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About this slide set

* This presentation contains selected diagrams from a Systems
Modeling Language (SysML) project model prepared using the
Webel Parsing Analysis recipe for SysML/MBSE applied to
(some of) the rules text from the Mars Society University Rover
Challenge (2020).

http://urc.marssociety.org/home/requirements-guidelines

 The model and diagrams were prepared using MagicDraw SysML
19SP3 and the Cameo Simulation Toolkit (CST) Plugin tool
(equivalent to the Cameo Systems Modeler product bundle).

* Thanks to Prof. Michael Vinarcik of University of Detroit Mercy and
SAIC for the kind invitation to use the rover challenge rules to
demonstrate the Webel Parsing Analysis technique applied to the
rules text encapsulated as SysML Requirements in a Cameo model.
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About Webel Parsing Analysis

* The Webel Parsing Analysis recipe for SysML is a technique for traceable elicitation of
SysML model elements from text extracts from domain source documents. This technique
has been refined over two decades by Dr Darren Kelly of Webel IT.

* The current version employs a customised extension of the SysML1x. ElementGroup
called a Snippet to encapsulate analysed text extracts:

— A simplified version of the profile is available in this demo model.
» Such Snippet elements are also employed as text commentary in diagrams.

* In general, the technique is applicable to any domain source document text, not just to the
text of Requirements (and typically the technique is used to also elicit explicit and implied
Requirements and Constraints).

« A full description of the method is beyond the scope of this document;
for a detailed description and accessible tutorial trails please visit:

https://www.webel.com.au/sysml/parsing_analysis

https://www.webel.com.au/node/3332

TRAIL: Theory and best practices for the Webel Parsing Analysis recipe for SysML v1.x
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Caveats and scope of the model (1)

* Time spent on this demonstration of application of the Webel Parsing
Analysis recipe to the Mars Rover Rules 2020 was necessarily
capped (all time spent was tracked, and most diagrams are time-
stamped).

* Only text from selected target Requirement elements was mapped
(and always via a Copy relationship so that finer-grained, owned, sub-
requirements could be elicited). See also the Requirements section.

» Use of Satisfy with Requirements is indicative only; Some matrices
and tables are provided to indicate that most Requirements are at
least “addressed” by an elicited or implied/assumed model element.

* There is no systematic treatment of functional allocation at all (yet).

* The model does not yet contain a clean separation of Block structure
and Behavior (so these often appear within the same Package/Model).

* No use was made of SysML Parametrics for calculations (yet).
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Caveats and scope of the model (2)

* As there is no pre-described Rover design solution, the focus of the model so far is on

representing the Challenge, Entry, Mission, and Stage points and penalty system — rather
than modelling a Rover solution that meets the Requirements.

- This also helps prevent any clashes between this SysML work and students’ real Rover entries.

* Representation of Rover block structure and values is limited to aspects indicated directly
in the rules. No parts specific to an assumed design solution are introduced.

» To make testing of the various included mini simulations easier, the Activity diagrams for
Challenge, Entry, MissionAttempt and StageAttempt are not yet glued together (one can’t
yet simulate a Team’s entire competition Entry for a Rover across all Mission types).

 Of the mission types, only the AutonomousNavigationMission is modelled in any detalil,
and only its MissionStages are handled (not the individual Legs).

* Ample use is of made of abstract Blocks and Generalization to demonstrate how reuse of
such a model can be optimised. For example, there is a the general concept of a Platform,

of which a Rover (for any planetary challenge) and MarsRover (for the specific Mars
Rover Challenge) are specialisations:

- Many (not all) Requirements are assumed to apply to any planetary Rover (not just a MarsRover).
- Webel-style “redefinition ladders” are used liberally throughout with Property defaults.
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About the simulations and video

* Some (only) of the Activity Diagrams and
StateMachines can be simulated in Cameo:

- Some dedicated test launch diagrams are indicated
In the top-level index Package Diagram.

- Some Blocks with classifier Behaviors can be run.
* The model and these slides are accompanied by
an informal narrated screencast video of some

of these mini simulations in action, available on
Vimeo via this private link:

https://vimeo.com/465331737/108a185e6d
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About Parsing Analysis «pa» diagrams

To avoid any confusion, the following can’'t be emphasised too often:

* Parsing Analysis diagrams (as indicated by the «pa» keyword)
are NOT final presentation diagrams! They are used once (to elicit
model elements from a text extract tracked via a Snippet) and then
their job is done forever:

- They therefore do not have to be tidy or particularly legible.
- They are not intended for any audience (other than for educational purposes).

* Any new elicited model elements are then always moved into the main
project area and represented in (typically much tidier) model diagrams.

* As the main project model evolves, older Parsing Analysis diagrams
often “break”; this is completely expected, it is not a flaw in the
methodology.

* In this slide set document, the Parsing Analysis diagrams as they
were used are collated in an Appendix with clear timestamps.
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Table of all analysed text Snippets

# Source A Owner Criterion

1 j 2020 University Rover Challenge |[s] 1.b.1. Operations Coordinates will be provided in latitude/longitude format (e.g. decimal degrees; degrees decimal minutes; degrees minutes seconds).

2 j 2020 University Rover Challenge |[z] 1.b.1. Operations Teams will operate their rovers in real-time from designated command and control stations.

3 j 2020 University Rover Challenge |[] 1.b.1. Operations The GPS standard shall be the WGS 84 datum.

4 j 2020 University Rover Challenge |[] 1.b.1. Operations Visibility of the course to the operators in the control station will be blocked.

5 j 2020 University Rover Challenge |[=] 2.a.1. Stand-alone Platform A single connected platform must leave the designated start gate.

6 j 2020 University Rover Challenge |[s] 2.a.1. Stand-alone Platform In the open field, the primary platform may deploy any number of smaller sub-platforms, so long as the combined master/slave sub-platforms meet all additional requirements published.
7 [ 2020 University Rover Challenge |[=] 2.a.1. Stand-alone Platform Tethered power and communications are not allowed.

8 j 2020 University Rover Challenge |[2] 2.a.1. Stand-alone Platform The rover shall be a stand-alone, off-the-grid, mobile platform.

9 j 2020 University Rover Challenge |[2] 2.a.2. Rover Size Failure to fit within the specified dimensions at weigh-in will result in a 40% penalty.

10 [ 2020 University Rover Challenge |fz] 2.a.2. Rover Size For weighing the rover must fit completely withina 1.2 m x 1.2 m box.

11 [ 2020 University Rover Challenge |[z] 2.a.2. Rover Size Rovers may articulate /fold /bend to fit within the “transport crate,” but may not be disassembled to do so.

12 j 2020 University Rover Challenge |[z] 2.a.2. Rover Size Rovers shall be weighed by the judges during the set-up time of each mission.

13 j 2020 University Rover Challenge |[4] 2.a.2. Rover Size There is no vertical height limit for 2020, and the rover may be placed in any orientation.

14 j 2020 University Rover Challenge |[4] 2.a.2. Rover Size This includes wheels, antenna, and any other system protruding from the rover.

15 j 2020 University Rover Challenge |[=] 2.a.3. Rover Mass ... the total rover plus arm plus sensor must be less than 70 kg.

16 j 2020 University Rover Challenge |[5] 2.a.3. Rover Mass For each event in which the rover is overweight, the team shall be assessed a penalty of 5% of the points scored, per kilogram over 50.

17 j 2020 University Rover Challenge |[s] 2.a.3. Rover Mass For example, a modular rover may have a robotic arm and a sensor that are never on the rover at the same time.

18 j 2020 University Rover Challenge |[s] 2.a.3. Rover Mass The combinations of rover plus arm and rover plus sensor must each be under 50 kg ...

19 j 2020 University Rover Challenge |[] 2.a.3. Rover Mass The combinations of rover plus arm and rover plus sensor must each be under 50 kg, but the total rover plus arm plus sensor must be less than 70 kg.

20 j 2020 University Rover Challenge |[%] 2.a.3. Rover Mass The maximum allowable mass of the rover when deployed for any competition mission is 50 kg.

21 [ 2020 University Rover Challenge |[z] 2.a.3. Rover Mass The total mass of all fielded rover parts for all events is 70 kg.

22 j 2020 University Rover Challenge |[=] 2.a.3. Rover Mass The weight limits do not include any spares or tools used to prepare or maintain the rover, but does include any items deployed by the rover such as sub-rovers, cameras, communication relays.
23 j 2020 University Rover Challenge |[z] 2.a.6. Kill Switch This switch shall immediately stop the rover’s movement and cease all power draw from batteries in the event of an emergency such as a battery fire.

24 j 2020 University Rover Challenge |[z] 2.a.6. Kill Switch All rovers shall have a “kill switch” that is readily visible and accessible on the exterior of the rover.

25 [ 2020 University Rover Challenge |[&] 2.b.1. Remote / wireless operation |Line-of-sight communications are not guaranteed for all of the missions.

26 j 2020 University Rover Challenge |[2] 2.b.1. Remote / wireless operation \The operators will not be able to directly view the rover or the site

27 j 2020 University Rover Challenge |[z] 2.b.1. Remote / wireless operation |The rover shall be operated remotely using wireless communications with no time delay.

28 j 2020 University Rover Challenge |[5] 2.d.7. Intervention Penalty Multiple intervention penalties in a single mission are additive: e.g. two interventions would result in a score of 60% of points earned.

29 j 2020 University Rover Challenge |[] 2.d.7. Intervention Penalty Teams will be penalized 20% of the total points in that mission for every intervention.

30 j 2020 University Rover Challenge |[2] 2.d.7. Intervention Penalty The mission clock will continue to run during an intervention.

31 [ 2020 University Rover Challenge |[z] 3.a.1. Mission Scoring Each event and the SAR shall be worth 100 points, for a total of 500 points.

32 j 2020 University Rover Challenge |[4] 3.a.1. Mission Scoring it is not possible to score less than zero on a mission

33 j 2020 University Rover Challenge |[2] 3.a.1. Mission Scoring Missions are scored independently

34 j 2020 University Rover Challenge |[s] 3.a.1. Mission Scoring Missions are scored independently and it is not possible to score less than zero on a mission.

35 j 2020 University Rover Challenge |[s] 3.a.1. Mission Scoring Penalties for overweight rovers, interventions, and other penalties are additive: e.g. penalties of 10% and 20% would result in a score of 70% of the points earned.
36 j 2020 University Rover Challenge [] 3.e.1. Stage Timing Any time remaining at the completion of a stage is added to the allotted time of the subsequent stage, which begins immediately.

37 j 2020 University Rover Challenge |[] 3.e.1. Stage Timing Failure to complete a stage will result in the end of the mission.

38 j 2020 University Rover Challenge |[s] 3.e.1. Stage Timing Rovers shall be required to autonomously traverse to posts or between gates in this staged mission across easy and moderately difficult terrain.

39 j 2020 University Rover Challenge |[=] 3.e.1. Stage Timing Teams must complete each stage within the allotted time in order to proceed to the next stage.

40 j 2020 University Rover Challenge |[x] 3.e.3. Leg Definition A leg is defined as the rover autonomously navigating to the next post or passing completely through the next gate.

41 j 2020 University Rover Challenge |[s] 3.e.4. Post and Gate Markers Each marker will display a black and white AR tag.

42 j 2020 University Rover Challenge |[z] 3.e.4. Post and Gate Markers Each gate will consist of a pair of posts 2 - 3 m apart.

43 [ 2020 University Rover Challenge |[] 3.e.4. Post and Gate Markers Each post will have a large (20cm x 20cm) marker 30 - 100 cm off the ground.

44 j 2020 University Rover Challenge |[2] 3.e.5. Leg Requirements Leg 1: GPS coordinates of the post provided.

45 j 2020 University Rover Challenge |[z] 3.e.5. Leg Requirements Leg 2: GPS coordinates of the post provided.

46 j 2020 University Rover Challenge |[s] 3.e.5. Leg Requirements Leg 3: GPS coordinates up to 5m from the post. Rovers will need to autonomously detect AR tag on the post and drive to it.

47 [ 2020 University Rover Challenge |[] 3.e.5. Leg Requirements Leg 4: Autonomously drive completely through a gate with posts 3 m apart. GPS coordinates between gate posts provided.

48 j 2020 University Rover Challenge |[=] 3.e.5. Leg Requirements Leg 5: GPS coordinates up to 10m from gate. A small autonomous search pattern may be required to locate the gate, if gate not initially detected by autonomous vision recognition.
49 j 2020 University Rover Challenge |[] 3.e.5. Leg Requirements Leg 6: GPS coordinates between posts provided. One or more obstacles will likely prevent a bee-line from the previous gate. Autonomous obstacle avoidance will be required to reach the gate.
50 [ 2020 University Rover Challenge |fz] 3.e.5. Leg Requirements Leg 7: GPS coordinates up to 10m from gate. Obstacles will complicate the search for the gate, requiring obstacle avoidance and/or autonomous route finding.
51 j 2020 University Rover Challenge |[2] 3.e.5. Leg Requirements Legs will increase in difficulty

52 j 2020 University Rover Challenge |[s] 3.e.5. Leg Requirements Stage 1. Autonomously drive to a post and stop within 3m of the post. Flat easy terrain.

53 [ 2020 University Rover Challenge |[x] 3.e.5. Leg Requirements Stage 2. Autonomously drive completely through a gate. Gate posts 2 m apart.

54 j 2020 University Rover Challenge 3.e.6. LED Indicator There must be an LED indicator on the back of the rover, visible in bright daylight (e.g. large LED or LED array), that will signal:, - Red: Autonomous operation, - Blue: Teleoperation (Manually drivin
55 j 2020 University Rover Challenge |[s] 2020 University Rover Challenge
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SECTION

Webel Parsing Analysis profile
(simplified)
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profile [ Webel Parsing Analysis - simplified proﬁle])

«stereotype»
ElementGroup
(SysML.ModelElements)
[Comment]

attributes
+name : String
+/criterion : String
+/size : Integer
+/member : Element [0..*]
+orderedMember : Element [0..*]subsets member,ordered}

Every Snippet MUST
have a 'source’

Redefined to NOT
show by default
(only /size and
/member show)

{

Every source
Document MUST
have a URL/URI

D

Ll
K>

Webel Parsing Analysis - Customization

L

Webel Parsing Analysis - auxiliary

\

+contradictedBy : Snippet

«documentation»

Tracks traceable elicitation of model Elements from a text extract from a unique
domain source Document under the Webel Parsing Analysis recipe for SysML.

«Metaclass»
Actor

(UML Standard Profile.UML2 Metamodel)

I \ \ f
\\
«stereotype» \\ | «stereotype»\ D «stereotype»
i \ +source \ +author

Snippet \\\ Document Person

(webel.pa) \}\ 1 (webel.pa) '\ 0.* (webel.pa)

attributes i\\ attributes '\ attributes «stereotype» E
+name : String{redefines name} \\c +url : String [1] d +fullname : String Organisation
+/criterion : String{redefines criterion} \\c +Hitle : String (webel.pa)
+/size : Integer{redefines size} \9 +identifier : String +org ;
+orderedMember : Element [0..*]subsets member,redefines orderedMember,ordered}o 0.* attributes

+name : String

«documentation»

A unique domain source document that supplies
target text extracts for the Webel Parsing Analysis
recipe. May also be used to indicate the source of
diagrams, figures, and tables for simplified
Trace-based model element elicitation.

AN

Webe
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profile [ Webel Parsing Analysis - Customization ]J
«stereotype» Webel Parsing Analysis - auxiliary Webel Parsing Analysis - simplified profile
ElementGroup
(SysML.ModelElements)
[Comment]
attributes
+name : String
+/criterion : String
+/size : Integer Applied Stereotype = «>InvisibleStereotype
+/member : Element [0..*]
+orderedMember : Element [0..*]subsets member,ordered} |
T /
«stereotype» | |Applied Stereotype = <> InvisibleStereotype
i 7~
Snippet | _
(webel.pa) -
- - %
attributes b & s
+name : String{redefines name} 4 Applied Stereotype = «>InvisibleStereotype
+/criterion : String{redefines criterion} q _ -
+/size : Integer{redefines size} a
+orderedMember : Element [0..*]subsets member,redefines orderedMember,orderedjg — — — — —
+contradictedBy : Snippet Applied Stereotype = <> InvisibleStereotype
«stereotype» «Metaclass»
Document Artifact NOT in UML4SysML — -  «Tool-specific»
(UML Standard Profile.StandardProfile) But works perfectly in
MagicDraw or Cameo!
+source T
«stereotypes D «Metaclass»
Actor
Document
(UML Standard Profile.UML2 Metamodel)
(webel.pa)
attributes T
+url : String [1
+itle : Stringg[ ] «stereotype»
+identifier: String Person
(webel.pa) «stereotype» T
+author attributes Organisation
0..* "|Hullname: String (webel.pa)
+0r attributes
9 +name : String
0::*
«Customization» % «Customization» % «Customization» % «Customization» K
Snippet Document Person Organisation
(webel.pa) (webel.pa) (webel.pa) (webel.pa)
«Customization» «Customization» «Customization» «Customization»
category = "Parsing Analysis" category = "Parsing Analysis" category = "Parsing Analysis" category = "Parsing Analysis"
customizationTarget = Snippet customizationTarget = Document customizationTarget = Person customizationTarget = Organisation
hideMetatype = true hideMetatype = true hideMetatype = true hideMetatype = true
keyword = "snippet" keyword = "document" keyword = "person" keyword = "organisation"
possibleOwners = possibleOwners = possibleOwners = possibleOwners =
Package Package Package Package
Model Model Model Model
Class Class Class Class
Block Block Block Block
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profile [ Webel Parsing Analysis - auxiliary ])

<
Webel Parsing Analysis - Customization Webel Parsing Analysis - simplified profile

«stereotype» B
PA L «documentation»

May be extended to include (webel.pa) Indicates that element is involved with the Webel Parsing AN
attributes for indicating [Element] Analysis process. Parsing Analysis scratchpad diagrams «documentation»
naming and identifiers and Packages/Models that contain Parsing Analysis Formally, it is recommended that
specific to an organisation. source Documents and Snippets MUST have this applied. at least one Snippet that implies

| the existence of an implied elicited

| model element is recorded.

|

«stereotype» «stereotype» «stereotype» «stereotype» _’ ; «stereotype»
+
PA:Term PA:Triple PA:Assumed PA:Implied SNIPPEY  snippet
(webel.pa) (webel.pa) (webel.pa) (webel.pa) 1.x (webel.pa)
[Element] [Association, Dependency] [Element] [Element] [Comment]
attributes [ T T
+aka [0..*] L L 1
+symbol B
+fullname «documentation» «documentation» «documentation»
+acronym A pseudo "semantic Formally, indicates an element that is Formally, indicates an element that is
I triple". In the case of assumed by the modeler to exist but is implied by one or more domain source
an Association, must not (yet) explicitly mentioned or implied text Snippets but not (yet) explicitly
«documentation» be uni-directional. by a domain source text Snippet. May be mentioned by any. May be un-applied
Carries alternative names, human un-agplied ifa Snippgt that does explicitly if a Snippet that does explicitly mention
friendly names, and organisation (Cf. RDF/S and OWL.) mention the element is encountered. the element is encountered.

specific names, and symbols (so that

consistent element naming conventions d «
can be used in parallel with more
familiar natural language naming).

Less formally, any element that does not
have a traceable "anchor" to a Snippet is
assumed to be either assumed or implied.

