of the amber light. The system shall be deemed to
have failed if the system cannot be cleared and if the amber light does
not extinguish.
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9

91
9.1.1
9.1.2

913
9.1.3.1

9.1.3.2

9.1.3.3

9.1.34
9.1.3.5

9.1.3.6

9137

9.1.3.8

9.1.3.9

Test procedure

Track testing
The following tests shall be undertaken at a suitable test track (see 6.1.1).

The VUT shall comply with either of the following two options, and the
relevant test procedure shall be applied:

a) Option 1 — No intervention by any vehicle system to enforce a speed
reduction.

b) Option 2 - No intervention by the foundation brakes to enforce a speed
restriction, however energy recovery and engine retardation is
permitted.

Option 1 tests

The VUT shall be driven on a test track whereby a portion of the track is
entered into the VUT’s Digital Speed Map as 30mph (48.3km/h), and a
separate portion at 20mph (32.2km/h).

The VUT shall be driven at 30mph (48.3km/h) into the 20mph (32.2km/h)
zone with the accelerator pedal fully depressed.

The TS shall observe for any evidence of systems activating to reduce
speed for a period of 15 seconds of travel at 30mph (48.3km/h) within the
20mph (32.2km/h) zone.

The flashing frequency of the speed limit symbol shall be observed, and
shall be 1-5Hz.

The ISA shall not actively reduce the speed of the VUT and the speed
shall remain stable at 30mph (48.3km/h) for the duration of the test.

The VUT shall be driven at 30mph (48.3km/h) in the 30mph zone and
enter into the 20mph (32.2km/h) zone with the accelerator pedal fully
depressed, continuing to travel at 30mph (48.3km/h) for at least 10
seconds. After which the brake shall be applied to bring the speed of the
VUT to between 22mph (35.4km/h) and 26mph (41.8km/h).

The VUT shall then be accelerated with the accelerator pedal fully
depressed. The position of the accelerator pedal is to be maintained for at
least 10 seconds whilst the VUT speed is monitored to determine if the
speed exceeds 30mph (48.3km/h).

Whilst still in the 20mph (32.2km/h) zone, the brakes of the VUT shall
then be applied to reduce the travel speed to between 12mph (19.3km/h)
and 16mph (25.7km/h). Whilst still in the 20mph (32.2km/h) zone, the
VUT shall be accelerated with the accelerator pedal fully depressed. The
position of the accelerator pedal shall then be held for at least 10 seconds
whilst observing if 20mph (32.2km/h) is exceeded.

When the VUT is in excess of the speed limit at any point during this test,
the driver notification of such shall activate (only if this function is fitted).
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9.1.3.10 The system shall be deemed to have failed if the bus speed does not

914
9.14.1
9.14.2

9143

9.2

9.2.1

9.2.2

9.23

924

9.25

9.26

9.2.7

9.2.8

9.2.9

comply with any of the conditions of this test.

Option 2 tests
The tests and requirements described in 9.1.3 shall be applied.

The TS shall attempt to trigger any enforced speed retardation (e.g. by
ensuring the bus is in ROM and then permitting the VUT to attempt to
exceed the speed limit downhill) on a test track and observe for the stated
driver notification.

The system shall be deemed to have failed if the system does not
operate as described in the application.

Other tests

To check that the ISA system does not affect the operation of the VUT
below the speed limit, the VUT shall be accelerated from zero to 20mph
(32.2km/h) in a 20mph (32.2km/h) zone of the test track and the time to
reach 20mph (32.2km/h) shall be recorded. The ISA system shall then be
disabled and the test repeated for the same section of track.

The test shall be repeated with a target speed of 30mph (48.3km/h) in a
30mph zone.

The system shall be deemed to have failed the tests if the difference in
times to accelerate to each of the target speeds with and without the ISA
activated is more than 10%.

The VUT shall be driven in a 20mph (32.2km/h) restricted zone with the
accelerator pedal fully depressed with the VUT travelling at the 20mph
(32.2km/h) limit. The VUT shall continue in to a 30mph (48.3km/h) zone for
at least 10 seconds with the accelerator still fully depressed.

This test shall then be repeated with the 30mph (48.3km/h) zone being
replaced with an unrestricted zone.

The system shall be deemed to have failed if the VUT exceeds a
maximum acceleration of 1.2m/s2 under all load conditions.

It shall be possible for qualified personnel only to disable the speed limiting
system and only when the ignition is on and the vehicle is stationary. The
disabling of the system must be via an electronic device (e.g laptop, tablet
or similar) connected to the vehicle. Additional control using a telematics
system to manage the fleet is optional. The system shall be deemed to
have failed if the conditions of the test cannot be met and if it would be
possible for unequipped/unauthorised disabling of the system.

The TS shall check for the correct enabling and disabling of the ISA
system by test driving the VUT in both conditions. The system shall be
deemed to have failed if the ISA system does not properly enable or
disable.

The VUT shall be driven in a 20mph (32.2km/h) restricted zone in ROM
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9.2.10

9.2.11

9.2.12

9.2.13

9.2.14

9.2.15

9.2.16

9.2.17

9.2.18

9.2.19

9.2.20

shall be operated to replicate a signal loss and the VUT speed shall be
observed for 10 seconds and recorded. This test shall be repeated for the
FMS and CAN cables as appropriate.

The system shall be deemed to have failed if the VUT is recorded as
reaching speeds above 20mph (32.2km/h) during this test.

After the VUT has travelled for 10 seconds with the accelerator pedal fully
depressed, the brakes of the VUT shall applied to reach a vehicle speed of
14mph (22.5km/h) or less. The VUT shall then accelerated to a speed
above 20mph (32.2km/h).

The system shall be deemed to have failed if the VUT fails to reach
speeds above 20mph (32.2km/h) during this part of the test.

The VUT shall be driven from a 20mph (32.2km/h) zone in to a 30mph
(48.3km/h) zone in ROM at a speed of around 5mph (8km/h) (and less
than 12mph (19.3km/h)). The distance within the 30mph (48.3km/h) zone
that the indicator system displays the new speed limit shall be recorded in
metres.

The system shall be deemed to have failed if the distance recorded is less
than 30 metres.

This test shall be repeated with the VUT travelling from a 30mph
(48.3km/h) zone into a 20mph (32.2km/h) zone. The system shall be
deemed to have failed if the distance recorded is less than 30 metres.

The tests shall also record the time taken to indicate a new speed limit
after entering that zone. The system shall be deemed to have failed if the
time recorded is less than 5 seconds.

The VUT shall be driven in and out of a restricted 20mph (32.2km/h) zone
at a continuous speed of 20mph (32.2km/h). Record the time and distance
taken for the green dash lamp to illuminate upon entering or extinguish
upon leaving the 20mph (32.2km/h) restricted zone:

a) The ISA system shall be deemed to have failed if the green light does
not continuously illuminate after 5 seconds and greater than 30 metres
after entering the 20mph (32.2km/h) restricted zone.

b) The ISA System shall be deemed to have failed if the green light does
not extinguish after 5 seconds and greater than 30 metres after exiting
the 20mph (32.2km/h) restricted zone in to an unrestricted zone.

The VUT shall be driven in ROM from a 20mph (32.2km/h) restricted zone
in to a 30mph (48.3km/h) restricted zone at the maximum speeds possible
for a distance of at least 100m. The illumination status of the green dash
lamp shall be recorded.

The system shall be deemed to have failed if the continuous green lamp
extinguishes during the test. This test shall be repeated with the VUT
travelling from a 30mph (48.3km/h) restricted zone into a 20mph
(32.2km/h) restricted zone.

The VUT shall be driven in ROM within a 20mph (32.2km/h) zone and the
GPS FMS and C.AN ienlatnr cwitchee chall he nnerated The <atatiie nf the
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9.2.21

9.2.22

9.2.23

9.2.24

9.2.25

9.2.26

9.2.27

9.2.28

9.2.29

9.2.30

9.3

9.3.1

9.3.2

white dash lamp shall be recorded and the time and distance taken to
illuminate/extinguish shall be recorded.

The ISA system shall be deemed to have failed if the green dash lamp
does not extinguish and the white continuous dash lamp does not
illuminate after 5 seconds or 30 metres after when the signal isolator is
operated.

The VUT shall be started and driven outside of a speed restricted zone.
The status of the green and white dash lamps shall be recorded.

The ISA system shall be deemed to have failed if the green lamp is not
extinguished and the white lamp is not illuminated.

The ISA system shall be disabled and then driven into and out of a speed
restricted zone (for at least 100m in each zone). The status of the green
and white dash lamps shall be recorded.

The ISA system shall be deemed to have failed if the green lamp is not
extinguished and the white lamp is not illuminated.

The TS shall ensure that no Digital Speed Map is loaded on to the VUT
then drive the VUT on the test track to confirm that no restriction exists.

The ISA system shall be deemed to have failed if a speed restriction is
found on a bus with no Digital Speed Map loaded on to the system.

The TS shall update the Digital Speed Map using the instructions to
upload the off-road test track area limits, and then drive the bus to confirm
the correct uploading of the map zones and speed limits.

The VUT shall be deemed to have failed if the VUT speed restrictions are
found to be different to those expected from the loaded map.

Note: It may be useful to ensure that the zones and speed limits are
clearly mapped against features/markers.

On road testing

On road testing shall only be commenced upon completion of the track
testing.

The VUT shall be driven on the on road testing infrastructure (see 6.2).

Note: The TS shall pre-determine a route for this test. It is prudent to
choose times of day when the speed limits may be reached, and which
limit risk (for example times when vulnerable children are less likely to be
present).

Note: The TS shall create a printed map of the route using speed limit
information from the applicable Digital Speed Map to allow test observer
who is not the driver to cross reference actual location to the Digital Speed
Map and the maximum speed limit indicator.

Note: The TS shall record the route and use a map of the route to assist
with identifying each part of the test.
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Note: A duplex video camera system, with one view of the speedometer
and the other of the road ahead can assist in determining speed, location,
and speed exceedances

9.3.3 When and where safe to do so, the speed limit shall be reached.

934 A visual comparison of the digital speed limit map and the (additionally
added) speed limit indicator shall be made at a single point 30m or 5
seconds into each speed limit zone, whichever is closest to the start of the
speed limit zone.

935 The system shall be deemed to have failed if the speed limit system and
digital map do not match after 30m or 5 seconds, whichever places the
bus closest to the change of speed limit zone into any speed restricted or
unrestricted zone.

9.3.6 Any exceedances of the speed limit (according to the bus speedometer)
shall be recorded, and the system shall be deemed to have failed if the
VUT speed exceeds 2mph (3.2km/h) over the speed limit. This does not
apply on any downhill section.
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10
10.1

10.1.1
10.1.1.1

10.1.1.2

10.1.2
10.1.2.1

10.1.2.2

10.1.3
10.1.3.1

10.1.3.2

10.1.4
10.1.4.1

10.1.4.2

10.1.5
10.1.5.1

10.1.5.2

10.1.6

Assessment of results

The following criteria will be used to asses if the ISA system has passed or
failed the assessment.

Pre-test submissions

In order to receive a “Pass” certification the system must receive a “Pass”
grade for each of the requirements on the assessment checkilist.

