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A well-established brand
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Why Autonomous Delivery?
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Four functional prototypes in 24 Months

v

o

Flexible delivery system (eT4)

% * Sensors
> — 3D Lidar (2x)
* Mobile depot box (eT1/eT2) « Autonomous delivery agent (eT3) — Ultrasonic (12x)
* Sensors e«  Sensors — Infrared (12x)
— 2D Lidar — 3D Lidar — Radar
— Ultrasonic — Ultrasonic - GPS(INS) L
— 360 Cameras (localization)
— 360 camera — Infraded :
— 360 Cameras (comprehension)
- e - — Time-of-flight camera
— Bump-stop — Bump-stop

— Bump-stop

MathWorks
EUROPE




Economics of Delivery Robots

Cost of Human Intervention
e | 6h robot shift
=) Oh robot shift

24h robot shift

Amortization Period (yr)

0 1 2 3 4 5 6 7 8 9

Disengagements per Day

3 /
4
2

Sensor Cost

16

=1 disengagement/day
14

=7 disengagements/day
12

5 disengagements/day
10

8 disengagements/day

Amortization Period (yr)

-

10000 20000 30000

Robot Purchase Price (CHF)

10 0 40000 50000

60000 70000

* Robots should be operated for long shifts without disengagement with cheap sensors
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eT4: Autonomous delivery platform
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Autonomous System Design Challenges

High availability Approved safety Test coverage
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Image: ABC news Image: sick.com Image: youtube.com
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Safety-centered workflow

Specifications

4 Requirements Editor

File Edit Display Analysis Report Help

B[O

View: |Requirements ~

Index
v [5] crs_req_func_spec

4
@s
v [ ors_req
v B mmportt as_req
71 Overview
»

2 System overview
B3 Functional Requirements
4

Interface specification

Summary

Driver Switch Request Handling

Switch precedence

Avoid repeating commands

Long Switch recognition

Waiting state for Long Increment switch.
Waiting state for Long Decrement switc
Cancel Switch Detection

Set Switch Detaction

Enable Switch Detection

Resume Switch Detection

Increment Switch Detection

Decrement Switch Detection

Cruise Control Mode

Calculate Target Speed and Thrattle Value
System Interface

Justifications

References to crs_req.docx
Overview

System overview
Functional Requirements

Interface specification

« This workflow allows SIL
* Review and testing occurs with

Model Based Design
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Code Generation

® etSlLproject - CODESYS
Fe Edt New Poject fuld Qnine Debug Took MWidow Hep S12
15 @S AME X Ml 4t @ T

Devices B RO (3] ACPRGUnmle @ WL

ey ) P
= 3 Devee (HY-TTC 590'51L2) nge STRING(
- B PLC Logec sTRING{

) bye_to_hex (FUN)
) Camport (F8)
&) Controker (F8)
) CRC32 MO (R
18] Joystckcontrol (73)
2) MR (FE)
) Porsenovatel (76}
) parsevecayne (Fg)
] PLC_CODER_TINER (FB)
<
Pos
=@ essm
10 Froject Wtormition
© Froject setgs

Messages - Total 0 enTor(s), 4 Waming(s), 0 message(s)

Precamgile « [0 Derroris) [ 4 wamingis) [ 0 messsgeis) | %

Rl

Description
© C0135; The code 'GVLaDAQSTatLS: * has 1o efect, 5 Ths the ntent

®C0135: The code "GV gSaletySuchORY; * has e effect. Ts ths the intent?

® C0196: Implcit converson from unsgned Type UIKT” o sgned Type TWT : possble change f sgn

Compilation

certifiable code to be generated using model-based design
In each phase and before each release
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Incumbent

Sense Infer Act

SMELL

TASTE TOUCH
VISION HEARING )
Meissner
Corpuscle
Free Nerve
Ending

Rod  Cone

(A7
S

- ) -

» 100 - 200 ms
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Challenger

Sense Infer Act

300 ms 20— 40 ms

» 650-820 ms
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Does it have to be head to head?
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Redundancy for sensor systems

Tall Tranparent Diffuse

structures obstacles obstacles

Localization  Day Night Precipitation

INS (GPS)

