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Path Following Safety Checklist

AB Dynamics’ driving robots can be used to control a vehicle's speed and heading (Path Following). Due to the
complex nature of the software and hardware, human error in the setup process or equipment malfunction can lead
to potentially dangerous situations, even when there are no objects (e.g. vehicles or walls) in close proximity to the
vehicle under test.

In general it is not recommended to run path following tests in close proximity to stationary objects due to the risk of
collision. If such a test is unavoidable it is even more important to ensure that all available safety precautions are
taken.

Stationary vehicles

This application note describes a safety checklist which should be followed when running path following tests.
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High-speed path following

The EURO NCAP VRU test shown here requires close passing to stationary objects
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1 — Correct Control Box

It is important that the driver can easily regain control if judged necessary.

Only use the control stick (also known as “dead-man handle”) to activate the robot. Upon release, it will deactivate
the steering robot and allow the driver to control the vehicle. It should be positioned within easy reach of the driver
such that he/she can immediately take hold of the steering wheel upon releasing the control stick.

The activate/stop box should never be connected during a path following test. It is designed for use with other
robots.

Start button

ACTIVATE

QERER,

v
‘3 ‘ Activate lever

[

Emergency stop button

Start/stop box

Control stick

\ AN
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2 — Firmly Secure GPS Equipment

The motion pack must be securely positioned within the vehicle
such that it will not move even during sudden dynamic manoeuvres.

Ensure that no passengers will grab hold of the motion pack or the
mounting strut under any circumstances.

Ensure that the GPS base station antenna will not be accidently
moved or obstructed. On windy days the antenna must be
sufficiently secured.

If the motion pack were to come loose, or the GPS base station
antenna were to move, this would be likely to cause a sudden and
potentially dangerous change in the vehicle heading.

If this were to happen at high speed it could cause the vehicle to lose
control and/or rollover.
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3 — Use Physical Road Markers

Use cones (or similar) to mark the correct entry path. This
gives an early visual cue for the driver that the vehicle is on
course.

If the vehicle is clearly not on the intended path, the driver
can regain control and steer the vehicle to safety.

Note that the length of the test path must be such that any
necessary ‘splining’ to path is completed well in advance of
any nearby parked vehicles.
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4 — Apply Motion Pack Limit

R Robot Controller v8.15.1 - Gyro Setup - u] X
> i = —+—
Set Origin Set Origin Set%:xis Display EXIT
at Front Axle at Reference = Options
Details ‘Graphical Representation - Current datum: Test ABD
FrontX=  0.000m Forward shift: 0.000m {133.588m, 100.000m)
FrontY= 0.000m 100—
Yaw = 0.0° 90
80—
70—
MP version = 0 80—
50—
20—
30—
20—
Sateliit [} 7
lellites =
o]
Diff age = 0s 10| D
MP state = 0 B
Motion Pack Error 204
30
Tracker MP State =0 :- 7
Motion Pack Error -0
60—
70
80—
80—
-100 T T T T T 1 T T T T T T
-120 -100 -80 60 -40 20 0 20 40 s 80 100 120
(-133.588m, -100.000m)

Setup > Transducer connections > Motion pack >
Setup > Advanced Setup

operation".

Select ‘Only allow highest accuracy motion pack

This will allow path following to be activated only
when the motion pack is in differential correction
mode and cause the test to abort if the accuracy

drops.

Setup

Software Options
|:| Communications error correction
|:| Windows sound on state change

Path Following Operation / Path Position Triggering

O Allow lower accuracy motion pack operation (2m to 0.5m})

> @ Onhy allow highest accuracy moticn pack operation (better than 0.5m)

Cancel
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5 — Apply Steering Limits

E Robot Controller v8.13.1 - Test Setup

e @ [ frm

A= o= EXIT

Import/

New Test New Group Delete Copy Transducers Results Export
Test Vehicle - Tests: Potals
Type PF Standard Select...
A up A::De 4 Name |PF Standard | Runs 0
~ . B8 1] system Group Specification
i i@ (@ [0] Home @
¢ - @ [@[T] srzero steering 5 Fraview

.. @ [7) (3] sRoffset Mass
~ -G (2] New Group
™ 3 | P standard

Ereviow|| Spesd Profie

File name | |L‘|J|

[[]Join anywhere

Maximum auto join distance m
Control Robot steering
Maximum steering wheel amplitude 90.0|°
Maximum steering wheel velocity “is
Maximum steering wheel acceleration fig*

Advanced Setup

Woown | GO v

whye Stat  Closed Loop
e

i 1Y

Setup-—| speed: File ARIBR

Vehicle Edit/ Test > Tests & Results

Reduce the maximum steering wheel amplitude
down from its default value, e.g. to 90°.