The system shall be deemed to have failed the assessment if it received
a single “Fail” grade on the pre-test submissions checklist.

System checks

In order to receive a “Pass” certification the system must receive a “Pass”
grade for each of the requirements on the assessment checklist.

The system shall be deemed to have failed the assessment if it received
a single “Fail” grade on the sytem checks checklist.

Track tests

In order to receive a “Pass” certification the system must receive a “Pass”
grade for each of the requirements on the assessment checkilist.

The system shall be deemed to have failed the assessment if it received
a single “Fail” grade on the track testing checklist.

On-road tests

In order to receive a “Pass” certification the system must receive a “Pass”
grade for each of the requirements on the assessment checklist.

The system shall be deemed to have failed the assessment if it received
a single “Fail” grade on the on-road testing checklist.

Overall Assessment

In order to receive an overall “Pass” certification the ISA system must
receive a “Pass” grade for each if the above sections on the checklists

The system shall receive an overall “Fail” grade in the assessment if a
single “Fail” grade was awarded on any section of the assessment
checklists.
To integrate this pass/fail test into the overall bus safety score an overall
Pass will be deemed as a score of 100% and a fail will be deemed a score
of 0%
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Annex 1 Pre-test submissions checklist

Pre-test submissions Pass/Fail

Full identification of the ISA system hardware and software
1 | versions, and the applicable model of bus provided by the bus
OEM.

A test vehicle provided by the bus OEM with an indicator system
2 | (visible to the bus driver) that displays the maximum speed limit of
the ISA system when in restricted operating mode.

Evidence from an appropriately certified body that the ISA system
has been tested and approved as per the requirements of
adjustable speed limitation devices within Regulation No 89 of the

3 Economic Commission for Europe of the United Nations (UN/ECE)
at speeds of: 10mph (16.1km/h); 20mph (32.2km/h); 30mph
(48.3km/h); 40mph (64.4km/h).

4 A statement provided by the bus OEM describing how the ISA
system operates.

5 A written declaration provided by the bus OEM that this ISA system

does not have adverse effects on fuel consumption or emissions.

A statement provided by the bus OEM regarding any relevant type
6 | approvals which apply to the ISA solution. If type approvals are not
required then a statement of this shall be provided.

A description provided by the bus OEM of the applicable iBus
7 | system type (1 or 2) and a schematic diagram of the GPS antenna
connection to the ISA system.

Detail of London Buses' approval for use of the Radio Frequency

8 splitter (if used) used as part of the ISA system.

9 A schematic diagram and description of where the ISA system
obtains the vehicle speed information, provided by the bus OEM.

10 A physical demonstration of the receipt of a speed signal from either

the FMS or CAN to the ISA system, provided by the bus OEM

A statement has been provided by the bus OEM in their application
confirming which option is chosen from either:

Option 1 — No intervention by any vehicle system to enforce a

11 | speed reduction

Option 2 - No intervention by the foundation brakes to enforce a
speed restriction, however energy recovery and engine retardation
is permitted.

A statement has been provided by the bus OEM of if speed
12 | restriction is assisted by any system, and to describe the operation
of this system.

A statement has been provided by the bus OEM of if an overspeed
13 | notification to the bus driver function is fitted, and provide details of
the form of this notification.

A statement has been provided by the bus OEM that the vehicle
14 | performance characteristics are unaffected when the vehicle is not
in restricted operating mode.
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Pre-test submissions Pass/Fail

Instructions are provided by the bus OEM regarding how the ISA

15 system is enabled and disabled.

The bus OEM has provided a test vehicle modified with additional
16 | in-line switches to individually isolate cabled connections to the
GPS, FMS and/or CAN speed signal in to the ISA system.

The bus OEM has provided a description of potential failure modes

17 of the ISA system.

The bus OEM has provided a description of all mapping formats

18 from the list which can be used on the ISA system.

The bus OEM has provided a statement regarding how any bus

19 mapping can be updated on an ad-hoc basis.

The bus OEM has provided adequate instructions with/in the
application for the updating of the digital speed map, and include
any equipment necessary to facilitate this updating for the test. This
20 | shall also include the description of how the map update is
protected from unauthorised access.

Two off-road test track-specific maps shall be provided, with
different zones and speed limits as agreed with the test body.

The bus OEM has provided a declaration in their application
21 | regarding any additional antenna for updating the digital speed
map.

The bus OEM has provided instructions and any necessary
equipment to read and clear any ISA system fault. A list of possible
faults and their codes shall be provided and guidance on how to
trigger these faults.

22

A photo of the ISA symbol as shown on the driver information
23 | screen.

A photo of the speed limit symbol as shown on the driver
24 | information screen.

A copy of the ISA fitment information to the driver (sticker, light,
25 | voice instruction etc), in a suitable format.

Result:
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Annex 2 System checks

System Checks Pass/Fail

The cabled connection from the GPS antenna to the ISA system
can be observed.

If a speed retardation system was declared by the bus OEM, then it

2 was investigated and observed by the test house.

3 The system can be enabled and disabled by using the instructions
provided by the Bus OEM.

4 The ISA system could not be non-destructively disabled without
tools within a 2 minute period.

5 The green dash lamp, white dash lamp and an amber dash lamp

are all fitted for the ISA System.

6 A triggered ISA system failure caused the green lamp to extinguish
and the amber lamps were illuminated.

Triggered conditions cause ROM to not be implemented resulting in
7 | the green lamp extinguishing and the amber lamp (ISA system has
a fault) were illuminated.

The correct application of 20mph (32.2km/h) and 30mph (48.3km/h)
8 | speed limits with applicable mapping formats was observed.

The mapping format loaded and applied properly.

The outdated Digital Speed Map can be completely removed from
9 | the ISA system.

A new map can be uploaded properly.

An ad-hoc change to the Digital Speed Map can be properly

10 uploaded.

11 | No additional antenna for updating the Digital Speed Map is found.

A triggered fault within the ISA system caused the amber dash light

12 to illuminate.

Interrogation of the ISA system for the fault found a match to the

13 caused fault.

The fault can be cleared from the system.

14

The amber light was extinguished when the fault was cleared.

Result:
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Annex 4 On-road
testing checklist

On road testing Pass/Fail

1 | The speed limit can be reached with the system active.

Multiple visual comparisons of the digital speed limit map and the
(additionally added) speed limit indicator made at a single point 30m
2 | or 5 seconds into each speed limit zone all indicated a match after
30m or 5 seconds, whichever was closest to the start of the speed
limit zone.

There were no speeds exceedances of greater than 2mph (3.2km/h)
(excluding downhill sections).

Result:
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Attachment 18: Intelligent Speed
Assistance (ISA) Guidance Notes

1 Introduction

This document sets out the guidance notes related to Intelligent Speed Assistance.
These guidance notes are aimed at bus operators and manufacturers as a practical
guide for implementation of the Bus Safety Standard.

These notes are for guidance only, and are not legally binding. In all circumstances,
the guidance provided by a manufacturer of the bus or system shall take
precedence, and these guidance notes are only for use in the absence of other
information. These are not intended to be exhaustive, but to point the operators
toward practical advice and questions to raise with manufacturers/suppliers.

2 ISA

Intelligent Speed Assistance (ISA) is a system fitted to buses which links an
understanding of location (from GPS19) to an on-board map of speed limits (known
as the Digital Speed Map), and a reading of the bus speed. It uses this information to
limit the speed of the bus and at present it does this in two options:

e Option 1: By limiting further accelerator input when the bus has reached the
speed limit

¢ Option 2: By doing the above but also activating regenerative braking.

The Digital Speed Map will be created and updated by Transport for London, and it
will be the responsibility of the bus operator to update the maps in buses either on a
periodic timeline, or if directed an emergency timeline. It is advised that the bus
operator keeps records of the date and version number of any uploaded Digital
Speed Map against each bus.

Vehicles fitted with ISA can exceed the speed limit, for example in locations where
gravity (typically downhill) will allow the bus to exceed the speed limit, or where the
bus enters a lower speed limit. It is also likely in some circumstances for a there to
be a time lag between the implementation of a speed limit and the updating of the
Digital Speed Map, and this is certainly likely to be the case for temporary speed
restrictions such as roadworks.

The driver is responsible for the vehicle speed and compliance with road speed limits
at all times. ISA does not absolve the driver of responsibility for remaining within the

speed limit.

19 GPS = Global Positioning System. GPS is a global navigation satellite system that provides geolocation and time information
to a GPS receiver anywhere on or near the Earth where there is an unobstructed line of sight to four or more GPS satellites. It
allows the nnsitinn nf the hiis tn he identified in real time

TRANSPORT
MAYOR OF LONDON FOR LONDON

EVERY JOURNEY MATTERS




Transport for London e

Below the speed limit the ISA has no impact upon the speed, acceleration, or any
other operation of the bus.

When entering a lower speed limit it is the driver’s responsibility to reduce the vehicle
speed. The ISA will not brake or automatically reduce speed. If the driver keeps their
foot on the accelerator pedal then the existing speed will be maintained; the driver
must take action to reduce the speed.

When entering a higher speed limit the vehicle will not increase speed automatically.
Speed will only increase in response to the level of pressure on the accelerator
pedal. It is the driver's responsibility to accelerate safely and only when conditions
are appropriate.

The system cannot anticipate speed changes. For example it will not begin slowing
down in advance of a lower speed limit sign.

Driving at the speed limit is not always appropriate for the road curvature, surface,
traffic, environmental conditions etc. The driver remains responsible for using an
appropriate speed at all times.

3 Selection of buses/systems
ISA can be fitted on new-build buses and within this there are presently two options:

e Option 1: Accelerator input limiting
e Option 2: Accelerator input limiting and application of regenerative braking.

A further variation can be the retrofit of ISA to in-service vehicles in some
circumstances. The use of aftermarket equipment is authorised on the condition if it
is a vehicle OEM integrated solution and complies with all performance requirements
of the ISA specification prior to the homologation process.

It is anticipated that a future version of iBus provided by TfL will integrate ISA, so this
is worth considering when selecting a supplier.

4 Training

4.1 Driver training

The training required by drivers is expected to be minimal. This will likely only require
a few minutes of discussion to:

explain how the bus will operate

how to understand the various warning lights

what happens when transitioning between speed limits

limitations of the system, operating limits

emphasise that the driver remains responsible for speed limit compliance at
all times.

The ISA supplier should be approached for specific advice appropriate to the
system.
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4.1 Maintenance training

It is expected that the bus operator will update the Digital Speed Map on each bus,
and if this is the case then bus operator staff should be suitably trained to do so.

It is envisaged that the ISA supplier/Bus supplier will offer suitable maintenance
training, covering at a minimum map updating, enabling and disabling the system
(likely to take around an hour in training). Additionally and depending upon any
warranty and maintenance agreement, training may extend to fault finding/repair
(and this may take far longer depending upon the complexity of the system).

5 Maintenance

The ISA systems are specified so that they may not be easily interfered with by the
driver, and the bus driver is not expected to undertake any maintenance.

It is envisaged that bus operators and the ISA supplier/Bus supplier will reach any
agreement regarding responsibility for ISA system maintenance and repair, and that
any personnel undertaking maintenance are suitably trained and have access to any
relevant documentation (such as schematics, fault-finding, parts lists, fitment details).