Optical

Pointcloud

LiDAR (X |
o
1) V) -
© o
) Q
(X,
V)

Optical
Radar
Ultrasonic

Time-of-Flight

Infrared

Bump Stop
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Integrated code-level functional specification

|4 Requirements Editor - O X
File Edit Display Analysis Report Help
G| E| |[= « | & ¥ Properties
View: |Requirements ~ Search | Filepath: C:\Users\ew'\Documents\GitHub\eT4_control\Simulink\data\eT4_req.slreqgx
Revision: 9
Index (o} Summary

Created by: ew
v D= Created on: 20-Aug-2019 11:47:33
Meodified by: ew

Modified on: 02-Sep-2019 11:53:32

#1  The ultrasonic distance sensor error conditions should lead to an error message
#2  The ultrasonic distance sensor too close signal should be interpreted as an obstacle in the way
#3  The ultrasonic distance sensors will provide a safety zone warning

1

2

3

4  #4 The ultrasonic distance sgocarcudll nemida 2 amaraancu 2ana uaraing : Description:
s #5  The sgpar safety and em The ultrasonic distance sensors will provide a safety zone warning
5]

7

]

9

i i [ @ @ E ) EE

#6  The sonar nd emergency zones will be discriminated for rotation in both directions
#11 The lift controller will pMwagf hysteresis at the end points

#12 Obstacles result in slowing and stoPmegof vehide

#13 Obstacle detection modes should be able to b2

mgcted by the CAN bus

emerg

| saloly M
dist
uS_dist_.

oy
\

e L [l o [ D
|

US_dist_10[>

Click to view requirement details.
-

[uS_dist 11>
-
| =T nm v
>
View 1 warning 100% FixedStepAuto
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Corner Cases

Document N°:

R18_025_025_072_ 88043

ROSAS

Center Fribourg Page: 12 of 21
Field of Study: Hazard and Risk Analysis eT4
Item Defintion - Functional Description | Hazard and Risk Analysis ASIL Determination Safety Goal Allocation
=
=
Operating Mode | ID | Function Malfunction | Situation Hazard = S-Comment v | E-comment % C-Comment ASIL| |safety Goal Safe State D Requirement
4 =] °
ey v =4
g 8 =
& i 8
Motion command . R
FSR.01 | shall be provided | VCU Image. drlvmgtests.co.nz
correctly T —
q s
Freewheeling Motor &
Life-threaten FSR.02Z [motor shall be | controller
Unintended | Downhill Crushing, irllj:'ie;e E(r:unriival High Difficult to Unintended prevented Motor
moving slope / Curvy |impact with| |53 . E4 . C3 | control or|D 5G.01| moving shall | Stopped
rtain), fatal babill E t
forward Road humans/kids !Jr?ce. ain) fata probability uncentrollable be prevented _mergencv step
injuries signal  shall be
F5R.03 . FDU
transmitted
correctly,
Motion command | Motor
FSR.04 |shall be properly | controller
interpreted Motor
Train crossin, :JTI'?:E r{:‘;‘lllilr:|1 :_l'llf":rti:;eateir;lunr%rival High Difficuft fo Motion command
» ; Moving J Crosver 2 oehes aft s3 |0 r'“:E rin) Futal £2 r'f]bab“w c2 | control or| A FSR.01 | shall be provided | vcu
Driving Mode Fo1 forward ) - P o ’ P uncontrollable correctly
ejected injuries
Emergency stop
signal shall be
FSR.03 transmitted POU
) Unintended Safe correctly
Not  moving 5$G.02|stop shall be|movement
forward Impact with Life-threatening . P . Power
" - . ] . . prevented operation
High-speed |others  rolling gg |Mniuries {survival 4 High c1 Simply FSR.OS shall be normally Syst
Road vehicles, part uncertain),fatal probability controllable 7 |available in | ZYSEM
) o L (Power
ejected injuries driving mode )
provider)
Traction shall be [ Motor
FSR.06 | available in | controller
driving mode Motor
Falli d Life-threateni I ct
| - ﬂ? Ini‘a_ ow; Crushing, _I_LL. re e{nlng. | Medi Difficult to neorre t Motion command
neorre & SIS Jimpact  with| |s3 [Munies sunvivallpg | Medium g | o) or|cC 5G.03| Movemen Stopped FSR.01|shall be provided | vcu
moving Pedestrian . uncertain),fatal probability shall be
humans/kids R uncontrollable correctly
area injuries prevented

