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Robot Programming and Machine Perception

group — www page [6]
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[6] Robot Programming and Machine Perception group — www page. URL:
https://www.robotyka.ia.pw.edu.pl/.
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Robot Programming and Machine Perception
group — LinkedIN [5]

Robot Programming and Machine Perception groups at Warsaw
University of Technology

Research - Warsaw - 111 followers

‘f‘s Tomasz & 2 other connections work here - 4 employees

(v Following ) (UERIEEINY ( More )

Home MyCompany About Pests Jobs People Insights  Videos

m Images ) ( Videos ) (‘Articles ) ( Documents ) (Ads
ﬁ oty Top =

. p Robot Programming and Machine Perception groups at Warsaw ...
Robot Programming and 7, i 11 followers
-®

Machine Perception d

groups at Warsaw A few more days to register for our hackathon!
University of Technology
%, Bionik - Students Robotics Interest Club at Warsaw University of Tec...

111 followers followers

The deadline for registration of participants s extended to November 25

(Thursday) until 23:59
Registration link (51 E]: https://Inkd.in/e7Va2ewi see more

[5] Robot Programming and Machine Perception group — LinkedIn. URL:
https://www.linkedin.com/company/robot-programming-and-machine-perceptions-

groups-warsaw-university-of-technology/.
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Velma service robot

cameras

camera RGB-D
(MS Kinect)

2X manipulators

7 DoF 2Xx 6-axes
(KUKA LWR 4+) F/T sensor
(ATI Mini45)
torso 1DoF

BarrettHand BH-280
with artificial skin

BarrettHand BH-280 " Jaa e
with F/T sensors

(Optoforce)

6 /37



Rico (modified TIAGo) assistive robot

omnidirectional microphone

camera RGB-D

movable head —\

¢ <« directional microphone

stereo microphon cargo platform

speaker
tablet holder

PC (laptop)

RFID antena —y

movable torso

-— artificial
skin

charging contacts—g_ | <____mobile base

LIDAR 4
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EARL idea

EARL [1, 10] — Embodied Agent-Based Robot Control Systems Modelling
Language based on:

e SysML [4],
@ Embodied Agent Theory of Warsaw school of prof. Cezary Zielinski [3].

(1]
(3]

(10]

EARL — Embodied Agent-Based Robot Control Systems Modelling Language - reference
manual. Mar. 2022. URL: https://www.robotyka.ia.pw.edu.pl/projects/earl/.

T. Kornuta, C. Zielinski, and T. Winiarski. “A universal architectural pattern and
specification method for robot control system design”. In: Bulletin of the Polish Academy
of Sciences: Technical Sciences 68.1 (2020), pages 3-29. DOI:
10.24425/bpasts.2020.131827. URL:
http://journals.pan.pl/Content/115164/PDF/01_03-29_01163_Bpast.No.68-
1_28.02.20_K_0K_TeX.pdf.

OMG Systems Modeling Language - Version 1.6. accessed on 4 April 2020. Open
Management Group. Dec. 2019. URL: https://www.omg.org/spec/SysML/1.6/.

T. Winiarski et al. “EARL — Embodied Agent-Based Robot Control Systems Modelling
Language”. In: Electronics 9.2 (2020), page 379. DOI: 10.3390/electronics9020379. URL:
https://www.mdpi.com/2079-9292/9/2/379.
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EARL a SysML packages

pkg [package] EARL [packages] /

Manipulation Robot Value Types |

Basic EARL Model Basic EARL Instance Pig ‘
«wuse»
K A K Tr«user- . | caleulation Components
(from Basic EARL) /[, (from Basic EARL)
: ‘
«use»
i
Search and Rescue System Model I Search and Rescue System Instance |
«realize» ‘
(from Search and Rescue System) (from Search and Rescue System)
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System layer

