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Learning objectives this guest lecture

1. List the pros and cons of automated driving for trucks

2. Explain what building blocks are to be developed

3. Give concrete examples of actually used sensors and algorithms

4. Explain how MRC LO’s relate to the development of autonomous trucks
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Automated driving of trucks

Pros Cons

» Efficiency improvement (24/7) e Safety (potential not proved)

* Driver shortage * Development costs (AD is not easy)
e Cost reduction (driver 1/3 total costs) e Security (hacking)

» Safety improvement potential (90% e Public opinion / driver unions

accidents human cause)
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Development process
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Implementation

Hardware =
electronic circuit
and Software =

[ISO 26262 V-cycle Development Process. | Download Scientific Diagram (researchgate.net)]
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https://www.researchgate.net/figure/ISO-26262-V-cycle-Development-Process_fig2_290851811

Use case example

ID UCO1 (step 2) )
Name Drop off y
DEsCTption | DFIVEr gets out at lerminal gate and Tuck (] &
switches to autonomous operation
nitial fuck arrives at the terminal (Step 1)
condition
Trigger Driver activates Yard Automation (YA) via
switch
Seguernce—t—Driverstopsvehicteatdropoffarea
and activates park brake
2. Driver activates YA via switch
3. YA searches for Control Tower
wireless network
4. YA requests driver to accept
connection with network
5. When connected: YA takes over
vehicle control and informs driver
6. Driver leaves truck
Final YAIS enapled, venicle and Control Tower |
condition are connected, driver outside truck
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Requirements example

REQ01-001 Description:

Driver shall be able to activate YA e.g. via a switch if the following conditions are
fulfilled:

= Vehicle is standing still

= Park brake is applied

Name:
Source:

Driver activation
DAF, UCO01

Functional
» .
requirement

Rationale:

Driver shall be able to decide when YA can take over the dnving task.
The vehicle shall be In a safe state to transfer the control from driver to YA.

REQO0-001  Description:

YA shall be available in the vehicle speed range from -5 km/h up to 30 km/h.

MName: Vehicle speed range
Source: DAF
Rationale: YA shall include forward and backward driving. Maximum speed limited for safety
reasons.
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Functional architecture (example Traffic Jam Assist)
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EE architecture (example TraffiG-Jam-Assist)
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Building blocks for automated driving
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Building blocks for automated driving
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Object detection (using on-board sensors)

Type Example Pros Cons
Camera - Good feature detection (e.g. - Bad robustness for
lanes, VRU'’S) weather conditions
- Accurate in lateral direction
[ZF]
Radar - Good robustness for - Limited feature detection
weather conditions - Limited lateral distance
- Accurate long. distance and and speed measurement
[Continental] speed measurement
Lidar ' - Very accurate long. and lat. - High costs
distance measurement - Not so robust as radar
- Suitable for accurate and ultrasonic
localization
Ultrasonic - Low costs - No feature detection
- Good robustness for - Limited accuracy and
weather conditions range
[Bosch]
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Object detection (using V2X information)

[F. Schiegg. Removing blind spots: Infrastructure-assisted collective perception.
VDI ELIV conference 2021]
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Building blocks for automated driving
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Vehicle localization v

(example 1)
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Vehicle localization (example 2)
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Localization using a particle filter
[Kokkelmans2022, Konings2022]
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Vehicle localization (example 2)

[Konings2022]

Ground truth

Camera based
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Vehicle localization (example 3)
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Building blocks for automated driving
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Path planning (example high level planner: Hybrid A*)

* Use the simplified model to find a global path
* Obstacle avoidance at global level
* Decide driving direction

9
Ay
9
N
0 3
p #
Cand) ,
4
fa
O
oo e
Figure 2.3: Output path of A-star algorithm Figure 2.4: Output path of Hybrid A-star
with start node in red, goal node in green algorithm with start node in red, goal node
and intermediate nodes indicated with blue in green and intermediate nodes indicated
circles, obtained from [5]. with blue circles, obtained from [5]. [Nair2019, Hendrix2020]
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Path planning (example low level planner: CL-RRT)

