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ACROBA Architecture

* AI-Driven Cognitive Robotic
Platform for Agile Production

Environments

* Flexible production solution for mid-

range companies

e Modular collaborative or standard

platform

E
H

Be F chho h chu l
Ha t cole spécialis rnoise
Bern Llni vvvvv ity o prphed Sci eeeee




connect & produce through agile production

Berner Fachhochschule
F Haute école spécialisée bernoise
Bern University of Applied Sciences

ACROBA Cognitive module

KNOWLEDGE A N \ PROCESS
TRANSFER FEEDBACK

” ACROBA

Platform
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ACROBA Task Planner

e Executor ofthe task

 Help to design the task
e Task optimization
* Online re-planning

* High level of automation
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BehaviorTree.cpp

 Library to handle behavior trees from MOOD2Be project: Models and Tools to design
Robotic Behaviors (2019)

extract model from

| ReactiveSequence ‘ A > Custom Node Plugins <— I_OQC_i__I
| :
| |
| |
RobotLocalized Invert MoveTo Groot __c_rga_tg/_egi_t_> Tree (XML) ﬁ a _re_za_d_ _|C++ Executor
[in] goal:{pose}

EmergencyStop

- Subscribe o State Transitions )<-- publish __,
Action: MoveTo ____ visualize/replay _ [logfile By save |
|

MoveBase Client | O} Component: MoveBase
query port

Figure 8: Check if robot is localized and emergency stop is pressed.

Figure 10: Relation between Groot and the C++ Executor

Figure 2: Relation between an Action of the BT and a service-oriented compo-
nent.
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Plansys2

/7~ Aclient |\ e

Application PIanSys 28 2\
e ROSPlan for ROS2 pyr—

Executor

|

Action 2

* (Can generate, Terminal

Get
Pl

execute and Action N

Planner

——

display Behaviour ——

trees ./
=]

e Generation from

Domain Expert Problem Expert

PDDL PDDL
\ Domain Problem \ /

PDDL with several
solvers available m/ T

-------- - Topics

-

—> Services
- Actions
:) ROS2 Nodes
- Clients Wrappers
@D s
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(define (domain factory)

P D D I (:requirements :strips :typing :adl :fluents :durative-actions)
;; Types ..............................

gripper piece zone
)i end Types ;55
* Planning Domain Definition Language e
i Predicates ;innniiin
‘Domain ->Predicates (properties) Cpredicates

and o pera tors (ACt 10N S) = Epigce_at ’t?;’)?- piece ?pz?- zone) =)trute if pfartlp is in zone pz
. gripper_at ?g - gripper ?z - zone) = true if gripper g is in zone z
Robots/Tools/Parts and Robot skills

Problem -> Goal=Domain state to
reach by using actions

(gripper_free ?g - gripper) = true if gripper g doesn't hold a part
(gripper_has ?g - gripper ?p - piece) = true if gripper g holds part p
);; end Predicates ;;555:55555550050
* Evolution of PDDL over time  AGHionS e
(:durative-action pick
:parameters (?g - gripper ?z1 - zone ?p - piece)
:duration ( = ?duration 4)
:condition (and
(at start(gripper_at ?g ?z1))
(at start(piece_at ?p ?z1))
(at start(gripper_free ?7g))
)
-effect (and
(at start(not (piece_at ?p ?z1)))
(at start(not (gripper_free ?g)))
(at end(gripper_has ?g ?p))
)
)
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Use case example

rotating carrousel
with PTH bins

hopper and
vibrating
conveyor belt

* 5 use cases

*Collaborative assembly lines assormbly table
.I KO R P THS on P CBS conveyor belt  monitor PTH bins
I CPE: Electric motors parts —t. .lﬂ
PCB & 4

*Light out manufacturing

*STER: Processing of medical 3D
printed parts

i
i Pt i
*CABKA/MOSES: Defects removal . PTH sticks |/ * human
and Q C and trays ; operator
\"‘- dual arm manipulator ~~=~___ ,_ inter-  /
with static and moving mediate

surface

e Let'suse IKOR as support for

vision system
robot
reach boundary

presentation
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Task planner at engineering time

