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model of the UAV software design in RoboChart
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verification (eventually using RoboCert)

simulation (via RoboSim)
code generation

explicit record of decisions/ambiguities

WY
RoboChart”
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Starting the modelling process
RoboChart component model
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Arduino: gimbal motor control, pump on/off, water level monitoring
' N

NUC: high-level planning, computer vision, interfacing with flight control
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Documentation
High-level block diagram
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Documentation
High-level block diagram
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Starting the modelling process
-inding the controllers
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Starting the modelling process

High-level overview

m
m
M600

GCS

Module

Platform

Matt Windsor robostar.cs.york.ac.uk
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Starting the modelling process
High-level overview

NUC

Robotici{Platform
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Module
RoboChart model

imports

i FirefightingUAV

actrl::ACtrl
ctrl::Ctrl

controller comm::*
gcs:i*

m600::*
mIx90640::*
gimbal::*

pump::*

rsd435i::*
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startSpra

B Platform
|P|M600Flight = lasync
P|GCS batteryInfo: Battery
P|Gimbal -
P|MLX90640
P|RealSenseD435i
P]Pump
(i) M600FlightEvents
(i) M600TelemetryEvents
(i) M600BatteryTelemetryEvents
(i) MLX90640Events
(i) RealSenseD435iEvents async
(i) GCSMissionEvents fcMoveRelativeRet
0 GCSControlEvents async
fcControlAuth
async
fcGoHomeRet
n
fcTakeoffRet oy
fcLandRet async
fcWaypointFinishedMission async
async
missionStatus: MissionStatus[}
] async
mixHeatmap: RgbFrame ?
async
rsRgbFrame: SuperimposedFram
] async
rsDepthFrame: RngrameI- T

batteryinfo: Battery y
stopSpray

waterEmpty
gimbalYaw: na
gimbalPitch: na

fcMoveRelativeRet gimbalYawAc

fcControlAuth gimbalPitchAck

fcGoHomeRet

fcTakeoffRet

chandRetO@ ref RaspberryPi
fcWaypointFinishedMission

missionStatus: MissionStatus

mixHeatmap: RgbFrame

rsRgbFrame: SuperimposedFrame

rsDepthFrame: RgbFrame

ref Arduino
gimbalPitch: nat

gimbalYawAck

gimbalPitchAck

events




Controller: Arduino
RoboChart model

e’ Arduino

Pump

Gimbal

(i) SprayPlanningEvents
() GimbalSprayEvents

|
|
|
|
£2ref ASpray = Spray |
|
|
|

waterEmpty

gimbalPitch: nat
gimbalPitch: nat

aimpalP ACK

] (1A
gimbalPitchAck

gimbalYaw: nat
gimbalYaw: nat

imbalYawAc

startSpray | [stopSpray
startSpray stopSpray
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waterEmpty

imports

spray::*




Arduino state machines

RoboChart model
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&3 Aim
® Gimbal
TC GIMBAL_FLOOD DELAY: nat
X angle: nat
() GimbalSprayEvents
M Waiting gimbaIYaw?angIe’ SetYaw gimbalPitch: nat

€

/gimbalYawAck

T

gimbaIPitch?angIe’

entry gimbalWritePan(angle); wait (GIMBAL FLOOD_DELAY)

SetPitch

/gimbalPitchAck

entry gimbalWriteTilt(angle); wait (GIMBAL FLOOD_DELAY)

gimbalPitchAck

gimbalYaw: na

gimbalYawAck

g3 Spray

(R) Pump
(i) SprayPlanningEvents

off | startSpray/pumpOn(); monitorOn| opn |monitorEmpty/waterEmpty; pumpOff()
=S|

stopSpray/monitorOff; pumpOff()

monitorEmpty/waterEmpty

— — — — —
| istartSprayI IstopSprayI IwaterEmptyI ImonitorOn I ImonitorOff I ImonitorEmpty

&3 WaterMonitor

/

TUINITIAL WATER_LEVEL: real, WATER_FLOW: real
TC TIME_PER_UNIT: nat = 1
X water: real = INITIAL_ WATER _LEVEL

o Off

monitoron[0<water] on [water<=0]/monitorEmpty

€

3!

monitorOff[sinceEntry(On)<TIME_PER_UNIT\O<water]

_

[TIME_PER_UNIT<=sinceEntry(On)/\O<water]/water = Water-WATER_FLOW

[water<=0]/monitorEmpty




Controller: NUC
RoboChart model

®) KealsenseD4 35l

(i) M600FlightEvents

(i) M600TelemetryEvents

(i) M600BatteryTelemetryEvents
() MLX90640Events

(i) RealSenseD435iEvents

(i) GCSMissionEvents

(1) GCSControlEvents

@ SprayPlanningEvents

() GimbalSprayEvents

gimbalYaw: nat

gimbalYawAck

gimbalPitch: nat

> gimbalYawAck
1

gimbalPitchAck

gimbalPitch: nat

: fireDetected
|

! fireLost

> gimbalPitchAck

|
|
|
|
|
|
|
|
|
.3 ref CGimbalAim = GimbalAim :
|
|
|
|
|
|
|
|
|

€= 15 1 1=, ] r—
fe gimbalAimed } gimbalAimed
startSpray '
¥ |
stopSprayi I
le . Ny B .
stopSpray m?gSeenFire: FireTarget
1
WaterEmp:ty fgSeenFire: FireTarget
waterEmpty ' k

fireDetected

rsDepthFramerRgbFrameg

rsDepthFrame: RgbFrame |<

fireLost I

|
LmissionStalatus: MissionStatus

&3 ref CPlanning = Planning

missionStatus: MissionStatus

trackingGained

trackingLost

r "%u'?"""""