It is envisaged that suitably trained and authorised persons (who are not the driver)
within the bus operator will be able to disable the ISA system if required, and should
be provided with any relevant tools or software/hardware to enable this.
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Attachment 19: Bus Vision Standard
Assessment Protocol

1 Introduction

This document presents a procedure, hereon referred to as the Bus Vision Standard
(BVS), for objectively measuring the vision that the driver has of the environment in
close proximity to a bus, both directly via the windows/windscreen and indirectly via
mirrors and/or camera-monitor systems (CMS).

2 Scope

This protocol applies to all new buses intended for service under contract to TfL that
are passenger vehicles with a maximum mass exceeding 5 tonnes and a capacity
exceeding 22 passengers. The passenger vehicles will be capable of carrying seated
but unrestrained occupants and standing occupants. Such vehicles are categorised
in the Consolidated Resolution on the Construction of Vehicles (R.E.3) as M3; Class
I, Class II.

3 Purpose

Over many years, driver blind spots have been identified as a contributory factor in
collisions involving HGVs. The direct vision through the glazed areas of HGVs is
such that, given their height from the ground, pedestrians and cyclists may be easily
hidden in many areas that cannot be seen directly and in some areas that cannot be
seen either directly or indirectly via the available mirrors.

The direct vision of buses is far superior to that from most HGVs, although fewer
mirrors are legally required on buses, such that the indirect field of view is
considered to be inferior. Generally, the blind spots surrounding buses are smaller;
however, collisions where pedestrians and cyclists are either killed or seriously
injured, when positioned in close proximity to a moving bus, do still occur.

Typically, direct vision blind spots in buses are not located in areas where vulnerable
road users will be obscured by the lower edge of the windscreen. Instead, potential
obstructions to driver visibility are typically caused by the A-pillars of the bus, the
pillars around and at the centre of the front doors, the driver assault screen and by
equipment in the driver cabin.

In the past, the majority of London buses ensured compliance with only the
regulatory minimum requirements of rearward facing Class Il mirrors. These alone,
however, do not prevent blind spots from occurring, particularly in the areas just to
the rear of the driver seat position and for wider fields of view.

The aim of the Bus Vision Standard (BVS) is to provide an objective assessment that
can be used to quantify the vision performance of a bus, enforce minimum standards

- - - —— . _— - - _———— AN - —L_._ ] -t _atm
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permitting beneficial innovations (e.g. replacing mirrors with camera-monitor systems
(CMS)) without adversely affecting safety.

It should be noted that the BVS is designed around collision situations relating to low
speed, close proximity manoeuvres. It does not assess the vision required for higher
speed manoeuvres and so scoring well does not absolve the manufacturer from the
responsibility to design appropriate vision for all circumstances.
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4

Normative References

The following normative documents, in whole or in part, are referenced in this
document and are indispensable for its application. For dated references, only the
edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

Directive 2007/46/EC of the European Parliament and of the Council
establishing a framework for the approval of motor vehicles and their trailers,
and of systems, components and separate technical units intended for such
vehicles.

European Tyre and Rim Technical Organisation (ETRTO) Standards Manual

Retgulation (EU) 2018/858 of the European Parliament and of the Council of
30" May 2018 on the approval and market surveillance of motor vehicles and
their trailers, and of systems, components and separate technical units
intended for such vehicles, amending Regulations (EC) No 715/2007 and
(EC) No 595/2009 and repealing Directive 2007/46/EC.

SAE J182 (2015) “Motor Vehicle Fiducial Marks and Three-dimensional
Reference System”.

SAE J1100 (2009) “Motor Vehicle Dimensions”.

SAE J1516 (2011) “Accommodation Tool Reference Point for Class B
Vehicles”.

SAE J1517 (2011) “Driver Selected Seat Position for Class B Vehicles - Seat
Track Length and SgRP”.

UN ECE Regulation 107 Uniform provisions concerning the approval of
category M, or M3 vehicles with regard to their general construction.

UN ECE Regulation 46 Uniform provisions concerning the approval of devices
for indirect vision and of motor vehicles with regard to the installation of these
devices.
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5

Definitions

For the purpose of this Protocol:

Accelerator heel point (AHP) - a point on the shoe located at the
intersection of the heel of shoe and the depressed floor covering, when the
shoe tool is properly positioned. (Essentially, with the ball of the foot
contacting the lateral centre line of the undepressed accelerator pedal, while
the bottom of the shoe is maintained on the pedal plane). As defined in SAE
J1516, SAE J1517 and SAE J1100.

AHP height - vertical height in the Z axis between the ground plane and AHP.

Ambinocular vision - the total combined field of view that can be seen by at
least one eye.

Angle of incidence - the angle which a sightline makes with a plane that is
angled perpendicular to the surface at the obstruction point

Approval Authority - the body within TfL that certifies that a bus is approved
for use in the TfL fleet and assigns its score under the bus safety standard for
use in procurement processes.

Assessment zone - the volume around the vehicle under test defining the
volume of space that needs to be seen by the driver in order to view
vulnerable road users within the area of greatest risk. The assessment zone is
defined by collision data and by the UN ECE Regulation 46 indirect field of
vision requirements.

Assessment zone element - an element of known volume, and with no
single dimension exceeding [100Jmm, that forms part of the overall
assessment zone volume

Blind spot - a blind spot is a volume of space around the vehicle under test
that cannot be seen by a driver either through the daylight opening (DLO) or
through the indirect vision devices installed on the vehicle.

Blind spot volume - the proportion of the assessment zone that cannot be
seen by the driver through either the direct or indirect fields of view

Bus vision standard performance score - the proportion of each
assessment zone visible to the driver through the direct field of view.

Camera - a device that renders an image of the outside world and converts
this image into a signal (e.g. video signal)

Camera point - a point representing the origin of the field of view of a camera

Camera-monitor system (CMS) - an indirect vision device where the field of
vision is obtained by means of a UN ECE Regulation 46 certified combination
of camera and monitor systems

Coordinate system - the three-dimensional vehicle coordinate system that is
established in SAE J182.
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Daylight opening (DLO) - an area of a vehicle, windscreen or other glazed
surface, whose light transmittance (measured perpendicular to the surface) is
not less than 70%. As defined in UN ECE Regulation 125.

Direct field of view - the field of view seen without the aid of any additional
devices.

Direct vision volume - the proportion of the assessment zone visible to the
driver through the direct field of view.

Direct vision performance score - the proportion of each assessment zone
visible to the driver through the direct field of view.

Eye points (E., Er) - two points representing the driver’s left and right eyes.
These are the points from which sightlines originate.

ETRTO - European Tyre and Rim Technical Organisation

Gross vehicle weight (GVW) - the maximum permitted mass of a vehicle
when fully loaded.

Ground plane - horizontal plane, parallel to the XY plane, at ground level.

Indirect field of view - the field of view seen through the aid of an additional
device such as mirrors or camera-monitor systems (CMS).

Indirect vision volume - the proportion of the assessment zone visible to the
driver through the indirect field of view.

Indirect vision performance score - the proportion of each assessment
zone visible to the driver through the indirect field of view.

Monitor - a device that converts a signal into images that are rendered into
the visual spectrum.

Monocular vision - the total field of view that can be seen by a single eye or
camera.

Neck pivot point (P) - point about which a driver's head turns on a horizontal
plane.

Obstruction point - a point located on the vehicle structure that obstructs the
driver field of view.

Reference eye point (E,s) - midpoint between left and right eye points at
centre line of driver.

Reflection point - a point located on a mirrored surface that reflects the
driver field of view.

Sightline - a line representing the driver's line of sight from an eye point to an
obstruction point, reflection point or a given angle.

Test service - the organisation undertaking the testing and certification of the
results to the Approval Authority.

Total driver vision volume - the proportion of the assessment zone visible to
the driver through ether the direct or indirect fields of view.
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¢ Vehicle length - the distance in the X axis between two points located at the
foremost and rearmost aspect of the vehicle structure, excluding all features
listed in Appendix A.

¢ Vehicle structure - all relevant vehicle glazing and bodywork, excluding all
features listed in Appendix A.

¢ Vehicle under test (VUT) - the vehicle tested according to this protocol.

¢ Vehicle width - the distance in the Y axis between two points located at the
most lateral aspects of the vehicle structure coincident to the first axle,
excluding all features listed in Appendix A.
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6.3
6.3.1

6.4
6.4.1

Neck Pivot Point Location (P)

The neck pivot point (P) is defined as an offset of -98mm from the Ees
point in the X axis, as shown in Figure 16.

Left and Right Eye Point Locations (E_, Er)

The left and right eye points (EL and ER) are defined as an offset of
+32.5mm from the Eref point in the Y axis, as shown in Figure 16.

O «—E Co-ordinates
A R

x |
- 98 mm >
. 5"
S
8l el Tx AN x
v Reference eye Driver head Neck pivot
%' point (E_,) centreline point (P)
\
E

L

Figure 16: Definition of left and right eye point (E_ and Eg) positions relative to

6.5
6.5.1

6.5.2

6.6
6.6.1

the neck pivot point (P) and reference eye point (Eef)

Neck Pivot Point Range of Motion (B)

The horizontal rotation () of the neck pivot point, which determines the
relative motion of the eye points, is defined by a maximum range of motion
of [+90°] rotation about the neck pivot point (P), as shown in Figure 17. For
the assessment procedure, B shall be adjusted in increments of [10°].

There shall be no vertical rotation about the neck pivot point.

Eye Point Range of Motion (0)

The horizontal rotation (8, 6g) of both eye points is defined by a maximum
range of motion of [+30°] rotation about each eye point (E; and ER), as
shown in Figure 17. For the assessment procedure, 6, and 6g will be
adjusted in increments of [3°].
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6.9 Camera Point Fields of View (a, A)

6.9.1 The angle of the centre of the field of view shall be provided for each
camera point (C,) by the manufacturer, as shown in Figure 19 and Figure
20. The horizontal angle shall be formed between the centre of the field of
view and XZ plane (a,), with a positive value used when angled outboard
relative to the longitudinal centreline of the VUT. The vertical angle shall
be formed between the centre of the field of view and XY plane (A,), with a
positive value used when angled downward relative to the XY plane.

6.9.2 The maximum range of the horizontal field of view, both inboard and
outboard (an 1, an_o), for each camera point (C,) shall be provided by the
manufacturer, as shown in Figure 19. For the assessment procedure, a, |
and an o Will be adjusted in increments of [3°] between the extents of the
maximum ranges.

XZ Plane

Centre of

\

\
\7 Field of View
\

Co-ordinates

Camera Point

Figure 19: Plan view of horizontal field of view range for camera point

6.9.3 The maximum range of the vertical field of view, both upward and
downward (A, u, An D), for each camera point (C,) shall be provided by the
manufacturer, as shown in Figure 20. For the assessment procedure, A, u
and An_p will be adjusted in increments of [3°] between the extents of the
maximum range of motion.