«Customization» 2N «Customization» RN «Customization» N
PA PA:Triple PA:Assumed
(webel.pa) (webel.pa) (webel.pa)

«Customization» «Customization»
customizationTarget = <>PA:Triple| |customizationTarget = <>PA:Assumed

«Customization»
customizationTarget = <>PA

keyword = "pa" keyword = "pa:triple" keyword = "pa:assumed"
«Customization» &N «Customization» 2N
PA:Term PA:Implied
(webel.pa) (webel.pa)

«Customization»
customizationTarget = <>PA:Implied
keyword = "pa:implied"

«Customization»
customizationTarget = <>PA:Term
keyword = "pa:term"
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SECTION

IndeXx, RoverSystem, and context
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pkg [ B index ]

= &5

I Organisation
<> PA:Assumed
<> PA:Implied
<> PA:Term

== PA:Triple

<> PA

== Parson

<> Snippet

value A

& value
BoxedSize
GPS

Latitude
Longitude
Orientation
Percent
PlatformWeight
Power

signal A
Energy

24

MarsRoverContext

all A

«pa» «pa»
0-Source 2020 University Rover Challenge
«wa» A
0-source
[=] 2020 University Rover Challenge
& 0-Source
~
|
«profile»
webel m‘
editor S requirement
hack & requirement
pa #m requirement
webel [E Stand-alone Platform
[E Rover Size
[El Rover Mass
[El Mission Scoring
Sprolon [E Intervention Penalty
pa [El Kill Switch
[ Document [ LED Indicator

[El Stage Timing

[E Leg Definition

[El Post and Gate Markers

[El Leg Requirements

[E Operations

[El Remote / wireless operation

& all

52| Part - Assembly - Leaf
E] Assembly

El Leaf

El Part

7

platform A

[2] communication

| platform
CompositePlatform
Platform

£ simplePlatform

7

rover A

&)

AutonomousNavigationMission

& b

ch test ission.test

challenge A

launch simulations

B system

52| system

o MarsField
MarsRoverContext
" MarsRoverSystem
ES] RoverSystem

communication A

[2] power e« — — —

Communications
Communication

power A

E PlatformSubsystem € — — —

actor A

& actor

% Advisor

% ControlStationJudge
% Director

% FieldJudge

% Judge

% Media

£ NonOperator
% Operator

% Organizer

% Runner

% Spectator

% Team

% TeamlLeader
¥ TeamMember

[2] indicator

5] mars

& rover

Rover

_Start
AbortAttempt
Exit

Kill

Move
PowerDown
PowerUp
Stop

@2 _CeasePower
@2 _StopRover
3 AvoidObstacle

2 DetectTag

23 KillRover

@2 SearchForGateUsingPattern
@2 TraverseBetweenGate

@3 TraverseToPost

El EnergySource
PowerSubsystem

planet A

& planet
& Earth
o Mars
El Planet

72 DetectGateByAutonomousVision

mars A

= rover.mars
o CompositeMarsRover

p— | E] ExampleModularRover

o MarsRover

= roverAtWeighin

{} depthAtWeighin

{} weightAtWeighIn
{} widthAtWeighin

[ test

[] mission

& challenge

E] Challenge

El Entry

El Penalty

E] sarSubmission

E] systemAcceptanceReview
El TotalWeightPenalty

£ WeighingBox

@ CheckEntry

@2 CheckTotalEntryWeight
Zo ComputeFinalScore

@2 DisqualifyEntry

o PassEntry

2 PrintEntryPoints

2 WeighRoverTotal

{} team = rover.team

- T T TN
| [Author || ketlya |
= | [Creation date |[26/09/20 10:38 AM|
t: .test
stagetest [Modification date][5/10/20 11:10 PM |
event A
field
El BatteryFire g o
EJ Emergency &
El Event [5] command
El Fire 5] mdrs
& field

[ test

& stage

E] MissionStage

E] stageAttempt
CompleteStage

FailStage

o AttemptStage

3 DoCheckCompletedStage
2 DoFailStage

52| Post - Gate - Marker - Tag
El 2Course

E Field

El Gate

El Location

El Marker

E] Obstacle

EE] OperatorArea

E] Post

£l startGate

E] step

H Tag

El Terrain

[E TerrainDifficultyKind

€2 EndStageAttemptClock {} 3 >= distanceBetweenPosts >= 2
e @3 ProgressStage {} 100 >= heightFromGround >= 30
&2 SetAllottedTime {} next.step1 = step2
[ test S {} stage.next = next.stage
{21 autonomous
=] award
S(;)L(J;ilzument autonomous A component A
[=] intervention 55 mission.autonomous
[=] penalty H AutonomousNavigationMission E ;?]rtr;;(:]r;ent
f=] retrieval | AutonomousNavigationMissionAttempt [ Battery
{21 science - Hleg El camera
% s;atup é t:g; B communicationRelay
stage ilSwi
&) mission ElLeg3 E ElEllgwnch
E] ChallengeSection HLeg4 =] RoboticArm
E] Mission ElLeg5 Bl sensor
£ MissionAttempt ELeg6 E spare
EndMission El Leg7 ] SubRover
2 AttemptMission E] stageANM1 = Tool
@2 PerformMission El StageANM2 = Wheel
o PrintAttemptPoints LegDifficulty
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Table of Blocks, Behaviors, attributes

Name Classifier ehavior Owned Behavior

B Course
& Antenna

& Antenna

&= Assembly

= AutonomousNavigationMission

5 AutonomousNavigationMissionAttem
B Award

= Battery

& satteryfire

H Box

& Camera

& Challenge

2 Chaliengesection

? Clock(classifer behavior
? printTime

& clock 9 Clock(classifie

E8 Commandstation

= CommunicationRelay

o CompositeMarsRover

[ CompositePlatform

= Controller

2 pisplay

& pummyaward

& Energysource

B entry

= EquipmentServiceMission
= EquipmentServiceMissionAttempt
& Event

& ExampleModularRover

& Field

= Fire

B cate

B Gates

B Gates

E Gates

= Gate7

Owned Attribute

station : ~F_Communication
fover : F_Communication

3 child : Part [1..4]

isLea : Boolean [1] = false

3 stagel : StageANM1 (1]

3 stage2 : StageANM2 (1]

(9 isstaged : Boolean = true

3 el - Leg1 (1]

3 leg? : Leg? (1]

3 leg3 - Leg3 [1]

B legé : Legd (1]

2 legS - Les [1]

3 leg6 : LegS 1]

3 leg7 - Leg? (1]

3 /leg : Leg (7]

8 mission : AutonomousNavigationMission (1]
name : String

3 battery : Battery

9 width : lengthimetre] (1]
3 height : length{metre] (1)
depth  lengthimetre] (1]

9 /totalAvailablePoints = 500.0
3 entry : Entry (1]

8 peraly - Pnaly ]

3 totalWeightpenalty : TotaWeightpenalty (1]
[ /section : Challengesection (0..*]

3 equipmentserviceMissi
£ scienceMission : ScienceMission [1]

3 stageTimingMission : AutonomousNavigationMission (1]

2 retrievalMission : RetrievalMission [1]

9 time : timelsecond]

o : Operator
Controller

© : Controlstationjudge

3 isTethered : Boolean (1] = false

isComposite : Boolean (1]
3 subPlatform : Platiorm (2.

03 : Display

3 point : Real = 100.0
3 name : String [0..4] = Dummy award (100 points)

[ : Powersubsystem
[ : Powersubsystem

© team : Team (1]

(3 challenge : Challenge (1]

3 /missionAttempt : MissionAttempt (0..°]

3 rover : Rover (1]

3 qualifies : Boolean

9 /totalEarnedPoints : Real

8 submission  SarSubmission (4]

3 scienceMissionAttempt : ScienceMissionAttempt (4]

fon : EquipmentServiceMission (1)

3 retrievalMissionAttempt : RetrievalMissionAttempt [4]
(=]

@

3 mission : EquipmentServiceMission (1]

3 arm  Roboticarm (1]
3 sensor : Sensor [1]

3 terrainDifficuly : TerrainDificultykind
0B : Obstacle [1..*]

isstart : Boolean
3 location : Location
st (2

®
= 1
9 distanceBetweenPosts - distancelmetre] [1]
9 gps : GPS [0..1]
3 distanceBetweenPosts : distance(metre] [1] = 3.0

9 gps : GPS [1]
8 postl - Postsa (1]
3 post2 - Postsb (1]
9 distanceBetweenPosts  distancelmetre] [1] = 2.0

9 distanceBetweenPosts - distancelmetre] [1] = 2.0 m

3 postl - Post7a [1]
8 post2 - Post7b [1]
9 distanceBetweenPosts : distance(metre] [1] = 2.0

9 IndicatorSTM(classifier beha\ 8 led : LED (1.

B indicator IndicatorSTM(classifier behavior

etndicatorMode

& indicatorMode

web

mode : IndicatorMode 1]
9 luminance : luminancelcandela per square metre]
9 operationMode - IndicatorOperationModeKind [1]
9 sianalColor : IndicatorSianalColorkind (1]

B indicatorMode

5 indicatorModeAutonomous

& IndicatorModesuccessful

B indicatorModeTele

& Intervention

& interventionpenalty

& Killswitch

= Leaf
[=]T3)
Hieg

Hieqt

B Leg2

 Leg3

S egs

Hegs

B Legs

Hegr

B Location

B Mmarker

o Mars
[ MarsDesertResearchstation

o Marsfield

o MarsRover

K8 MarsRoverContext

o MarsRoverSystem

& mission

= MissionAttempt

= Missionstage

= Obstacle

& OperatorArea

B rart

3 operationMode - IndicatorOperationModekind [1] 2
3 signalColor : IndiatorSignalColorkind (1)
3 isflashing : Boolean [1]
(3 cratontoe  speratobode( 11 = aorars 2
(3 sralcoor: dkatorSralColori (1~
Flashing : Boolean (1] =
3 operationMode mammopymwmxmam successful
3 signalColor  IndcatorSignalColorkind (1] = green
3 islashing - Boolean (1] = true
3 operationMode - IndicatorOperationModeKind (1) = tele
riclr: ndatoSiralcarnd o - b
3 isfashing : Boolean [1] =
3 percent - Percent (1) =
ame : Sring [1] = Inervention penalty 7
3 isvisbl : Boolean [1] = true
3 ishccessible : Boolean [1] = true
3 isExterior : Boolean [1] = true
3 isteaf : Boolean [1] = true
8 finish: Step (1]
8 sart:Step [1]
@ next: Leg [1]
3 diffculty  LegDiffculy
8 sart: StarGate (1]
B fiish - PostL. (1] 7
08 next: Leg2 [1]
8 sart: Postl 1] 7%
B fiish - Post2 (1]
8 next: Leg3 (1) 7
0 gps  GPS (1] 7
@ sart: Post2 1] 7
8 fiish - Post3 (1] 80
8 next: Lega (1) st
8 sart: ost3 (1] 52
8 fiish - Gated [1] 8
8 next: Legs (1) o
0 gps  GPS (1] .
3 fiish - Gates (1] 8
8 sart: Gated (1] o
8 next: Legs (1) e
8 fiish - Gatet (1]
8 sart: Gates (1] 89
08 next: Leg7 1]
2 obstacle : Obstacle 1. 2
0 gps : GPS (1] 21
(B obstacle : Obstacle 1.7 22
8 finish - Gate7 (1]
@ sa )
8 next: Leg (1] = nul
3 isOpenfield : Boolean
B fild : Feld 0
[ gps  GPs
3 g Tag (1]
3 width : lengthcentimetre] = 20.0 cr
3 lengih - length{centimetre] = 20.0 cm
3 heightFromGround :lengihicentimere]
9
8 rover : MarsRover [0.]
Feldjudge 95
> - Rumner
3 isstandAlone : Boolean [1] = true %
3 i5OfTheGrid : Boolean (1] = true -
Mobile : Boolean (1] = true L
8 location: Location 9
3 weightAtheighin : Platformieight 100
B field : MarsField [0.] 151
2 : MarsRoverSystem
O :Judge 102
2 - Marsfield
3 : Operatorarea
o : spectator
o :Meda 108
o  NonOperator
> - Director
(3 - Sarsubmission
2 - Weighingo
® - Mission [4] 104
O - TeamMember
o - Organizer
O : TeamLead
® : MissionAttempt
B rover : MarsRover (1]
2 stage - Missionstage (0.]
2 setwpTime : SewpTime (1] 105
B seray:peray 1.
3 isstaged : Soolea
o saepenaly- Sechenaty (1
2 weightPenalty : Weightpenaly [1]
3 interventionPenaly - InterventionPenalty (1]
8 mission - Mission [1] "
® 107
0.0 108
(B frover : Rover 100
@ peralypercental: Pt - 0.0 o
enaltesApplied - Boolean = false
8 penaly - Penalry 0.1 11
8 award : Award [0..1) o
2 dlock : Clock
(3 stageAtiempt - StageAttempt [0.°] i
3 tmeAloedsase : timefsecond] 14
B next : MissionStage [0..1] i
8 mission - Mission [1] ue
2 : Commandstation uz
@ : Antemna
3 isLeaf : Boolean 18
3 isvisble : Boolean
3 ishccessible : Boolean 19
3 isExterir : Boolean 120

= penalty

& Planet

& Platform

& Platformsubsystem
= post

B post1

B postz

= Post3.

& Postéa

= Postab

= Postsa

& Postsb

= Postéa

2 Postéb

i Postza

= Post7b

8 PowerSubsystem
[ PowerSubsystem
[ RetrievalMission
& RetrievalMissionAttempt
= RoboticArm

8 Rover

& RoverSystem

& sarsubmission

= scienceMission

= smmmsmmmmm
SﬂuDT\me

2 simpleplatform

& sizepenalty

& spare

& stageAnm1

& stageanmz

& stageatempt

B sartGate

B sep.

2 subRover

& SystemAcceptanceReview
g

B Terrain

RoverSTM(classifier behavior)

3]

RoversTMI(class.
Operate

=]
B Testentry
= TestMission

€ Testenuy

3 Testentry

Ly ranmessage - suing
0 passMessage : String
percent : Percent [0..1]

9 isStandAlone : Boolean
9 i5OffTheGrid : Boolean

3 isMobile : Boolean

[ subsystem : Platformsubsystem (1..%]

[ communications : Communications [1..*]
0 powerSubsystem : PowerSubsystem [1..*]

®
3 stave : Platform (0..1]

3 /sizeAtWeighin : Boxedsize

e in - el

isFoldable : Bool

00 depthasweighn . ngtmete]
Boolean

9 gps : GPS [0..1]
8 marker : Marker [1]
9ps : GPs [1]
9 gps + GPs [1]

3 source : EnergySource [1."]
sTethered : Boolean [1] = false
3 source : EnergySource

[ mission : RetrievalMission (1]

3 communications : Communications (1..%]
[ powersubsystem : Powersubsystem (1..4]
9 isPrimary : Boolean [1] =

3 entry : Enry

9 weightTotalAllEvents : Platformeight
3 Killwitch - Killswitch [1]

£ indicator : Indicator (1]

team : Team [1]

7 antenna : ~F_Communication

3 fild : Field [0..']

[ antenna : Antenna

3 rover : Rover (1]

3 contraler : Controler (1]

3 sar : SystemAcceptanceReview (1]
[ entry : Entry (1]

8 mission : ScienceMission (1]
IsComposite : Boolean (1] = false

percent : Percent [1]
name : String (1] = Size penalty

B

B next : StageANM2 [1]
allottedTimeBase : time(second] (1]

next : Missionstage (1] = null
allottedTimeBase : timelsecond] (1]

=
®
®
=
®
©
@
=
=
=

it : MissionAttempt (1]
time[second] (1] = 0.0's
IsCompleted  Boolean [0..1]

timeUsed : timelsecond] (0..1]

stage : MissionStage (1]

isCompletedinTime : Boolean [0..1]

next : StageAttempt 0..1]

ispassed : Boolean [0..1)

isstart : Boolean = true

distanceBetweenPosts : distancelmetre] (1] = 2.5 m

8 submission : Sarsubmission 0..*]
3 isFlat : Boolean

diffculy : TerrainDifculyking
stageAtempt : StageAtempt (1]
enty : Enuy (1]

& Tool

5 ® w
3 name :Sting (1] = Total weight disqualification penalty

5 TouMeightenaly 3 failMessage : Sring = Total weight over all events exceeds 70kg
39 passMessage : String = Total weight over all events does not exceed 70kg
39 width : lengthimetre] (1] = 1.2 m

W Welgtingaon (3 depth : length[metre] (1] = 1.2 m
9 name : Sring (1] = Weight penalty

= Weightpenalty
= Wheel
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pkg [ B2 actor ]) EELI D Author kellyd

index «document» Creation date || 28/09/20 12:18 PM
2020 University Rover Challenge

Modification date |[5/10/20 11:57 PM

*

1..
% Q team member %

Organizer N\ TeamMember
Team ?
NonOperator Operator Runner TeamLeader

Judge Director

I 2 2 2

‘ Advisor Media Spectator
ControlStationJudge FieldJudge
W b A SysML model of the Mars Society University Rover Challenge 2020 rules 17/100
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ibd [System Context] MarsRoverContext [ &]] MarsRoverContext ]) @] | ” |
== B == B Author kellyd
—— — — — = = = = = - = — = = - . 4 e _— -
| . SarSubmission . system field command index AutonomousNavigationMission |Creat|on date ” 28/09/20 9:46 AM|
| I U TG L, S SR N S— a ' .
——————————————— : Missi Modification date || 5/10/20 10:36 PM
| | entry : Entry [1] | , sar: SystemAcceptanceReview II } NS slonAtiem i | ” |
_____ I [1] | :references
| | / 1 | award : Award [0.."] |
i e W | | entry : Entry [1] :
| | “availablePoints: Real = 100.0 |I | e s 1] | «slnlpp_et»
| - _ _ _ _ == == == == = = |penalty:Penalty [0..*] | {source = 2020 University Rover Challenge}
_______ | /rover : Rover Line-of-sight communications are not
= : Mission [4] I stageAttempt : StageAttempt [0..*] | guaranteed for all of the missions.
1 L
' :parts | ! :parts I h
| penalty : Penalty [1..*] I | clock : Clock | : MarsField
| setupTime : SetupTime [1] | 0y
stage : MissionStage [0..*] | . . ‘values [ o o ) :values
' | isPenaltiesApplied: Boolean = false | MerrainDifficulty : TerrainDifficultyKind \
| :values | penaltyPercentTotal : Percent = 0.0 ]
AavailablePoints: Real = 100.0 I | pointsEarned : Real = 0.0 | | EFr e s s == L =
’ ; | «subsystem»
| isStaged : Boolean | .o e @inarss d | «block» /
________ rover : MarsRover [0..*] | start : StartGate [1] 7
I ‘parts | > -
) ) | “antenna: Antenna [0..*] «block»
«shippet» «snippet» Achild : Part [1..%] | . Obstacle [1.]
{source = 2020 University Rover Challenge} {source = 2020 University Rover Challenge} | Aindicator : Indicator [1] | ) "
The operators will not be able to directly The rover shall be operated remotely using | :k‘”SW't_Ch . K'”Sw'tfh ) |
view the rover or the site wireless communications with no time delay. I wheel : Wheel [0.."] «block» «block»
\ N | wvalues I post : Post [0..*] gate : Gate [1..*]
AdepthAtWeighlin: length[met
N R PO
: CommandStation AisArticulated : Boolean ’ i
e \ | AisBendable : Boolean [ pos:; : EOS: [1]
N \ | “isComposite : Boolean post2 : Post[1]
AisDisassembled : Boolean |
: Operator | | AisExterior : Boolean |
| | “isFoldable: Boolean
Il | AisLeaf : Boolean [1] |
™ Zcontroller | | isMobile : Boolean [1]= true |
|—| L . | isOffTheGrid : Boolean [1]= true
. \ 0 . Antenna «wireless» AisPrimary : Boolean [1]= true |
: ControlStationJudge | = {delay = "0} > iAs.Stgn.dAIone: Boolean [1]= true |
————— - - — = | isVisible : Boolean
Morientation : Orientation |
| AsizeAtWeighln : BoxedSize | %
: MarsRoverSystem *weight : PlatformWeight . Ei .
% | weightAtWeighin: PlatformWeight | tFletddudge ’ Rulnner
- ':f;\ftsenna : Director  : Organizer : Media | AweightTotalAllEvents: PlatformWeight |
"controlle}' Controller [1] | AwidthAtWeighln: length[metre] |
rover : MarsRover(1y | O | —"= === == = = = ] I
: WeighingBox [
rover : : Weigh vallies
MarsRovex (1] : Judge depth : length[metre] [1]= 1.2m
width : length[metre] [1]=1.2m i i . . An Operator may
: Spectator : NonOperator : TeamMember  :TeamlLeader |pocome a Runner!
W b A SysML model of the Mars Society University Rover Challenge 2020 rules 18/100
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” g
pkg [ 5 system ] J = [ Author [[kellyd |
= index rover.mars || Creation date  ||26/09/20 3:36 PM|
MarsRoverContext | Modification date || 5/10/20 11:14 PM|
«system context» «external» «pa:term»
MarsRoverContext OperatorArea «external»
(system) (field) CommandStation
(field.command)
parts references
: WeighingBox : Antenna properties
5 : Operator
properties : ControlStationJudge
: Judge «system» Jd -
: Spectator «pa:implied» references
: Media «mars» : Controller
: NonOperator MarsRoverSystem
: Director "
: TeamMember (Systemy %
: Organizer parts
: TeamLeader Aantenna : Antenna MarsRoverSystem.bdd
Acontroller : Controller [1]
references
: SarSubmission
: Mission [4] {redefines rover}
: MissionAttempt rover | 1
«subsystem» ¢
«mars»
MarsRover
(rover.mars)
rover |0..*
{redefines rover}
{redefines field}
field |0..*
«external» d
«mars»
MarsField
(system)
parts
Agate : Gate [1..%]
Astart : StartGate [1]{subsets gate}
Apost : Post [0..*]
A : Obstacle [1..%]
properties
: FieldJudge
: Runner
values
MerrainDifficulty : TerrainDifficultyKind
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bdd RoverSystem.bdd )
[ ge] RoverSystem bdd | sl = =k Author kellyd
index  system rover.mars || oqiion date  ||3/10/20 9:04 PM
Modification date || 5/10/20 11:45 PM
«system» «system» d
«pa:implied» 1 «pa:implied»
RoverSystem «mars»
(system) MarsRoverSystem
(system)
roverL antennaI controllerL @'
«documentation» «subsystem» «block» «block»
Any planetary | Rover Antenna Controller MarsRoverContext
rover. (rover) (field.command) (field.command)
rover parts
: Display

field [0..*
«pa:term» «external» «pa:term»
«external» -

Field .

