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e autonomous agents as hybrid systems,

safety considerations: DO-178C and MISRA C,

AgentSpeak as a modeling language for high-level behavior,

from AgentSpeak to C: examples and experiments,

further work: translation validation.
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Software Considerations in Airborne Systems and Equipment Certification
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Motor Industry Software Reliability Association

16.2 (req) Functions shall not call themselves,
either directly or indirectly.

20.4 (req) Dynamic heap memory allocation shall not be used.
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image from http://fly.historicwings.com/2012/08/george-the-autopilot/


http://fly.historicwings.com/2012/08/george-the-autopilot/

Sample Flight Plan

takeoff

goto
goto
goto
goto
goto

land

O O = O
O = OO
I = ==
O O O O O

COMPUTER
g SCIENCE



DEPARTMENT OF

COMPUTER
g SCIENCE

Sample Flight Plan

engage rotors,

bring aircraft
£ to altitude

takeoff

goto 0 0 1 0
goto 1 010
goto 1110
goto 0110
goto 0 010

land




DEPARTMENT OF

COMPUTER

Sample Flight Plan i SCIENCE
engage rotors,
bring aircraft

£ to altitude

takeoff

goto 0 0 1 0 move aircraft

goto 1 010 / towards target

goto 1110 until reached

goto 01 10

goto 0 0 1 0

land




DEPARTMENT OF

COMPUTER

Sample Flight Plan i SCIENCE
engage rotors,
bring aircraft

£ to altitude
takeoff

goto 0 0 1 0 move aircraft

goto 1 010 / towards target

goto 1110 until reached

goto 01 10

goto 0 0 1 0

land

‘L lower aircraft,

disengage rotors



DEPARTMENT OF

COMPUTER

AgentSpeak B SCIENCE
agent
( 0

e N [ 0

initial belief
goal base

= NS J

( N 0
plan 1 plan 2

& J )




DEPARTMENT OF

COMPUTER
Plans N SCIENCE

event
condition & condition & ... & condition
<- formula;
formula;

formula.
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+!goto(Target) |:| takenOff
<—'sendHover()j ‘
+lastTarget (Target) ;
!completeGoto.

+!completeGoto
:[ takenOff &‘myPosition(Pos)
& lastTarget(Target) & not closeEnough(Pos, Target)
<-[Movement = calculateMovement (Pos, Target) ; |
sendControl (Movement) ;
!completeGoto.

+!completeGoto
: [takenOff & myPosition(Pos)
& lastTarget(Target) & closeEnough(Pos, Target)
<-[notifyUser("target reached"). |
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Our Customization

e “run-to-completion” style scheduling,

e only “tail recursion” allowed,

o belief base holds at most one instance of a literal
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Relevant Plans Selection

void next_step(void) {
updateBeliefs();
eventt event = get_next_event();
switch (event.trigger) {
VAP 74
case ADD_ACHIEVE_GOTO:
add_achieve_goto(event.goto_param0) ;
break;
case ADD_ACHIEVE COMPLETEGOTO:
add_achieve_completeGoto() ;
break;
VA B 74
}
}
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Applicable Plan Selection

void add_achieve_goto(positiont paramO) {

/* try first plan */

if (add_achieve_completeGoto_plan0()) {
return;

}

/* try second plan */

if (add_achieve_completeGoto_planli()) {
return;

+
/* ... handle the case where no plan is applicable ... */

return;
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Plans

+!goto(Target) |: takenOff
<-[ sendHover () ; ‘
+lastTarget (Target) ;
!completeGoto.

bool| add_achieve_goto_planO(positiont paramO)
positiont Target = paramO;
if ('takenOff_set) { return false; }
"sendHover () ; .
lastTarget_set = true;
lastTarget_param0 = Target;
internal_achieve_completeGoto() ;
return true;
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Autopllot Node Communication Status

Drone Control:0

Pose Estimats
Pings (RTT): 999 (5008)

Autopilot status:

Stateestimation status:

Pram: e

sal —
Load File: Brons Staus: Landed (100 8stzeny)

Clearandsend | Clear| | Send T | —

Manual Autopilot

® None /

Land| Takeoff| Togglestate | FlatTrim | Togglecam

& Ping Drone (every 15)
Messages
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0

tum_ardrone GUI

Autopilot Node Communication Status

takeoff Drone Navdata: 202 Hz

Drone Control: 0 Hz
goto 0010 Pose Estimates: 31 Hz
22{2 0 Pings (RTT): 999 (5008), 999 (20kB)
9oto 0110 Motors: 0.000000 0.000000 0.000000
90t6 0010

Autopllot Status:
tand

Stateestimation Status:
PTAM: Idle
Map:-
Scale: 1.000 (1 in, 0 out), acc: 0.51
ScaleFixpoint: FIX
Load File: | test.txt 2/ | Drone status: Landed (100 Battery)