TRANSPORT
MAYOR OF LONDON FOR LONDON

EVERY JOURNEY MATTERS




Transport for London e

Camera Point

/ /YZ Plane

Side of Bus —»

L.,

Co-ordinates

N
N
S
N
N
N
N
N
N
S
N
N
N
N
N
N
N
N
N)

N
Centre of ™~
Field of View

:////////I/II//I////”I L ~

—
-
—
o

Figure 20: Frontal view of vertical field of view range for camera point

6.10

6.10.1

6.10.2

6.11
6.11.1

6.12
6.12.1

Assessment Zones

The following three assessment zones shall be defined:
a) Forward Close Proximity Zone

b) Rearward Close Proximity Zone

c) Wide-Angle Zone

Where these assessment zones are defined in relation to the limits of the
vehicle length and width, these limits shall include all relevant vehicle
glazing and bodywork, but exclude all features listed in Appendix A.

Assessment Zone Height

Each assessment zone shall be formed by a volume, including the
following defined areas, at heights of Z = [0]m through to Z = [1.602]m
from the ground plane.

Forward Close Proximity Zone

The dimensions of the forward close proximity assessment zone are
shown in Figure 21 and described below:

a) The forward outer boundary of the assessment zone is defined by a
plane parallel to the YZ plane and located [2]m in front (+X axis) of the
foremost aspect of the vehicle structure.

b) The nearside (left side) outer boundary of the assessment zone is
defined by a plane parallel to the XZ plane and located [4.5]m outboard
(+Y axis) from the most lateral aspect of the nearside of the vehicle
structure.

c) The offside (driver side) outer boundary of the assessment zone is
defined by a plane parallel to the XZ plane and located [2]m outboard (-
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6.14 Wide-Angle Zone

6.14.1 The dimensions of the wide-angle assessment zones, which are principally
based on the field of vision zones specified for Class IV mirrors in UN ECE
Regulation 46, are shown in Figure 24 and described below:

6.14.2  Nearside (left side) wide-angle assessment zone:

a) The rearward boundary of the assessment zone is defined by a plane
parallel to the YZ plane and located [25]m to the rear (-X axis) of the
reference eye point (Erer).

b) The outer boundary of the assessment zone is defined by a plane
parallel to the XZ plane, located [15]m outboard (+Y axis) from the
most lateral aspect of the nearside of the vehicle structure and
extending between [10]m to the rear (-X axis) of the reference eye
point (Eref) and the rearward boundary of the assessment zone.

c) The inner boundary of the assessment zone is defined by a plane
parallel to the XZ plane, located [4.5]m outboard (+Y axis) from the
most lateral aspect of the nearside of the vehicle structure and
extending between [1.5]m to the rear (-X axis) of the reference eye
point (Eref) and the rearward boundary of the assessment zone.

6.14.3  Offside (driver side) wide-angle assessment zones:

a) The forward boundary of the assessment zone is defined by a plane
parallel to the YZ plane, located [1.5]m to the rear (-X axis) of the
reference eye point (Erer) and extending to [4.5]m outboard (-Y axis)
from the most lateral aspect of the offside of the vehicle structure.

b) The rearward boundary of the assessment zone is defined by a plane
parallel to the YZ plane and located [25]m to the rear (-X axis) of the
reference eye point (Eres).

c) The outer boundary of the assessment zone is defined by a plane
parallel to the XZ plane, located [15]m outboard (-Y axis) from the most
lateral aspect of the nearside of the vehicle structure and extending
between [10]m to the rear (-X axis) of the reference eye point (Ers) and
the rearward boundary of the assessment zone.

d) The inner boundary of the assessment zone is defined by a plane
parallel to the XZ plane and located [2]m outboard (-Y axis) from the
most lateral aspect of the nearside of the vehicle structure.
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7.5
7.5.1

7.6
7.6.1

Tinting
Where any area of a windscreen or other glazed surface has a light
transmittance of less than 70% (when measured normal to the surface),

this area should be considered opaque. Thus, the DLO boundary is further
defined by the boundaries of any tinted areas.

Glazing Angle

Where the angle of incidence (8)) between the surface of [any section of
glazing] and the sightline from at least one eye is angled at greater than
[70°], [when looking at the surface from any angle,] this area shall be
considered opaque (Figure 28). The DLO boundary is therefore further
defined by the boundaries of any glazed surfaces defined as opaque.

Normal to glazing

Sightline X

Glazing Co-ordlnates

Figure 28: lllustration of angle of incidence between the sightline and glazing

7.7
7.71

7.7.2

7.7.3

7.74

Mirror Positioning

Accurate CAD models of mirror surfaces, mirror housings and mirror arms
shall be included and shall include accurate representation of the curved
surfaces for non-planar mirrors. Mirror surfaces and mirror arm model
information shall be recorded.

Mirror arms and housing shall be positioned in their in-use position, i.e. not
stowed away.

If mirror housings provide a range of adjustment in their in-use position,
they shall be adjusted to a representative position for the assessment. The
angles that the mirror housing makes relative to the X/Y/Z-axes of the
vehicle shall be recorded, alongside the position of the attachment to the
mirror arm.

Mirror surfaces shall then be adjusted within the mirror housing to meet
UN ECE Regulation 46 requirements.
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7.7.5

7.8
7.8.1

7.9
7.9.1

710
7.10.1

711
7111

All mirrors, mirror housings and mirror arms shall be adjusted within
manufacturer defined ranges of motion. All mirrored surfaces shall comply
with the requirements relating to the radii of curvature in UN ECE
Regulation 46. Any mirror not complying with these requirements shall be
designated as part of the vehicle structure.

Camera-Monitor Systems (CMS)

Accurate CAD models of the exterior geometries for the camera, camera
housing and monitor shall be included. Monitors shall be positioned in their
manufacturer recommended positions, i.e. not stowed away. All camera-
monitor systems (CMS) shall comply with UN ECE Regulation 46
requirements. Any CMS not complying with these requirements shall be
designated as part of the vehicle structure.

Accelerator Heel Point (AHP) Height

Where different running gear (tyres, wheels, suspensions) are available on
the same model, then by default, the CAD data shall reflect the worst-case
configuration. This shall be the configuration that results in the AHP being
at the greatest possible distance from the ground plane. The results of this
assessment may then be applied to all variants with identical body work
and mirror arrangements where the AHP is nearer to the ground.
Alternatively, the manufacturer may at their discretion assess more than
one variant. CAD data shall represent a bus in the following running order:

a) the suspension enabling the vehicle ground clearance to be adjusted, if
applicable, is set to the highest setting for normal driving

b) the specified tyres should be at their maximum ETRTO diameter

c) the tyre pressures are set according to manufacturer's
recommendations

d) the fuel tank is filled to no greater than 10% of the capacity specified by
the manufacturer

e) other fluid levels, such as lubricants, coolants, etc., are set according to
manufacturer's recommendations

f) the driver seat is occupied with a driver of 68 kg mass
g) no additional payload or passenger ballast is added

Steering Wheel Position

The steering wheel shall be positioned in the geometric centre of the
steering wheel adjustment envelope, as defined by the manufacturer.

Driver Seat Position

The driver seat shall be located at the rearmost and lowest point of the
driver seat adjustment envelope, as defined by the manufacturer.
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712
7121

713
7.13.1

7.13.2

7.13.3

Accelerator Heel Point (AHP)

The CAD data shall also contain a definition of the Accelerator Heel Point
(AHP). The AHP is a key reference point for the definition of the eye points
used for the assessment and shall be defined as per the process
documented in SAE J1516, SAE J1517 and SAE J1100.

Other Vehicle Components

Adjustable equipment designed for intermittent use during rare
circumstances while driving, such as windscreen wipers or windscreen sun
visors, or for non-driving use shall be set in the not-in-use or stowed away
position.

Adjustable equipment designed for regular use or that may reasonably be
expected to be left permanently in the in-use position by most drivers,
such as adjustable armrests, shall be in the in-use position and adjusted to
represent the worst-case obstruction to direct vision, as determined by the
test service.

All internal components entirely obstructed by the driver cab, such as
passenger seats, poles, staircase, may be removed to speed up the
simulation process. Such internal components have no effect on the vision
zones.
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8

8.1
8.1.1

8.1.2

8.2
8.2.1

8.3
8.3.1
8.3.2

8.4
8.4.1

Test procedure

Sightline Projections

Every combination of neck pivot point and eye point angles (B, 8), within
the ranges defined in Section 6, and camera field of vision angles (a, A),
within the ranges specified by the manufacturer, shall be analysed
according to the following protocol. It is recommended that this process is
automated through a computer programme. A breakdown of the neck pivot
point and eye point angles to be assessed is provided in Appendix B.

Each sightline shall be projected from a point of origin located at each eye
point and camera point location to be assessed. Each sightline shall be
increased in length in increments of [100]Jmm, to project along the eye
point or camera point angle, until the sightline reaches a length of [40]m or
intersects with the following:

a) an opaque vehicle structure that is defined as a mirrored surface. In
this case, the sightline shall be geometrically reflected by mirroring the
angle of incidence relative to the normal of the mirror surface at the
obstruction point.

b) an opaque vehicle structure not defined as a mirrored surface. In this
case, the projection of the sightline shall be terminated at the
obstruction point.

Determining the Direct Vision Volume (Vp)

All assessment zone elements intersected by a sightline originating from
either driver eye point (i.e. not at a camera point), but that has not been
reflected from a mirrored surface, shall be designated as visible through
the direct field of vision of the driver. The volume of these individual
elements shall be summed to form the direct vision volume (Vp).

Determining the Indirect Vision Volume (V))
Mirrors (V| m)

All assessment zone elements intersected by a sightline originating from
either driver eye point (i.e. not at a camera point) after reflection from a
mirrored surface, but that have not been designated as visible via the
direct field of vision, shall be designated as visible through the indirect field
of vision of the driver using a mirror. The volume of the individual elements
shall be summed to form the indirect vision volume for mirrors (V, wm).

Camera-monitor Systems (CMS) (V, ¢)

All assessment zone elements intersected by a sightline originating from a
camera point, but that have not been designated as visible via either the
direct field of vision or via reflection by a mirrored surface, shall be
desianated as visibhle throuah the indirect field of vision of the driver usina
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8.5
8.5.1

8.5.2

8.5.3

8.6
8.6.1

8.6.2

8.6.3

8.7
8.7.1

8.7.2

8.7.3

a CMS. The volume of the individual elements shall be summed to form
the indirect vision volume for CMS (V| ¢).

Indirect Vision Volume (V))

The indirect vision volume (V) associated with each assessment zone
shall be calculated through the summation of the indirect vision volume for
mirrors (V| m) and the indirect vision volume for CMS (V, ¢).

Thus, for each assessment volume:
Vi=Vim+Vie

All volumes shall be calculated in cubic millimetres (mm3) and to the
nearest decimal place.

Determining the Total Driver Vision Volume (Vr)

The total driver vision volume (V) associated with each assessment zone
shall be calculated through the summation of the direct vision volume (Vp)
and the indirect vision volume (V)).

Thus, for each assessment volume:
VT = VD + VI

All volumes shall be calculated in cubic millimetres (mm3) and to the
nearest decimal place.

Determining the Blind Spot Volume (Vg)

The blind spot volume (V) associated with each assessment zone shall
be calculated through the subtraction of the total driver vision volume (V7)
from the assessment zone volume (Va).