field (field) CommandStation

(field) (field.command)

properties
: ControlStationJudge
A SysML model of the Mars Society University Rover Challenge 2020 rules 20/100
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bdd [ = MarsRoverSystem.bdd ]J E‘F_’_Ll

B

=

Author

kellyd

= fysisy  rovenmars  Inelex Creation date || 3/10/20 9:09 PM
RoverSystem.bdd Modification date || 3/10/20 10:06 PM
«system» «subsystem» fi «pa:term»
«paiimplied» | rover Yy rover ield «gxt.ernal»
RoverSystem 1 Rover De Field
(system) (rover) (field)
T values
terrainDifficulty : TerrainDifficultyKind
«system»
«pa:implied»
«mars»
MarsRoverSystem rover |«subsystem» o' [FOVer field [ «external» o
(system) = 1 «mars» 0.* 0.* «mars»
s {redefines rover} MarsRover {redefines rover} {redefines field} | MarsField
Aantenna : Antenna (rover.mars) (system)
Acontroller : Controller [1] properties
: FieldJudge
: Runner
@‘ «problem» @l
— — — |Because of the communication topology the MEicRove Corisit

_MarsRoverSystem

system can't be easily represented standalone
in an IBD, see instead the context IBD

Webe

.com.au
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SECTION

AutonomousNavigationMission
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bdd [ 2] Post - Gate - Marker - Tag ]) E%

=k | Author || kellyd \

field mission.autonomous

| Creation date | 1/10/20 9:01 PM|

| Modification date || 5/10/20 3:48 PM|
]
E m «snippet» g
{source = 2020 University ESIEPES?
E E m“ = Rover Challenge} {source = 2'020 University Rover Challenge} «snippet»
E m m Each marker will display a riaaﬁaeao;(t) W'|1| g;‘éﬁqaolf?';ﬂz (zrgir: dX 20cm) {source = 2020 University Rover Challenge}
black and white AR tag. < 9 ; Each gate will consist of a pair of posts 2 - 3 m apart.
s N Y 7
AN \ s
«pa:term» tag «block» marker «block» /post «block»
«block» > Marker 1 Post 2 Gate
Tag constraints values {union} constraints
{aka = "ARTag"} {heightFromGround >= 30 and heightFromGround <= 100} gps : GPS [0..1] | post1 {distanceBetweenPosts >= 2 and distanceBetweenPosts <= 3}

values 1
width : length[centimetre] = 20.0 cm {unit = centimetre}
length : length[centimetre]= 20.0 cm {unit = centimetre}
heightFromGround : length[centimetrefunit = centimetre}

values

{subsets post} distanceBetweenPosts : distance[metre] [1{unit = metre}
post2 gps : GPS [0..1]

e

1
{subsets post}
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pkg [ B mission.autonomous ]) % EE] % |Author ”kellyd |
mission challenge Post - Gate - Marker - Tag |Creation date || 1/10/20 7:04 PM |
[Modification date||6/10/20 8:19 PM]

misslonAiempt) 1 next |0..1 stageAttempt|0..* next |0..1
«block» mission «bI_OCk» L. «block» «block»
MissionAttempt «pa:term» mission stage ‘impiiad stage
e 1 Missi «pa:implied» StageAttempt
\cnalionde missiot) s { Lo MissionStage L (challenge.mission.stage)
FAY (challenge.mission) =8 ge. Stag
(challenge.mission.stage)
AutonomousNavigationMission.bdd «snippet»
{source = 2020 University Rover Challenge}
@l Stage 1. Autonomously drive to a post and
stop within 3m of the post. Flat easy terrain.
AutonomousNavigationMission
| %
<.<blo.ck» o mission «b|°‘fk» o «block»
AutonomousNavigationMissionAttempt 1 AutonomousNavigationMission stage1 StageANMA
(challenge.mission.autonomous) L (challenge.mission.autonomous) 1 .
{redefines mission} (challenge.mission.autonomous)

{subsets stage}
{readOnly, redefines next}

next |1
stage2 «block»
StageANM2
i (challenge.mission.autonomous)

{subsets stage} I

|

«snippet»
{source = 2020 University Rover Challenge}
A leg is defined as the rover autonomously

«shippet»
{source = 2020 University Rover Challenge}

navigating to the next post or passing Stage 2. Autonomously drive completely
completely through the next gate. through a gate. Gate posts 2 m apart.
{union}
/
Nleg |7
next «block» L start <blocky
1 o 1 Step
(challenge.mission.autonomous) finish (field)
constraints 1 —
{next.step1 = step2} {complete, disjoint}

| | | l «block» Ipost | «block»
«block» | |«block» | |«block» [ |«block» [ |«block» | |«block» | |«block» Gate 2 Post
Leg1 Leg2 Leg3 Leg4 Leg5 Leg6 Leg7 (field) {union} (field)
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bdd [ 2 AutonomousNavigationMission.bdd]J

mission.autonomous

=

mission

==

challenge

&2

Post - Gate - Marker - Tag

o

stage.test

=

stage

next [0..1

| Author

|| kellyd |

ICreation date

|[2110/20 11:18 AM]

| Modification date

|| 6110120 8:22 PM |

next |0..1

«block» Er «block» stage
«pa:term» mission stage «paimplied» : «block»
Mission 1 0. MissionStage StageA.tte.m Pt
(challenge.mission) (challenge.mission.stage) (challenge.mission.stage)
This BDD is primarily a stagin values «rationale» timeAllotted : timeUsed :
disgremitor t‘r)lis relazled IBDg g timeAllottedBase: time[second}{unit = secondg— —|onstant base values defined, assigned time[second] [1] time[second] [0..1]
7 to 'timeAllotted' of StageAttempt (possibly
N with added portion) on stage startup.
] i
AutonomousNavigationMission \
\ «snippet»
ik ‘;:’lo‘fk» T stage1 «block» \ {source = 2020 University Rover
u onomous. a.wga ionMission 3 StageANM1 Challenge} '
(challenge.mission.autonomous) (challenge.mission.autonomous) \ | |— -1Stage 1. Autonomously drive to a
s {subsets stage} ge. i . post and stop within 3m of the «activity»
Astage : MissionStage [0..*] leg1 : Leg1 bl \ [t Hislonytouukil ProgressStage
A, i . i i Ny
A:Z?;Emgér?;tt;glqe [1¥subsets stage} leg2: Leg2 \ (challenge.mission.stage)
AsizePenalty : SizePenalty [1}subsets penalty} :eng Il:egi \ ’
AweightPenalty : WeightPenalty [1]subsets penalty} 9gs:eg «snippet» —
AinterventionPenalty : InterventionPenalty [1}subsets penalty} values \ {source = 2020 University Rover Challenge} «activity»
leg1 : Leg1 [1fsubsets leg} allottedTimeBase:: time[second] [1KreadOnly,redefines timeAllottedBase,unit = secondgd ‘[ —| Teams must complete each stage —]DoCheckCompletedStage
:Zgg: ll::glzi H%zzgzzi :23; R \ within the allotted time in order to (challenge.mission.stage)
: ) roceed to the next stage.
leg4 : Leg4 [1)subsets leg} next [1 \ s 7 g *
leg5 : Leg5 [1)subsets leg}
leg6 : Leg6 [1}subsets leg} stage2 «block» \ /
leg7 : Leg7 [1Ksubsets leg} 1 StageANM2 \ / «snippet»
AavailablePoints: Real 100va0/ues {subsets stage} {dElkngs mbsion iRaTONS) \ / {source = 2020 University Rover Challenge}
availablePoints: Real = : references '3 Any time remaining at the completion of a stage
isStaged : Boolean = true{readOnly,redefines isStaged} next_: MissionStage [1] = nulfreadOnly,redefines next} \ is aydded to the allgtted time of?he subsequen%
leg5: Leg5 \ stage, which begins immediately.
leg6 : Legb
’ leg7 : Leg7 \
lle {7umon} values \ «activity»
9 allottedTimeBase: time[second] [1readOnly,redefines timeAllottedBase,unit = secondd — SetAllottedTime
«block» «activity» (challenge.mission.stage)
Leg DoFailStage
lr «snippet» _] (challenge.mission.stage)
| I {source = 2020 University «snippet»
Rover Challenge} {source = 2020 University Rover
«block» | [«block» | | «block» | [«block» | | «block» | | «block» | | «block» Stage 2. Autonomously drive Challenge} «signal»
Leg1 Leg2 Leg3 Leg4 Leg5 Leg6 Leg7 completely through a gate. Failure to complete a stage will EndMission

Gate posts 2 m apart.

result in the end of the mission.

(challenge.mission)

Webe
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bdd [ 2 Leg1.bdd]

kellyd

Creation date

1/10/20 10:15 PM

Modification date

2/10/20 10:30 AM

= & &
ission t: us  Autor Navig Mission
«block» «block»

Leg AutonomousNavigationMission

(challenge.mission.autonomous)

(challenge.mission.autonomous)

|

{subsets stage}

«block»
Leg1
(challenge.mission.autonomous)

leg1
fk————

{source = 2020 University Rover
staget 1 Challenge}
«block» [~ ~—|Stage 1. Autonomously drive to a
StageANM1 post and stop within 3m of the

(challenge.mission.autonomous)

post. Flat easy terrain.

«snippet»

references
start : StartGate [1}{redefines start}
finish : Post1 [1}redefines finish}

next : Leg2 [1Kredefines next} T~
«block» «block»
Post Post1
(field) (challenge.mission.autonomous.Leg1)

values

gps : GPS [1[redefines gps}

«snippet»
{source = 2020 University Rover
Challenge}

Leg 1: GPS coordinates of the
post provided.

T
|

bdd [ £ Leg2.bdd ]

Author

&)

kellyd

Creation date

1/10/20 10:43 PM

«block»
Leg
(challenge.mission.autonomous)

Aut N 4

Modification date

2/10/20 10:07 AM

«block»

(challenge.mission.autonomous)

|

{subsets stage}

references
start : Post1 [1{redefines start}
finish : Post2 [1}{redefines finish} |

«activity» next : Leg3 [1}redefines next} ~
TraverseToPost
(rover) T
«block» «block»
Post [ Post2
(field) (challenge.mission.autonomous.Leg2)

values

gps : GPS [1[redefines gps}

stage1 |1
«block» leg2
Leg? «block» Challenge}
StageANM1 - —
(challenge.mission.autonomous) .g <
(challenge.mission.autonomous)

«snippet»

{source = 2020 University Rover

Stage 1. Autonomously drive to a
post and stop within 3m of the
post. Flat easy terrain.

«snlppet». . «activity»
{source = 2020 University TraverseToPost
Rover Challenge}

Leg 2: GPS coordinates il

of the post provided.

Webe

bdd [ [ Leg3.bdd ]

.

mission mission.autonomous AutonomousNavigationMission

rafea e

vé]

s

Post - Gate - Marker - Tag

| Author

|| kellyd |

| Creation date

|| 1110720 10:50 PM|

[ Modification date || 2/10/20 10:07 AM]

«block»
Leg
(challenge.mission.autonomous)

«block»
AutonomousNavigationMission
(challenge.mission.autonomous)

T

{subsets stage}

«shippet»
{source = 2020 University Rover

«pa:term» rr— stage1 |1 Challenge} '
«block» leg3 «block» - Stage 1. Autonqmpusly drive to a
) Tag .Le.g3 k — StageANM1 post and stop W|thm.3m of the
«snippet» e 8 (challenge.mission.autonomous) S post. Flat easy terrain.
_ 0 {aka = "ARTag"} (challenge.mission.autonomous)
{source = 2020 University refoiences:
Rover Challenge} tag |1 start : Post2 [1}redefines finish}
Each marker 'WI|| display a - finish : Post3 [1Kredefines start} «activity»
black and white AR tag. ~| «block» next : Leg4 [1redefines next} = — DetectTag
«snippet» —
Moher values = 2020 University Rover Chall (rover)
s :GPS [1] d - — {source = niversity Rover Challenge}
_ ~marker |1 9ps Leg 3: GPS coordinates up to 5m from the post.
) T Rovers will need to autonomously detect AR tag | — —
«snippet» «blocks on the post and drive to it. T «activity»
{source = 2020 University Rover Challenge} Post ki «block» TraverseToPost
Each post will have a large (20cm x 20cm) (field) Post3
marker 30 — 100 cm off the ground. (challenge.mission.autonomous.Leg3)
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5 ‘Author kellyd bdd [£] Leg5bdd] ] & = 5 ‘Author kellyd
igationMissi Creation date 2/10/20 9:12 AM ission. igationMissis Creation date 2/10/20 9:39 AM
Modification date || 2/10/20 10:33 AM Modification date || 6/10/20 8:26 PM
«block» «block»
N Lii AutonomousNavigationMission prm G
issi A L.
= Leg AutonomousNavigationMission «snippet»
2 reisrences mission. mission, i
finish : Step [1] {source = 2020 University
start : Step [1] Rover Challenge}
next: Leg [1] {subsets stage} Stage 2. Autonomously drive
stage2 |1 — ~|completely through a gate.
T o gsubse(s stage} «snippetr “«block» leg5 «block» Gate posts 2 m apart.
o {source = 2020 University LegS StageANM2
«block» legd «block» | _ Rover Challenge} S mission. L
Leg4 —| StageANM1 Stage 1. Autonomously drive finish : Gate5 [1}{redefines finish} «activity»
mission. mission. to a post and stop within 3m start : Gate4 [1]{redefines start} TraverseBetweenGate
e of the post. Flat easy terrain. next : Legb [1fredefines next} (rover)
start : Post3 [1}{redefines start} valtis I~ «snippet»
finish : Gated [1}iredefines finish} [ — gps : GPS [1] g~ | {source = 2020 University Rover Challenge}
next : Leg5 [1fredefines next} LS i «activity» Leg 5: GPS coordinates up to 10m from actvity
snippe s ]
T « \?D » B TraverseBetweenGate T gate. A small autonomous search pattern DetectGateByAutonomousVision
{source = 2020 University Rover (rover) may be required to locate the gate, if gate
Challenge} not initially detected by (rover)
«block» Leg 4: Autonomously drive «block» vision recognition. §
Post completely through a gate with Post T 5
(field; posts 3 m apart. GPS coordinates field) ~
7o between gate posts provided. A : «activity»
\ | SearchForGateUsingPattern
% (rover)
\ «block» |
o \ Post5b |
pos
ost11
(redefines post2)  © \ postt1 post2]1 |
{redefines post1} {redefines post1} {redefines post2}
«block» \ :
Caiod % «block» «block»
Gate5 Gate
values \
1 : [1]= 3.0 m {redefines distanceBetweenPosts,unit = metre§] values (field)
gps : GPS [1}redefines gps} [11= 2.0m {redefines distanceBetweenPosts,unit = metre}

bdd [ Leg6.bdd] EF_LI EF_LI @ Author kellyd bdd. [ B Leg7:bdd ]J % @ Author kellyd
mission mission. igationMissit Creation date 2/10/20 10:22 AM mission mission. igati issi Creation date 2/10/20 10:57 AM
Modification date || 6/10/20 8:27 PM ification date || 2/10/20 11:06 AM
«block» «block» «block» «block»
Leg AutonomousNavigationMission Leg AutonomousNavigationMission
(challenge.mission.autonomous) (challenge.mission.autonomous) (challenge.mission.autonomous) (challenge.mission.autonomous)
stage2 250559'5 s} «snippet» {subsets stage}
g {source = 2020 University stage2 |1 ]
«block» - «block» | _ _IRoverChallenge} Boc leg7 2o «snippet»
_'-8_96 g Stage 2. Autonomously drive Leg? StageANM2 | _|tsource = 2020 University
(challenge.mission.autonomous) (challer through a gate. hall I Z Rover Challenge}
Gate posts 2 m apart. (challenge.mission.autonomous) (challenge. mission.autonomous) Stige 2. AitbRoRisISy e
references #

§ references completely through a gate.
inish s Cetee [ 1iradafines finishj obstacle | «block» finish : Gate7 [1}redefines finish} Gate posts 2 m apart.
start : Gate5 [1]redefines start} 1 start : Gate6 [1]{redefines start} <block»
next : Leg7 [1}redefines next} 1.+ | Obstacle cactivity» ot Log [1]= mallra 4 obstacle

N (field) TraverseBetweenGate - e [eetacle «activity»
A N (rover) values (field) TraverseBetweenGate
~ gps : GPS [1] q~ T
s (rover)
b T ~~ \
~
Dot «snippet» «activity» 1
Post {source = 2020 University Rover _|AvoidObstacle

fiold Challenge} = (rover) «block» «snippets —

(field) Leg 6: GPS coordinates between i {source = 2020 University Rover Challenge} «activity»
posts provided. One or more (feld) Leg 7: GPS coordinates up to 10m from gate. [~ —|AvoidObstacle
obstacles will likely prevent a - Obstacles will complicate the search for the (rover)
bee-line from the previous gate. gate, requiring obstacle avoidance and/or

block Autonomous obstacle avoidance autonomous route finding.
4olocky will be required to reach the gate. T
Postéb
post1[1 post2[1 % |
{redefines post1} {redefines post2} \ post1T1 post2T1 |
{redefines post1} {redefines post2} |
«block» \ ’
Gate6 \ «block» «block»
iy N Gate? Gate
gps : GPS [1Kredefines gps} q valies (field)
i ts : [1]= 2.0 m {redefines distanceB: nPosts,unit = metre} i - di [1]= 2.0 m {redefines distanceBetweenPosts,unit = metre}
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ibd [Block] AutonomousNavigationMission[ 55]] AutonomousNavigationMission ]J

= B 3 B [Author |[kellyd |

AavailablePoints : Real = 100.0 | AutonomousNavigationMission.bdd missi t ion challenge |Creation date || 1/10/20 10:25 PM |
[Modification date || 2/10/20 11:51 AM]

isStaged : Boolean = true |

leg1: Leg1 [1] leg2 : Leg2 [1] leg3 : Leg3 [1] leg4 : Leg4 [1]
«snippet» . ‘references . references . references . references
= 2020 University Rover finish: Post1 [1] finish : Post2 [1] finish : Post3 [1] finish : Gate4 [1]

{Csr?ul:ce next : Leg2 [1] next : Leg3 [1] next : Leg4 [1] next : Leg5 [1]
Sta en1gei ) — start : StartGate [1] start : Post1 [1] start : Post2 [1] start : Post3 [1]

age 1. Autonomously drivetoa | | -
D " finish : Post1 [1] [ finish : Post2 [1] | - finish : Gated [1] :
post. Flat easy terrain.

— |
. I | :
| | gps:GPS[1] || | | l | | distanceBetweenPosts [1] =3.0 m |
—————— |
A S S R B | e | I
stage1 : l | l | | | gps : GPS[1] “l i |
StageANMT [1] . . I | post1 : Postda [1] |
EIErGHEES «snippet» «snippet» | | == = = = = = — | |
leg1: Leg1 {source = 2020 University Rover {source = 2020 University l |. post2 : Post4b [1] | | l
leg2: Leg2 Challenge} Rover Challenge} | | |
'eg3f Leg3 Leg 1: GPS coordinates of the Leg 2: GPS coordinates of | I I - = _l == =l= =
leg4 : Leg4 post provided. the post provided. l | |
next : StageANM2 [1]
«snippet» «snippet»
{source = 2020 University Rover Challenge} {source = 2020 University Rover Challenge}
Leg 3: GPS coordinates up to 5m from the Leg 4: Autonomously drive completely
next post. Rovers will need to autonomously detect through a gate with posts 3 m apart. GPS
stage2 : StageANM2 [1] AR tag on the post and drive to it. coordinates between gate posts provided.
:references
leg5: Leg5
leg6 : Legb leg7 : Leg7 [1] leg6 : Leg6 [1] leg5 : Leg5 [1]
leg7: L§g7' ‘references ‘references :references
next : MissionStage [1]= null finish : Gate7 [1] finish : Gate6 [1] finish : Gate5 [1]
next : Leg [1] = null next : Leg7 [1] next : Leg6 [1]
l start : Gate6 [1] start : Gate5 [1] start : Gate4 [1]
|
parts PR 000001 e e Gl ek e e G el e e e i e ]
X obstacle : Obstacle [1..*] obstacle : Obstacle [1..*] | finish : Gate5 [1]
«snippet» 1
{source = 2020 University valves | | _ - - - - - - - - — - — | ) :parts
Rover Challenge} gps : GPS [1] | finish : Gate6 [1] 1 post1 : Post5a [1] |
. | | post2 : Post5b [1]
Stage 2. Autonomously drive e e e e e 1 ‘parts |
completely through a gate. | finish : Gate7 [1] | post1 : Post6a [1] | [ values
Gate posts 2 m apart. | parts 1 | post2 : Post6b [1] | distanceBetweenPosts : distance[metre] [1]=2.0m |
| post1 : Post7a [1] | | e Il |- __________ ]
post2 : Post7b [1] | distanceBetweenPosts : distance[metre] [1] = 2.0 m I gps : GPS [1]
f values I gps : GPS[1] |
| distanceBetweenPosts : distance[metre] [1]=2.0m I S T t
_____________ 1
obstacle : Obstacle [1..*] T
obstacle : Obstacle [1..*] | gps : GPS [1] | T enippets

| {source = 2020 University Rover Challenge}
Leg 5: GPS coordinates up to 10m from
«snippet» gate. A small autonomous search

pattern may be required to locate the
gate, if gate not initially detected by
autonomous vision recognition.