* Use detailed model (incl. path

following controller) to plan the final
path using high-level path as input

* For forward and backward driving

e Ensure final docking accuracy
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Building blocks for automated driving
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Path foIIowing (example: Stanley controller)

kyd(t) >

O(t) = Berror(t) + tan™ <m

Reference path

Forward driving

[Williams2024]
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Supervisor(s) & Safety Manager

Supervisor 1

Control Tower

Supervisor 2 Supervisor n

Driveable High-level

Map Space | path
planning
E.g. point lPathdes HL ]
cloud map '
Vehicle localisation — Low-level Path Sues | Steering
path following >l system
Pos,., | planning Pathy..

\ .
#, Locat :
W\ oeaten Ty || Powertrain

= ; Velges
§ Vehicle data Object detection & g
s prediction Obj. list
ensors [ — Brake
- et o) system
Safety manager
_—
—_
_—
A PACCAR COMPANY DRIVEN BY QUALITY 24 | 28

) Stateflow (chart) ssf_faa_v05/SSF/SSF_Main_Control/Speed_Limit Contn
File Edit View ;irrdauon Iods gch Heln - » - ¥
FRS tmE 9 |HE ) | = Bl BRN0| R

=
!
s
SSF_DISABLED
EI entry:
ssf_status = DISABLED;
E‘ during
eng_trq_lim_out = ENG_TRQ_PCT_NO_LIM
I ret_trg_req_out =0 0;
@J [ ssf_switch == ON
E & available v max ext == YES |
@ [ ssf_swatch == OFF
y
£4%
S5F _EMNABLED 1
7 - )
/AcTvE 1
P
NOT_FREEZED
entry.
ssf_status = ACTIVE
during
eng_trg_lm_out = eng_trq_lm_pi;
ret_irq req out =ret trq req pi
L
T
brake_switch == NOT_AFPLIED
& pnmret_ man_applied == NO |
FREEZED
entry:
3sf_status = FREEZED:
during
eng_trg_lim_out = eng_trq_lim_freaze:
ret_trq_req_out = ret_trq_req_freeze;
¥ /
TG R = e S B

OVERRULED

entry
ssf_status = OVERRULED

during
eng_trq_lim_out = ENG_TRQ_PCT_NO_LIM
ret_trq_req_out =00

K|

Beady

Figure 9. Example function behaviour specification of the SSF
(i.e. state chart showing the SSF enable and disable logic).
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Verification & Validation

MAP

0 0.5 1 1.5 2 25 3 3.5 4 4.5

Functional and failure tests
e Model-based simulations

o Software-In-the-Loop

e Hardware-In-the-Loop

e Rapid Controller Prototyping

e \ehicle tests
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Exercise building
blocks, sensors and
algorithms
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MRC LO’s versus development autonomous trucks

m Learning objectives Actually developing an autonomous truck

1 Describe the challenge of autonomous mobile Use cases and requirements
robot

\)

Describe and develop a global path planning High-level path planning (Hybrid A*)
algorithm (e.g. A*, RRT)

3 Describe and develop a local path planning Low-level path planning (CL-RRT)
algorithm (e.g. APF, DWA)

Describe and develop a localization algorithm Vehicle localization (feature detection, particle

434 33333

(e.g. particle filter) filter, point cloud matching (NDT))
5 Design an architecture that integrates different  Functional / EE-Architecture
algorithms to enable a mobile robot to fulfill a (EE = Electrical-Electronical)
given use-case
6 Validate your system architecture on a Rapid Control Prototyping, Hardware-in-the-
physical robot Loop, Vehicle Testing
7 Use tools common in robotics industry Simulink, dSPACE, Python, ROS...
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Concluding suggestions

The “what”:
— Use cases

- Requirements

The “how”:

— First high-level architecture

— Then detailed design

Start simple

Integrate & test regularly

(try to avoid “big-bang”)
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