Thus, for each assessment volume:
VB - VT + VA

All volumes shall be calculated in cubic millimetres (mm3) and to the
nearest decimal place.
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9

91
9.1.1

9.1.2

913

9.2
9.2.1

922

9.23

9.3
9.3.1

9.3.2

933

Assessment of results

Direct Vision Performance Score (DVS)

The direct vision performance score calculates the proportion of each
assessment zone visible to the driver through the direct field of view. This
is calculated by dividing the assessment zone volume (V,) by the relevant
direct vision volume (Vp).

Thus, for each assessment volume:
Vp
DVS =—19
Vy %

The direct vision performance score shall be calculated as a percentage to
[a single] decimal place.

Indirect Vision Performance Score (IVS)

The indirect vision performance score calculates the proportion of each
assessment zone visible to the driver through the direct field of view. This
is calculated by dividing the assessment zone volume (Va) by the relevant
indirect vision volume (V).

Thus, for each assessment volume:

ws =YLy
78

The indirect vision performance score shall be calculated as a percentage
to [a single] decimal place.

Total Driver Vision Performance Score (TVS)

The total driver vision performance score calculates the proportion of each
assessment zone visible to the driver through the direct and indirect fields

of view. This is calculated by dividing the assessment zone volume (Va) by
the relevant total driver vision volume (V7).

Thus, for each assessment volume:

TVS:ﬁ‘V
v,

The total driver vision performance score shall be calculated as a
percentage to [a single] decimal place.
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9.4.1

©

Bus Vision Standard Performance Rating Score (BVS)
The bus vision standard performance rating score calculates a normalised,

weighted, score to provide an overall rating score to describe the relative
safety performance of different vehicles.

942

[London collision data has been used to weight the importance of each

assessment zone with respect to the potential casualty prevention
potential of each zone around the vehicle.] This has been combined with
research further weighting the differences in importance between direct
and indirect vision with respect to their relative casualty prevention

potentials. These weighting factors are shown in Table 15.

Table 15: Weighting factors for each assessment zone

Direct Vision |Indirect Vision Casualty
Assessment Zone Weighting Weighting Weighting

Factor (Wp) Factor (W) Factor (W¢)
Forward Close Proximity Zone 100% 50% [69]%
Rearward Close Proximity Zone - 100% [28]%
Wide Angle Zones - 100% [3]1%

Note: Rearward close proximity and wide angle zones should be visible through indirect vision only

The weighted bus vision standard performance rating score for each

assessment zone is calculated by multiplying the summation of the
weighted direct and indirect vision performance scores with the relevant

The overall bus vision standard performance rating score (BVS) of the

VUT shall be calculated by summing the weighted scores of each
assessment zone and shall be calculated as a percentage to a single

943

casualty weighting factor.
944

decimal place.
945

Table 16 shows hypothetical results as a worked example.

Table 16: Example scoring and weighting process to obtain the overall bus
vision standard performance rating score (BVS) for the VUT

MAYOR OF LONDON

Assessment Zone DVS | Wp IVS W, Wc BVS
Forward Close Proximity Zone |89.7% | 100% | 5.2% | 50% | [69]% | 63.7%
Rearward Close Proximity Zone - - 30.3% | 100% | [28]1% | 8.5%
Wide Angle Zones - - 12.8% | 100% | [3]1% | 0.4%
Overall BVS|72.6%
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10.3 Protocol Compliance

10.3.1 To confirm protocol compliance, the Test Service shall provide information
including:

a) Details of the software packages used (e.g. CAD software)

b) Origin of the CAD model (i.e. from manufacturer or result of laser
scan).

c) Information that may be used to verify the level of detail of the CAD
model.

d) Minimum and maximum element sizes used for the assessment zones.

104 Reference Information

10.4.1 As a minimum, the Test Service shall provide reference information
including:

a) Vehicle make;

b) Vehicle model;

c) Vehicle model variant;

d) Vehicle running order information;

e) Vehicle steering wheel and driver seat positions;
f) AHP location;

g) Mirror and mirror arm model/s fitted,

h) CMS model/s fitted, if applicable;

i) Mirror positioning, including information on locations and adjustment
angles;

j) CMS information, including locations and fields of view;

k) Details on any glazed areas defined as opaque (due to
frit/tinting/angle);

I) Details of the Test Service; and
m) Test date(s).
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Annex 2 Components excluded in defining the
assessment zones

Vehicle length

Vehicle length relates to a dimension is measured according to ISO standard 612-
1978, term No. 6.1. In addition to the provisions of this standard, when measuring
vehicle length, the following components shall not be taken into account:

wiper and washer devices,

front or rear marker-plates,

customs sealing devices and their protection,

devices for securing the load restraint(s)/cover(s) and their protection,
lighting and light signalling devices,

mirrors or other devices for indirect vision,

reversing aids,

air-intake pipes,

length stops for demountable bodies,

access steps and hand-holds,

ram rubbers and similar equipment,

lifting platforms, access ramps and similar equipment in running order, not
exceeding 300 mm,

coupling and recovery towing devices for power driven vehicles,

trolleybus current collection devices in their elevated and retracted positions,
external sun visors,

de-mountable spoilers,

exhaust pipes.

Vehicle width

Vehicle width relates to a dimension is measured according to ISO standard 612-
1978, term No. 6.2. In addition to the provisions of this standard, when measuring
the vehicle width, the following components shall not be taken into account:

customs sealing devices and their protection,

devices for securing the tarpaulin and their protection,

tyre failure tell-tale devices,

protruding flexible parts of a spray-suppression system,

lighting and light signalling devices,

for buses, access ramps, lifting platforms and similar equipment in their
stowed position.

rear-view mirrors or other devices for indirect vision,

tyre-pressure indicators,

retractable steps,

the deflected part of the tyre walls immediately above the point of contact with
the ground,

external lateral guidance devices of guided buses,

running boards,
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Breakdown of head and eye angles

Annex 2

Head Angles (degrees)
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Attachment 20: Bus Vision Standard
Guidance Notes

1 Introduction

All buses shall allow the driver to have sufficient vision of their surroundings to allow
the execution of all driving tasks required in service in London.

All buses shall have a high standard of direct and indirect vision in areas close to the
vehicle where vulnerable road users are at particular risk of collision with a bus
undertaking low speed manoeuvres. This is referred to as close proximity vision.

This document sets out the guidance notes related to the assessment of Direct and
Indirect Vision. These guidance notes are aimed at bus operators and manufacturers
as a practical guide for implementation of the Bus Safety Standard.

These notes are for guidance only, and are not legally binding. In all circumstances,
the guidance provided by a manufacturer of the bus or system shall take
precedence, and these guidance notes are only for use in the absence of other
information. These are not intended to be exhaustive, but to point the operators
toward practical advice and questions to raise with manufacturers/suppliers.

2 Selection of buses/systems
Any bus that meets the TfL Bus Vehicle Specification.

The Direct and Indirect Vision requirements may be assessed against a new build
bus, or against a vehicle fitted with an aftermarket retrofit vision system.

2.1 Compliance and warranty

A bus operator should ask to see compliance certificates for UNECE Regulation 46
and warranty information for any camera monitor system (CMS) from the bus
manufacturer and/or the aftermarket supplier.

2.2 Interpreting the requirements and selecting the most
effective way to fulfil them

The requirements relate to both direct vision, where the driver looks directly through
the windows and transparent areas of the bus structure in order to see the road and
traffic environment outside, and indirect vision, where the driver looks in mirrors,
monitors or other devices to see parts of the road and traffic environment around the
vehicle.

In order to recognise a potentially dangerous situation in low speed manoeuvring
and successfully avoid a collision the following elements are required:
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e Available to be seen: The hazard (pedestrian, cyclist, other vehicle etc.)
needs to be available to be seen by the driver sufficiently ahead of time to
allow avoiding action to be taken. That means the hazard needs to be in view
at least approximately 2 seconds before collision

e Alert and attentive: The driver needs to be attentive to the road and traffic
environment and alert to the possible need to react

¢ Looking in the right direction: In complex driving situations, the driving task
can demand attention in multiple different directions; the driver needs to be
looking in the right direction at the right time to see the hazard. In dynamic
moving environments this is not guaranteed even if the driver is alert and
attentive.

¢ Recognition: Once the hazard is seen, then the driver must recognise the
hazard and the risk that it poses

¢ Reaction: Once the risk is recognised, the driver must react quickly and
correctly to the risk; in some circumstances this may be steering around the
hazard, in many it will be braking the vehicle to a stop and in others it might
simply be to remain stationary instead of moving off from rest.

Direct vision and each different form of indirect vision have different benefits and
disbenefits. The Bus Vision Standard (BVS) and associated vision test and
assessment procedure recognises that current buses already have very good direct
vision relative to other large vehicles and so sets a minimum standard that ensures
that standard is maintained in the face of other competing pressures in future. It will
recognise improvements over and above this minimum standard but also recognises
the opportunities for improvement are relatively small.

In addition to this, the BVS will set a minimum standard for the overall level of vision,
whether implemented via direct or indirect vision. However, it will not prescribe how
this will achieved and will recognise vision performance over and above the
minimum standard. This leaves manufacturers and operators to choose the solutions
that work best with their designs and operations. In making those choices,
manufacturers and operators should bear in mind the requirements above, the
guidance below about different aspects of different solutions and the interaction with
systems such as blind spot warning or intervention systems (BSW) (see separate
BSW requirements, test procedures and guidance documents).

2.3 Direct vision

Direct vision is generally seen as being more effective than indirect vision. This is
because it offers benefits in the ‘recognition’ phase described above. For example,
objects appear at life size, free from distortion and movement of a hazard relative to
the vehicle is large and more likely to attract attention in peripheral vision. In addition
to this, it is possible for drivers to make eye-contact with other road users around the
vehicle which is thought to improve confidence that people have been seen and to
help read intention of next moves. There is experimental evidence to show that
drivers react significantly more quickly to the presence of vulnerable road users
around the vehicle when they are seen via direct vision, rather than via indirect
vision.

However, it is not practlcally possible to see all necessary areas around a large
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eye point will be difficult because of the need for the driver to rotate eyes, neck and
even body to direct their view there and because buses serve a purpose and seats,
passengers and other structural elements cannot all be made transparent.

24 Indirect vision

The use of mirrors or camera monitor systems can be cost effective solutions that
allow areas to the rear of the driver's eyes or specific blind spots in the forward field
of view to be easily seen. However, the ability of drivers to recognise hazards can be
more difficult:

o Image size: Hazards seen in mirrors or monitors will typically be smaller than
life size and their relative motion with the vehicle less easy to identify in
peripheral vision. Thus, larger mirrors or monitors may be preferable to
smaller devices.

o Conflicts with direct vision: Mirrors or monitors placed in areas around
windows will cause some obstruction to direct vision. In this case smaller
devices may be considered preferable. However, compromises that position
devices in places where direct vision is less important or where it coincides
with existing less avoidable obstructions such as A-pillars already exist may
be better, bearing in mind the possible recognition benefits of larger images.