MathWorks

AUTOMOTIVUE CONFERENCE 2020 B KYBURZ
EUROPE




Safety Solution

ROS Gazebo + SIL environment (Multiphysics)

System Specification System Tests

Co-simulation of Testbenches

Module Specification Module Tests

Simulink Test

Unit Specification Unit Tests

« Kyburz toolchain uses layered verification techniques and model-based design
« All requirements are easily documented for traceability
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Unit Testing

P Test Hamess: Plus2Auto_plausibilization * - Simulink - m] PY #\ Test Manager - 0o X
DATA INSPECTOR
HARNESS
=1 o nnnn = o
& Test Harness Name B & Test Manager g % |meen
— Preferences | Hel
[ Plus2Auto_plausibilization | ort i
- o)
Backto Madel - Open Test AR CEEes % Requirements Editor - o x
Main Model ~ Workspace Properties Caze
N N - N File Edit Display Analysis Report Help
MNAVIGATION | DESIGM DATA TEST HARNESS
- ' . &S| = &le -
Plus2Auto_plausibilization Subplots  Legend Highlight e Properties
- — - - g in Model e - ailure ailure View: |Requirements ~ Filepath: Cr\Users)e )_realtime\MATLAE
® Plus2Auto_plausibilization ¥ VIEWS MEASURE 8 TRACE ANALYSIS Revision: 50
“|  createdby: EW —
JEE=GNEEg  Results and Artifacts Plausibilization Test =] Pla{,, [ puszaur :-3 Created on: 17-Apr-2020 07:37:16
N B1 #38 Simulation Tests ——™ Modified by: ew
= vE:2 " Tt Hondiing C o Modified on: 24-Apr-2020 16:18:28
M Signal A W Signal B W BRAK| M — SEELIET
= + Results: 2020-Apr-29 13:33.06 10 B2 " Input Valdation [0
B 22 3 Input Scaling (] ]
» Results: 2020-Apr-29 13:58:56 10 T
T v B3 4 Qutput Handling C )
+ Results: 2020-Apr-29 140021 10 - s Outpt Scaing C e
o190 A v Es 218 Measurement Handiin —/
» Results: 2020-Apr-29 14:13:33 10 . s [ B } Custom Attribute Registries
+ Results: 2020-Apr-29 141533 10 B 41 #25 Measurement Validation CTTewm)
B 42 28 Measurement scaling (] B
~ Results: 2020-Apr-29 14:17:01 10
v Es w24 Brake Control (] B
~ [5) Plausibilization Test o 80+ B st 87 Front brakes shall be controlled individually (] |
~ ([ Baseline Criteria Result ) B 52 Brakes shall implement a PID controlier ™
) BRAKE SIG 853 #100 Broke signal will be scaled by proportional gain T
Signal A o] ! ] -
- — - B sa #101 Brake contral signal will De cut off under a threshoid o 2 ]
~ i Baseline (brake_plausibilizatior
— B ss #115 Rear brakes shall be controlled inawvicualy, Inear feea-ovward () (D
Signal B B e El =55 Brake Cortrol Modeling D D
Signal spec » Extemnal Inputs %0~ v E7 Brake control testing -::]
and routin ’ 2 i < —
9 + [ Sim Output (Plus2Auto - norma B 71 Linear braking response [G—
B 72 Brake pressure validation /™
SRR 50~ B 73 #99 Brake signal shall onty be within the range 0-100% arter vanicot... (D )
Error:1(1) —_— vEs #106 Steering Contro (] ]
BRAKE_SIG B 81 #107 Steering controlle will be controlled via PID ] |
Emori(2) . a0- o #128 Steering Torque Control —
N v E® #108 Steering Control Modeling (] 2
B 101 #109 anly alow motor velocity to change positon fenable andonar.. () (D
e 0- B 102 #110 Intial concitions are set at the migpoint of the steering ockra. () (D
“J ERAKE SIG B 103 #111 Steering conditions are integrated based on motor velocity T,
Interp Method linear E 104 #112 Velocity is converted from RPM to ticks/s ] 2 ]
= - 20- vEu #113 Light Control (IS
» |0 Sync Method union
B 11 14 Wnen steering angle request or actual angle crosses treshoid, . () (D
- —
Ready units B u2 S130 st inoicator ign s acusted by the state machine. [ —— 10
Sampls Time Centinusus 10- B 13 #131 In Standby modes light is solid red —
Data Type double B 114 #132 In error mades light is flashing red —C—™
EnEE RE & us #133 In human modes light s yellow ——C—
Complex Format Real-maginary 0 B us 2134 In autonomous modes light s green —C——)iC—
vEnR #122 System States C )
[ 05 10 15 B 121 #126 System shall provision an initalzation state ] |
B 122 #123 System shall provision a state for human driven modes ] 2 ]
v
c \

