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Why model?

. Planning jrow-------— _'worksite found”

"G

| Scout Work

A

=  Behaviours and behaviour transitions easier to draw on
paper than directly test in code

= Data structures: Which ones are needed and when? Is my
solution viable?

=  Dissemination
= |mage often tells a much clearer story than text

. . . . .y Worksit
= A good graphical representation must avoid ambiguities L —

ﬂ \, A “near a worksite”

A“near a worksite”
»/ Worksite
"\ data ext.




Existing methods

Algorithm: Search for worksites in the environment. Perform work them. Recruit nearby
robots while working (e.g. foraging, customer servicing).

Robot 1 Robot 2
= scout() scout()
worksite depleted . work
Scout ¢ P Robot * + | Worksite 0
. stores, Data
worksite found - worksiteData sends, - broadcast recruitment
or robot recruited + scout() receives | - location signal
+ work() - utility <
Worker + + broadcast() send acknowledgement
>
Broadcaster >
send worksite data

. work() . work()
v v

Statechart Class diagram Sequence chart



Robot 1 Robot 2
scout() scout()
worksite depleted . work
Scout |¢ P Robot * * | Worksite 0
. stores, Data
worksite found - worksiteData sends, - broadcast recruitment
or robot recruited + scout() receives | - |09?t|0n signal
+ work() - utility <
Worker + + broadcast() send acknowledgement
EE—
Broadcaster

send worksite data

. work() . work()
v v

= These methods were invented when programs were simpler and more linear
" Problems for multi-robot systems:

= Assumptions of finite-state machines with well-defined, predictable interactions

= No explicit representation of data or of influences external to the system



Behaviour-Data-Relations Modelling Language

= Describes robot behaviours, not states.
= “Work” behaviour versus “Worker” state
=  Model finite-state machines, neural network controllers, behaviour-based controllers, etc.

= Both behaviours and data are primitives, so they can relate to each other
= Explicit representation of what information is communicated and where it is stored

= Combines capabilities of statecharts and class diagrams (describe control algorithm) and of
sequence charts (describe communication)

= Allows to specify relations between behaviours and data external to a robot’s memory
= Represent communication between robots and interactions with their environment



Primitives

=  Behaviours Behaviour name

= Internal data structures
= External data structures




Relations

=  Transition

=  Read/ write

= Update

=  Receive / send

=  Copy

~~n




Conditions

= Specify when relations apply
,“at home”

= Acertain fact is true b4 >—> b,

= Robot is executing a behaviour — Q




Example: Recruitment

Worksite
location

Scout y ; Work <

“worksite depleted” /’Y
“Scout encountered” ’

=  Explicit representation of recruitment:
= Send relation between Work and Worksite location

= Conditional transition between Scout and Work



Styling in Sketch BDRML

m Defa u It Styles T::er:avi:r Properties :
=  Set for the whole file
¥ Style i
Font size 30.0 ~ |px,
= Component styles Font colur weszo - !
= Set for individual primitives and relations R G Slal
i Border colour W #333333 v
= Possible to reset to Default style Background whte  ~

£ _

... Line width 3 = px
III1 ,
E.. . Line colour W #333333 -
i .... .. Reset to default
= Advanced colour picker for custom colours EEEEEE =
O
and transparency

Custom Color...

"



Example: Pheromone Trail Following

. (F) "new beacon found"
= Default black and white styles ) — —/
—p e
used on most components Scout B——— resource base  fo- .
v

"resource dropped off" ’

= Different pheromone
H 1 "worksite depleted" . "worksi hed"
fOHOWIng behaVIOU rs orksite deplete .| . orksite reache
are highlighted

\

Travel to
worksite

el \\ e2
/7 ~ +1 \
N "~
\\
Food Last AN Base i
p— pheromone ‘ I
pheromone J* value pheromone
1
‘|\
1 \

-

"new beacon found"
,

1 ”




Sharing your work

= Sketch BDRML has its own file format. You can save .bdr files
and share them with others

0
= Use the Export to PNG feature T
to Create images for your | Scout [>/\> reIS_Z\aJ?ce > Tr;;:leto D:ﬁ Image Size 1065.00x696.50 px |
s p Original Size 1065.00x696.50 '
pa pers etc- | l “resource dropped oft"
| ShOWS a reVieW “worksite aeplﬂem"‘ll _- "Worksite reached"
p Travel.to “new beacon found”
= |mage can be re-scaled worksite | ,

— pheromone Y

N
" -
N
N -
.
.,
™, Base
pheromone

Format PNG ~

\

'I Food

i pheromone
|

|

<
) |

Export

AN



Why Sketch BDRML?

http://swarmdesign.lenkaspace.net/sbdrml/ D—.
= Helps you to think about how data should be gathered and

used within your system
= Makes it easier to judge feasibility of solutions before they 6

are implemented

= Makes it easier to keep and share algorithm S k t h
documentation e C
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