«block»
Link

bdd [package] Basic EARL Model [system_layer_goa] /

+ msg: valueType

+a_a inter agent
«block»
0. *

«block» 0.* | GroupcfiAents «enumeration»
+a_a inter agent synan +ga AgentType
0.* 0.* c

cr
+a | 1.* CE
R
OV estowr «block» +a CET
0.* Asert " CRT
+re_ve type: AgentT: o CER
Ve retove |+ type:AgentType @
0.*
+ve_cs vetocs
N «block» «block»
0.. Real Effector Subsystem
+rr_vr rtovr
0.* e «block»
e re  vetore g o.+| Virtual Effector
0.*
TCS_VE  cstove
B
0. +vr
e 65wt «block»
- vrtee ‘_o | Virtual Receptor
0.% h
rvr_rm vrtorr
0..%
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Metamodel - System layer - cardinality of Subsystems

It is not trivial in SysML to add constraints like the following in the
mathematical notations. EARL comprises it.

vr| 21 <= |rr| 21, |ve|>1 < |re| > 1. (1)
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Groups of Subsystems

bdd [package] Basic EARL Model [system_layer_gos] /
Subsystem
cblocks o o vetore «blocky e
Link = Group of i
. o — 0.* 0.* 0. Real Effector
g YPe | 4re_ve oo ve
Subsystem
0. o +ve
ies ve CStove %* «block»
0.* O™ Virtual Effector
0. e
+ve_cs vetocs s Subsystem
0..* 0.* — «block»
4cs_ur Cstovr 0.* O-"1 control Subsystem
0.* .
o. o Subsystem
e wrtoes K>——  wblockn
< N
0" o o.x 0 Virtual Receptor
+vr_rr vrtorr
Subsystem
0.* * +IT
Ko—— block»
rmtovr B «
+rr_vr 0.x O Real Receptor
0. * +igs
+a_a interagent
0% «block»
0. o0+ ces Agent
I~ <
+gs0.% * 0.* 1.*
+aal o +gs | 0.%
inter agent
«block» +a
System
v L
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Sub

m lay:

bdd [package] Basic EARL Model [subsystem_layer] /

+bb
cdsledks B «block»
Subsystem +pf 1.* Basic Behaviour
@———  wlock - :
1.% «. O.C. . +tf - iterationNumber: int
- Primitive ——<>
+pf Transition 0..*| + execute()
0.*7|  Function + receive()
% + send
+fsm +ifsm | 0..* 0.% [ + execute()
*

()
0..* 0..
«block»
FSM P +te +ec

+ nextVertex(): FSM Vertex 3.7 «block»
+ run() +p 0. Predicate

0.* [+ fun(): boolean
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Buffers and Subsystems

bdd [package] Basic EARL Model [5““5‘/5‘3'”—”““%1/ bdd [package] Basic EARL Model [pamcu\ar,subsystem,buffers]/
«block» «block» «block»
Input Buffer Output Buffer input Buffer
: valueTy IueT
T M 4ib | 1% wib | 15 4b | 0.F  4ib | 1% +ib | 0.*
+ receivel) + send()
w0 *ob | O. Subsystem| | Subsystem Subsystem Subsystem Subsystem
«blockn «blockn «block «blockn «block
blocks Real Effector| |  Virtual Control Virtual Real
Subsystem Effector Subsystem Receptor Receptor
+m|o.* sov | ox
ablockn ablock» +ob| 0. +ob|1.% +ob] 0. +ob|1.* +ob[1.*
Internal Memory Transition Function
Composition Variable «block»
+ msg: valueType Output Buffer
+ msg: valueType
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Subsystem — operation FSM.run()

act [package] Basic EARL Model [run] /

FSM State \/—\ |
cfv.bb. ()

“\L cfv := nextVertex()

f FSM

v Pseudostate initial (ifs)
type
FSM Pseudostate type
~®
FSM final (ffs)
Superstate

cfv.sfsm.run()
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Subsystem — operation Basic Behaviour.execute()

act [package] Basic EARL Model [bb_execute]/

( tf.execute()

[F]

iterationNumber ++

@é( errorTransiton/mo.msg:=TRUE

@é( errorTransiton/mo.msg:=FALSE

receive()

ec.fun()

[F]

te.fun()
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Subsystem — Buffers, Predicates, Primitive Transition

Functions

bdd [package] Basic EARL Model [buffers_usage] /

+ib
«bIc‘;ck» K> «block» [ +b «block» tiev «block»
Predicatcig; + 0.*|  Input ; ——X Primitive ~ Transition
«block» +ib | Buffer 0- 0.* | Transition N 0.*|  Function
Basic [o— +dst Function - Composition
o5 . <> «block» A
Behaviour | 0.* 0.. Variable

* Link 0.*

: 0..
+src
B
0- b (plockn [
Ko— *
. 0% Output | 40b 0..