«snippet»
{source = 2020 University Rover
Challenge}

Leg 6: GPS coordinates between
posts provided. One or more
obstacles will likely prevent a
bee-line from the previous gate.
Autonomous obstacle avoidance
will be required to reach the gate.

{source = 2020 University Rover Challenge}
Leg 7: GPS coordinates up to 10m from gate.
Obstacles will complicate the search for the
gate, requiring obstacle avoidance and/or
autonomous route finding.
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Structural base
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bdd [ | Part- Assembly - Leaf ]) ==

child «block»
1 Part
B (all)
values

isLeaf : Boolean
isVisible : Boolean
isAccessible : Boolean
isExterior : Boolean

T

index

all

Author

kellyd

Creation date

28/09/20 11:32 AM

Modification date

5/10/20 11:56 PM

isLeaf : Boolean [1]= false{readOnly,redefines isLeaf}

isLeaf : Boolean [1]= true{readOnly,redefines isLeaf}

[
«block» «block»
Assembly Leaf
(all) (all)
values values

Webe

.com.au
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k latf
pkg [ platforn ] =5 =k Author kellyd
<bIockn Index «pa Creation date || 26/09/20 12:06 PM
2020 University Rover Challenge
Assembly Modification date || 5/10/20 11:54 PM
(all)
«subsystem» «pa:implied» «block»
Platform subsystem «pa:implied»
(platform) < 1+ | PlatformSubsystem
(platform)
I
«subsystem»

powerSubsystem | PowerSubsystem
1.+ | (platform.power)

<

{subsets subsystem}

communications «subsystem»
= 1.* Communications
master {subsets subsystem} | (platform.communication)
0..1
slave communication A
0.* .
subPlatform]2..* Communications
Communication
«subsystem» «block» power A
CompositePlatform SimplePlatform Q E S
(platform) (platform) nergysource
PowerSubsystem
W b A SysML model of the Mars Society University Rover Challenge 2020 rules 31/100
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bdd Platform.bdd
[ Plattormbad] | B =k =k [Author [ellyd |
Platiormy:  Index sPa | Creation date | 26/09/20 4:43 PM|
2020 University Rover Challenge
| Modification date || 5/10/20 11:53 PM |
«block»
Assembly «documentation»

(all) A simplified powered communication A
il Aokl Communications
optionally communicate. =

y Communication
l I
«subsystem» €paiinpiiods «block»
Platform L subsystem «pa:implied» power A
(platform) [P Platformsubsystem Q EnergySource
valusa (platform) PowerSubsystem
isStandAlone : Boolean ?
isOffTheGrid : Boolean [
?sMobiIe: Boolean powerSubsystem |  «subsystem»
!qumposne : Boolean = = PowerSubsystem
isPrimary : Boolean -
weightAtWeighln: PlatformWeight{unit = kilogram} {subsets subsystem} (platform.power)
/sizeAtWeighln : BoxedSize
widthAtWeighln: length[metre}unit = metre} communications «subsystem»
depthAtWeighlIn: length[metreunit = metre} & A
isBendable : Boolean {subsets subsystem} (platiotm sommmnication)
isArticulated : Boolean master
isDisassembled : Boolean 0.1
orientation : Orientation
weight : PlatformWeightunit = kilogram}
slave
0..x
subPlatform|2..* T
«subsystem» «block»
CompositePlatform SimplePlatform
(platform) (platform)
values values
isComposite : Boolean [1]= true{readOnly,redefines isComposite} isComposite : Boolean [1]= false{readOnly,redefines isComposite}
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ki
o [Frover] | B R 2 =t [ Author [ellyd |
index platform Rover.bdd rover.mars | Creation date ” 26/09/20 11:22 AM|
«block»
Assembly Modification date || 6/10/20 12:08 AM
(all
T indicator A mars A
«subsystem» & indicator fL rover.mars
Platform & Indicator o CompositeMarsRover
(platform) E IndicatorMode E ExampleModularRover
CEl IndicatorOperationModeKind| | MarsRover
LEl IndicatorSignalColorKind = roverAtWeighin
«subsystem» Au.tO : depthAtWelghln
i arafiongion Exit wgghtAthghln
S
(rover) _|Intermediate abstraction Success t} widthAtWeighin
P—— to maximise reuse for Tele
cstatemachinerRoversTM | [other planetary rovers || €3 PrintindicatorMode
owned behaviors
«activity»Operate
«pa:implied» «signal» «signal» «signal»
_ L Move Stop Kill AbortAttempt
«statemachine» «activity» (rover) (rover) (rover) (rover)
BROVERSIEN oo e Run this with Rover as
context to experiment with «pa:implied» «signal» «signal» «pa:assumed»
@CH? g | — [Be¥El up/down and kill. PowerUp PowerDown Exit _Start
RoverSTM Operate (rover) (rover) (rover) (rover)
«activity» «activity» «activity» «activity» «activity»
DetectGateByAutonomousVision | [DetectTag | |KillRover| | _CeasePower| |_StopRover
(rover) (rover) (rover) (rover) (rover)
«activity» «activity» «activity» «activity»
SearchForGateUsingPattern TraverseToPost | [ TraverseBetweenGate | | AvoidObstacle
(rover) (rover) (rover) (rover)
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Webe

bdd [ =) Rover.bdd ] % EEL| EELI EELI

rover index system rover.mars

| Author || kellyd

«pa:implied»

AisStandAlone : Boolean

AisOffTheGrid : Boolean

AisMobile : Boolean

AisComposite : Boolean

AweightAtWeighln: PlatformWeigh{unit = kilogram}
A/sizeAtWeighln : BoxedSize

AwidthAtWeighln: length[metreJunit = metre}
AisFoldable : Boolean

AdepthAtWeighin: length[metrefunit = metre}
AisBendable : Boolean

AisArticulated : Boolean

AisDisassembled : Boolean

Aorientation : Orientation

Aweight : PlatformWeigh{unit = kilogram}

AisLeaf : Boolean [1]= false{readOnly,redefines isLeaf}
AisVisible : Boolean

AisAccessible : Boolean

AisExterior : Boolean

isPrimary : Boolean [1]= true{readOnly.redefines isPrimary}
weightTotalAllEvents: PlatformWeight{unit = kilogram}

=

1.+
{redefines communications}

P — i o |Creation date |[26/09/20 11:22 AM
Platform 15 ABAIm e [Modification date][6/10/20 12:11 AM
(platform) 2 PlatformSubsystem

1
powerSubsystem «subsystem»
<
1..* | PowerSubsystem
communications «subsystem» {subsets subsystem} | (platform.power)
= 1 Communications 2
{subsets subsystem} (platform.communication)
master s «rationale»
01 Sub-platforms may in general
. have communications or
slave power subsystems tethered
0" to a primary platform.
«subsystem» — «documentation»
Rover Any planetary rover.
(rover)
values communications

«subsystem»
«wireless»

Communications
(rover.Rover)

isTethered : Boolean [1]= false{redefines isTethered}

values

powerSubsystem

14
{redefines powerSubsystem}

«subsystem»
PowerSubsystem
(rover.Rover)

values
isTethered : Boolean [1]= false{redefines isTethered}

classifier behavior
«statemachine»RoverSTM

owned behaviors
«activity»Operate

s
.
e .
— «rationale»

«subsystem» Intermediate abstraction

«mars» to maximise reuse for

other planetary rovers

MarsRover P ry

killSwitch I
1 KillSwitch «pa:implied» «signal» «signal» «signal»
{subsets child} Move Stop Kill AbortAttempt
«activity» (rover) (rover) (rover) (rover)
& Operate
«pa:implied» «signal» «signal» «pa:assumed»
| «statemachine» PowerUp PowerDown Exit _Start
< RoverSTM (rover) (rover) (rover) (rover)
«activity» «activity» «activity» «activity» «activity»
DetectGateByAutonomousVision | [DetectTag | | KillRover| | _CeasePower| |_StopRover
(rover) (rover) (rover) (rover) (rover)
«activity» «activity» «activity» «activity»
SearchForGateUsingPattern TraverseToPost | [ TraverseBetweenGate | | AvoidObstacle
(rover) (rover) (rover) (rover)
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pkg [ B2 rover.mars ]) EELI EELI EELI Author

kellyd

index rover «pa» Creation date

26/09/20 11:25 AM

2020 University Rover Challenge

Modification date

6/10/20 12:14 AM

master
«subsystem» 01
subPlatform|  pjatform slave
2.7 (platform) 0
T «documentation»
_ Any planetary rover.
¢ —
«subsystem» «subsystem» }
CompositePlatform Rover - — | «rationale»
(platfcizm) (rover) _|Intermediate abstraction
- = to maximise reuse for
other planetary rovers B
«subsystem» ¢f’ «documentation»
«mars» _ __ _ _ _ _ _ _— _lAnabstractrover that
MarsRover meets the Mars Rover
? final design solution).
«subsystem» «documentation»
«mars» | _{Abstract base for solutions
CompositeMarsRover that use a primary platform
(rover.mars) and sub-platforms.
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bdd [ =) MarsRover.bdd ] % E;DI\ EELI

index rover rover.mars Author kellyd
«pa:implied Creation date 26/09/20 12:26 PM
«subsystem» «block»
SubPIatom | atform ko OSYSEML asimplieds Modification date |[6/10/20 12:17 AM
2. 1% Platf
(platform) F Y
(platform)
[ |
«subsystem» «subsystem» «rationale»
CompositePlatform Rover | —|Intermediate abstraction
(platform) (rover) to maximise reuse for
~ other planetary rovers
«subsystem» fe3
«mars» — «documentation»
MarsRover An abstract rover that
(rover.mars) meets the Mars Rover
p———— Challenge (but not a
{widthAtWeighin < 1.2} final design solution).
{depthAtWeighin < 1.2}
{weightAtWeighIn <= 50}
{weightTotalAllEvents <= 70}
parts

AkillSwitch : KillSwitch [1]subsets child}
Aindicator : Indicator [1]

Awheel : Wheel [0.."]

Aantenna : Antenna [0..*]

Achild : Part [1..%]

properties
Meam : Team [1]

references
“communications : Communications [1..*Jredefines communications}
ApowerSubsystem : PowerSubsystem [1..*}{redefines powerSubsystem}
Aentry : Entry

A«pazimplied» subsystem : PlatformSubsystem [1..*]

“master : Platform [0..1]

Aslave : Platform [0..*]

location : Location

field : MarsField [0..*[redefines field}

values
AisPrimary : Boolean [1]= true{readOnly.redefines isPrimary}
AweightTotalAllEvents: PlatformWeigh{unit = kilogram}
AisComposite : Boolean

AsizeAtWeighin : BoxedSize

AwidthAtWeighin: length[metrejunit = metre}

AisFoldable : Boolean

AdepthAtWeighin: length[metre}unit = metre}

AisBendable : Boolean

AisArticulated : Boolean

AisDisassembled : Boolean

“orientation : Orientation

Aweight : PlatformWeigh{unit = kilogram}

AisLeaf : Boolean [1]= false{readOnly,redefines isLeaf}

AisVisible : Boolean

AisAccessible : Boolean

AisExterior : Boolean

isStandAlone: Boolean [1]= true{readOnly,redefines isStandAlone}
isOffTheGrid : Boolean [1]= true{readOnly,redefines isOffTheGrid}
isMobile : Boolean [1]= true{readOnly,redefines isMobile}
weightAtWeighlIn: PlatformWeightredefines weightAtWeighln,unit = kilogram|

owned behaviors
Aactivity»Operate
Astatemachine»RoverSTM

i

«subsystem»
«mars» | «rationale»
CompositeMarsRover Itis not assumed that every
(rover.mars) Rover design is composite
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SECTION

Rover and StateMachine and KillSwitch
Indicator StateMachine
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("stm [State Machine] RoverSTM [ (53| RoverSTM ])

Author

kellyd

(‘act [Activity] Operate [ |-5)| Operate ])

Creation date

30/09/20 7:42 PM

o .

Modification date

6/10/20 12:20 AM

| rover RoverSTM

.

PoweredDown g
Operate

PowerUp |PowerDown

( PoweredUp )
. Stop
f Stopped Moving ]
Move
[entry/ print("Stopped") entry / print("Moving“)J

i=

rover

‘PowerUp >
O

| Stop
I _I;

Kill | : KillRover |
j th

|| kellyd |
|Creation date || 30/09/20 7:53 PM |
| Modification date || 6/10/20 12:20 AM|

| Author

_X after (3s)
|

«rationale»
Placeholder: very

simple simulation of
some Rover activity

Move > — — i after (5s)

>®

Webe

/AN
(“act [Activity] KillRover[ ) KilRover ]J )
| Author || kellyd |
= L |Creation date |[30/09/20 7:24 PM |
’ Operate  rover | Modification date |[30/09/20 8:07 PM |
|
print("Killing...") «shippet»
| {source = 2020 University Rover Challenge}
All rovers shall have a “kill switch” that is readily
visible and accessible on the exterior of the rover.
|
«snippet»
{source = 2020 University Rover Challenge}
This switch shall immediately stop the
rover's movement and cease all power
draw from batteries in the event of an
emergency such as a battery fire.
(. /
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pkg [ B indicator ]J
™ - | Author || kellyd |
rover «snippet»
«subsystem» {source = 2020 University Rover Challenge} | Creation date “ 1/10/20 12:16 PM |
Rover There must be an LED indicator on the back of the rover, visible in —
(rover) bright daylight (e.g. large LED or LED array), that will signal:, - | Modification date H 6/10/20 12:22 AM |
A Red: Autonomous operation, - Blue: Teleoperation (Manually
_ - driving), - Flashing Green: Successful completion of leg.
indicator |1 —
«block» mode «block»
Indicator y IndicatorMode
(rover.indicator) (rover.indicator)
parts values
led: LED [1..%] operationMode : IndicatorOperationModeKind [1]
signalColor : IndicatorSignalColorKind [1]
) ) values ) isFlashing : Boolean [1]
luminance : luminance[candela per square metrefunit = candela per square metre}

classifier behavior
«statemachine»IndicatorSTM

owned behaviors
«activity»SetlndicatorMode( i : IndicatorMode )

%

«statemachine» «activity»
IndicatorSTM | | SetindicatorMode

«block»
IndicatorModeAutonomous
(rover.indicator.IndicatorMode)

«activity»
PrintindicatorMode
(rover.indicator)

values
operationMode : IndicatorOperationModeKind [1]= autonomous{readOnly,redefines operationMode}
signalColor : IndicatorSignalColorKind [1]= red{readOnly,redefines signalColor}
isFlashing : Boolean [1]= false{readOnly,redefines isFlashing}

«valueType»
IndicatorSignalColorKind
(rover.indicator)

red
green
blue

«block»
IndicatorModeTele
(rover.indicator.IndicatorMode)

«documentation»
values

Manually driving operationMode : IndicatorOperationModeKind [1]= tele{readOnly,redefines operationMode}
s/ signalColor : IndicatorSignalColorKind [1]= blue{readOnly,redefines signalColor}

«valueType»
IndicatorOperationModeKind

(rover.indicator) / isFlashing : Boolean [1]= false{readOnly,redefines isFlashing}
/
?el:(taonomous a «documentation» <block»
successful g~ — 7|Example: successful IndicatorModeSuccessful

completion of a leg.

(rover.indicator.IndicatorMode)

values
operationMode : IndicatorOperationModeKind [1]= successful {readOnly,redefines operationMode}
signalColor : IndicatorSignalColorKind [1]= green{readOnly,redefines signalColor}
isFlashing : Boolean [1]= true{readOnly,redefines isFlashing}

«signal»
Tele
(rover.indicator)

«signal»
Success
(rover.indicator)

«signal» «signal»
Auto Exit
(rover.indicator) | | (rover.indicator)
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(‘stm [State Machine] IndicatorSTM[ |57] IndicatorSTM ])

Author

kellyd

("act [Activity] SetSuccessful [ 'S SetSuccessful ])

| Author

|[kellyd |

|Creation date

|| 1110720 12:36 PMm|

Creation date

1/10/20 12:26 PM

[Modification date || 6/10/20 12:20 AM|

=

indicator

Modification date

6/10/20 12:27 AM

Autonomous

Success

[entry | SetAutonomous

J

Tele

Auto

/[ Auto

N

Successful

Tele

]

entry / SetSuccessful

l

Tele

Success

entry / SetTele

\

Exit :

= =
IndicatorSTM indicator
«createObject»
IndicatorModeSuccessful

A\

result i : SetindicatorMode
. .

(‘act [Activity] SetTele[ 5 SetTele ])

|Author

|| kellyd

|Creation date

” 1/10/20 12:36 PM|

&

=

IndicatorSTM indicator

| Modification date H 6/10/20 12:29 AM |

N

«createObject» result
IndicatorModeTele

i : SetindicatorMode
th

(“act [Activity] SetAutonomous[ 'S SetAutonomous ]J

63

IndicatorSTM

«createObject»
IndicatorModeAutonomous

=™

indicator

| Author |[kellyd

|

| Creation date

|[1110/20 12:35 PM]

[Modification date [6/10/20 12:28 AM|

result i : SetindicatorMode
] (| th
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e — - .

act [Activity] SetindicatorMode[ o SetlIndicatorMode ]) EF_LI Auihor kellyd
$-—— { «readSelf j indicator || Creation date || 1/10/20 12:32 PM
Modification date || 6/10/20 12:26 AM

result : Indicator

bject

mode

«block»
i : IndicatorMode

«addStructuraIFeatureVaIue»j

\/
: PrintindicatorMode
O
- _J
(‘act [Activity] PrintindicatorMode| g PrintindicatorMode ]J h
Author kellyd
indicator Creation date 1/10/20 12:41 PM
Modification date |[ 5/10/20 4:33 PM
«block» i
iMode : IndicatorMode «readStrucfuralFeature» result print("\n\nindicator:operation = "+i)
operationMode
|
\/
(«readStructuraIFeature»\:| result i |j print("Indicator:color = "+i)j
signalColor
|
' \/
(«readStructuraIFeature»\:l result I s |j print("Indicator:flashing? "+i+“\n\n")]
isFlashing
o J |
g J
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SECTION

Challenge (competition)
Team, Entry
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pkg [ B challenge ])

= = | Author || kellyd |

o = o o

«rationale»

i Challenge.bdd index challenge.test Entry.bdd mission stage |Creation date ” 28/09/20 9:40 AM |
Distinct from
mission penalties | Modification date || 6/10/20 12:45 AM|
T
£hloiciks penalty «block» «block» team mission A test
Penalty x «pa:assumed» Chalgnge’ wify «pa:assumed» 11
(challenge) «pa:term» 1 1.* Entry Team [ test 52 challenge.test
vales Challenge (challenge) (actor) [<] autonomous E TestEntry
name: String (challenge) entry entry 11 (=] award =
failMessage : St””g {aka = "competition"} [=] clock =c
passMessage : String o [5] equipment = el
percent : Percent [0..1] rover |1 submission |4 : quip ' -
[r «subsystem» «block» [2] intervention r1
Pt «paterm» (=] penalty = t1
«block» totalWeightPenalty (rover) SarSubmission [2] ret."'eva'
TotalWeightPenalty (challenge) [z] science
(challenge) 1 {aka = "SAR Submission"} (=] setup
— " (2] stage
{subsets penalty} submission | 0.. % ASSIoN
«activity» «activity» «activity» sar |1 ] ChallengeSection
CheckEntry| |CheckTotalEntryWeight | |DisqualifyEntry «subsystem» «block» E] Mission
(challenge) (challenge) (challenge) «IMarsy «patonny E] MissionAttempt
MarsRover SystemAcceptanceReview EndMission
(rover.mars) (challenge) el
«activity» «activity» «activity» — AttemptMl_SSI_on
PassEntry PrintEntryPoints ComputeFinalScore s Pe.rformMISS|on'
(challenge) (challenge) (challenge) s PrintAttemptPoints
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bdd [ [ Challenge.bdd] ] = 5 I B o [Author [[kellyd |

index challenge challenge.test mission mission.test

|Creation date H 30/09/20 9:13 AM|

«documentation [ Modification date || 6/10/20 12:44 AM|
Mars Society University Rover Challenge (competition).
\
«block» «block»
«pa:assumed» challenge  entry | «pa:assumed»
«pa:term» Entry
1 (s
Challenge (challenge)
(challenge)
{aka = "competition"}
. «block»
. . L . pans . . . Isection «pa:implied»
equipmentServiceMission : EquipmentServiceMission [1]subsets mission,subsets section} 0~ i’
scienceMission : ScienceMission [1}subsets mission,subsets section} 8 ChallengeSection

stageTimingMission : AutonomousNavigationMission [1]subsets mission,subsets section} {union} (challenge.mission)

retrievalMission : RetrievalMission [1]{subsets mission,subsets section} valiics
velies availablePoints: Real = 100.01- «snippet»
/totalAvailablePoints= 500.0 g- _ _ — — | {source=2020 University Rover Challenge}
e o T e e = o e —
. Each event and the SAR shall be worth
- | 100 points, for a total of 500 points.
«rationale» sar «block»