Editin a
user friendly
nice tool

GUI planning layer

— 3D simulation

Launch

Edit the new sub-problems
(plug-ins) like CAD based task
planner or IKOR assembly order

Task Planner

Edit/
Execute/
simulate

BT
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Task planner at engineering time

& M

Platform &) )

=

Preserviation of the FCE [Fresercxtion of the FTH: [P and plzos o the FTHE

- Offline

By premunl PCE 1w
e poiad station

D ek cbala-malio
and mazch with 08

|r Find camdidais FTH in

Lead FIH and | 1
=  Presan masi PTH e commner
assemidy sequence | —_ surtace, bin, sk liay
" Detect T pase-

in-hand. surface, s

Firdl FTH pasition an
the BCR

i
1
|

u Pt il ated; resr wall e simulated |VIL) Placs [ Asaambia FTH

m Peanigilmm, [S0E) . -
EER o= plarnier (amen BrH) Zand the PCE 1o the rer P Teu = = B P

nexd station | | - Jr— | i
“ Nieegi Rain frrcament | ssmang DF L = BT
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Task planner at runtime

GUI HMI layer

Launch and
control
execution

Task Planner

pJ

Bridge
to ROS1

Runtime optimization of task/problem
sometimes needed Dynamically edit (T2.4)? Display
Must be brought back to ROS2 state of task to the operator

12
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Task planner at runtime
| rumen |

Prapare working area i

. . . ACROEBA
* Online re-planning in Platform

ACROBA
muodules

case of human

Position the PCE 1S

Place/Rehll FTHs

operator perturbation

Bring { presant PCB to 1'I

the rabat station
Detect the PCB
Decode dala-malnx
and match with DB
Load PTH and ‘] . X amr-eeerr—ram Find canldn:ia_!a F"TH n
r sssembly sequence J " Present next PTH o oy

Runtime

e e

Find PTH position on
tha PCB

u Mot simulated; rest will be simulated [VIC)

m Porcption, (SIG)

I I
Task planner [AITIF, BFH) Send the PCS 10 the ! mare F I ]
newt station / T :
m Deep Reinforcement Learning [DEU) | |
1 1
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Task planner overview

GUI planning layer

—» 3D simulation

Edit in a GUI HMI Iﬂyer i

user friendry Execute/

) simulat Launch and
nice tool Launch _IME:ITE = control
execUtion

Task Planner +—

Edit the new sub-problems
(plug-ins) like CAD based task
planner or IKCOR assembly arder

Bridge
to ROS1

Runtime optimization of task/problem

Edit the new sub-problems (plug-ins) ta he sometimes needed Dynamically edit (T2.4)7 Display
dynamically solved (possibilities: IKOR assembly Must be brought back to ROS2 state of task to the operator
arder check, CABRA best deburring trajectary,

STER optimization) 14
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CAD based task planni

* Plug-in for the task planner
» Step files

e Info needed:

*Relative positions of the
parts

*Relative direction of the
parts

*Movement type of assembly
*Assembly order
*Where to find the parts

* GUI or other way for the
designer to give order of

assembly

Home Formelemente PMI

Zwischenablage " Auswahl
B9 -@-=

B3 Alternative Baugruppen

BHEo R EE

Elemente
EENC= TSI -

Member1 =

nderungen allen Elementen zuweisen

Elementen jiesen sin

Ausgenommene Vorkommnisse = K|

Skizze
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Solid Edge ST10 - Assembly - [04_Finale_Umsetzung_CAD_Montage.asm!Member1]

Simulation Simulationsgeometrie Priifen Extras Ansicht Daten-Management
':'é fg F ) Seter slo @ é i] E & & @OK &L P
[ 1] wMEo RE =R ]
3D-Skizze Teil vor Ort 5 Bel Auswanl Knmponeme Teil g Konfigurationen Ausrichten Formatvorlage
ﬂ’ Ginfiigen _erstellen~ [ e Ziohen~ _ ersetzen~ h ok & 5 i = "
Skizze Zusammenbau Andern Motoren | Teilflichenb.. Muster Fenster