mlixHeatmap: RgbFrame

I gﬂ ref CFireDetect = FireDetect
' : : mixHeatmap: RgbFrame
trackingGained

trackingLost

____________ 4

fvSeenFire: FireTarget

rsRgbFrame: SuperimposedFrameD‘,ngbFrame: SuperimposedFram

wallMetrics: WallMetrics “

gimbal::*
pump::*
rsd435i::* Nozzle
comm::* Gimbal
controller comm::*
fire::* Angle C d
flight::* O"IIO" e |°mman .
planning::*
spray::* Spray Aim and
visual::* Control Thermal Camera
X T Fire Position
Start/Stop Water Level & Distance Thermal Image
' Y -~ 4 RGB Image
Search patten Planning and Fire Fire Detection
Decision Making Détected Image Processing
r T ~ Depth Informatic
Mission . <
Mission Status' : Navigation Fire Position
Commands | Wi Aircraft o onds & Distance
Stlatus ¢ l
Ground Control Position Visual Navigation
Station PGS Intorface Commands Control
I —adl
Control
Telemetry .¢6mmands
Autopilot FCS GPS + Magnetometer
O searchp
®) SearchVars

1
|
|
|
| |
l l
i i l l () search()
| | . :
i | wallMetrics: WallMetrics fvSeenFiresFireTarget 1
: vnavDisable vnavDisable :
| o — 4.3 ref CVisualNav = VisualNav :
| uavStatus: AircraftStatus vnavEnable vhavEnable !
batteryLow navCommand: NavCommand waypointbRG6 ] visualPosition: FireStatus
pmmmos batterylow _________ N ... waypoint: Rgb _ ] visualPosition: FireStatus
| |
: : I navCommand: NavCommand :
' ref CBatteryMonitor = | ; . . '
i &3 . &3 ref CFlight = Flight '
: BatteryMonitor i uavStatus: AircraftStatus :
I | !

o ¢
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State machine: Planning
RoboChart model

CD SearchVars

-

startSpray

———
stopSpray
—

waterEmpty

U —

Connect

[INIT=TO<sinceEntry(Connect)]/missionStatus! MissionStatus::ConnectTimeout

uavStatus?astatus

[astatus==AircraftStatus::Connected]/missionStatus!MissionStatus::Connected

:

[astatus==AircraftStatus::Disarmed]

(B)

Connected

(i B

TakeOffAndClimb

entry missionStatus!MissionStatus:: TakingOff, navCommand!NavCommand:: TakeOff

Disarm

Waiting

—)

uavStatus?astatus

entry missionStatus!MissionStatus::Disarming

trackingGained

l [astatus==AircraftStatus::AtAltitude]

Waiting
<:|uavStatus?astatus

Mission

[astatus==AircraftStatus::Landed] T

Land

entry searchComplete = false
exit vnavDisable

entry missionStatus!MissionStatus::Landing;

navCommand!NavCommand::Land

i B

FlyToWall

Spray

entry missionStatus!MissionStatus::FlyingToWall;
waypoint!WALL LOC

entry missionStatus!MissionStatus::Spraying

Wj uavStatus?astatus

I

o_)lWaiting

uavStatus?astatus

[astatus==AircraftStatus: :AtWaypointi

Search

entry missionStatus!MissionStatus::Searching
during search()

Spraying

0 WaitGimbal
entry startSpray

I exit stopSpray

gimbalAimed !

[astatus==AircraftStatus: :AtHome]T

GoHome

entry missionStatus!MissionStatus::

trackingGainedT ltrackingLost

GoingHome; navCommand!NavCommand::
GoHome

TrackFire

entry missionStatus!MissionStatus:: TrackingFire

o Waiting

i}

[

fireDetected/vnavEnable

LosingFire fireLost

uavStatus?astatus

T —|

[FIRE_TO<sinceEntry(LosingFire)]/vnavDisable

fireDetected

J

missionStatus: MissionStatus

[searchComplete]/missionStatus!MissionStatus::SearchComplete

waterEmpty/missionStatus!MissionStatus::WaterError

batteryLow/missionStatus!MissionStatus::BatteryError

trackingLost

fireDetectedl

fireLost

vnavEnable

vnavDisable

Y

[ Initialisation ]

No

Yes

Navigate to Wall
location

Position <=3m
from wall

il

Switch Off

A

—b‘ Disarm Aircraft J

A

Navigate back to
base

Reliable

Track and approach]

fire
A

Y

distance,

use of composite
states to capture
Interrupting
behaviour
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State machine: Planning
RoboChart model