Buffer t—m —m8 ——<> +pf0..*

*
| _+p +mi 0.. 0.*
*
0. x| cblocks
* ..
0 Internal mi
+mo Memory C rocv
ok Lt 0. 0.* 0.x 0.
+mi +mo
0.* 0..* 0.* 0.*
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Model — communication constraints

ibd [package] Basic EARL Model [commumcatlonfconstralms]/

i/al0.7] i/

/cs o
v e [y
«flow»

0.%
[] ST [ ] /ib[o__/*‘]lr[ /o]b[o..*] []

«flow»

/ ob[0..*]

«flow»

Jrr_vr

/ob[L.*]  Jib[1.x] [ JES-=T==--

«flow»

Jvr_cs

Jiblo. ][ LT

«flow»

/ ob[1..*]

/vel0..*] / re[0.#]

/oblo. ][] LELER [ /by Jobfs] [ Food¥ere ST ibp.
/ib[0..¥] ___/a_,_a'__ /0b[0.] «flow» «flow»
lown Jve_cs Jre_ve

Jiblo.x] [ &z E=---

«flow»

[ ]/obl0.*] ibjo.*] [ T --===-~

«flow»

/ ob[0..*]
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Some aspects of notation

The same Block can be presented in various context:
In Subsystem:
manip/a.cs.jointMotion/bb (2)

In FSM state: fsm.firstMotion/s:
manip/a.cs.fsm.firstMotion/s.jointMotion/ bb (3)
If only one element exists, there is no need to specify particular name:
manip/a.cs.fsm.firstMotion/s.bb (4)

If there are many elements, the lack of name denotes all of the elements -
the whole set:

manip/a.cs.bb (5)
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Gravity compensation in impedance robot control [8] —
robot Velma in experiments

[8] T. Winiarski, S. Jarocki, and D. Seredynski. “Grasped Object Weight Compensation in

Reference to Impedance Controlled Robots”. In: Energies 14.20 (2021), page 6693. 1SsN:
1996-1073. DOI: 10.3390/en14206693. URL:

https://wuw.mdpi.com/1996-1073/14/20/6693.
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Gravity compensation in impedance robot control —
simulation

@ ownCloud/rpmpg-movies/team/velma/Grasped object weight compensation in
simulation.mp4
@ https://vimeo.com/397214388



https://vimeo.com/397214388

Gravity compensation in impedance robot control —
experiments with hardware

erence measurement

@ ownCloud/rpmpg_-movies/team/velma/Grasped object weight compensation with
hardware.mp4
@ https://vimeo.com/618941465
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Gravity compensation in impedance robot control —

controller structure

ibd [package] Grav Comp [system—ibd]/

task / ga: core / a: Agent
Group of
Agents
armsCommand/a_a armsCommand/cs_ve
------------------ F=> /es:Control |[---------------=---->> armsGrippers / igs:
grippersCommand/a_a Subsystem grippersCommand/cs_ve Group of Subsystems
< armsState/a_a < armsState/ve_cs
- _g_r]_p_p_er_s§t_a£e_/§7_a_ 1o e grippersState/ve_cs
csState/a_a

Full (self-descriptive) notation of Agents names that bases on instances.
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Rico — mobile assistive robot — execution of user

commands [9] — the robot

omnidirectional
microphone

smart home router

USB wire

= cH extra buttons
notebook .

oo s

“internai PC

operator laptop

[9] T. Winiarski et al. “An intent-based approach for creating assistive robots’ control
systems”. In: arXiv preprint arXiv:2005.12106 (2020). URL:
http://arxiv.org/abs/2005.12106.
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Rico — transportation attendance with hazard detection [7]