¢ Distortion: strongly curved mirrors or fish eye camera lenses can produce
very large fields of view from a single source, which can be seen as a benefit
if the size of the view is all that is considered and not the quality of the image.
Each of these techniques can produce distorted images that may make it
harder for drivers to recognise hazards and interpret risk particularly during
quick mirror checks. However, sophisticated software in some camera monitor
systems may be able to enhance images in poor conditions such that image
quality is higher than with equivalent mirrors.

o Driver workload: Evidence in HGVs suggests that scanning direct vision and
up to 6 mirrors during a complex low speed manoeuvre takes a significant
amount of time. This increases driver workload such that although a hazard
may more often be ‘available to be seen’ the driver may be looking in the right
place at the right time less frequently, while still being diligently attentive and
alert. Thus, indirect vision devices that add to driver workload by increasing
the number of places they need to look or by requiring them to move their
gaze further from the other areas they need to scan are likely to increase
driver workload. This may detract from, or even reverse, the other benefits
that the devices provide.

e Adjustment: Poor adjustment can very substantially reduce the useful
available view from a device. Operators should request guidance from the bus
manufacturer or aftermarket supplier regarding the correct adjustment of the
mirror or CMS.

The protocol has been designed to minimise the likelihood of such occurrences and
requires compliance with the minimum standards set in these respects by UNECE
Regulation 46. However, a wide range of differences in approach are still possible
within these constraints and manufacturers and operators should aim to select the
best solutions they can bearing in mind these factors and their other operational
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It is possible that some camera monitor systems intended to replace mirrors may
emerge that attempt to resolve some of these conflicts by varying the views
displayed on the monitors, depending on the vehicle and traffic situation at the time.
For example, class Il mirrors may be removed and replaced by a rectangular monitor
mounted on each A-pillar. However, the camera system may also be capable of
showing a class V close proximity side view and/or a rear view immediately behind
the vehicle. When travelling forward at normal speeds the offside mirror may show
the class Il display only, the nearside may show a large class Il display and a small
class V display. At low speeds when indicators are activated this ratio may reverse
such that a large class V view is displayed and a small class Il. When reverse is
selected perhaps both monitors may show a 50/50 class Il and rear vision view. This
approach has clear potential benefits but is a new technology and the workload
requirements and effects on recognition are not clearly understood at this time. Such
systems are well worth investigation but operators may wish to consider trialling
them in pilot phases with objective feedback from drivers before widespread rollout.

3 Training

3.1 For test houses

The recommended method to complete the assessment involves the use of CAD
and finite element (FE) modelling so test houses should have experience of such
techniques.

Test houses accredited to undertake approval tests to UNECE Regulation 46 will be
considered suitable to undertake performance tests if they have the necessary CAD
and FE experience. Test houses without such accreditation will be required to
demonstrate to TfL at their own expense that they can achieve the same standard of
testing as an accredited organisation.

3.2 Bus drivers

Drivers should be trained to correctly adjust mirrors and/or CMS to provide the
required field of view.

Where a monitor is used to meet the indirect vision requirements, drivers should be
trained to understand the orientation and perspective of the image. In particular,
where a camera monitor system replaces existing mirrors, drivers should be
thoroughly familiarised with the system.

3.3 Shift Supervisors

Supervisors should aim to ensure drivers are correctly adjusting mirrors and/or CMS
to provide the required field of view and that they are familiar with the image
provided by camera monitor systems.

3.4 Bus maintenance engineers

The engineers carrying out general bus maintenance should be aware of the location
and details of anv cameras related to a CMS. Trainina should be based on the
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importance of ensuring the cameras are correctly aligned, undamaged and
unobstructed.

4 Maintenance

Operators are encouraged to establish what (if any) daily checks are required, and to
plan for these additional operational costs.

5 Repair

If during system maintenance checks (section 4) any of the mirrors and/or cameras
is deemed to be faulty or failing they should be replaced as soon as possible. The
extent of the vision provided by the mirrors and/or cameras is completely contingent
on the mirrors and cameras being clean and undamaged.
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Attachment 21: Blind Spot Mirrors
Guidance Notes

1 Introduction

All buses shall allow the driver to have sufficient vision of their surroundings to allow
the execution of all driving tasks required in service in London.

All buses shall have a high standard of direct and indirect vision in areas close to the
vehicle where vulnerable road users are at particular risk of collision with a bus
undertaking low speed manoeuvres. This is referred to as close proximity vision.

This document sets out the guidance notes related to the assessment of Direct and
Indirect Vision. Specifically, in relation to blind spot mirrors. These guidance notes
are aimed at bus operators and manufacturers as a practical guide for
implementation of the Bus Safety Standard.

These notes are for guidance only, and are not legally binding. In all circumstances,
the guidance provided by a manufacturer of the bus or system shall take
precedence, and these guidance notes are only for use in the absence of other
information. These are not intended to be exhaustive, but to point the operators
toward practical advice and questions to raise with manufacturers/suppliers.

2 Selection of buses/systems
Any bus that meets the TfL Bus Vehicle Specification.

The Direct and Indirect Vision requirements may be assessed against a new build
bus, or against a vehicle fitted with an aftermarket retrofit blind spot mirror system.

2.1 Compliance and warranty

A bus operator should ask to see documentary evidence of compliance with the
requirements.

2.2 Interpreting the requirements and selecting the most
effective way to fulfil them

The use of mirrors can be a cost effective solution that allow areas to the rear of the
driver's eyes or specific blind spots in the forward field of view to be easily seen.
However, the ability of drivers to recognise hazards can be more difficult:

¢ Image size: Hazards seen in mirrors will typically be smaller than life size and
their relative motion in regards to the vehicle less easy to identify in peripheral
vision. Thus, larger mirrors may be preferable to smaller devices.

¢ Distortion: strongly curved mirrors can produce very large fields of view from a
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is considered and not the quality of the image. This can produce distorted
images that may make it harder for drivers to recognise hazards and interpret
risk particularly during quick mirror checks.

e Driver workload: Evidence in HGVs suggests that scanning direct vision and
up to 6 mirrors during a complex low speed manoeuvre takes a significant
amount of time. This increases driver workload such that, although a hazard
may more often be ‘available to be seen’, the driver may be looking in the
right place at the right time less frequently, while still being diligently attentive
and alert. Thus, indirect vision devices that add to driver workload by
increasing the number of places they need to look or by requiring them to
move their gaze further from the other areas they need to scan are likely to
increase driver workload. This may detract from, or even reverse the other
benefits that the devices provide.

¢ Adjustment: Poor adjustment can vary substantially and therefore reduce the
useful available view from a device. Operators should request guidance from
the bus manufacturer or aftermarket supplier regarding the correct adjustment
of the mirror.

The protocol has been designed to minimise the likelihood of such occurrences and
requires compliance with the minimum standards set in these respects by UNECE
Regulation 46. However, a wide range of differences in approach are still possible
within these constraints and manufacturers and operators should aim to select the
best solutions they can bearing in mind these factors and their other operational
constraints.

3 Training

3.1 Bus drivers

Drivers should be trained to appropriately install and correctly adjust mirrors to see
the relevant visibility zones.

3.2 Shift Supervisors

Supervisors should aim to ensure drivers are correctly adjusting mirrors to provide
the required field of view.

4 Maintenance

Operators are encouraged to establish what (if any) daily checks are required, and to
plan for these additional operational costs.

5 Repair

If during system maintenance checks (section 4) any of the mirrors are deemed to be
faulty or they should be replaced as soon as possible. The extent of the vision
provided by the mirrors is completely contingent on them being clean and
undamaged.
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Attachment 22: Camera Monitor
Systems (CMS) Guidance Notes

1 Introduction

All buses shall allow the driver to have sufficient vision of their surroundings to allow
the execution of all driving tasks required in service in London.

All buses shall have a high standard of direct and indirect vision in areas close to the
vehicle where vulnerable road users are at particular risk of collision with a bus
undertaking low speed manoeuvres. This is referred to as close proximity vision.

This document sets out the guidance notes related to the assessment of Direct and
Indirect Vision. Specifically, in relation to camera monitor systems. These guidance
notes are aimed at bus operators and manufacturers as a practical guide for
implementation of the Bus Safety Standard.

These notes are for guidance only, and are not legally binding. In all circumstances,
the guidance provided by a manufacturer of the bus or system shall take
precedence, and these guidance notes are only for use in the absence of other
information. These are not intended to be exhaustive, but to point the operators
toward practical advice and questions to raise with manufacturers/suppliers.

2 Selection of buses/systems
Any bus that meets the TfL Bus Vehicle Specification.

The Direct and Indirect Vision requirements may be assessed against a new build
bus, or against a vehicle fitted with an aftermarket retrofit camera monitor system.

2.1 Compliance and warranty

A bus operator should ask to see compliance certificates for UNECE Regulation 46
and warranty information for any camera monitor system (CMS) from the bus
manufacturer and/or the aftermarket supplier.

2.2 Interpreting the requirements and selecting the most
effective way to fulfil them

The use of camera monitor systems can be an effective solution to allow areas to the
rear of the driver's eyes or specific blind spots in the forward field of view to be easily
seen. However, the ability of drivers to recognise hazards can be more difficult:

¢ Image size: Hazards seen in monitors will typically be smaller than life size
and their relative motion with the vehicle less easy to identify in peripheral
vision. Thus, larger monitors may be preferable to smaller devices.
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e Conflicts with direct vision: Monitors placed in areas around windows will
cause some obstruction to direct vision. In this case smaller devices may be
considered preferable. However, compromises that position devices in places
where direct vision is less important or where it coincides with existing less
avoidable obstructions (e.g. A-pillars or driver assault screen frames) may be
better, bearing in mind the possible recognition benefits of larger images.

¢ Distortion: fish-eye camera lenses can produce very large fields of view from
a single source, which can be seen as a benéefit if the size of the field of view
is all that is considered and not the quality of the image. This can produce
distorted images that may make it harder for drivers to recognise hazards and
interpret risk particularly during quick mirror checks. However, sophisticated
software in some camera monitor systems may be able to enhance images in
poor conditions such that image quality is higher than with equivalent mirrors.

e Driver workload: Evidence in HGVs suggests that scanning direct vision and
up to 6 mirrors during a complex low speed manoeuvre takes a significant
amount of time. This increases driver workload such that, although a hazard
may more often be ‘available to be seen’, the driver may be looking in the
right place at the right time less frequently, while still being diligently attentive
and alert. Thus, indirect vision devices that add to driver workload by
increasing the number of places they need to look or by requiring them to
move their gaze further from the other areas they need to scan are likely to
increase driver workload. This may detract from, or even reverse the other
benefits that the devices provide.

e Adjustment: Poor adjustment can vary substantially and therefore reduce the
useful available view from a device. Operators should request guidance from
the bus manufacturer or aftermarket supplier regarding the correct adjustment
of the CMS.

The protocol has been designed to minimise the likelihood of such occurrences and
requires compliance with the minimum standards set in these respects by UNECE
Regulation 46. However, a wide range of differences in approach are still possible
within these constraints and manufacturers and operators should aim to select the
best solutions they can bearing in mind these factors and their other operational
constraints.