Could be calculated over SAR and 1 “pogOm:

Missions using SysML Parametrics, subsets section} SystemAcceptanceReview R

but for now default value just stated. (challenge) - -

«block» Only carries definition of
et «pa:term» | z Tlsswn f:iotes not carry
mission . ata specific to an
2 MISSIOI.I . attempt at the mission by
(challenge.mission) | |one team's Rover).
{union, subsets section}
PR «documentation»
| Penalties that apply to an entire
«block» entry across all events (distinct
/ Penalty from mission penalties).
penalty
. (challenge)
«block»
totalWeightPenalty | OtalWeightPenalty
1 (challenge)
{subsets penalty}
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bdd [ |2 Entry.bdd ])

= = | Author || kellyd |

challenge challenge.test mission |Creation date H 30/09/20 11:40 AM|
| Modification date || 6/10/20 12:48 AM |

«block» team
«pa:assumed» 1 1 Team
Entry team |1
(challenge) 1 «shippet»
{team = rover.team} {source = 2020 University Rover Challenge}
o o parts entry rover | «subsystem» Each event and the SAR shall be worth
submission : SarSubmission [4] 1 Rover 100 points, for a total of 500 points.
scienceMissionAttempt : ScienceMissionAttempt [4]subsets missionAttempt} (rover) 7 ™
equipmentServiceMissionAttempt: EquipmentServiceMissionAttempt [4]subsets missionAttempt} i
retrievalMissionAttempt : RetrievalMissionAttempt [4]subsets missionAttempt} / 4
autonomousNavigationMissionAttempt: AutonomousNavigationMissionAttempt [4]subsets missionAttempt} | g¢ challenae «block» / «hlockn
Ty g «pa:assumed» y «pacippliedy
values 1.% «pa:term» /section Challéng Secti
qualifies : Boolean 1 Challenge —— hal . or(‘r
/totalEarnedPoints: Real / 0.. (cha enge.missio N
(challenge) 7 {union} e N
values availablePoints: Real = 100.0
/totalAvailablePoints= 500.0 d Do
b
\
| i \
\
«block»
o «pa:term» \
SystemAcceptanceRgview
1 (challenge) \
{subsets section}
\
/mission «bl.OCk»
«pa:term»
4 Mission
{union, subsets section} (challenge.mission)
{aka = "event"}
missionT1
entry I/missionAttempt «block»
1 0% MissionAttempt
{union} (challenge.mission)
«activity» «activity» «activity» «activity» «activity» «activity» «activity»
TestEntry DisqualifyEntry PassEntry WeighRoverTotal CheckTotalEntryWeight ComputeFinalScore PrintEntryPoints
(challenge.test. TestEntry) (challenge) (challenge) (challenge) (challenge) (challenge) (challenge)
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bdd [ = challenge.test ])

)

| Author || kellyd |

i i

.

challenge mission.test Entry.bdd |Creation date || 29/09/20 11:39 AM| »
act [Activity] TestEntry [ " TestEntry ]) | Author ” kellyd |
| Modification date | 6/10/20 12:49 AM | :
e ® | Creation date  |[29/09/20 11:40 AM|
from here | [ Modification date||6/10/20 12:51 AM |
|
«block» «block» «subsystem» t1:Team - I =0 =
: TestEntry «pa:assumed» «mars» challenge.test challenge Entry.bdd
entry = ef el : Entry r1 : MarsRover result : TestEntry
team = t1 team = t1 it
challenge = ¢ depthAtWeighln =1.1 m — | This will also cause the
rover =r1 entry = e1 StateMachines of the Rover «readStructuralFeature»
isMobile = true and its Indicator to run! entry
isOffTheGrid = true
«block» isStandAlone = true ret
«pa:assumed» weight = 51.0 kg i : Entry
«pa:term» weightTotalAllEvents = 71.0 kg{ ___
c : Challenge widthAtWeighln = 1.3 m \
entry = e1 /
«block» entry «block» «activity» “SriipRets
«pa:assumed» {source = 2020 University Rover
TestEntry 1 Sy TestEntry Challange)
Classmer baliavor The total mass of all fielded rover
«activity»TestEntry parts for all events is 70 kg.
N
e —
act [Activity] CheckEnt CheckEnti )
[Activity] VIS V1 | Author kellyd
= Creation date | 29/09/20 11:29 AM
There could be challenge ——
many other checks Modification date || 6/10/20 12:53 AM
«block» .
«pazassumed» i : CheckTotalEntryWeight o <_<b|ock»
) ik «pa:assumed»
i:Entry
o : Entry

)
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(“act [Activity] CheckTotalEntryWeight[ 55 CheckTotalEntryWeight ])

Author kellyd
Creation date 29/09/20 11:29 AM
«block»
«pa:assumed» Modification date || 6/10/20 12:57 AM
ini: Entry object _{ «readStructuralFeature»
rover % EEL]
result : Rover challenge.test challenge
i : Rover
: WeighRoverTotal '
rh
: /
o : PlatformWeight Y,
«decisionInputFlow» «snippet»
| | {source = 2020 University Rover
- —~ — T |Challenge}
«creat.eObJect» | 7 | The total mass of all fielded rover
TotalWeightPenalty | / | |parts for all events is 70 kg.
result : TotalWeightPenalty | |
[[o >70] | [else]
object : TotalWeightPenalty | |
«readStructuralFeature» I !
failMessage | |
I
result : String ! |
I
jReason | |
W I
i : DisqualifyEnt
: >I|:[ qualify rﬂ:J] : fJ\ «block»
\/ & «pa:assumed»
i : PassEntry out o : Entry
" J
-
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(act [Activity] DisqualifyEntry [ - DisqualifyEntry ]J Author kellyd
% Creation date 29/09/20 11:46 AM
challenge || Modification date || 6/10/20 1:04 AM
«block» «valueSpecification»
«pa:assumed» false
ini:Entry
result
bject value
: «valueType.» «addStructuralFeatureValue» «valueSpecification»
iReason : String — lifi 0
| qualifies
_ | (s Replace Al J ’}'
ad result
| result : Entry
(print("DisquaIified: "+iReason))
7 object value

«block»

‘ «addStructuralFeatureValue» result «pa:assumed»
totalEarnedPoints out o : Entry

)

(act [Activity] PrintEntryPoints[ i PrintEntryPoints ])

e | Author || kellyd |

setup | Creation date  |/29/09/20 8:28 PM|

| Modification date || 6/10/20 1:01 AM |

block: «block»
«block» «pa:assumed»

«pa:assumed» t o: Ent
ini:Entry T

object : Ent «readStructuralFeature» }— resulti
rint("Entry:points = "+i
totalEarnedPoints HP ("Entry:p )} 9@
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SECTION

Mission, MissionAttempt,
Penalty and points system
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pkg [ EL mission ] E% EELI %

«snippet» AVt |AUth0r ” all |
g index challenge mission.test {source = 2020 University Rover Challenge} (l.:t:mptMIsiSITnn) | Creation date ” 28/09/20 9:41 AM I
Clock Missions are scored independently and it is not Sl A |Modification date ” 6/10/20 2:48 PM |
possible to score less than zero on a mission. —
«activity»
«block» clock «block» PrintAttempt‘Po.ints EELI %
Clock 1 StageAttempt stagel1 (challenge.mission)
- i next stage stage.test
(challenge.mission.clock) (challenge.mission.stage) «block» L «block» —
i mission stage impli 0.1 «activity»
clock stageAttempt|0..* «pa:term» ; - «pa:implied» - BeribmniMsion
Mission i MissionStage
missionAttempt (challer:gefmission) (challen’ge.’missiog.stage) (challenge.mission) = el
«block» P & setup [ test
MissionAttempt 1 mission | penalty :p;gfla!ty 1.4 «signal» £ SetupTime 55 stage
(challenge.mission) 1 ] «block» EndMission 2 _InitAttemptPoints E] MissionStage
P— /mission . setupTime SetupTime (challenge.mission) @2 CheckMissionSize K StageAttempt
[rover : Rover T |iestned: boclesn 1 | (challenge.mission.setup) @3 CheckMissionWeight CompleteStage
penalty : Penalty [0..*Jordered} I — {subsets stage} T2 PrepareForWeighing FailStage
award : Award [0..*Jordered} g T —‘penalty = 2 SetupMission T2 AttemptStage
ImissionAttempt [0..* ; 23 WeighRover 2 DoCheckCompletedStage
fimlor % 5 mission penalties 23 DoFailStage
entry |1 «block» mission.autonomous i mission.penalty 72 EndStageAttemptClock
ScienceMission E] SizePenalty clock A 23 ProgressStage
«block» (challenge.mission.science) autonomous A E] WeightPenalty B mission.clock 72 SetAllottedTime
: d» - o ApplyPenalties ' {} stage.next = next.stage
Shee e F mission.autonomous = 4 E Clock ge. -stag
Entry 5 OITW» ) £ AutonomousNavigationMission - DoPenaI!zeAttempt ExitClock
(challenge) (cha"::;:en‘?ss,;sr';:e - E] AutonomousNavigationMissionAttempt = E:::;;;Z;Q:\i?pt StartClock
ents 1.* .mission. evi
. 5 ::231 & SizePenalty SiEpCiok test
challenge |1 «block» O Leg2 B WeightPenalty = mission.test
= (fh::;:r;:r:“ssmczxsr:‘::n Ol Leg3 [intervention 4 | 5 TestMission
«pa:assumed» : ; TestMissionAttempt
«pa:term» 5 t:gg award A & interventi.on = B
Challenge N «block» B Logt B missionaward El Intervention = ma
(challenge) Only this mission has | — AutonomousNavigationMission €g = Award E] InterventionPenalty = tm
been modelled so far (challenge.mission.autonomous) ELeg7 Intervene
' : ] StageANM1 E bummyAward = Str
; ] StageANM2 @2 AwardAttempt Intervene
% @ LegDifficulty
AutonomousNavigationMission.bdd AutonomousNavigationMission
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pkg [ B mission.penalty ]) EEL| EELI %

challenge mission mission.test

«valueType»
Percent
(value)

«activity»
PenalizeAttempt
(challenge.mission.penalty)

«activity»
ApplyPenalties
(challenge.mission.penalty)

«block» penalty «block»
MissionAttempt 0 Penalty
(challenge.mission) b (challenge)

{ordered}
values

name : String
failMessage : String
passMessage : String
percent : Percent [0..1]

T

«activity»
NoPenalizeAttempt

(challenge.mission.penalty)

«activity»
DoPenalizeAttempt
(challenge.mission.penalty)

| Author || kellyd |
| Creation date  |/29/09/20 9:24 AM |

| Modification date||6/10/20 2:41 PM |

«block»
SizePenalty
(challenge.mission.penalty)

«block»
WeightPenalty

(challenge.mission.penalty)

(challenge.mission.intervention)

«block»
InterventionPenalty

values
percent : Percent [1] = 40.0{readOnly,redefines percent} g

values

name : String [1]= Weight penalty{redefines name}

name : String [1] = Size penalty{readOnly,redefines nanvé}

operations

percent( w : PlatformWeight) : Percent

percent : Percent [1] = 20.0{readOnly,redefines percent} g
name : String [1] = Intervention penalty{readOnly,redefines narme}

values

operations 7
percent( w : length[metre], d : length[metre]) : F;ercent
/
«opaque»
SizePenalty «problem»
(challenge.mission.penalty) WET!
b v

«opaque»
WeightPenalty
(challenge.mission.penalty)

«rationale»

Return of
0 means

Body —

Body

«valueType»
PlatformWeight
(value)

«valueType»
unit = kilogram

“lo = (w>50.0) ? (W-50.0)*5.0: 0
\

0=(Ww<1288%d<1.2)?0.0:40.0
\ no penalty

«shippet»
{source = 2020 University Rover Challenge}
Failure to fit within the specified dimensions

«snippet»

{source = 2020 University Rover Challenge}

The maximum allowable mass of the rover when

deployed for any competition mission is 50 kg.

at weigh-in will result in a 40% penalty.

i

«shippet»
{source = 2020 University Rover Challenge}

For weighing the rover must fit
completely within a 1.2 m x 1.2 m box.

{source = 2020 University Rover Challenge}
For each event in which the rover is overweight,

«snippet»

the team shall be assessed a penalty of 5% of
the points scored, per kilogram over 50.

\

«snippet»
{source = 2020 University Rover Challenge}

Teams will be penalized 20% of the total
points in that mission for every intervention.

Webe
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bdd [ = MissionAttempt.bdd ]) EEL' % E% | Author ||ke||y d |
mission challenge  setup ||Creation date | 30/09/20 8:35 AM|

«documentation»

Carries data specific to an
attempt at a Mission by the
Rover of one Team.

]

|Modification date || 6/10/20 1:17 AM |

«block» il «block»
MissionAttempt «pa:term»
(challenge.mission) L Mission
consiraints (challenge.mission)

{self.rover = entry.rover}

: e «block»
| /missionAttempt entry | «pa:assumed»
parts 0.* 1 Entry
clock : Clock finlati) (challenge)
references entry
stageAttempt : StageAttempt [0..*]
rover |1
values
pointsEarned : Real = 0.0 Irover | «subsystem»
penaltyPercentTotal : Percent = 0.0 Rover
isPenaltiesApplied: Boolean = false (rover)

penalty | «block»
0.* Penalty
{ordered} | (challenge)

— «block»
0" Award
T " | (challenge.mission.award)

{ordered}

«block» «block»
ScienceMissionAttempt EquipmentServiceMissionAttempt
(challenge.mission.science) (challenge.mission.equipment)

«block» «block»
AutonomousNavigationMissionAttempt RetrievalMissionAttempt
(challenge.mission.autonomous) (challenge.mission.retrieval)
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bdd ission.test
LR mission-test 1 J B B [[Author || kellyd |
= mission challenge |/ Greation date || 28/09/20 8:34 PM|
stage.test | Modification date |[6/10/20 1:21 AM |
«block»
You can run a Cameo —| _: TestMissionAttempt
sub-simulation from here S
missionAttempt = ma
«block» «block» «subsystem»
«pa:term» ma : MissionAttempt «mars»
Mission T tr : MarsRover
g mission = tm
(challenge.mission) rover = tr depthAtWeighin = 1.1 m
‘r isMobile = true
| isOffTheGrid = true
«block» «block» isStandAlone = true - — — q —
TestMission tm : TestMission weight = 51.0 kg 1 act [Activity] TestMissionAttempt[ & TestMissionAttempt ])
s - - widthAtWeighin=13 m_]_™
(challenge.mission.test) availablePoints = 100.0 9 3\
v [ «readSelfy ] | Author || kellyd |
—— o — | Creation date ~ |/2/10/20 9:56 PM|
b missiopAttempt| = = Should fail both the size p— —
TestMissionAttempt 1 MissionAttempt test and the weight test I Modification date “ 6/10/20 1:19 AM I
(challenge.mission.test) (challenge.mission)
— ; object : TestMissionAttempt
classifier behavior i
o Sl «activity» % g
«activity» TestMissionAttempt (p
d -l i TestMissionAttempt «readStructuralFeature» mission.test AttemptMission
missionAttempt

result : MissionAttempt

i : MissionAttempt

: AttemptMission
rh

®
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fact [Activity] AttemptMission[ g AttemptMission ])

| Author || kellyd |

«block»

| Creation date || 28/09/20 8:42 PM|
in i : MissionAttempt

| Modification date|| 2/10/20 10:10 PM|

[: PrintAttemptPointsJ

th =

mission.test

=

mission

i : MissionAttempt

. - -
i

: SetupMission

L] o : MissionAttempt

act [Activity] PrintAttemptPoints[ -5 PrintAttemptPoints])

=

setup

Author

kellyd

Creation date

29/09/20 8:59 AM

[Modification date][6/10/20 1:26 AM |

[: PrintAttemptPoints
th

[ ]i: MissionAttempt

LT o

: PrintAttemptPoints
th
o
i : MissionAttempt
: ApplyPenalties
th
0
i : MissionAttempt
: PrintAttemptPoints
th
o

«block»

«block»

Webe

«readStructuralFeature»

: Real

o : MissionAttempt

d
p ned

: Percent

i ﬂprint("\n\nMissionAttempt:points = "+i) )

: Boolean

; >l|:(print(“"' ionA

altyTotal =" +i +"%")j

iﬂprint(““' ionA

isPenaltiesApplied? " + i+"\n\n"))

I

®
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s — — — N
Activit tupM tupM

act [Activity] SetupMission[ S| SetupMission ]) E":‘._LI E'?LLI E'?LLI ‘Author ” kellyd |

index mission challenge lCreation date ” 28/09/20 9:26 AM |

| Modification date ||6/10/20 1:28 AM |
«allocate» «allocate»
Team Judge
«block» o o : MissionAttempt
in i : MissionAttempt e Ll . : PrepareForWeighing
th
~ \‘—" MissionAttempt
~
~ «snippet»
«snippet» : CheckMissionSize . {source = 2020 University Rover
{source = 2020 University Rover r|1 Challenge}
Challenge} For weighing the rover must fit
Rovers may articulate/fold/bend to o : MissionAttempt completely within a 1.2 m x 1.2 m box.
fit within the “transport crate,” but
may not be disassembled to do so.
input : MissionAttempt
«snippet»
: CheckMissionWeight — — ] {source = 2020 University Rover Challenge}
th Rovers shall be weighed by the judges
during the set-up time of each mission.
oWeight : MissionAttempt
«block»
out o : MissionAttempt
\ J
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("act [Activity] PrepareForWeighing[ 'S PrepareForWeighing ]J

| Author || kellyd |
|| 28/09/20 10:28 PM|

[Modification date |[6/10/20 2:10 PM |

«rationale»
STUB

|Creation date

«block»
out o : MissionAttempt

«block»
in i : MissionAttempt

«snippet»
{source = 2020 University Rover Challenge}

Rovers may articulate/fold/bend to fit within the “transport crate,”
but may not be disassembled to do so.

N D
s o T — = N
act [Activity] CheckMissionSize [ |*<?| CheckMissionSize ]J | Author ” kellyd |
«snippet» EELI -
issi Creation date 28/09/20 1:08 PM
{source = 2020 University Rover Challenge} mission | “ |
For weighing the rover must fit completely | Modification date || 6/10/20 1:30 AM |
within a 1.2 m x 1.2 m box.
T
«createObject»
SizePenalty
target : SizePenalty
object : Rover «readStructuralFeature»
«block» object [ «readStructuralFeature» | yover : Rover widthAtWeighin percent
ini: rover (SizePenalty::)
MissionAttempt .
object : Rover «readStructuralFeature»
depthAtWeighin
o : Percent
«snippet»
{source = 2020 University Rover Challenge}
Failure to fit within the specified dimensions
at weigh-in will result in a 40% penalty. iPercent : Percent jPenalty : Penalty
- ﬁll o : MissionAttempt «block»
i MissionAttempLC[ : PenalizeAttempt th - ?Ut:tt: ;
issionAttemp
- J
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(“act [Activity] CheckMissionWeight[ & CheckMissionWeight ])

«block»
ini:
MissionAttempt

: MissionAttempt (" «readStructuralFeature»
rover

: Rover

[ : WeighRover

o : PlatformWeight

«createObject»
WeightPenalty

result

ﬁﬁv : PlatformWeight

mission

Author kellyd

Creation date 28/09/20 10:36 AM

Modification date || 6/10/20 1:34 AM

object : Rover

weightAtWeighin
(s Replace Al

|+J value : PlatformWeight «addStructuraIFeatureVaIue»1

«snippet»
{source = 2020 University Rover Challenge}

The maximum allowable mass of the
rover when deployed for any competition
mission is 50 kg.

larget percent
(WeightPenalty::) -

o : Percent

«shippet»
{source = 2020 University Rover Challenge}

IA—ZIPenalty : Penalty

For each event in which the rover is overweight,
the team shall be assessed a penalty of 5% of
the points scored, per kilogram over 50.

iPercent : Percent

: PenalizeAttempt

i: MissionAttempéE[

o : MissionAttempt
rh

«block»

out oWeight :
MissionAttempt

)
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Many Activity Diagrams such as this can
be greatly simplified by using the Action
Language for Foundational UML (AlIf)

challenge mission mission.test

«block»
in i : MissionAttempt

(. - . :
act [Activity] PenalizeAttempt[ - PenallzeAttempt]J % EELI %

Author

kellyd

Creation date

28/09/20 2:03 PM

Modification date

6/10/20 2:35 PM

«rationale»

Only accumulate the total
penalty percentage and add it /
to the list of incurred penalties | ~ —

if the percentage is not 0

«valueType»

in iPercent :
Percent

«decisionlnputFlow»

o

i : MissionAttempt >E[: NoPenalizeAttempt
N

«block»

I o
rh out o : MissionAttempt
—

N
i | |7{Penalty:
_ [Percent=0] _ L _ _ _
I
[else]
= = = =
|
|
| i
v [
J : DoPenalizeAttempt o
iPercent : Percent rh N

«block»
in iPenalty : Penalty

Penalty

\Tl‘Penalty : Penalty

|
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(act [Activity] DoPenalizeAttempt[ 'S’ DoPenalizeAttempt ])

Many Activity Diagrams such as this can

be greatly simplified by using the Action
Language for Foundational UML (Alf)

«block»

i : MissionAttempt

~

By B = | Author | kellyd

Cha"enge mission mission.test | Creation date H 6/10/20 2:17 PM |

| Modification date |[6/10/20 2:59 PM|

«rationale»

Assumes iPercent
known to be not 0
(so Penalty applies)

/
/
/
«valueType»
iPercent :
Percent
N
e
«block»

iPenalty : Penalty

) . Is Replace All
lgzlJbJect bject
«readStructuralFeature» «addStructuralFeatureValue» result
penaltyPercentTotal penaltyPercentTotal dk
result : Percent alue

iBefore : Percent

. o = iPercent + iBefore
iPercent : Percent

7\ o : Percent

o : MissionAttempt

«block»

«snippet»
{source = 2020 University Rqver Challenge}

Penalties for overweight rovers, interventions, and other
penalties are additive: e.g. penalties of 10p6 and 20%
would result in a score of 70% of the points earned.

iPercent : Perce”g:(print(“PenaIty:"+iName+" = "+ jPercent +..%..))