Reduce the maximum steering wheel velocity down
from its default value, e.g. to 360°/s.

Reduce the maximum steering wheel acceleration
down from its default value, e.g. to 5000°/s?

This will help to prevent any extreme heading
change during the test.

Please set these limits appropriately for your test.
For some tests (e.g. limit testing) it will be necessary

to increase these values, otherwise the vehicle will

?elunable to follow the desired path and the test will
ail.

Note that for Power PMAC systems from version
8.8.1 onwards, the steering wheel amplitude &
velocity limits specified here apply only during the
test itself — not during the lead in.

Lead in limits for these systems are detailed on the
next page.
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5 — Apply Steering Limits (cont.)

E::.‘ 8.15.1 - Vehicle Edit — O >
Sy | @D | e DS 6, EXIT
Copy rom Vetici | Besettodcfouts | ML I, s, | AutoTore.. For Power PMAC systems from version 8.8.1
Aavw General onwards the steering wheel amplitude and velocity
- Rk S limits during the lead in are specified here.
i Braking Proportional gain 1.0000 Reverse gain scale factor 1.00 X . .
@ cormon Look ahead constant 0.9500 Reyerse look ahead scale factor 1.00 Limit the Max SR angle (Iead In), e.g. to 90°.
. G%i:::‘er_ctmntensions Integral gain 0.1000
I e snaors | ptrenttgu Limit the Max SR velocity (lead in), e.g. to 360°/s.
, ~[E General T
gﬁ""“'ﬁ"” 360.0]° Max SR angle (lead in) °
= eetocty. [_tseon Mex Sk velgoty (eadin) et Note that if O is entered into either of these fields:
Default max ,m‘%’x’ ax lateral
SR i acceleration (lead In) . . oy .
B « Max SR angle (lead in): the lock limit is used
Confguration « Max SR velocity (lead in): the SR Limit (specified in
ol . Setup > Control Limits > SR Limits) will be used.
W Down

]

Vehicle Edit/ Test > Edit Details > Path Following
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6 — Apply Path Following Error Limit

E Robot Controller v&.15.1 - Vehicle Edit - m} X
= c&D E= = 7 EXIT
Tend T - Fir.
Copy from Vehicle | Reset to Defaults Ermiie—=z Impo_rlr EmiliF Auto Tune...
Summary Tuning Params
4 p General
+~[E Key Data _
@ Steering Tuning Parameters
& Braking Proportional gain 0.0000 Reverse gain scale factor 1.00
- Speed Control
@ Gearbox Look ahead constan 0.9500 Reverse look ahead scale factor 1.00
5% Subject Dimensions Integral gain 0.1000
» - & Path Following
m Height Sensors Differential gain 0.0000
i.-{D) Driverless
~[E General
B —
:ﬁ"‘"“ max 360.0|® Max SR angle (lead in) 180]®
Default max 1600]0] e/s Max SR velocity (lead in) ols
SR velocity
Default max Max lateral
= 25000.0| =g 3.0| mis®
; AT agceleration (lead In) me
Max path error 0.500| m
Configuration
Forward shift 1.850| m Forward shift may also be setup
(from gyro) in the Vehicle Dimension page
"W Down
)

Vehicle Edit/ Test > Edit Details > Path Following

Reduce the maximum path error to approximately
0.5m. If the vehicle error exceeds this value, the
robot will indicate a failed test and will hold the
steering angle until the driver releases the dead man
handle. At this point, the driver can regain control of
the vehicle and can steer to safety.