CD SearchVars
o | Connect [INIT_TO<sinceEntry(Connect)]/missionStatus!MissionStatus::ConnectTimeout
startSpray
stopSpray O‘JWting uavStatus?astatus [astatus==AircraftStatus::Connected]/missionStatus!MissionStatus::Connected
r : [astatus==AircraftStatus:Disarmed]
waterEmpty

Connected

(i B

TakeOffAndClimb

entry missionStatus!MissionStatus:: TakingOff, navCommand!NavCommand:: TakeOff

Disarm

Waiting
e

uavStatus?astatus

entry missionStatus!MissionStatus::Disarming

l [astatus==AircraftStatus::AtAltitude]

Waiting
<:|uavStatus?astatus

Mission

A
[astatus==AircraftStatus::Landed] |

entry

searchComplete = false

exit vnavDisable

Land

i B

FlyToWall

Spray

entry missionStatus!MissionStatus::Landing;
navCommand!NavCommand::Land

entry missionStatus!MissionStatus::FlyingToWall;

waypoint!WALL LOC

entry missionStatus!MissionStatus::Spraying

o_)lWaiting

uavStatus?astatus

[astatus==AircraftStatus: :AtWaypointi

Spraying

0 WaitGimbal

entry startSpray

gimbalAimed !

I exit stopSpray

0’

Waiting

€
| uavStatus?astatus

[astatus==AircraftStatus::AtHome]T '

GoHome

Search

trackingGainedT ltrackingLost

entry missionStatus!MissionStatus::Searching
during search()

TrackFire

entry missionStatus!MissionStatus::
GoingHome; navCommand!NavCommand::

GoHome

entry missionStatus!MissionStatus:: TrackingFire

i}

[

fireDetected/vnavEnable

LosingFire

fireLost

[FIRE_TO<sinceEntry(LosingFire)]/vnavDisable

]

fireDetected

o Waiting

— |

uavStatus?astatus

J

missionStatus: MissionStatus

[searchComplete]/missionStatus!MissianStatus::SearchComplete

waterEmpty/missionStatus!MissionStatus::WaterError

batteryLow/missionStatus!MissionStatus::BatteryError

o |

trackingGained

trackinglLost

fireDetectedl

firelLost

vnavEnable

vriavDisable

Y

L Initialisation ]

No

Yes

Navigate to Wall
location

J<7

Position <=3m
from wall
oordinates?

—»[ Search Wall for iire

il

Switch Off

A

—»‘ Disarm Aircraft J

A

Navigate back to ]

base

Y

Reliable

Track and approach]

fire
A

distance,

use of composite
states to capture
Interrupting
behaviour
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State machine: Flight control

RoboChart model

navCommand: NavCommand

waypoint: Rgb

uavStatus: AircraftStatus

visualPosition: FireStatus

£2 Flight

® M600Flight

® GCs

TC HOME: Rgb

JU CLIMB_LIFT: real
TU DELAY DISARM: int

X h: real, cmd: NavCommand, vp: FireStatus, wp: Rgb
X start: Rgb, gotStart: boolean = false
(i) M60OFlightEvents

(i) M600TelemetryEvents

(i) GCSControlEvents

(i) FlightPlanningEvents

(i) VisualFlightEvents

fcControlAuth/uavStatus!AircraftStatus::Connected J v

0_, Connect

fcWaypointFinishedMission/uavStatus!AircraftStatus::AtAltitude

Waiting

waypoint?wp

| fcWaypointFinishedMission/uavStatus!AircraftStatus::AtWaypoint

v

Climbing

entry wp = HOME; wp.b = wp.b+CLIMB_LIFT; fcWaypointCall(wp)

Waypoint

entry if not gotStart then start = wp; gotStart = true end; fcWaypointCall(wp

visualPosition?vp

Relative

T fcTakeoffRet/uavStatus!AircraftStatus::TakenOf

TakingOff

entry fcTakeoffCall()

t

navCommand?cmd

.'l* " e m a:l:'l 6 ﬁ %l entry fcMoveRelativeCall(vp)

fcWaypointFinishedMission/uavStatus!AircraftStatus::AtHome

[cmd==NavCommand::GoHome]

[not gotStart] GoingHome

[cmd==NavCommand::TakeOff]

Command dispatch

[cmd==NavCommand::Land]

Landing

entry fcLandCall()

[gotStart]

entry fcGoHomeCall()

fcWaypointFinishedMission

BackToStart

entry fcWaypointCall(start)

LandRet/uavStatus!AircraftStatus::Landed; wait (DELAY_DISARM); uavStatus!AircraftStatus::Disarmed >®

fcTakeoffRet
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fcGoHomeRet

fcLandRet

fcControlAuth

fcWaypointFinishedMission

fcMoveRelativeRet




Conclusion
Not a toy example

controllers
State macnines
nardware components interfaced

Model drafted but still work In progress

next: physical modelling >>
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