@ ownCloud/rpmpg-movies/team/rico/20220120_uwiniara/rico-tea-home.m4v
@ https://vimeo.com/670252925



https://vimeo.com/670252925

Rico — reaction to a human fall [7]

@ ownCloud/rpmpg_movies/team/rico/20220120_uwiniara/rico-human-fall-home.m4v
@ https://vimeo.com/670246589
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Rico — controller structure

bdd [package] SoRoF Model [agent_hierarchy] /
/

«block»
Basic EARL Model::System

ibd [package] SoRoF Model [sorof_structure] /

ablock»
Basic EARL
Model::Agent

A

«block»
Task Harmoniser Agent

«block»
Task Requester Agent
ablock»
Platform Agent

«block»
Core Agent

«block»
Dynamic Agent

«block»
RAPP Store Agent

+ath

1

e
;

+apl

7

«block»
System

'
«flow»

v

robot / ath

)

«flow»
'
'
V

/ ady[0..*]

Short notation of Agents’ names that bases on




Rico — controller behaviour

sd [package] SoRoF Model [voice_conversatlon]/

% TR Jew task /adyl]| [robot/atr] [ robot/ath

:Elderly

T
'
'
'

1.0 ask(text)

i 1 1
i i I
i I I
i i I
i 1 i 1
i 1 i I
i i I
i + | i I
! Gl 1.1 requireVoice ' !
; (text) ' !
i i I
i i I
| - L2retumn___ i 1
! (voice) ' !
i i I
i i 1
1 1.3 ask i '
‘ i I
(voice)—T ' i

1.4 respond i 1

" “(voice) "= 1.5 requirelntent i H
(voice) i H

i '

1.6 return : 1

<< - (intent)= ==~ i i

i 1

1.7 respond(intent) . |

I

1.8 respond
’Hmm)

i
i
\ 1.9 respond(intent)
i
i
i
i

fez -0 [ A
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Velma — safety assurance

(a) point A (b) before the door (c) point C

(d) point D (e) point E

Piblication in nroorece 31 /37



Velma — safety assurance — controller structure

ibd [package] Safety [general_system_structure]

Set trajectory is not followed Self collisions error
error detection detection
id=UcC2.1 id=UC2.6
DS ,
* ’
*, ’
task /ga: \ K core /a : Agent
\
Group of S /
Agents '\ g
/cs: Control  [<=--=>1 / vr : Virtual
kT - > Subsystem Receptor[0..*] [<=--=>{ / rr : Real Receptor[0.
kez- - / ve : Virtual
Effector[0..] <= --=>{ / re : Real Effector([0..*]

1 ! '
H '
T
AR VA v v
Calcul: C ication errors Position limit exceeded Torque limit exceeded
error detection detection error detection error detection
id=uc2.3 id=UC2.2 id=UC2.5 id=UcC2.4
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Velma — safety assurance — experiments [6]

@ ownCloud/rpmpg_movies/team/velma/velma_safe_door_hq.mp4
@ https://vimeo.com/266285125
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Velma — safety assurance — hierarchical FSM of controller

(1/2)

stm [package] Safety [core_a_ve_fsm] /

. [/nt] safe/ss Und transparent/ss \
i i O
initial/ifs do / safe/ifsm = do(/ transparent/ifsm j

1
1
1

1

1
1 e
1 ’
1 e 1
Faults reaction Faults detection Robot active movement
id=UC3 id=UC2 id=UcC1
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Velma — safety assurance — hierarchical FSM of controller

(2/2)

stm [State] safe/ss [ve_safe_ifsm] /

initifl/ifs
[/et]

final/ffs
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EARL — SysML 1.7 issues

EARL has answered some issues stated within discussion on INCOSE 31st
Annual International Symposium 2021 — Panel: The Journey from SysML 1.7

to 2.0 [2]:
@ the paradigm of using SysML to model robot controllers and
cyber-physical systems,
@ the way to connect structural and behavioural diagrams,

© text and graphic notations correlation.

[2] INCOSE 31st Annual International Symposium 2021. URL:
https://www.incose.org/symp2021/home.
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