Page 9 of 17



/ — Display Path Following Error

E Robot Controller v8.15.1 - Transducer Setup

- ] x

B B =T = = ==
Copy Screen Copy Screen Copy from Save to Export Import E x IT
i to... i from... Temp Temp Temp Temp
A up Screen View Test 5: PF Standard

E General Define Screen View at Group Level Use Linked Template

"u+ ADC channels

‘#: Encoder channels Main Display

fue DAC channels =

Calculated channels JrEEETT > Targets On >

f Reference line Display Data arger arger I1spl Display Decimal

& User scripting [

+[2 Data capture 1 | Digital Display ~ & Path following error

B+ CAN input ! 15 Pl arge arge ISP

[l user parameters type layed left right right digits

Screen view Bar Chart m© 0.00 0.00 0.00 0.00 1
Bar Chart w 0.00 0.00 0.00 0.00 1
Bar Chart W 0.00 0.00 0.00 0.00 1
Bar Chart w 0.00 0.00 0.00 0.00 1
Bar Chart [} 0.00 0.00 0.00 0.00 1

Digital Display
Data displayed Decimal digits
1 | & Look ahead distance
Vo
il

Vehicle Edit/ Test > Tests &
> Screen view

Results > Set up Transducers

It is helpful for the driver to have a visual display of
the real-time path following error during the test.
Select 'Targets on’ to specify a tolerance window to
notify the driver when outside these limits (see next

page).

Be sure to select an appropriate number of decimal
digits.

Select Data Channel .
Channels
£ BR A | | channel A
A AR & Actual X (front axle) [m]
@ crGr & Actual Y (front axle) [m]
o Trigger/Digital & Desired X (lead axle} [m]
%2 Objects 5 Desired Y (lead axle) [m]

/" Reference Line & Actual X (rear axie) [m]

& User Script & Actual ¥ {rear axle) [m]
[ Analogue & Distance travelled along path (LCRP) [m]
oo |5 | Path ing error [m]

WL & Reserved for future use [|

[+ CAN Raw & Controller gain []

[+ CAN Decode & Look ahead distance [m]

1, MP

Ly i # Distance error [m]

PF & Path phase 1
v

WET Sequence o

& Controller error [m]

v||< >

0K Cancel
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/ — Display Path Following Error (cont.)

RC Robot Controller v8.15.7 - Test Run [SIMULATING SR, BR, AR, GR1, GR2] - O X
& ) B EXIT
[ ] e o s Poth Tollowin testa Tost A Nesl [ The path following error digital display turns red
|PFStandard "(l"lllserskhl'idMannlmds\'Iestpn_lh.tem" Runa: h M 1 i Y o
S| Max sngie: 0.0, buszer speecs Variable. - when outside the ‘Targets on’ specified boundary.

Path following error
Closed Loop o3
Warn Foll Error I I
ket In this example, the target min and target max were

0 0 -0.20m and +0.20m respectively.

RC Robot Controller v8.15.1 - Test Run [SIMULATING SR, BR, AR, GR1, GR2] - m] *
& i EXIT

Path ing test at Test ABD:
"C:\WUsersidavidhiDownloadsiTest path.tem™
Max angle: 90.0°, buzzer speed: 30.0km/h.

[
Closed Loop : Path following error
Warn Foll Error [ ] m
Fatal Foll Error [ ]
| 0
|

Look ahead distance SR Velocity

32° 1.61° 4.90

Look ahead distance SR Velocity | Test: § ‘Typa: PF Standard

5

| PF Standard

13" 1.59°

Vehicle Edit/ Test > Tests & Results > Run Test

Vehicle Edit/ Test > Tests & Results > Run 7'esz‘
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8 — Enable Beeping to Slgnal End of Test