«rationale»

The penalty percentage can't
always be obtained from the
Penalty as a fixed value, have
to sometimes pre-compute.

;

#Name

result : String

[

object : Penal «readStructuralFeature»
name

value : Penalt «addStructuralFeatureValue» object : MissionAttempt )
penalty

Webe
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«blocky»
in i : MissionAttempt

(‘act [Activity] NoPenalizeAttempt[ - NoPenaIizeAttempt]) E.I_:_LI

mission.penalty

=

PenalizeAttempt

Author

kellyd

Creation date

6/10/20 2:24 PM

Modification date

6/10/20 2:27 PM

«block»

«blocky»
in iPenalty : Penalty

object «readStructuralFeature»
name

.

Jj result iName print("Passed: No penalty for: " + iName)]

®

out o : MissionAttempt

Webe

.com.au
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(act [Activity] PerformMission[ |-52| PerformMission ])

«rationale»
Fork required in Cameo Simulation Toolkit
to enable concurrent execution with an
AcceptEventAction that can be reactivated.

= o

mission

mission.test

Author kellyd

Creation date

30/09/20 10:40 AM

Modification date

6/10/20 1:36 AM

AN

[

result

«readStructuralFeature»
clock

«block»
in i : MissionAttempt

ExitClock

target \

«createObject»
DummyAward

)

«rationale»

Placeholder only. Eventually

AN

result this needs to delegate to the
Mission assigned to each
MissionAttempt for specific
Awards during mission stages
bject
\
\ «readStructuralFeature»
points
\
\ result
~N
N
e iPoints
N

N

ZIAwa rd

[

\

i : AwardAttempt 0
rh

«block»

out o : MissionAttempt

AN

«shippet»
{source = 2020 University Rover
Challenge}
Teams will be penalized 20% of
the total points in that mission for
every intervention.

®

«snippet»

{source = 2020 University Rover
Challenge}

Multiple intervention penalties in a
single mission are additive: e.g. two
interventions would result in a score of
60% of points earned.
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(act [Activity] Intervene [ "% Intervene ])

._ . «createObject»
InterventionPenalty

result

bject

Author

kellyd

Creation date 30/09/20 1:33 PM

Modification date || 6/10/20 1:38 AM

i

-

mission mission.test

«readStructuralFeature»
percent

H

result

ﬁ Z’IPenaIty jiPercent : Percent

«snippet»
{source = 2020 University Rover Challenge}
ams will be penalized 20% of the total

points in that mission for every intervention.

«block» i : PenalizeAttempt o
in i : MissionAttempt rh
\

«block»

out o : MissionAttempt

)
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s —
act [Activity] AwardAttempt[ -&) AwardAttempt ]J EF_"I EELI %

Many Activity Diagrams such as this can
be greatly simplified by using the Action
Language for Foundational UML (Alf)

challenge mission mission.test

| Author || kellyd |
|Creation date || 30/09/20 10:42 AM|

| Modification date || 6/10/20 1:42 AM |

«block»

in i : MissionAttempt

bject : MissionAttempt

bject : MissionAttempt

«block»
out o : MissionAttempt

«addStructuralFeatureValue» result
pointsEarned —>

«readStructuralFeature»
[ pointsEarned (
Us Replace All
result : Real
alue
iBefore : Real

iPoints : Real

«valueType»

o = iPoints + iBefore

in iPoints : Real

N\
\

N\ iPoints : Real

«rationale»

The points can't always be
obtained from the Award
as fixed points, have to
sometimes pre-compute.

«block»

in iAward : Award value : Award

0 : Real

7\
I

print("Award:"+iName+" = "+ iPoints))

Name : String

result : String

/ .
P object : Award __(" «readStructuralFeature»
7 name

«addStructuraIFeatureVaIue»):'kobiect : MissionAttempt

award
(Is Replace All = false )

Webe
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e R . . N\
act [Activity] ApplyPenalties[ ') ApplyPenalties ]) EI:_LI E% %
Author kellyd
challenge mission mission.test Creation date 30/09/20 8:40 AM
Modification date || 6/10/20 1:45 AM
Many Activity Diagrams such as this can
be greatly simplified by using the Action
Language for Foundational UML (Alf)
«block»
ini:
MissionAttempt : MissionAttempt
: MissionAttempt
«addStructuralFeatureValue»
. «readStructuralFeature» pointsEarned
bject pointsEarned (s Replace All )

readStructuralFeature :
¢ i = : Real I7J Real : MissionAttempt

penaltyPercentTotal

result : Percent blect
iPointsEarned : Real
«addStructuralFeatureValue» result <blockn
o = iPointsEarned*(1- iPercent/1 00.0)) isPenaltiesApplied
iPercent : Percent out o:
(s Replace Al MissionAttempt
! alue
«snippet»
{source = 2020 University result

Rover Challenge}

it is not possible to score
less than zero on a mission

«valueSpecification»
true

Webe
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SECTION

MissionStage, StageAttempt, Clock
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k t
P [Bsece] | B 2 Author kellyd
mission  stage.test Creation date || 2/10/20 12:31 PM
Modification date || 6/10/20 1:54 AM
next «block»
«pa:implied» stage mission «bI_OCk»
0..1 MissionSt «pa:termy»
A ISSIOI‘I laget 0.. 1 Mission
(challenge.mission.stage) (challenge.mission)
values o 1
timeAllottedBase: time[second[{unit = second} Taissian
stage |1
«block» stageAttempt missionAttempt «blocks
_— StageAttempt 0r 1 MissionAttempt
challenge.mission.stage challenge.mission
(chall issi ) (chall ission)
0.1 {next->notEmpty() implies next.stage = stage.next}
values
timeAllotted: time[second] [1]= 0.0 s {unit = second} clock | «block»
isCompleted : Boolean [0..1] 1 Clock
timeUsed : time[second] [0..1}unit = second}
isCompletedinTime : Boolean [0..1]
isPassed : Boolean [0..1] «documentation»

Asserts the goal for the stage
has been reached/achieved.
g Does NOT imply that this was
done within the allotted time.

AttemptStage |
«activity» «activity» «activity» «signal»
AttemptStage EndStageAttemptClock DoCheckCompletedStage CompleteStage
(challenge.mission.stage) (challenge.mission.stage) (challenge.mission.stage) (challenge.mission.stage)

«activity»
SetAllottedTime
(challenge.mission.stage)

«activity»
DoFailStage
(challenge.mission.stage)

«activity»
ProgressStage
(challenge.mission.stage)
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pkg [ B mission.clock ])

=

v

e

stage.test

Author

kellyd

Creation date

30/09/20 5:13 PM

Modification date

6/10/20 1:58 AM

- «block»
MissionAttempt
(challenge.mission)

missionAttempt

1

mission mission.test
clock
«signal» «block»
StartClock Clock
- (challenge.mission.clock)
«signal»
classifier behavior
StopClock «statemachine»Clock
«signal» owned behaviors clock
ExitClock «opaquexprintTime ”
[57]
«opaque» «statemachine» g,
rintTime Clock
P Clock

stageAttempt|0..*
> «block»
StageAttempt

(challenge.mission.stage)

s

S

tm [State Machine] Clock [ |5 Clock ])

Webe

.com.au

\

=

mission.clock

S0 r ExitClock / printTime ~

StopClock

StartClock

Running

Lexit/ time +=1

)\ ExitClock / printTime

Author

kellyd

Creation date

30/09/20 1:34 PM

Modification date

6/10/20 1:59 AM

A

L]

after (1s)

i=

mission

-

mission.test stage.test

=

If you have Auto Open Diagrams
simulation mode on make sure
you have this diagram always
open in a separate window/panel.

J
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bdd [ = stage.test ])

i

mission.test

«rationale»

'timeAllotted' initially 0 but
will be assigned on stage start

\

«block»

: TestAttemptStage

«block»
sal: StageAtte>ngt

«rationale»
Times for test very short so
can test simulation easily
(not 30 to 45 minutes)

B |

stage mission

| Author

|| kellyd |

|Creation date

H 2/10/20 12:38 PM |

| Modification date || 6/10/20 4:12 PM |

«block»
«pa:implied»

stageAttempt = sa1
|

Run simulation

next = sa2 1

stage =ms1 _/
timeAllotted = 0.0 s

ms1 : MissionStage

«block»
«pa:term»

m1 : Mission

«block»
ma1 : MissionAttempt

T

;e
—

mission = m1
next = ms2 _
timeAllottedBase = 20.0 s

availablePoints = 100.0
stage = ms1, ms2

isPenaltiesApplied = false
mission = m1
penaltyPercentTotal = 0.0
pointsEarned = 0.0

This test is run without a
Rover so can just observe
the stage completion timing
(without other Behaviors)

next
from here «block»
«block» «pa:implied»
sa2 : StageAttempt ms2 : MissionStage —
stage = msZ_ mission = m1
timeAllotted = 0.0 s timeAllottedBase = 15.0 s
( N
«block» stageAttempt «block» g
TestAttemptStage 1 StageAttempt PN N
(challenge.mission.stage.test) (challenge.mission.stage) B 9
classifier behavior
«activity» TestAttemptStage [ «activity» E
TestAttemptStage TestAttemptStage
- _/

Webe

("act [Activity] TestAttemptStage[ ‘S| TestAttemptStage ]J

| Author || kellyd |
|| 2110720 5:58 PM|

[ Modification date ||6/10/20 4:14 PM|

°

| Creation date

«readSelf»

result : TestAttemptStage

B 5

stage stage.test
object 9 9

«readStructuralFeature»
stageAttempt

result

i : StageAttempt

Will recurse if there are multiple
stages (as each stage completes).

-

~
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("act [Activity] AttemptStage[ -S| AttemptStage ]J

= = Author kellyd

Many Activity Diagrams such as this can
stage.test stage

— be greatly simplified by using the Action Creation date 2/10/20 12:47 PM
Lolecs Language for Foundational UML (Alf)

in i : StageAttempt Modification date || 6/10/20 4:19 PM

object : StageAttempt object : StageAttempt E FailSt
ailStage Does NOT imply completed
: SetAllottedTime «readStructuralFeature» I i gc')t:;r\:vgr:il’ ajiurﬁtegh:i; ?:rsetaagt?e d
h clock v :
: DoFailStage I
result th
> CompleteStage
| T i
target : Clock

v [
StartClock : DoCheckCompletedStage
rh
«snippet» - l isPassed : Boolean
{source = 2020 University Rover | «decisionInputFlow»
Challenge}
Teams must complete each stage
within the allotted time in order to / N
d to the next stage y
procee : [else] 7 \ [isPassed]
/ N

/ e ]

«snippet» - Pro
E— : gressStage
{source = 2020 University Rover — —| EndMission > [ h I

Challenge} N <

Failure to complete a stage will \ 7

result in the end of the mission. \ A

V2 «rationale»
éz Attempt the next stage (if
there is one). Recursion!
.
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(‘act [Activity] SetAllottedTime] -5 SetAIIottedTime]) =

stage

Many Activity Diagrams such
as this can be greatly simplified
by using the Action Language
for Foundational UML (Alf)

=

stage.test

=

AttemptStage

Author

kellyd

Creation date

2/10/20 1:03 PM

Modification date

6/10/20 4:25 PM

«snippet»
{source = 2020 University Rover Challenge}

Any time remaining at the completion of a stage
is added to the allotted time of the subsequent
stage, which begins immediately.

«readStructuralFeature»

object : StageAttempt stage

result : MissionStage

«readStructuralFeature»

object

timeAllottedBase result : time[second]

«block»
in object : StageAttempt

object : StageAttempt

«readStructuralFeature»
timeAllotted

iAllottedBase : time[second] |

|
o = iAllottedPrevious + iAIIottedBase)

result : time[second]

iAllottedPrevious : time[second]
o : time[second]

«addStructuralFeatureValue»
timeAllotted

Us Replace All )

|

®

opjeeEiSRgantompt value : time[second]
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(" . . .
act [Activity] DoFailStage[ ') DoFailStage ]) % g Author kellyd

stage AttemptStage

Creation date 2/10/20 7:13 PM

«block» — ——
in i : StageAttempt Modification date || 6/10/20 4:26 PM
ﬁ Ll i - StageAttempt[1] bject : StageAttempt
: EndStageAttemptClock | __ «addStructuralFeatureValue»
rh isCompleted
timeUsed st «valueSpecification»
false
bject : StageAttempt
«addStructuralFeatureValue»
AN isPassed
«snippet» T
{source = 2020 University Rover W
Challenge} ~ T — — EndMission > — 9@
Failure to complete a stage will
result in the end of the mission.
\
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(act [Activity] DoCheckCompletedStage[ = DoCheckCompletedStage ]) h

| Author || kellyd |
in i : AttemptStage |Creation date || 2/10/20 7:35 PM|
Many Activity Diagrams such as this can g : .
be greatly simplified by using the Action | Modification date ” 6/10/20 4:28 PM |
Language for Foundational UML (Alf) AttemptStage

(3iageatempL 1] object : StageAttempt

: EndStageAttemptClock «addStructuralFeatureValue» «vaIueStpemflcatlon»
i isCompleted e

timeUsed : time[second][1] result

—
-

Does NOT imply completed
within time, just that the stage

bject :
goal was claimed to be reached.

«readStructuralFeature»
timeAllotted

«snippet»
{source = 2020 University Rover Challenge}

Teams must complete each stage
within the allotted time in order to
proceed to the next stage.

|
| iTimeUsed : time[59(30f1d]\4,:EsCompIetedInTime = iTimeUsed <= iTimeAIlottedj

result

iTimeAllotted : time[second]

isCompletedinTime : Boolean

«valueType» bject
out isPassed : Boolean
«addStructuralFeatureValue» «rationale»
isCompletedinTime Record whether was
US Replace All J completed in time.

«rationale»
Placeholder only. Since
have no other tests (yet)
just assume if completed in

result : StageAttempt

time then also passes stage |~ \Ii\llalue bject : StageAttempt
«addStructuralFeatureValue» }— result
isPassed
(s Replace All )
N~ J
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(‘act [Activity] ProgressStage [ *&| ProgressStage ]J

Author

kellyd

Many Activity Diagrams such as this can

=

be greatly simplified by using the Action

Creation date

1/10/20 7:37 PM

Language for Foundational UML (Alf)

AttemptStage

Modification date

6/10/20 4:32 PM

«block»
in i : StageAttempt

Igé)bject

bject

«readStructuralFeature»
next

) timeAllotted
object : StageAttempt

timeUsed

«readStructuraIFeature»] [«readStructuraIFeature»]

/ result : StageAttempt

result : time[second]

iAllotted : time[second]

result : time[second]

iUsed : time[second]

(oRemaining = jAllotted - iUsed)— —

value : time[second]

= «addStructuralFeatureValue»
timeAllotted
(Is Replace Al
result : StageAttempt

é)bject : StageAttempt

1

-

[result = null]
7/

/

«rationale»

Only attempt the next
stage if there is one.

i : StageAttempt

: AttemptStage
W@

[

\

oRemaining : time[second] |

«snippet»

{source = 2020 University Rover
Challenge}

Any time remaining at the
completion of a stage is added to
the allotted time of the subsequent
stage, which begins immediately.

A SysML model of the Mars Society University Rover Challenge 2020 rules

Webel IT Australia, SysML Parsing Analysis demo model (partial) as of 2020-10-06
© Copyright 2020 Webel IT Australia. All rights reserved. (Excludes text from the Mars Society.)

Webe

.com.au

73/100




SECTION

Mapped Requirements
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pkg [ | requirement ])

[ Author || kellyd |
e ||26/09120 11:30 AM|

B[S i

i 0 «RequirementTable» «pa»
index requirement )
requirement

|Creation date

2020 University Rover Challenge || vogification date || 6/10/20 4:42 PM |

2020 Mars Society University Rover Challenge A

£ Unit Imports

mEL

£ 2020 University Rover Challenge Rules

#mF 2020 Mars Society University Rover Challenge
- 2020 University Rover Challenge Rules
2020 University Rover Challenge Rules

«pa» A

2020 University Rover Challenge

[2] 1. Competition Rules

< —|[= 2. Rover Rules

[=] 3. Competition Missions

4 2020 University Rover Challenge
[(3 2020 University Rover Challenge

However, the Requirement Table and Satisfy Table are probably more useful.

This top-level Requirement Package Diagram merely shows those requirements that have been had
the Webel Parsing Analysis recipe applied to them (to different degrees). It is not (yet) organised
according to the structure of the original Rules document (compare with the structured 0-source).

Some of the copied Requirements have dedicated Requirement Diagrams showing sub-requirements

Stand-alone Platform

«extendedRequirement»

«extendedRequirement»
Rover Size

«extendedRequirement»
Rover Mass

«extendedRequirement»

Mission Scoring

N
1

«copy»

~
|

«copy»

N
|

«copy»

N

«copy»— — — —

! Copy is used so finer-grained

Stand-alone Platform
(requirement)

«extendedRequirement»

«extendedRequirement»
Rover Size
(requirement)

«extendedRequirement»
Rover Mass
(requirement)

«extendedRequirement»

«rationale»

sub-requirements can be owned

Mission Scoring
(requirement)

Most of the sub-requirements
have NOT been categorised

Webe

«extendedRequirement»
Intervention Penalty

«extendedRequirement»
Kill Switch

«extendedRequirement»
LED Indicator

«extendedRequirement»
Stage Timing

«copy»

N
«copy»
|

N
«copy»
]

«copy»

yet (they are mostly just
ExtendedRequirement)

«extendedRequirement»
Intervention Penalty
(requirement)

«extendedRequirement»
Kill Switch
(requirement)

«extendedRequirement»
LED Indicator
(requirement)

«extendedRequirement»
Stage Timing
(requirement)

«extendedRequirement»
Leg Definition

«extendedRequirement»
Post and Gate Markers

«extendedRequirement»
Leg Requirements

«extendedRequirement»
Operations

«extendedRequirement»

Remote / wireless operation

«copy»

«copy»
]

«copy»

N
«copy»
]

«copy»
|

«extendedRequirement»
Leg Definition
(requirement)

«extendedRequirement»
Post and Gate Markers
(requirement)

«extendedRequirement»
Leg Requirements
(requirement)

«extendedRequirement»
Operations
(requirement)

«extendedRequirement»

Remote / wireless operation

(requirement)

A SysML model of the Mars Society University Rover Challenge 2020 rules

Webel IT Australia, SysML Parsing Analysis demo model (partial) as of 2020-10-06
© Copyright 2020 Webel IT Australia. All rights reserved. (Excludes text from the Mars Society.)

75/100



req [ & Stand-alone Platform])

T

index

requirement

=

«pa»
Stand-alone Platform

| Author

|| kellyd

|Creation date

126/09/20 11:31 AM|

|Modiﬁcation date || 6/10/20 4:46 PM |

St

«extendedRequirement»

and-alone Platform

(2020 University Rover Challenge Rules)

Id = "2020URC-2.a.i."

Text = "The rover shall be a stand-alone, off-the-grid, mobile platform.
Tethered power and communications are not allowed. A single
connected platform must leave the designated start gate. In the open
field, the primary platform may deploy any number of smaller
sub-platforms, so long as the combined master/slave sub-platforms
meet all additional requirements published."

N
| «copy»
«extendedRequirement»
Stand-alone Platform

SatisfiedBy

«extendedRequirement»

The rover shall be a stand-alone,
off-the-grid, mobile platform.

«extendedRequirement»

Tethered power and
communications are not allowed.

SatisfiedBy = ¢ MarsRover
(5]

SatisfiedBy = ¢ MarsRover
©

«extendedRequirement»
The rover shall be stand-alone

SatisfiedBy = [VlisStandAlone

«extendedRequirement»

A single connected platform must
leave the designated start gate.

