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Current approach to development in robotics

1st phase: Abstract model » Outdated
» No use of models
tat hil
é > No tool support
D R I——— » Programming-based
2nd phase: Simulation ]
* oo » Trial-and-error based
controller | hardware :
code simulation :ir;::gr:i?:m | g NO assurance
’% 3rd phase: Implementation
low-level .
T robot environment
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Example state machines
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Becky Naylor, Mark Read, Jon Timmis, and Andy Tyrrell.

The Relay Chain: Communication between an Exploratory Underwater Shoal and a Surface Vehicle.
ALIFE 14: Proceedings of the 14th International Conference on the Synthesis and Simulation of Living Systems.
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Example state machines
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Jianing Chen, M. Gauci and R. Gross. “A strategy for transporting tall objects with a swarm of miniature mobile
robots”. In: Robotics and Automation (ICRA), 2013 IEEE International Conference on. 2013, pp. 863-869.
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Our approach

oboChart + RoboWorid
Model
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Our approach

oboChart+ RoboWol
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Our approach
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Our approach
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Our approach
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Our approach
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Our approach
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Our approach
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Our approach
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Our approach
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Our approach
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RoboTool support for our approach

Eclipse plug-ins: www.cs.york.ac.uk/robostar/

55

Qualitative Results

Reactive Modules “ Y ,1> ﬁ
Formalism

PRISM Storm

CSP and
timed-CSP

@u

RoboTool

=

uantitative

RoboChart Q
Models Results
C++/ SDF——>| :(> >
I+
Simulation

chemical detector - autonomous pod - transporter -
solar vacuum cleaner - ...
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Our approach: more detail
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Our approach: more detail
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Our approach

RoboChart + RoboWorld

T - o T - — T
é Control Software !\ Q Platform Services ; gnvironment Assumptio?

RoboSim
Platform
{ Control S°“Wafe> é Physical Mode! )
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Our approach

RoboChart + RoboWorld
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Our approach

RoboChart + RoboWorld
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Our approach

RoboChart + RoboWorld
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A very small RoboSim example - d-model

& 7

£ FootBot
Movementl
Obstaclel o ref Movement
obstacle obstacle
async
Movementl Obstaclel
|;| move(lv: real, av: real) 4 obstacle
stop()
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Behaviour for RoboSim: cycle || simulation

-

read sensors

write to
actuators

cycle
period

Buffered parallelism

& FootBot
(8] Movement
@ Obstacll

obstacle

) CFootBot

(3 smsMovement cycleDel - (yde

o

P vl av: ool v 100l
ec

oputs

O obstader

Visible behaviour: registerRead and registerWrite
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Behaviour for RoboSim: cycle || simulation

) CFootBot
] e

read sensors

M
- 43 simshovement [cycleDef = (cycle==1)] |
write to o e
actuators ot

O obstader

cycle
period

Buffered parallelism
Visible behaviour: registerRead and registerWrite
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p-model: physical model

> Inspired by facilities offered by simulators

v

Basic notions: links, joints, sensors, actuators

v

Sensors, actuators, joints: system of differential algebraic
equations

Diagrammatic notation: block diagram
Linked to a module: platform mapping

Sensors and actuators — Variables, events, and operations

vvyyvyy

Automatic generation
» XML-based SDF for simulation
> CSP-based model for reasoning
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A very small example - Not the footbot

Ana Cavalcanti University of York, UK - RoboStar  (www.cs.york.ac.uk/RoboStar)
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A very small example - Not the footbot
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A very small example - Not the footbot

-model
position: (length/4, width/2+radius/4+0.5cm, radius) Bp position: (length/4, -(width/2+radius/4+0.5cm), radius)
orientation: (0.0, P1/2, PI/2) FootBot orientation: (0.0, P/2, PI/2)
width, lengtl

height, radi

position: (0.0, 0.0, 3*radius/4+height/2)

orientation: (0.0, 0.0, 0.0)
position: ({ength/4-radius/2, 0.0, -height/2 radius/4)

orientation: (0.0, 0.0, 0.0)
() body & link () body
CasterWheel Base Chassis
Sphere(radiusiradius/2) Box(length, width, height)

position: (length/2, 0.0, height/2)

orientation: (0.0, 0.0, PI)
& link 4 sensor &3 joint & link
LWheel e -=--= LHinge: Revolute R RHinge: Revolute RWheel
axis =(0,1,0 Inputs axis =(0,1,0}
distance: real
Liinge.as = LMotor.as RHinge.as = RMotor.as
outputs

() body 5, actuator voltage: real 5, actuator () body

Wheel LMotor: Motor Eqatens RMotor: Motor Wheel
S q (-0.028 istance)) E
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Platform mappings

Association between d-model and p-model

Defines variables, events, and operations

Variable: input to actuators

Input events: predicate and communicated values, if any
Output events: assignment to inputs of actuators

Operations: actions or DAE systems

vVvvyVvVvYVYyyypy

Very simple definitions: no time
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Platform mapping - a small example

Platform Mapping

move(ls:real,as:real) stop()
Local Variables Action
dsl, dsr: real move(0,0)
Constants

axisLength = width+2*(radius/4+0.5cm): real

Equations

LHinge.das = dsl
RHinge.das = dsr
Is=radius*(dsl+dsr)/2 IR.voltage >= 3.0
as=radius*(dsl-dsr)/axisLength

obstacle

d-model reference E p-model reference|

ref SimCFootBot ref FootBot
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Generating simulations and mathematical models

Translation to SDF
» Automatic
» Useful tool for validation
» Various physics engines

» Equations are (mostly) ignored

Translation to Hybrid CSP
» Automatic
» Useful tool for proof

» Equations are used
» Proof with Isabelle/UTP
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So, what next?

RoboSim
» Implementation
> Refinement technique
» Soundness

» Case studies

Support to user

» Properties language
» Modelling of environment

P Test generation
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