« Unit testing linked with requirements closes the V
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Safety Example: LIDAR (Light Detection and Ranging)
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Complexity Management
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Internal laser reflections

- Solution:
(<>)

1. On even ground predictable rings are
formed

2. Detectable obstacles modulate the ring
form

3. Undetectable close objects create
gaps in the rings

"‘—‘_
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Near-field LIDAR object detection

Algorithm:

1. We receive a 16x1024 point cloud
In 3 dimensions
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Objekterkennung mit LIDAR

-k
L [T

Algorithm:

1. We receive a 16x1024 point cloud
In 3 dimensions

2. We remove points which are
echoed by the robot itself
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Objekterkennung mit LIDAR

.
e -
-, :i\-fu‘ -
a, ) 2\-‘9'. - * '_-E"“":‘ . i
. ] s - o # .
oty '“-‘;.\ R P WL T e et PP Y
:- " - - - "l "‘
. - . R X
. -t L& PR
‘I\ "= g LI S 2, “y *
" LT bR s, _,‘-r\-s’-h-.r L Y e
> ‘ _:\‘ . “r-
-
* 1||:':“l-- . .;c-r" .
\'\nﬁ:l_ a " "!f"
Sy . - =t L TERT RV ALY Ly
- e, .u_‘\-'_ ‘.;‘,.N’:’_f_t‘ s Il y

MathWorks

EUROPE

AUTOMOTIVE CONFERENCE 2020

Algorithm:

1. We receive a 16x1024 point cloud
In 3 dimensions

2. We remove points which are
echoed by the robot itself

3. We extract the lowest three rings
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Objekterkennung mit LIDAR

MathWorks

Algorithm:

1. We receive a 16x1024 point cloud
In 3 dimensions

2. We remove points which are
echoed by the robot itself

3. We extract the lowest three rings

4. And search for ring shapes
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Objekterkennung mit LIDAR

Algorithm:

1. We receive a 16x1024 point cloud
In 3 dimensions

2. We remove points which are
echoed by the robot itself

3. We extract the lowest three rings
And search for ring shapes

5. Everything which is not part of a
ring is classified as an obstacle
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Objekterkennung mit LIDAR

Algorithm:

1. We receive a 16x1024 point cloud
In 3 dimensions

2. We remove points which are
echoed by the robot itself

3. We extract the lowest three rings
* 4. And search for ring shapes

5. Everything which is not part of a
ring is classified as an obstacle
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Simulation and Model-based Design

#3 top_model - Simulink

- [a] x
File Edit View Display Diagram Simulation Analysis Code Tools Help
B-o-8 e - E-wqOP - ([~ o i
top_model X State Subscribers [Error_state_handier Contraller
® | [*altop_model ¥ -
Q
G - :.
= — - -
- i -
= o -
Inputs = =T | Outputs
"ra Pt e o
- -
- =+ =
[ e —
» T
Ready 67% FixedStepAuto

Controller Logic
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Vehicle in Action
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» Kyburz was able to produce four functional prototypes in a span of
24 months using Model Based Design

« Some of the important lessons from this presentation:
— Document and ensure adequate process is followed

— Establish workflow which enables high safety integrity levels to
be reached

— Test at unit, module, and system level

» Success depends on effort multipliers (i.e. tools) as well as
structured process

« Stay tuned for further deployments
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Q & A - Thank you for your attention
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