)

j Robet Controller vB.13.1 - Setup

- *

External

EXIT

@ Driverless | Base Station
- User Scripting
= Default Tunina & Settinas ¥
>

System
. up General Preferences
s Analogue IMU | General Preferences Setup
-@ SRTorque Setup
&4 SR Joystick pi i user level
@ Steering Angle Feedback
-§5, Height Sensors Test Run
{ BR Connections
?ﬁ Laser Scanner Beep on test startifinish @ Default screen view Bar Chart ~
ﬁ Plato [Juser form timeout Live data update rate Hz
- ADAS Target Feedback .
g;l CAN Omni [[] Countdown to test finish [JEnable test start from CAN
483 simulation Beep - 10 sec []Enable test start from Elhernel_
-+ Data Capture & Export |:| Enable test start from user script
v Control !_m.'nts Miscell
-& SR Limits
-& BR Limits Coordinate system 150 ~
- A% AR Limits
v B Software Setup Transducers defined at group level by default Enable BR load cell offset in home
B General Prefs [] screen views defined at group level by default
& Steering Amp Multiplier New test copies previous transducers Always ~
E calibration Setup N
5 le i
.4\ Theme Setup Spinner styl PlusiMinus
-4 Path Following Comms thread priority Highest ~

W Down

|:| Unicode export and spec files |:| Show run count in test list
|:| Allow user defined 5R lock limits
D Use DBC comment field for message and signal description

User-test filter method Running Average ~

Setup > Software Setup > General Prefs

Tick the ‘Beep on test start/finish’ checkbox. This
alerts the driver if the test has finished prematurely
(e.g. path following error has exceeded limit). The
driver can then regain manual control and steer the

vehicle to safety.
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9 — Reduce Speed Multiplier

Advanced Setup *
Start Tig‘;g;':{::‘:e Speed Driverless Test Abort
Speed e It is important to initially run the test at a
I.Iseﬁﬂforspeedoontrol reduced Speed.
Initial mode Use PF file data e I.Isegistanoeoorrecﬁon
Speed multiplier 4— 4 p || © Preview Speed | G
Test mode As initial mode ~ [:ij Preview Lat Acc
brwe direction e v If the test is at high speed, conduct a trial
run at a much lower speed in order to check
correct path alignment etc.
[ speed Im;mr“a"::‘m[eNOTE:This ugessli_'eed readings from NOte that before runnlng the teSt you
have s spoed source selected, should always view the speed profile in this
window, to check that the programmed
speed is as expected:
OK Cancel
Advanced Setup X
. . start T':';;;':{:::e Speed Driverless Test Abort
Vehicle Edit / Test > Test & Results > Setup > Speed T .
=5 \ B
N N IR
Cicomee
0K Cancel

Vehicle Edit / Test > Test & Results > Setup > Speed > Preview Speed
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10 — Preview Path & Speed Profile

RC Robot Controlier v&.12.8 - Test Setup - [+ X
o7 ( f | = . v
( NO;%I‘NP L, Mo gf Mﬁgon m Bﬁm m m
S | s pon
AUp ‘;’:’ puntovees Name [%’F§un€5m “JRuns 0
(1) System Group I
@& [[Z2_] Power Sequence Group
R = sloeribiadl G For Path Following tests the programmed
L7 MW PF Standard (Runs: 0)
Filename  olleriPath Filesistandard double lane change.pmc "] path should always be CheCked by
e e - previewing the path prior to running the test.
v : IS | evi usl VIiEewW DU .
This is achieved using the Preview button:
Robot steering v
steering [ 360.0|
Maximum steering wheel velocity tsoo.o‘:-/. n:
stearing 25000.0] s
e R
Yo | W v | E P : | R
- — . - . i

Vehicle Edit / Test > Test & Results

Vehicle Edit / Test > Test & Results > Preview

In addition, for all tests, the programmed
speed should be previewed as detailed on

the previous page.
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11 — Critical Sections

RC Robot Controller v7.32 - Test Run [SIMULATING SR, BR, AR, CR, GR1, GR2] [E=EER
2'(.) j STOP @ ~a (B EXIT
. Modify Save Test Bin Tes Chart Reset Rig
[s[Em— pan olowng estatrutawngor: e« In the path generation utility, sections of
Max anghe: 90.°, buzzer spoed: 83mis. path can be defined as critical sections.

These are regions which, if the path

| |Closed Loop

Warn Foll Error following error exceeds a given value, a

Fatal Foll Error user-defined abort procedure will occur.
This needs to be tailored to each specific
test.

In this example, the red car is parked and
the yellow car is in path following mode.
The two red lines either side of the main

Path following error Speed

m path show the critical section and are the
1 2 0 . 0 0 user-defined boundaries.