Clear and Send Clear send Control Source:

Manual Autopilot @ None
Land | Takeoff | ToggleState | FlatTrim | ToggleCam & Ping Drone (every 1s)
Messages

PTAM has been reset.
Video resolution: 640 x 360
Load File /home/ros/catkin_ws/src/tum_: lans/test.bxt
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@®® tum_ardrone GUI

Autopilot
takeoff

goto 0010
gote 1010
goto 1110
goto 0110
Qo6 0010

tand

Load File: | test.txt B

Clear and Send Clear send

Node Communication Status
Drone Navdata: 207 Hz

Drone Control: 96 Hz

Pose Estimates: 32 Hz

Pings (RTT): 999 (S00B), 999 (20kB)
Motors: 0.000000 0.000000 0.000000

Autopllot Status:

Stateestimation Status:
PTAM: Idle

Map:-

Scale: 1.000 (1 in, 0 out), acc: 0.51

ScaleFixpoint: FIX
Drone Status: Flying (99 Battery)

Control Source:

Manual @ Autopilot None
Land | Takeoff | ToggleState | FlatTrim | ToggleCam & Ping Drone (every 1s)
Messages

PTAM has been reset.
Video resolution: 640 x 360

Load File /home/ros/catkin_ws/src/tum_:
Autopilot: Start Controlling

Rotification: taking off

sent: Takeoff

lans/test.bxt




Test Flight

Autopilot Node Communication Status
takeoff Drone Navdata: 209 Hz
Drone Control: 97 Hz

90t00010 Pose Estimates: 32 Hz
ggi o Pings (RTT): 999 (500B), 999 (20kB)
goto0110 Motors: 0.000000 0.000000 0.000000
90t00010

Autopilot Status:
tand

Stateestimation Status:
PTAM: Idle

Map:-
Scale: 1.000 (1 in, 0 out), acc: 0.51
ScaleFixpoint: FIX

Load File: | test.txt =/ | Drone status: Flying (98 Battery)

Clear and Send Clear send Control Source:

Manual @ Autopilot None
Land | Takeoff | ToggleState | FlatTrim | ToggleCam & Ping Drone (every 1s)
Messages

Video resolution: 640 x 360

Load File 1_ws/src/tum_ xt

Autopilot: Start Controlling
notification: taking off

sent: Takeof

notification: taken off

notification: target initially reached
notification: goto completed
notification: target initially reached
notification: goto completed
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Autopilot
takeoff

90100010
goto 1010
goto 1110
got0 0110
goto 0010

tand

Load File: | test.txt

Clear and Send Clear send
Manual

Land | Takeoff | Togglestate | FlatTrim | ToggleCam

Messages

notification: target initially reached
notification: goto completes
notification: target initially reached
notification: goto completed
notification: target initially reached
notification: goto completed
notification: target initially reached
notification: goto completed

sent: land

notification: landing

Node Communication Status
Drone Navdata: 198 Hz

Drone Control: 0 Hz

Pose Estimates: 30 Hz

Pings (RTT): 999 (S00B), 999 (20kB)
Motors: 0.000000 0.000000 0.000000

Autopllot Status:

Stateestimation Status:
PTAM: Idle

Map:-

Scale: 1.000 (1 in, 0 out), acc: 0.51

ScaleFixpoint: FIX
Drone Status: Landed (96 Battery)

Control Source:
® Autopilot None

[ Ping Drone (every 1s)

, -001, -235)
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Autopilot
takeoff

90100010
goto 1010
goto 1110
got0 0110
goto 0010

tand

Load File: | test.txt

Clear and Send Clear send

Node Communication Status
Drone Navdata: 204 Hz

Drone Control: 0 Hz

Pose Estimates: 31 Hz

Pings (RTT): 999 (S00B), 999 (20kB)
Motors: 0.000000 0.000000 0.000000

Autopllot Status:

Stateestimation Status:
PTAM: Idle

Map:-

Scale: 1.000 (1 in, 0 out), acc: 0.51

ScaleFixpoint: FIX
Drone Status: Landed (96 Battery)

Control Source:

Manual @ Autopilot None
Land | Takeoff | ToggleState | FlatTrim | ToggleCam & Ping Drone (every 1s)
Messages

notification: target initially reached
notification: goto completes
notification: target initially reached
notification: goto completed
notification: target initially reached
notification: goto completed
notification: target initially reached
notification: goto completed

sent: land

notification: landing
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AgentSpeak
Semantics

CBMC /
CProver

ROS UAV
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A Simple Translation Validation
AgentSpeak
Code

LTL/BDI
Property

Maude / K

the same?
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e translation from agent-oriented programming language to low-level
language + translation validation = traceability

e what is the sweet spot for agent-oriented programming languages:
expressivity vs. translatability?

e translation validation?