It is possible that some camera monitor systems intended to replace mirrors may
emerge that attempt to resolve some of these conflicts by varying the views
displayed on the monitors, depending on the vehicle and traffic situation at the time.
For example, class Il mirrors may be removed and replaced by a rectangular monitor
mounted on each A-pillar. However, the camera system may also be capable of
showing a class V close proximity side view and/or a rear view immediately behind
the vehicle. When travelling forward at normal speeds the offside mirror may show
the class Il display only, the nearside may show a large class Il display and a small
class V display. At low speeds when indicators are activated this ratio may reverse
such that a large class V view is displayed and a small class Il. When reverse
selected perhaps both monitors may show a 50/50 class Il and rear vision view. This
approach has clear potential benefits but is a new technology and the workload
requirements and effects on recognition are not clearly understood at this time. Such

TRANSPORT
MAYOR OF LONDON FOR LONDON

EVERY JOURNEY MATTERS




Transport for London e

systems are well worth investigation but operators may wish to consider trialling
them in pilot phases with objective feedback from drivers before widespread rollout.

3 Training

3.1 Bus drivers

Drivers should be trained to correctly adjust the CMS to provide the required field of
view.

Where a monitor is used to meet the indirect vision requirements, drivers should be
trained to understand the orientation and perspective of the image. In particular,
where a camera monitor system replaces existing mirrors, drivers should be
thoroughly familiarised with the system.

Further guidance on installation is to be provided when CMS HMI guidelines are
produced.

3.2 Shift Supervisors

Supervisors should aim to ensure drivers are correctly adjusting CMS to provide the
required field of view and that they are familiar with the image provided by camera
monitor systems.

4 Maintenance

Operators are encouraged to establish what (if any) daily checks are required, and to
plan for these additional operational costs.

5 Repair

If during system maintenance checks (section 4) any of the cameras are deemed to
be faulty or they should be replaced as soon as possible. The extent of the vision
provided by the CMS is completely contingent on the cameras and monitors being
clean and undamaged.

Training should be provided to mechanics/engineers on how to appropriately
maintain and replace CMS systems.
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Attachment 23: Rear view Camera
Monitor Systems (CMS) Guidance

Notes

1 Introduction

All buses shall allow the driver to have sufficient vision of their surroundings to allow
the execution of all driving tasks required in service in London.

All buses shall have a high standard of direct and indirect vision in areas close to the
vehicle where vulnerable road users are at particular risk of collision with a bus
undertaking low speed manoeuvres. This is referred to as close proximity vision.

This document sets out the guidance notes related to the assessment of Direct and
Indirect Vision. Specifically, in relation to rear-view camera monitor systems. These
guidance notes are aimed at bus operators and manufacturers as a practical guide
for implementation of the Bus Safety Standard.

These notes are for guidance only, and are not legally binding. In all circumstances,
the guidance provided by a manufacturer of the bus or system shall take
precedence, and these guidance notes are only for use in the absence of other
information. These are not intended to be exhaustive, but to point the operators
toward practical advice and questions to raise with manufacturers/suppliers.

2 Selection of buses/systems

Any bus that meets the TfL Bus Vehicle Specification.

The Direct and Indirect Vision requirements may be assessed against a new build
bus, or against a vehicle fitted with an aftermarket retrofit rear-view camera monitor
system.

2.1 Compliance and warranty

A bus operator should ask to see compliance certificates for UNECE Regulation 46
and warranty information for any rear-view camera monitor system (CMS) from the
bus manufacturer and/or the aftermarket supplier. The compliance is with regard to
the technical quality of view only.

2.2 Interpreting the requirements and selecting the most
effective way to fulfil them
The use of camera monitor systems can be an effective solution to allow areas to the

rear of the driver’s eyes or specific blind spots in the forward field of view to be easily
seen. However, the ability of drivers to recognise hazards can be more difficult:
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¢ Image size: Hazards seen in monitors will typically be smaller than life size
and their relative motion with the vehicle less easy to identify in peripheral
vision. Thus, larger monitors may be preferable to smaller devices.

e Conflicts with direct vision: Monitors placed in areas around windows will
cause some obstruction to direct vision. In this case smaller devices may be
considered preferable. However, compromises that position devices in places
where direct vision is less important or where it coincides with existing less
avoidable obstructions (e.g. A-pillars or driver assault screen frames) may be
better, bearing in mind the possible recognition benefits of larger images.

¢ Distortion: fish-eye camera lenses can produce very large fields of view from
a single source, which can be seen as a benéefit if the size of the field of view
is all that is considered and not the quality of the image. This can produce
distorted images that may make it harder for drivers to recognise hazards and
interpret risk particularly during quick mirror checks. However, sophisticated
software in some camera monitor systems may be able to enhance images in
poor conditions such that image quality is higher than with equivalent mirrors.

e Driver workload: Evidence in HGVs suggests that scanning direct vision and
up to 6 mirrors during a complex low speed manoeuvre takes a significant
amount of time. This increases driver workload such that, although a hazard
may more often be ‘available to be seen’, the driver may be looking in the
right place at the right time less frequently, while still being diligently attentive
and alert. Thus, indirect vision devices that add to driver workload by
increasing the number of places they need to look or by requiring them to
move their gaze further from the other areas they need to scan are likely to
increase driver workload. This may detract from, or even reverse the other
benefits that the devices provide.

e Adjustment: Poor adjustment can vary substantially and therefore reduce the
useful available view from a device. Operators should request guidance from
the bus manufacturer or aftermarket supplier regarding the correct adjustment
of the CMS.

The protocol has been designed to minimise the likelihood of such occurrences and
requires compliance with the minimum standards set in these respects by UNECE
Regulation 46. However, a wide range of differences in approach are still possible
within these constraints and manufacturers and operators should aim to select the
best solutions they can bearing in mind these factors and their other operational
constraints.

3 Training

3.1 Bus drivers

Drivers should be trained, whether necessary, to correctly adjust the rear-view CMS
to provide the required field of view.

Where a monitor is used to meet the rear-view indirect vision requirements, drivers
should be trained to understand the orientation and perspective of the image.
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Further guidance on installation is to be provided when CMS HMI guidelines are
produced.

3.2 Shift Supervisors

Supervisors should aim to ensure drivers are correctly adjusting CMS to provide the
required field of view and that they are familiar with the image provided by camera
monitor systems.

4 Maintenance

Operators are encouraged to establish what (if any) daily checks are required, and to
plan for these additional operational costs.

5 Repair

If during system maintenance checks (section 4) any of the cameras are deemed to
be faulty or they should be replaced as soon as possible. The extent of the vision
provided by the CMS is completely contingent on the cameras and monitors being
clean and undamaged.

Training should be provided to mechanics/engineers on how to appropriately
maintain and replace CMS systems.
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Attachment 24: Blind Spot Warning
Assessment Protocol

1 Introduction

This document presents a procedure for objectively measuring the performance of
Blind Spot information signal, Warning and intervention (BSW) systems.

1.1 Scope

This protocol applies to all new buses intended for service under contract to TfL that
are passenger vehicles with a maximum mass exceeding 5 tonnes and a capacity
exceeding 22 passengers. The passenger vehicles will be capable of carrying seated
but unrestrained occupants and standing occupants. Such vehicles are categorised
in the Consolidated Resolution on the Construction of Vehicles (R.E.3) as M3; Class
I, Class II.

Note, this standard is intended for application in the UK where vehicles drive on the
left hand side of the road. However, application to regions where vehicles drive on
the right hand side can be achieved by reflecting all scenarios and references to left
and right about the longitudinal plane of the vehicle (global X-axis).

1.2 Purpose

Over many years, blind spots have been identified as contributory factors in
collisions between heavy goods vehicles (HGVs) and vulnerable road users (VRUS).
The direct vision through the glazed areas of HGVs is such that, given their height
from the ground, pedestrians and cyclists can be easily hidden in many areas that
cannot be seen directly and in some areas that cannot be seen either directly or
indirectly through the available mirrors.

The direct vision of buses is superior to that from most HGVs, though fewer mirrors
are legally required on buses resulting in an inferior indirect vision field of view. In
total the blind spot areas in close proximity to buses are smaller. However, collisions
where pedestrians and cyclists are killed or seriously injured when positioned in
close proximity to a moving bus do still occur.

Overall London buses present a much lower risk of cyclist fatality per bus km than
HGVs do. However, the proportion of relevant fatalities that occur in collisions where
the vehicle turned left and hit a cyclist at the nearside or front, thought to be a highly
relevant manoeuvre for blind spots, is only slightly lower than that for HGVs.

By contrast, London buses present a much higher risk of pedestrian fatality per bus
km than HGVs do. However, the proportion of those collisions that involve a vehicle
moving off from rest and running over a pedestrian positioned immediately ahead of

the vehicle, again thought to be a highly relevant manoeuvre for blind spots, is
ailithstantiallv leas than for HGVa
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Direct and indirect vision will be factors in the differences between these vehicle
types, but it is clear that better vision alone does not eliminate risk. Drivers must be
attentive, looking in the right direction at the right time during potentially demanding
driving situations and, having identified a potential collision, take the correct action.
Blind spot information signal, warning systems therefore have a role to play in
helping ensure the driver pays attention to the presence of a pedestrian or cyclist in
close proximity to a bus and assisting the driver with taking the correct action if a
collision is imminent.

A regulation defining minimum standards for such systems is under development as
part of a UN ECE Regulation. However, it will not initially be mandatory, may only
apply to HGVs and not buses, is a minimum pass/fail standard and only covers
information signal and not necessarily warning or intervention systems.

The aim of this protocol is to provide objective assessments that can be used to
enforce minimum standards even where the forthcoming regulation does not apply
and to encourage performance over and above those minimum standards.

It should be noted that this protocol only covers collision situations related to low
speed, close proximity manoeuvring. It does not consider forward collision warnings
of the type relevant at higher speeds with the vehicle travelling in a straight line such
as those scenarios covered by TfL's AEB testing and assessment protocol.

It should further be noted that this protocol does not require or reward automated
emergency braking systems in the low speed close proximity manoeuvres that are in
scope.
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2 Normative References

The following normative documents, in whole or in part, are referenced in this
document and are indispensable for its application. For dated references only the
edition cited applies. For undated references the latest edition of the referenced
document (including any amendments) applies.

e Directive 2007/46/EC of the European Parliament and of the Council
establishing a framework for the approval of motor vehicles and their trailers,
and of systems, components and separate technical units intended for such
vehicles.