[ |
Flrs't < Test running - In critical section -> A
Turn Turn

- — —— If the yellow vehicle’s lateral error travels
Vehicle Ea’/z‘/ Test > Test & Results > Run Test outside these boundaries, the Steering
Robot has been programmed to perform a
left turn in order to avoid the collision (see
following pages).

A comprehensive guide to critical sections is provided in the
AB Dynamics Path Following User Guide which must be
carefully read and understood before using Critical
Sections. The following slides provide only a very brief

introduction.
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11 — Critical Sections (cont.)

r
RC Robot Controller v7.32 - Path Generation

S
Stop Points

Chg‘lim Saam
EEE |

[] Show runs

[] Show RTRLs

(@ Main path Entry path Exit path

Main Details | Origin and Offset | Additional

Segments
= 1: Straight
= 2: Straight

LL'Q_J | openempte |

Add ment Open Template
s_egmenl(:) InsertTem ite

gpxs_eg nt(s) Paste

T
i

Save Tem late

G @
Collision
Check

ose
Map view for XY data
[] Show segment identifiers in XY mode

[~] Show XY grid

Utilities > Path Generation > Use Template

To create a critical section in the Path
Generation Utility, select ‘Critical sections’
and then ‘New’ in the dialog window.

Critical Sections

Critical sections

General parameters
Critical section type Standard
Critical section start
Wait for trigger to start
Critical section end
End trigger earty
Gear select Defautt
Error Limits
Left lateral limit
Right lateral limit

Ahead error limit

SR angle (°)
e
77

=
|

E

BR perc (%
8
|

o
1

AR pos (%)
2
|

Behind lengitudinal error limit

~
0.000 m

THOGE e
0.000 m

TNggET..

-

0.000 m
0.000 m
0.000 m

0.000 m

*

Abort parameters
SR phase 1 abort Hold Ev
SR phase 1 offset 0.000 *
SR phase 1 time 0.000 s
SR phase 2 offset 0.000 *
SR phase 2 time 0.000 s
AR position 0%
AR time 0.000 s
BR percentage 0%
BR time 0.000 s
Steering wheel s
SW maxima Test Default v
Left turn max SWA 0.000 *
Right turn max SWA o.000 | *
Left turn max S/ 0.000 “/s
Right turn max SWw/ 0.000 /s

I oK ] cancel |

Utilities > Path Generation > Use Template > Critical Sections

Page 16 of 17



11 — Critical Sections (cont.)

Note that the values shown here are examples. All parameters
need to be configured specifically for each test.

In this example when the abort is
triggered the steering wheel turns +45
degrees (to the left) for 1 second. Note:
Set to a negative value for a right turn.

Critical section will be 25m long

7
Critical Sections X
Critical Section
New || Delete |  Generalparameters Abort parameters y Ensure steering is in correct direction to

Critical section type | Standard ~ SR phase 1 abort Move to offset e . . . .

Crifcalsectons e _ avoid vehicle turning into danger.

Start 50.000m End: 75.0... Critical section start m SR phase 1 offset 45.000* / g g
DWa'rt for trigger to start SR phase 1 time: 1.000|=s
Critical section end m SR phase 2 offset 0.000]" Wy -
[ End trigger early SR phase 2 time 3.000 3‘.\ Steerlng wheel then
Gear select pefaul v e 0% straightens for a further
Error Limits AR time 0.000|s
Left lateral fimit 0.200| m oo 3 seconds.
Right lateral limit 0200 m 0.000|s
Ahead longitudinal error limit 10.000 | m

"-:—.;40— Behind longitudinal error limit 10.000(m Test Defau 1

S0 . Abort will occur at

R e —. 20cm lateral error

001 2 3 4

E‘mo Left turn max SWW 0.000 /s

§ 50— Right turn max SWV 000 “fs

PR S—— Set to a large number

— N (since safety will not be

FER affected in this case)

2 g

Cancel

Utilities > Path Generation > Use Template > Critical Sections
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12 — Additional Safety Precautions ))

For high-sided vehicles, or where there is a significant risk of the vehicle overturning, additional safety
precautions should be considered, including:

« Use of outriggers
« Use of aroll cage

 Additional safety equipment for the driver
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