SatisfiedBy = O MarsRoverSystem

«extendedRequirement»
The rover shall be off-the-grid

SatisfiedBy = [MisOffTheGrid

«extendedRequirement»

The rover shall be a
mobile platform

«extendedRequirement»

Tethered communications
are not allowed

«extendedRequirement»

Tethered power is not
allowed

SatisfiedBy = [VlisMobile

SatisfiedBy =
isTethered
E=lCommunications

SatisfiedBy =
/ ES-PSS
PowerSubsystem
[VisTethered

«extendedRequirement»

In the open field, the primary
platform may deploy any number
of smaller sub-platforms, so long

as the combined master/slave
sub-platforms meet all additional

requirements published.

SatisfiedBy = ¢ MarsRoverSystem

Webe
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req [ & Rover Size.req ]) Elg_'] EF_LI S Aifthr kellyd
ncex  irequirsment: fequiremant Creation date (| 28/09/20 8:39 AM

Modification date || 6/10/20 4:50 PM

«extendedRequirement»
Rover Size
(2020 University Rover Challenge Rules)

Id = "2020URC-2.a.ii."

Text = "Rovers shall be weighed by the judges during the set-
up time of each mission. For weighing the rover must fit
completely within a 1.2 m x 1.2 m box. Rovers may
articulate/fold/bend to fit within the “transport crate,” but may
not be disassembled to do so. This includes wheels, antenna,
and any other system protruding from the rover. There is no
vertical height limit for 2020, and the rover may be placed in
any orientation. Failure to fit within the specified dimensions
at weigh-in will result in a 40% penalty."

/«copy»

I
«extendedRequirement»
Rover Size
(requirement)

SatisfiedBy = ¢ MarsRover

«extendedRequirement» «extendedRequirement» «extendedRequirement»
Rovers shall be weighed by For weighing the rover must fit Rovers may articulate/fold/bend to fit
the judges during the set-up completely within a 1.2 m x 1.2 m box. within the “transport crate,” but may not
time of each mission. SatisfiedBy = be disassembled to do so. This includes
SatisfiedByY = = . wheels, antenna, and any other system
2 Ju dge J River/‘;\tWelghln protruding from the rover.
arsRover = =
T2SetupMission {) widthAtWeighin Sat'sEfl'edBy AWeidhi
T2 CheckMissionWeight {} depthAtWeighln FOMSEALCIgnID
/ Weigh d MarsRover

{} weightAtWeighIn
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req [ [ Rover Mass.req | ] =k S = Author kellyd

requirement  requirement «pa»
Rover Mass

Creation date 29/09/20 10:21 AM

Modification date || 6/10/20 5:02 PM

«extendedRequirement»
Rover Mass

Id ="2020URC-2.a.iii."

Text = "The maximum allowable mass of the rover when deployed for any
competition mission is 50 kg. The total mass of all fielded rover parts for all
events is 70 kg. For example, a modular rover may have a robotic arm and a
sensor that are never on the rover at the same time. The combinations of rover
plus arm and rover plus sensor must each be under 50 kg, but the total rover
plus arm plus sensor must be less than 70 kg.

- The weight limits do not include any spares or tools used to prepare or
maintain the rover, but does include any items deployed by the rover such as
sub-rovers, cameras, communication relays.

- For each event in which the rover is overweight, the team shall be assessed a
penalty of 5% of the points scored, per kilogram over 50."

N

«copy»

«extendedRequirement»

Rover Mass
«performanceRequirement» «performanceRequirement» «extendedRequirement»
The maximum allowable mass of The total mass of all fielded rover For each event in which the rover is overweight,
the rover when deployed for any parts for all events is 70 kg. the team shall be assessed a penalty of 5% of
competition mission is 50 kg. SatisfiedBy = [VMlweightTotalAllEvents . tr.le points scored, per kilogram over 50.

SatisfiedBy = [VlweightAtWeighIn SatisfiedBy =
ElweightPenalty
T 2CheckMissionWeight
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req [ & Mission Scoring.req ]J

e e

requirement index

«extendedRequirement»
Mission Scoring

Id ="2020URC-3.a.i."

Text = "Each event and the SAR shall be worth 100 points,
for a total of 500 points. Penalties for overweight rovers,
interventions, and other penalties are additive: e.g. penalties
of 10% and 20% would result in a score of 70% of the points
earned. Missions are scored independently and it is not
possible to score less than zero on a mission."

N «copy»

I
«extendedRequirement»
Mission Scoring
(requirement)

Y

= Author kellyd
pam Creation date 30/09/20 9:36 AM
Mission Scoring
Modification date || 6/10/20 5:00 PM

«performanceRequirement» «extendedRequirement» «extendedRequirement» «extendedRequirement»
Each event and the SAR shall be worth Mission penalties are additive It is not possible to score less Missions are scored independently
1.00. points, for a total of 500 points. SatisfiedBy = than zero on a mission SatisfiedBy = 23ComputeFinalScore
SatisfiedBy = Z2ApplyPenalties SatisfiedBy = T2ApplyPenalties
availablePOintS @Pena"zeAﬂempt

[VtotalAvailablePoints
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req [ & Intervention Penalty.req ]J

EELI EELI Author kellyd

requirement «pa» Creation date 30/09/20 12:41 PM
Intervention Penalty 11y, isication date |[6/10/20 5:06 PM

«extendedRequirement»
Intervention Penalty

Id ="2020URC-2.d.vii."

Text = "Teams will be penalized 20% of the total
points in that mission for every intervention. The
mission clock will continue to run during an
intervention. Multiple intervention penalties in a single
mission are additive: e.g. two interventions would
result in a score of 60% of points earned."

N«copy»
|

«extendedRequirement»

Intervention Penalty
D

«extendedRequirement»
Multiple intervention

«extendedRequirement»
The mission clock will

«extendedRequirement»
Teams will be penalized 20%

of the total points in that
mission for every intervention.

continue to run during
an intervention.

penalties in a single
mission are additive

SatisfiedBy = SatisfiedBy = SatisfiedBy =
[Vipercent ElClock T 2ApplyPenalties
T2Intervene T2Intervene T 2PenalizeAttempt
anterventionPenalty T oPerformMission

Webe

.com.au
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req [ &= Kill Switch.req ]J EELI EELI Author kellyd

requirement «pa» Creation date 30/09/20 7:08 PM
Kill Switch

Modification date ||6/10/20 5:09 PM

«extendedRequirement»
Kill Switch

Id = "2020URC-2.a.vi."

Text = "All rovers shall have a “kill switch” that is readily
visible and accessible on the exterior of the rover. This
switch shall immediately stop the rover's movement
and cease all power draw from batteries in the event of
an emergency such as a battery fire."

/I\«COpy»

I
«extendedRequirement»
Kill Switch
(requirement)

SatisfiedBy = E2|Rover
57

«extendedRequirement» «extendedRequirement»
All rovers shall have a “kill switch” that is readily This switch shall immediately stop the rover’s
visible and accessible on the exterior of the rover. movement and cease all power draw from batteries
SatisfiedBy = EKiIISwitch in .th(.a event of an emergency such as a battery fire.
SatisfiedBy =
EIKillSwitch
T2KillRover
W b A SysML model of the Mars Society University Rover Challenge 2020 rules 81/100
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req [ & LED Indicator.req ]J EELI

= =

requirement «pa» indicator

LED Indicator

LED Indicator

«extendedRequirement»

Id = "2020URC-3.e.vi."

Text = "There must be an LED indicator on the back of
the rover, visible in bright daylight (e.g. large LED or
LED array), that will signal:, - Red: Autonomous
operation, - Blue: Teleoperation (Manually driving), -
Flashing Green: Successful completion of leg."

7\
I«copy»

«extendedRequirement»
LED Indicator
(requirement)

SatisfiedBy = E2IRover

Author kellyd
Creation date 1/10/20 10:52 AM
Modification date || 6/10/20 5:11 PM

Y
|

«extendedRequirement»

There must be an LED indicator
on the back of the rover

«performanceRequirement»

The LED indicator must be
visible in bright daylight

SatisfiedBy = [ Plindicator

SatisfiedBy = [Vlluminance

«extendedRequirement»

The LED indicator must signal: Red:
Autonomous operation; Blue: Teleoperation
(Manually driving); Flashing Green:
Successful completion of leg.

SatisfiedBy =
ElindicatorModeAutonomous
ElindicatorModeSuccessful
ElindicatorModeTele
SPIndicatorSTM
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req [|f Stage Timing.req ])

B
EELI «pa»

requirement .
Stage Timing

| Author || kellyd |
|Creation date | 1/10/20 6:28 PM|

| Modification date || 6/10/20 5:13 PM|

«extendedRequirement»
Stage Timing

Id = "2020URC-3.e.i."

Text = "Rovers shall be required to autonomously traverse
to posts or between gates in this staged, mission across
easy and moderately difficult terrain. Teams must complete
each stage, 8, , within the allotted time in order to proceed
to the next stage. Failure to complete a stage will result in
the end of the mission. Any time remaining at the
completion of a stage is added to the allotted time of the
subsequent stage, which begins immediately."

/l\«copy»

I
«extendedRequirement»
Stage Timing
SatisfiedBy

q

D

«extendedRequirement»
Rovers shall be required to autonomously traverse
to posts or between gates in this staged mission
across easy and moderately difficult terrain.

«extendedRequirement»
Any time remaining at the completion of a
stage is added to the allotted time of the
subsequent stage, which begins immediately.

SatisfiedBy =
T2 TraverseToPost
? 2TraverseBetweenGate

SatisfiedBy =
Z2SetAllottedTime
T 2AttemptStage
€ oProgressStage

«extendedRequirement»

Teams must complete each stage within the allotted
time in order to proceed to the next stage.

«extendedRequirement»
Failure to complete a stage will

result in the end of the mission.

SatisfiedBy = SatisfiedBy =
EoProgressStage Z2DoFailStage
Z2DoCheckCompletedStage ZoAttemptStage

Webe
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req [ & Post and Gate Markers.req ]J EELI EELI Author kellyd
requirement «par Creation date  |[1/10/20 8:51 PM
Post and Gate Markers
«extendedRequirement» Modification date || 6/10/20 5:16 PM

Post and Gate Markers

Id ="2020URC-3.e.iv."

Text = "Each post will have a large (20cm x 20cm)
marker 30 — 100 cm off the ground. Each gate will
consist of a pair of posts 2 - 3 m apart. Each marker
will display a black and white AR tag."

N «copy»
|
«extendedRequirement»

Post and Gate Markers

D
I I |
«extendedRequirement» «extendedRequirement» «extendedRequirement»
Each post will have a large (20cm x Each gate will consist of a pair of posts Each marker will display a
20cm) marker 30 — 100 cm off the ground. 2 - 3 m apart. black and white AR tag.
SatisfiedBy = SatisfiedBy = SatisfiedBy = [Pltag
[CPImarker [Plpost
{} 100 >= heightFromGround >= 30 {} 3 >= distanceBetweenPosts >= 2
[Vllength [ VidistanceBetweenPosts
[VIheightFromGround
[Viwidth
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req [ & Operations.req ])

EI;;LI % Author kellyd

requirement «pa» Creation date 3/10/20 5:31 PM
Opsmtians Modification date |{ 6/10/20 5:30 PM

«extendedRequirement»
Operations «INCOMPLETE»

Id = "2020URC-1.b.i." There is no obligation to

Text = "Teams will operate their rovers in real-time from designated command Il Ll sl t|°
and control stations. These stations will be metal trailer units (such as the back clowjsthdiciiod exiiact
of a small moving truck provided by URC) or structures at the Mars Desert
Research Station. Visibility of the course to the operators in the control station
will be blocked. Basic power (120V, 60Hz), tables, and chairs will be provided.
All of the competition events will be held in full daylight. The GPS standard shall
be the WGS 84 datum. Coordinates will be provided in latitude/longitude format
(e.g. decimal degrees; degrees decimal minutes; degrees minutes seconds)."

/l\ ((COpy))

I
«extendedRequirement»
Operations
(requirement)

«extendedRequirement» «extendedRequirement» «extendedRequirement»
Coordinates will be provided The GPS standard shall be Visibility of the course to the operators
in latitude/longitude format the WGS 84 datum. in the control station will be blocked.

SatisfiedBy = SatisfiedBy = [MIGPS SatisfiedBy =
O latitude =Operations.req
O longitude EElCommandStation
EOperatorArea
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req [ &= Remote / wireless operation.req ])

. «pa»
requirement . .
Remote / wireless operation

«extendedRequirement»
Remote / wireless operation

Id = "2020URC-2.b.i."

Text = "The rover shall be operated remotely using wireless communications
with no time delay. The operators will not be able to directly view the rover or
the site, and line-of-sight communications are not guaranteed for all of the
missions. Internet is not available in the field or at MDRS. Teams are required
to power down communications equipment at the event sites while not
competing, so as not to interfere with other teams. Aerial devices are not
allowed for communications at URC 2020."

Author kellyd

Creation date 3/10/20 6:07 PM

Modification date || 6/10/20 5:32 PM

«INCOMPLETE»
There is no obligation to
apply Parsing Analysis to
every single text extract!

«copy»

I
«extendedRequirement»
Remote / wireless operation

(requirement)
(5]

«extendedRequirement» «extendedRequirement» «extendedRequirement»
The rover shall be operated remotely The operators will not be Teams are required to power down
using wireless communications with able to directly view the communications equipment at the event
no time delay. rover or the site sites while not competing, so as not to
SatisfiedBy = SatisfiedBy = interfere with other teams.
o MarsRoverSystem EElField SatisfiedBy
E€lMarsRoverContext EE|CommandStation

«extendedRequirement»

«extendedRequirement»

«extendedRequirement»

Internet is not available in the field Line-of-sight communications are not Aerial devices are not allowed for
or at MDRS. guaranteed for all of the missions. communications at URC 2020.
SatisfiedBy = SatisfiedBy = SatisfiedBy
EMarsDesertResearchStation QAutonomousNavigationMission
EElField ElRetrievalMission
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[ 1.1 The rover shall be a stand-alone, off-the-grid, mobile platform. @

The rover shall be stand-alone
2 The rover shal be off-the-grid
3 The rover shall be a mobile platform

3 1.2 Tethered power and communications are not allowed. @

Tethered power is not allowed
Tethered communications are not allowed

3 A single connected platform must leave the designated start gate
In the open field, the primary platform may deploy any number of smaller sub-platforms, so long as the combined master/slave sub-platforms meet al additional requirements published.

Rovers shall be weighed by the judges during the set-up time of each mission.
For welghing the rover must fit completely within a 1.2 m x 1.2 m box.

Rl

[stsheuy Bursied [2qam] uawinba;

3

2 Rover Size ©

3 Rovers may articulae/fold /bend to it within the “transport crate,” but may not be disassembled to do so. This includes wheels, antenna, and any other system protruding from the rover.

‘The maximum allowable mass of the rover when deployed for any competition mission is 50 kg.
“The total mass of all felded rover parts for all events s 70 k.
3 For each event in which the rover s overweight, the team shall be assessed a penaly of 5% of the points scored, per Kilogram over 50.

Each event and the SAR shall be worth 100 point, for a toal of 500 points
Itis not possible to score less than zero on a mission

3 Mission penalties are additve
Missions are scored independently

‘Teams will be penalized 20% of the total points in that mission for every intervertion.
“The mission clock will continue to run during an intervenion.
3 Muliple intervention penaltes in a single mission are additive

Al rovers shall have a “kil switch” thatis readily visble and accessible on the exterior of the rover.

“This switch shall immediately stop the rover’s movement and cease all power draw from batteries in the event of an emergency such as a battery fire.

There must be an LED indicator on the back of the rover
“The LED indicator must be visible i bright daylight
5 The LED indicator must signal: Red: Blue:

Flashing Green: of leg.

Rovers shall be required to autonomously traverse to posts or between gates in tis staged mission across easy and moderately difficultterrain
Teams must complete each stage within the alltted time in order to proceed to the next stage.

Failure to complete a stage will esult in the end of the mission.

Any time remaining at the completion of a stage is added 1o the alotied time of the subsequent stage, which begins immediatey

6 Leg Definition

Each postwill have a large (20¢m x 20cm) marker 30 - 100 cm off the ground.
Each gate willconsistof a pair of posts 2 - 3 m apart.
3 Each marker wil display a black and white AR tag.

‘The GPS standard shall be the WG 84 datum.
3 Visibilty of the course to the operators n the control station wil be blocked.

“The rover shall be operated remotely using wireless communications with no time delay.
“The operators will not be able to directy view the rover or the site

5.3 Line-of-sight communications are not quaranteed for al of the missions.

Internetis not available in the feld or at MRS,

Webel IT Australia, SysML Parsing Analysis demo model (partial) as of 2020-10-06
© Copyright 2020 Webel IT Australia. All rights reserved. (Excludes text from the Mars Society.)

3 Rover Mass 0

3 17 Mission Scoring ©

£ 16 Intervention Penalty @

£ 20 Kill Switch ©

(2 21 LED Indicator ©

3 25 Stage Timing ©

£ 27 Post and Gate Markers ©

3 32 Operations ©

36 Remote / wireless operation @
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Appendix

Parsing Analysis diagrams

These are NOT presentation diagrams!

They are used once to elicit model elements
and then they have served their purpose.

The order in which they are presented here Is
not the same as the order of processing/analysis.
See also the creation timestamps in the diagrams.

A SysML model of the Mars Society University Rover Challenge 2020 rules 89/100
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pkg [ B 2020 University Rover Challenge ]

«pa»

i I - e

«pa» index TODO
0-Source

|| kellyd |
| Creation date || 26/09/20 10:40 AM|
| Modification date || 6/10/20 8:57 PM |

| Author

The direct PDF download URL can be guessed from the
http://urc.marssociety.org/home/requirements-guidelines.

The text extracts are in fact
via provided mappings to
SysML Requirements

I D P
[ s
«document»
2020 University Rover Challenge
{url = "http://urc.marssociety.org/files/University%20Rover%20Challenge%20Rules%202020.pdf"}
TracedFrom =
ElstageANM2
ElStageANM1
£ Runner
% NonOperator
% Operator
% Spectator
% Judge
% Director
% Organizer
% Advisor
% TeamLeader
% ControlStationJudge
% FieldJudge
EJAntenna
ElDisplay

- - - - - = = 7 ™/

AN
«TIP»

Elements that are known to be mentioned in the source text but have
not yet been elicited using the full Parsing Analysis recipe can also be
quickly tracked using the Trace relationship. This can be useful for
including elements "in advance" that help complete a narrative for a
Snippet that does not yet explicitly mention the element.

Parsing Analysis diagrams are
NOT final presentation diagrams!

«pa»
1. Competition Rules

A

2] 1.b. Operations
5 1. Competition Rules

«pa»
2. Rover Rules

A

fz] 2.a. Size, Weight, Power
[2] 2.b. Communications Equipment

2] 2.d. Interventions
& 2. Rover Rules

These are structured (as far as
selectively processed) after the
original PDF rules document

«pa»

A

I
I
3. Competition Missions [
I

3.a.1. Mission Scoring
fz] 3.e. Autonomous Navi

& 3. Competition Missions

gation Mission |

«INCOMPLETE»

There is no obligation to app
Analysis to every single text

ly Parsing
extract!

Webe

A SysML model of the Mars Society University Rover Challenge 2020 rules

Webel IT Australia, SysML Parsing Analysis demo model (partial) as of 2020-10-06
© Copyright 2020 Webel IT Australia. All rights reserved. (Excludes text from the Mars Society.)
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EELI Author kellyd

«pa» Creation date 1/10/20 6:06 PM
2020 University Rover Challenge

«pa»
pkg [ & 1. Competition Rules]

Modification date || 6/10/20 8:59 PM

«pa» A

1.b. Operations

[2] 1.b.1. Operations Parsing Analysis diagrams are

55 1.b. Operations NOT final presentation diagrams!

«pa»

pkg [ B 1.b. Operations ] J EE‘-, EE‘-, Author kellyd
«pa» «pa» Creation date 3/10/20 4:46 PM

1. Competition Rules 2020 University Rover Challenge Modification date |[6/10/20 9:00 PM

Parsing Analysis diagrams are

«pa» A NOT final presentation diagrams!

1.b.1. Operations

tL Operations

5z Teams will operate their rovers in real-time from designated command and control stations.
&= The GPS standard shall be the WGS 84 datum.

== Visibility of the course to the operators in the control station will be blocked.

W b A SysML model of the Mars Society University Rover Challenge 2020 rules 91/100
~e Webel IT Australia, SysML Parsing Analysis demo model (partial) as of 2020-10-06
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«pa»
pkg [ EL| Operations ] J % E% Author kellyd
«pa» «pa» Creation date 3/10/20 4:48 PM

1.b. Operations 2020 University Rover Challenge

Modification date || 3/10/20 6:00 PM

Parsing Analysis diagrams are

NOONF BT NOT final presentation diagrams!