. Reﬂgulation (EU) 2018/858 of the European Parliament and of the Council of
30" May 2018 on the approval and market surveillance of motor vehicles and
their trailers, and of systems, components and separate technical units
intended for such vehicles, amending Regulations (EC) No 715/2007 and
(EC) No 595/2009 and repealing Directive 2007/46/EC

e UNECE Regulation 107 Uniform provisions concerning the approval of
category M, or M3 vehicles with regard to their general construction

e Euro NCAP Test Protocol AEB VRU Systems Version 2.0.1 August 2017
¢ Articulated Pedestrian Target Specification document version 1.0.
¢ Bicyclist Target Specification document version 1.0.

e UNECE Regulation 10. Uniform provisions concerning the approval of
vehicles with regard to electromagnetic compatibility

e BS EN 50498:2010 Electromagnetic compatibility (EMC). Product family
standard for aftermarket electronic equipment in vehicles.

e ISO 11452-9 ‘Component test methods for electrical disturbances from
narrowband radiated electromagnetic energy - Part 9: Portable transmitters’

e ISO 11451-3 *Vehicle test methods for electrical disturbances from
narrowband radiated electromagnetic energy — Part 3: On Board Transmitter
Simulation’

e UNECE Regulation 61 Uniform provisions on the external projections of
commercial vehicles

e Commission Regulation (EU) No 1230/2012 implementing Regulation (EC)
No 661/2009 of the European Parliament and of the Council with regard to
type-approval requirements for masses and dimensions of motor vehicles and
their trailers and amending Directive 2007/46/EC of the European Parliament
and of the Council.

e |SO 612:1978 Road Vehicles — Dimensions of motor vehicles and towed
vehicles — terms and definitions.

e [ISO 15006: 2011. Ergonomic aspects of transport information and control
systems — specifications for in-vehicle auditory presentation
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¢ [SO 15008: 2009. Road vehicle — Ergonomics aspects of transport information
and control systems — Specification and test procedure for in-vehicle visual
presentation

e [ISO 15998:2008 Earth moving machinery — Machine control systems (MCS)
using electronic components — performance criteria and tests for functional
safety

e [SO 16001: 2008. Earth moving machinery. Object detection systems and
visibility aids

e ISO 15037-2: 2006: Road Vehicles — Vehicle dynamics test methods -
General conditions for heavy vehicles and buses
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3

Definitions

For the purpose of this Protocol:

Accelerator heel point (AHP) - a point on the shoe located at the
intersection of the heel of shoe and the depressed floor covering, when the
shoe tool is properly positioned. (Essentially, with the ball of the foot
contacting the lateral centre line of the undepressed accelerator pedal, while
the bottom of the shoe is maintained on the pedal plane). As defined in SAE
J1516, SAE J1517 and SAE J1100.

Approval Authority - the body within TfL that certifies that a bus is approved
for use in the TfL fleet and assigns its score under the bus safety standard for
use in procurement processes.

Aftermarket system - a BSW system that is fitted to the vehicle after it has
been registered and delivered for the first time, by agencies other than the
vehicle manufacturers or their authorised dealer.

Blind spot - the volume of space around the test vehicle that cannot be seen
by the driver either through the glazed areas of the vehicle cab or through the
indirect vision devices installed on the vehicle.

Blind Spot information signal, Warning and intervention (BSW) system -
a complete system, encompassing both the defined blind spot safety functions
and enabling technologies, that informs the driver of a VRU in close proximity
to the vehicle, warns the driver of an imminent collision with a VRU and/or
intervenes directly with the drive controls to prevent a collision.

Blind spot safety function — these functions are defined by the action that
the enabling technologies take to either improve the chances of a driver acting
appropriately should a VRU be in the vehicle blind spot or to automatically
avoid a collision should the driver fail to take the appropriate action. They
include:

(a) VRU proximity information signal - a signal informing the driver that a
VRU has been detected in close proximity to the vehicle. A proximity
information signal (which may be referred to as an information signal), is a
medium urgency signal that reflects the fact that the driver may or may not
be aware of the presence of the VRU and that there may or may not be an
imminent risk of collision.

(b) VRU collision warning signal - a signal issued to the driver where an
imminent collision between the VRU and the vehicle is calculated as likely.
Such a system shall not warn the driver of the simple presence of a VRU
in close proximity if the trajectories of each are such that a collision is not
imminent. A collision warning is a high urgency signal that warns the driver
of the vehicle that a collision is imminent.

(c) Motion inhibit - a system that prevents a vehicle from moving off from
rest when a VRU is located in front of the vehicle is at risk of an imminent
collision. The system may achieve the function through intervention in
throttle, gear selection or braking. The system shall be type approved for
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Dealer fit system — a BSW system that is fitted as a standard component to
the vehicle after production (i.e. not integrated in the original vehicle design).
However, the installation of the device is approved by the manufacturer of the
vehicle and fitted by its authorised dealers prior to delivery and registration.

Enabling technologies - the technologies that enable the blind spot safety
function through the combination of sensor components, decision-making
algorithms and the components utilised to implement the blind spot safety
function. Sensor and vehicle components may be used for multiple purposes
(e.g. cameras may also be used by camera monitoring systems replacing
external mirrors or for CCTV recording purposes) or a single function may
require more than one sensing technology (e.g. the use of both camera and
RADAR sensors in a process known as sensor fusion).

Human Machine Interface (HMI) - the part of a BSW system that interacts
with the driver and includes controls and settings for activating or adjusting
the application as well as the means by which information and warning signals
are communicated from the system to the driver.

Horizontal field of view angle - the angle between the longitudinal plane of
the test vehicle and the sightline

Original Equipment Manufacturer (OEM) system - a BSW system that is
integrated into the design of the vehicle and is fitted in the factory.

Motion inhibit over-ride - a manual over-ride function that, when applied,
deactivates the motion inhibit blind spot safety function

RADAR - radio detection and ranging. A sensor component that uses radio
waves to detect the range and positions of objects.

Reference eye point - a point representing the centre point of the driver’s left
and right eyes and offset from the AHP by [678]mm in the X axis and
[1163.25]mm in the Z axis. This is the point from which the sightline
originates.

Signal - the transmission of an identifiable alert to a bus driver through the
HMI notifying them to the hazards that may be caused by the interaction of
their vehicle with a VRU. Signals may be transmitted to the driver by the HMI
through a number of different signal modes.

Signal mode - the method of transmitting a signal to a driver and consisting
of four key modes including: audible (tonal), audible (speech), visual or haptic.

Sightline - a line parallel to the XY plane that passes through the reference
eye point and is angled according to a specified horizontal field of view angle

Standardised environmental clutter - the minimum set of roadside furniture
(described below), that is positioned to simulate a realistic environment that
has the potential to affect the performance of the sensors often used for the
enabling technology.

a) Advertising hoarding - A standard advertising hoarding measuring
approximately 2 m tall by 1 m wide. A life size image of the Euro NCAP
adult pedestrian dummy shall be dlsplayed on the advertising hoarding
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o Test Target - a test dummy that accurately represents the characteristics of
the relevant VRU, as seen by the relevant sensing technologies used by
BSW. A range of specific test targets are defined?":

a) EBT: Euro NCAP Bicyclist and bike Target - means the bicyclist and
bike target as specified in the Euro NCAP Bicyclist Target Specification
document version 1.0.

b) EPTa: Euro NCAP Adult Pedestrian Target - means the adult
pedestrian target as specified in the Euro NCAP Articulated Pedestrian
Target Specification document version 1.0.

c) EPTc: Euro NCAP Child Pedestrian Target - means the child
pedestrian target as specified in the Euro NCAP Articulated Pedestrian
Target Specification document version 1.0.

o Test Vehicle (TV) - the vehicle under test according to this protocol.

e Time to Collision (TTC) - the time it would take for the vehicle to reach the
point of collision if the speed and trajectory of the vehicle remained constant
when calculated at any instant in time. At constant vehicle speeds, the TTC
will always reduce over time. If speed is reduced, however, TTC increases
and if sufficient braking is applied to avoid a collision then the TTC tends to
infinity.

¢ Vehicle length: the distance in the X-axis between two points located at the
foremost and rearmost aspect of the vehicle and measured in accordance
with the definition contained in Commission Regulation (EU) no 1230/2012,
when excluding the following components:

a) Wiper and washer devices

b) Front or rear marker-plates

c) Lighting and light signalling devices

d) Mirrors or other devices for indirect vision

e) Watching and detection aids including RADAR

f) Access ramps, retractable steps and lift platforms etc.

g) Coupling and recovery towing devices for power driven vehicles
h) Trolleybus current collection devices

i) De-mountable spoilers

j) Exhaust pipes

¢ Vehicle width - the distance in the Y-axis at the widest point of the vehicle
and measured in accordance with the definition contained in Commission
Regulation (EU) no 1230/2012, when excluding the following components:

a) Mirrors or other devices for indirect vision
b) Bulge in the tyre at the point of contact with the road

2 |SO standards (ISO 19206) for these test targets are under development and once published
should replace the references to the eauivalent Euro NCAP standards
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5 Measurements and variables
5.1 Variables to be measured
5.1.1 The variables which shall be measured continuously throughout testing

can be seen in Table 18, along with the minimum operating ranges and
measurement accuracy required.

Table 18: Variables to be measured continuously during testing with minimum
operating ranges and maximum overall permitted measurement errors

Variable Operating range Measurement
(at least) accuracy

Position (global 200m in X-axis +0.03m

coordinates) of test vehicle 100m in Y-axis

(TVx, TVy)

Position (global 200m in X-axis +0.05m

coordinates) of VRU test 100m in Y-axis

target (VRUx, VRUy)

Speed of test vehicle (V1v) 0 km/h to 30 km/h 0.1 km/h

Speed of VRU test target 0 km/h to 20 km/h 0.1 km/h

(Vvru)

Heading (yaw) angle (6) 0° to 360° 0.1°

relative to global X-axis (8ry,

8vru)

Test vehicle longitudinal + 15 m/s® 0.1 m/s?

acceleration (Aty)

512 Additional variables which shall be measured on a periodic basis, both
before each test and at least every 30 minutes during testing, can be seen
in Table 19, along with minimum operating ranges and maximum overall
permitted measurement errors.

Table 19: Variables to be measured periodically during testing with minimum
operating ranges and maximum overall permitted measurement errors

Variable Operating range Measurement
(at least) accuracy
Ambient Temperature -5°C to +50°C +1°C
Wind Speed 0 m/s to 20 m/s + 0.2m/s
Ambient lllumination 0 lux to 150,000 Lux +10%
52 Measuring equipment
521 Details of the sensors used to measure the required variables shall be

recorded in the test report together with the position in which they are
installed within the vehicle (measured relative to the local co-ordinate
system for the test vehicle).
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523

6.1
6.1.1

6.2
6.2.1

6.2.2

The default equipment to be used shall be a high-quality inertial navigation
system in combination with differential GPS with data recorded at a
sample rate of 100 Hz, which has been found to provide all continuously
measured variables with sufficient accuracy. With such equipment, post-
sampling digital filtering shall be as follows:

a) Position and speed need no additional digital filtering after data
capture;

b) Acceleration and yaw rate shall be filtered with a phaseless digital filter
complying with the requirements of ISO 15037-2:2002.

Alternatively, any measuring equipment that can be demonstrated to be
compliant with the requirements of ISO 15037-2:2002 is permitted.

Test Conditions
Test Track

Tests shall be undertaken on a uniform, solid-paved surface with a
consistent slope in any direction of between 0% and 1%. The surface must
be paved and may not contain any irregularities (e.g. large dips or cracks,
manhole covers or reflective studs) that may give rise to abnormal sensor
measurements within a lateral distance of 3.0m to either side of the test
path and within a longitudinal distance of 30m ahead of the Test Vehicle
when the test ends.

Surroundings

Conduct testing such that only the Standardised Environmental Clutter
specified in the particular test procedure is present within a lateral distance
of 6.0m on the left side and 4.0m on the right side of the test vehicle path,
and within a longitudinal distance of 30m ahead of the Test Vehicle when
the test ends (Figure 35). No other vehicles, highway furniture,
obstructions, other objects or persons protruding above the test surface
that may give rise to abnormal sensor measurements are permitted in this
area. Lane markings are permitted but not required.

The Test Vehicle must not pass under overhead signs, bridges, gantries or
other significant structures during the test.
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