4bvx

3 Welle2/#Nr=20,v6=20,ac=10,0ig=1,ga="
@ Welle2/#Nr=20,ve=20,ac=10,0ig=1,g:
3 Welle1/#Nr=30,ve=20,ac=10,0ig=1,ga:
@ Welle1/#Nr=30,ve=20,ac=10,0ig=1,g
3 Zylinderschraube Mg.par:1

@ Verlangerung/#Nr=80,ve=20,ac=10,0ig=1,ga=5.
Bk Greifkopf TCP_VAR/$Nr=80,pa=1/$.asm:1
[ Buchse/#Nr=90,ve=20,ac=10, 9a=5,g
Bh Greifkopf TCP_VAR/$Nr=90,pa=1/$.asm:1
fh Greifkopf TCP_VAR/SNr=90,pa=2/$.asm:2
(3 Buchse/#Nr=90,v6=20,ac=10 9a=5,g0=0.
@ 2ylinderschraube_M4/#N;
3 Welle1/#Nr=30,ve=20,ac=10,0ig=" |,ga
Bb Greifkopf_TCP_VAR.asm:1

O Welle1/#Nr=30,ve=20,ac=10,0ig=1,ga=5,gc=0....
3 Welle3/#Nr=10,ve=20,ac=10,0ig=1,ga=5,go=0....

Fo

[=] ‘E; O buchsen.par:3
[0 %0 buchsen.par:4
[ %@ Deckel_rund.par:1
[ %@ Lager_2.par:1
(] % O Welle3/#Nr=10,ve=20,ac=10,0ig=1,g
(%) 73 O Welle2/#Nr=20,ve=20,ac=10, 0ig=1,0

96=0.6,sIc=2,e=0,pt
,90=0.6,8lc=2,he=0,pt
h

00=0,10=1,gnr=2,0rr=0/#.par:1
,06=0,10=4,gnr=2,0rr=50/#.par:1
0c=0,to=1,gnr=2,0rr=50/#.par:1

[ % O Welle1/#Nr=30,ve=20,ac=10,
[ % 3 Deckel/#Nr=40,ve=20,ac=10,0ig=1,g;
0O % @ zylinderschraube_M4/#Nr=50,v
[ %@ Zylinderschraube_M4/#Nr=60,ve=20, ga: . slc=2, P
[ B @ Zylinderschraube_Ma/#Nr=70,ve=20,ac=10,0ig=1,ga=" 5.gc 0.6,slc=2,he=1,pb=0,pa=
& [ % b Greifkopf_TCP_VARZ/$Nr=10,pa=0/$.asm:4
@ [ % By Greifkopf_TCP_VAR2/$NI=20,pa=0/$.asm:5
= ) % b Greifkopf_TCP_VAR2/SNr=30,pa=0/$.asm:6
@ [ [#Koordinatensysteme
® [ 5JReferenzebenen
@ [ ghskizen
@ [#] % fy Roboter_Kraft_Moment_Sensor_tcp_Greif_S2.asm:1
@ [ % b Greifkopf_TCP_VAR/$Nr=40,pa=0/.asm:7
@ [ % B Greitkopf_TCP_VAR2/$NI=50,pa=0/$.asm:8
@ [ % B Greifkopf_TCP_VAR2/$Nr=60,pa=0/$.asm:9
& [ % b Greifkopf_TCP_VARZ/$Nr=70,pa=0/$.asm:10
) % O Aufehmer_Zahnréder.par:1

yeyosuiswso-6p3 Pios 7]

Kein Hauptteil gewahit.
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Questions/ Remarks /Inputs

\
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Thank you for your
attention!

Visit our website www.acrobaproject.eu

To get up-to -date information on  demo sessions, business coaching,
trainings, design contests , etc.
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The ACROBA project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 101017284.
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