«extendedRequirement» There is no obligation to
Operations apply Parsing Analysis to
every single text extract! B
4 «copy» 5
| «shippet»
{member = Operations, Operations, Team,
«extendedRequirement» TeamMember, Operator, operate from, real-time, ,
Operations CommandsStation, Rover,
Id = "32" source = 2020 University Rover Challenge}
Text = "Teams will operate their rovers in real-time from | — ] :eamds vl oﬁegate feir rgverz 'n reta|-|t|r?et_
designated command and control stations. These e e oMt anccomTo) sietons.

stations will be metal trailer units (such as the back of a

small moving truck provided by URC) or structures at B
the Mars Desert Research Station. Visibility of the «snippet»
course to the_operators in the control station will be . _ __|{member = Operations, Operations, Coordinates
blocked. Basic power (120V, 60Hz), tables, and chairs will be provided in latitude/longitude format (e.g.
will be provided. All of the competition events will be decimal degrees; degrees decimal minutes;
held in full daylight. The GPS standard shall be the degrees minutes seconds)., GPS, The GPS
WGS 84 datum. Coordinates will be provided in standard shall be the WGS 84 datum., WGS 84,
latitude/longitude format (e.g. decimal degrees; source = 2020 University Rover Challenge}
degrees decimal minutes; degrees minutes seconds)." The GPS standard shall be the WGS 84 datum.
I | '
®
AN AN
«snippet» | «shippet»
{member = Operations, Operations, {member = Operations, Operations, Coordinates will be
Visibility of the course to the operators in ] provided in latitude/longitude format, Latitude,
the control station will be blocked., Longitude, degree angle,
Operator, Field, ?Course, CommandStation, source = 2020 University Rover Challenge}
source = 2020 University Rover Challenge} Coordinates will be provided in latitude/longitude
Visibility of the course to the operators in format (e.g. decimal degrees; degrees decimal
the control station will be blocked. minutes; degrees minutes seconds).
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| Author || kellyd |
|Creation date |[1/10/20 5:59 PM|

«pa»
pkg [ &2 2. Rover Rules ] EELI

«pa»
2020 University Rover Challenge || Modification date |[6/10/20 9:04 PM]

e a Parsing Analysis diagrams are
2.a. Size, Weight, Power NOT fi?\al prgsentatign diagrams!
{51 2.a.1. Stand-alone Platform
fz] 2.a.2. Rover Size «pa» A
2] 2.a.3. Rover Mass 2.d. Interventions

% 3'2'63';2' sv\nélitc:t Power [2]2.d.7. Intervention Penalty
Sl o ) 2.d. Interventions

«pa» A T

2.b. Communications Equipment €pa» A
2.d.7. Intervention Penalty

2] 2.b.1. Remote / wireless operation

& 2.b. Communications Equipment | Intervention Penalty
«pa»
pkg [ £ 2.a. Size, Weight, Power]J ¢ Autior kellyd
&y &y Creation date || 1/10/20 6:00 PM
P P Modification date][ 1/10/20 6:07 PM
2. Rover Rules 2020 University Rover Challenge ofmeation:Sar ” - |

a NOT final presentation diagram

«pa» Parsing Analysis diagrams are Sﬁ

2.a.1. Stand-alone Platform

5 A single connected platform must leave the designated start gate.
2 Stand-alone Platform

52 Tethered power and communications are not allowed.

52 The rover shall be a stand-alone, off-the-grid, mobile platform.

«pa» A
2.a.2. Rover Size

5= Failure to fit within the specified dimensions at weigh-in will result in a 40% penalty.

& For weighing the rover must fit completely within a 1.2 m x 1.2 m box.

5 Rover Size

55 Rovers may articulate/fold/bend to fit within the “transport crate,” but may not be disassembled to do so.
52 Rovers shall be weighed by the judges during the set-up time of each mission.

«pa» A
2.a.3. Rover Mass

& Rover Mass

55 The maximum allowable mass of the rover when deployed for any competition mission is 50 kg.

52 The total mass of all fielded rover parts for all events is 70 kg.

52 The weight limits do not include any spares or tools used to prepare or maintain the rover, but does include any items deployed by the rover<PA>>

«pa» A
2.a.6. Kill Switch

&) Kill Switch |
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«pax»
pkg [ | Stand-alone Platform] J EEL] |Author ||ke||yd

i Creation date || 26/09/20 10:50 AM
2020 University
Parsing Analysis diagrams are Rover Challenge || Modification date || 6/10/20 9:09 PM
NOT final presentation diagrams!
«extendedRequirement» «snippet»
Stand-alone Platform {member = Stand-alone Platform, Stand-alone Platform, The rover
N J— shall be a stand-alone, off-the-grid, mobile platform., isStandAlone,
| Py isOffTheGrid, isMobile, isStandAlone, isOffTheGrid, isMobile, Rover,
: MarsRover, Generalization[MarsRover -> Rover], Generalization[Rover
«extendedRequirement» -> Platform]
Stand-alone Platform | source = 2020 University Rover Challenge}
ld="1" -~ |The rover shall be a stand-alone, off-the-grid, mobile platform.
Text = "The rover shall be a stand-alone,
off-the-grid, mobile platform. Tethered power and
communications are not allowed. A single B
connected platform must leave the designated start «snippet»
gate. In the open field, the primary platform may [~ — |{member = Stand-alone Platform, Stand-alone Platform,
deploy any number of smaller sub-platforms, so Tethered power and communications are not allowed.,
long as the combined master/slave sub-platforms PowerSubsystem, EnergySource, Energy, Power,
meet all additional requirements published." Communication, isTethered, isTethered, isTethered,

I Communications, PowerSubsystem, Communications,
ES-PSS, communications, subsystem, powerSubsystem,
B source = 2020 University Rover Challenge}

«shippet» Tethered power and communications are not allowed.

{member = Stand-alone Platform, Stand-alone
Platform, In the open field, the primary platform may B
deploy any number of smaller sub-platforms, so long
as the combined master/slave sub-platforms meet all

«snippet»

additional requirements published., isOpenField, {member = Stand-alone Platform,
subPlatform, master, slave, isPrimary, isPrimary, Stand-alone Platform, A single
Field, CompositePlatform, SimplePlatform, connected platform must leave the
isComposite, isComposite, CompositeMarsRover, A [~ — — —gdesignated start gate.,

single connected platform must leave the CompositePlatform, Gate, isStart,
designated start gate., isComposite, isComposite, start,
source = 2020 University Rover Challenge} StartGate,

source = 2020 University Rover

In the open field, the primary platform may deploy ehallongsl

any number of smaller sub-platforms, so long as i
the combined master/slave sub-platforms meet all A single connected platform must
additional requirements published. leave the designated start gate.
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«pa»

bdd [ = The rover shall be a stand-alone, off-the-grid, mobile platform.] J

B =

Parsing Analysis diagrams are

Author

kellyd

Creation date

26/09/20 11:04 AM

Modification date

6/10/20 9:13 PM

spaY SReE NOT final presentation diagrams!
2020 University Stand-alone
Rover Challenge Platform
«extendedRequirement»
Stand-alone Platform
«subsystem» B D
Platform «snippet»

_ {r:elll'rg)er = Sta(?d-lalone I;’flar:form.,d Stang.-lalorlleﬁPlatform, The rover «extendedRequirement»
!sStandAIope: Booleard shall be a stan. -alone, 0 .-t e-grid, mobile platform., - O
isOffTheGrid : Booleard isStandAlone, isOffTheGrid, isMobile, isStandAlone, isOffTheGrid, i
: : . : i stand-alone, off-the-grid,
isMobile : Boolean G isMobile, Rover, MarsRover, Generalization[MarsRover -> Rover], .

: R mobile platform.

Generalization[Rover -> Platform], , , , , 5
source = 2020 University Rover Challenge} - ¢
~
The rover shall be a stand-alone, off-the-grid, mobile platform. ~
~
~
«subsystem» «satisfy» _ «extendedRequirement»
Boner o The rover shall be
~ stand-alone
AN _ -« L =7
|~ P «extendedRequirement»
= _ s The rover shall be a
«subsystem» d «satisfy»  — __ > mobile platform
«mars» — ~ - —
MarsRover _ g «satisfy» _ —
values _ = - — ‘
isStandAlone : Boolean [1]= true{readOnly,redefines isStandAlone} «satisfy» «extendedRequirement»
isOffTheGrid : Boolean [1]= true{readOnly,redefines isOffTheGrid} — — — — — — — — — — 3 The rover shall be
isMobile : Boolean [1]= true{readOnly,redefines isMobile} q off-the-grid

Webe

A SysML model of the Mars Society University Rover Challenge 2020 rules

Webel IT Australia, SysML Parsing Analysis demo model (partial) as of 2020-10-06
© Copyright 2020 Webel IT Australia. All rights reserved. (Excludes text from the Mars Society.)

95/100




«pa» ’
Author kellyd
bdd [ =) Tethered power and communications are not allowed. ] BRI BRI | H 4 |
e | Creation date | 26/09/20 11:36 AM|
inal presentation diagrams!
, [ Modification date | 6/10/20 9:27 PM |
«extendedRequirement» EELI
Stand-alone Platform EF_H
«pa»
¥ 2020 University Rover Chall SIS
niversity rover Ghallenge Stand-alone Platform AN
«snippet»
«extendedRequirement» «valueType» {member = Stand-alone Platform,
Tethered power and P Stand-alone Platform, Tethered
communications are not allowed. ket power and communications are not —
«pa:implied»
allowed., PowerSubsystem,
EnergySource, Energy, Power, Energy
Communication, isTethered,
isTethered, isTethered,
Communications, PowerSubsystem,
«extendedRequirement» «extendedRequirement» Communications, ES-PSS,
Tethered communications Tethered power is not communications, subsystem, «signal»
are not allowed allowed powerSubsystem, Communication
NN NN source = 2020 University Rover
v\ N ~ Challenge}
& ) \ N ~ Tethered power and
\ A N ~ communications are not allowed.
«subsystem» \ \ «pa:implied» «blotk» ~
Platform «satis\fy» subsystem «pa:implied» N > &
— < 1+ | PlatformSubsystem | > Lsatisfy» _ AN
\ Y = £ «rationale»
«satisfy» : values < < Ar energy supply channel
\ isTethered : Boo}ve\anc < ~ need not be internal or
\ \ ¥ p ﬁ@éj? N tethered (example, solar, or
\ {subsefs é\ &@m} N environmental heat capture).
\ \ pow rSu\bsystem izt S N
commynications [ X ubsystem» «subsystem» < \E§'PSS source «block»
\ 1.* | Communications PowerSubsystzm N Enﬁgy\ 1.* «pa:implied»
JAN {subsets subsystem} N EnergySource
\ \ N
\ < N «not tethered»
«iﬁrseﬁt:sn;» \ «subsystem» S source «block»
Communications \ PowerSubsystem Energy EnergySource
— A\ ) values . . N
isTethered : Boolean [1]= false{redefines isTethered)d IsTethersd : Boolean [1]= false{redefines isTetheredlg
communications | 1..* powerSubsystem |1..
{redefines communications} {i=detines polersdbsysion)
GL 0 ) «subsystem» ¢
«subsystem» «mars»
Rover ¢ MarsRover
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bdd [ | = A single connected platform must leave the designated start gate.]

«PA»

)

Stand-alone Platform

o

«PA»

Parsing Analysis diagrams are
NOT final presentation diagrams!

| Author

|| kellyd |

| Creation date

|| 26/09/20 2:57 PM |

| Modification date || 26/09/20 4:22 PM |

stbPlatisnm «subsystem» «block» location field | «block» | field
o Platform Location Field
N values master values
isComposite : Boolean isOpenField : Boolears
isPrimary : Boolean q0-1 . - gate (1.
location| location
«block»
; Gate
slave
values
0.* isStart: Boolearg
T «block» | start
StartGate |1
{subsets gate}
«subsystem» «block»

CompositePlatform

SimplePlatforin

isComposite : Bool

values

pan [1]= true{readOnly,redefines isComposite} g

isComposite : H

values

oolean [1]= false{readOnly,redefines isCompesite} ¢

AN

«Snippet»

{member = Stand-alone Platform,
Stand-alone Platform, In the open field,
the primary platform may deploy any
number of smaller sub-platforms, so long
as the combined master/slave
sub-platforms meet all additional
requirements published., isOpenField,
subPlatform, master, slave, isPrimary,
isPrimary, Field, CompositePlatform,
SimplePlatform, isComposite,
isComposite, CompositeMarsRover,
source = 2020 University Rover Challenge}

In the open field, the primary platform
may deploy any number of smaller

e sub-platforms, so long as the combined
B master/slave sub-platforms meet all
i additional requirements published.
«subsystem» «Snippet»
Rover {member = Stand-alone Platform,
Stand-alone Platform, A single «extendedRequirement»
connected platform must leave the — field. th .,
designated start gate., I :f e.oper dle I’ e prlmarg
CompositePlatform, Gate, isStart, gfasr:;we:‘nsa:b :E;Z::sy ::To:;
isComposite, isComposite. start, i :
GSULSYSIOMR y . as the combined master/slave
i StartGate b-platf t all additional
MarsRover source = 202€ University Rover b (.)rms m:ze abl'a h lc:ona
Challenge} r;qmremen s published.
A single connected platform must «satisfy» ,
leave the designated start gate. p
«subsystem» . : «system»
T Ay «rationale» «extendedRequirement» «satisfy» szylsnt]%rlri];d X «PA-Implied»
: It is not assumed A single connected platform must — — — — «FA »
SomposteMamRover that every Rover leave the designated start gate. MarsRoverSystem RoverSystem

design is composite

Webe
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«pa» ’
pkg [ [{ 2.b. Communications Equipment]

2.

i i

| Author

|| kellyd |

«pa» «pa»

| Creation date

|| 3110120 6:01 PM|

Rover Rules 2020 University Rover Challenge

| Modification date ||3/10/20 8:22 PM|

«pay» A
2.b.1. Remote / wireless operation

5 Remote / wireless operation

&5 The rover shall be operated remotely using wireless communications with no time delay.

«pa» ’
pkg [ 5 Remote / wireless operation ]

2.b. Communications Equipment

«extendedRequirement»

Remote / wireless operation
N

I «copy»

| Author

= =™

|| kellyd |

«pa» «pa»

|Creation date

||3/10120 6:04 PM |

2. Rover Rules

| Modification date || 3/10/20 8:21 PM|

AN

«shippet»

{member = Remote / wireless operation, The
rover shall be operated remotely using wireless
communications with no time delay., Remote /
wireless operation, MarsRover, Rover, wireless,

«extendedRequirement»
Remote / wireless operation

isTethered, It is assumed that the
communications subsystem of..., , delay,

| source = 2020 University Rover Challenge}

Id = "36"

Text = "The rover shall be operated remotely using
wireless communications with no time delay. The
operators will not be able to directly view the rover or
the site, and line-of-sight communications are not
guaranteed for all of the missions. Internet is not
available in the field or at MDRS. Teams are
required to power down communications equipment
at the event sites while not competing, so as not to
interfere with other teams. Aerial devices are not
allowed for communications at URC 2020."

The rover shall be operated remotely using
wireless communications with no time delay.

«snippet»

~ J{member = The operators will not be

«snippet»

{member = Line-of-sight communications
are not guaranteed for all of the missions.,
Remote / wireless operation, Remote /
wireless operation, , Obstacle, ,

source = 2020 University Rover Challenge}

Line-of-sight communications are not

guaranteed for all of the missions.

able to directly view the rover or the
site, Remote / wireless operation,
Remote / wireless operation, , Operator, ,

source = 2020 University Rover
Challenge}

The operators will not be able to
directly view the rover or the site

Webe
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«pa»
Author kellyd
bdd [ =) The rover shall be operated remotely using wireless communications with no time delay.] ’ | ” y |

| Creation date |/3/10/20 7:05 PM|

= & L = [Modification date || 3/10/20 8:15 PM|

«pa» «pa» «pa» «pa»
2020 University Rover Challenge 2. Rover Rules 2.b. Communications Equipment Remote / wireless operation Parsing Analysis diagrams are
NOT final presentation diagrams!

«extendedRequirement» B
The rover shall be operated remotely using «snippet» «stereotype»
wireless communications with no time delay. {member = Remote / wireless operation, The wireless
SatisfiedBy = rover shall be operated remotely using wireless [Element]
d' MarsRoverSystem communications with no time delay., Remote /
ESMarsR Gontext wireless operation, MarsRover, Rover, wireless, A de?gnb utos d
=Marshoverbontex isTethered, It is assumed that the Y
communications subsystem of..., , delay,
source = 2020 University Rover Challenge}
The rover shall be operated remotely using
wireless communications with no time delay.
«subsystem» communications «subsystem» ional
Rover S oy «wireless» «rationale»

It is assumed that the communications
subsystem of any planetary rover is wireless
(although this need not necessarily be so). The
alternative would be to have a more specific
Communications subsystem for MarsRover.

Communications
(rover.Rover)

{redefines communications}

B values
isTethered : Boolean [1]= false{redefines isTethered)g

T

«subsystem» rover «system» «system context»
«mars» «pa:implied» MarsRoverContext
MarsRover «mars»
: OperatorArea
B : CommandStation
«snippet» : MarsField
{member = The operators will not be able to — = i _—— - : —— — —
directly view the rover or the site, Remote / | : Controller _F'_;l : Antenna [ «WIre\Iess» 5 “rover: |
wireless operation, Remote / wireless F— — — T —_ — = - - = {delay'= "0"} Rover |
operation, , Operator, , - \ — e e e
source = 2020 University Rover Challenge - =14 = o o
! y ; ge} - : Operator | \ A : Obstacle [1...
The operators will not be able to directly ‘T
view the rover or the site \ 7
| \ /
: ‘ AN
«extendedRequirement» «extendedRequirement» .
" " " i _ «snippet» «block»
The operators will not be able to directly Line-of-sight communications are not i ] A — obstacle
view the rover or the site guaranteed for all of the missions. {member = Line-of-sight communications
— — — — | |are not guaranteed for all of the missions.,
sat'Sf'edBy - SatISf'edBy . Remote / wireless operation, Remote /
EField QAutonomousNavigationMission wireless operation, , Obstacle, ,
EElcommandsStation ElRetrievalMission source = 2020 University Rover Challenge}
Line-of-sight communications are not
guaranteed for all of the missions.
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«pa»

pkg [ & Intervention Penalty ]

«extendedRequirement»
Intervention Penalty

| «copy»

2020 University Rover Challenge 2.d. Interventions

|| kellyd |

EEL| EELI |Author

«pa» «pa» | Creation date

||30/09120 12:39 PM|

[Modification date ||6/10/20 9:38 PM |

«extendedRequirement»
Intervention Penalty

Parsing Analysis diagrams are
NOT final presentation diagrams!

ld="18"

Text = "Teams will be penalized 20% of the total points in that mission for
every intervention. The mission clock will continue to run during an
intervention. Multiple intervention penalties in a single mission are additive:
e.g. two interventions would result in a score of 60% of points earned."

i

«extendedRequirement» «extendedRequirement» «extendedRequirement»
Teams will be penalized 20% The mission clock will Multiple intervention
of the total points in that continue to run during penalties in a single
mission for every intervention. an intervention. «satisfy» P mission are additive
SatisfiedBy = SatisfiedBy= [~ T T T T — SatisfiedBy =
Clock .
MMpercent Elclock = T oApplyPenalties
cloc :
T2Intervene TdIntervene T oPenalizeAttempt
ElinterventionPenalty E2PerformMission
N T «satisfy: i) B
\ N «satisfy»
N / B «shippet»
\ B N / . {member = Multiple intervention
g «snippet»
«snippet» \ «activity» DO ——— penalties in a single mission are
{member = Teams will be penalized 20% gf Ihiswene {cr;:t?;ueert; rur\edrlr.]ilr?:lognc il additive, Intervention Penalty,
the total points in that mission for every \ intervention Intervegtion Penalty. Intervention Penalty, name,
intervention., Intervention Penalty, ifariant on.‘PenaIty iariase, InterventionPenalty, penalty,
Intervention Penalty, Intervene, Intervene,  \ - : 2 source = 2020 University Rover
. . «block» Running, Chall
Intervention, InterventionPenalty, percent, = . . allenge}

S a i i ; \ Intervention source = 2020 University Rover g e ; "
Multiple intervention penalties in a single \ Challenge} Multiple intervention penalties in a
mission are additive: e.g. two interventions i=e : N single mission are additive: e.g. two
would result in a score of 60% of points \«satisfy» The mIdSSI'On CIOC_ktW'" cor“..mue interventions would result in a score of
eamed., , , N\ «signal» 15 A dungan Ierlanton. 60% of points earned.
source = 2020 University Rover Challenge}

. i by Intervene
Teams will be penalized 20% of the total
points in that mission for every intervention. \
\
X
lock
Int «bt-oc ; It \ p| «block» penalty «block»
nierventionenalty \ Penalty |0..* MissionAttempt
values ) \ {ordered}

percent : Percent [1] = 20.0{readOnly,redefines percent} q
name : String [1] = Intervention penalty{readOnly,redefines namelq
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