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A High-Level Overview of GenoM



GenoM: Generator of Modules

Answer the question: how do you program these ?
Used and developed by the RIS team, at LAAS, for the last 25 years
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GenoM (modules
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#tpragma require "openrobots2-idl == 2.0"
#ipragma require "minnie-idl"
#include "or/pose/pose _estimator.gen”
#include "mi/sensor/pcl.idl”

GenoM (code

doc "Provides corrected scans from Velodyne sensors."”;

version "1.0";

lang "c";

email "felix@laas.fr";

require "genom3 >= 2.99.26";

codels-require "velodyne-libs >= 0.7", "eigen3", "pcl_common-1.7", "pcl_io0-1.7";

port in or_pose estimator::state robot pose;
port out or::pcl point_cloud;

exception e sys { string<256> what; };

/-

exception e_port { string<256> what; };

AcquisitionParams acquisition_params; [/ Acquisition parameters
PacketBuffer packet buffer; // Buffer to store time stamped raw packets

PoseBuffer pose_buffer; // Buffer to store time stamped pose.
long fd; /] file descriptor to get the raw packets (UDP)
long usec_delay; /] for fault injection purpose to delay port scan writting
: I¥
velodyne Task: pose
Task: scan period: 10ms attribute SetDelay(in usec_delay = 1000000)
iod: rvices: {
gz:l\ﬁgé;;oms gteartPeosseProcessing, };doc "Set the delay in usec we will delay port update (to test the BIP monitor).";
Init, GetScans, SetFixedSensorPose
GetOneScan . . A J* --- acquisition task -----=-sccccccmmmiriiir e *f
SavePCD ’ TaSk_' aqq”'s't'on task acquisition {
aperiodic codel<start> velodyneAcquisitionTaskStart() yield ether;
Services: codel<stop> velodyneAcquisitionTaskStop() yield ether;
StartAcquisition o e
SetDelay, StopAcquisition, StopGetScans, }.t rows ENem, €_grapbers
{Setup,Stop}PoseProcessing

activity StartAcquisition() {
doc "Starts the data acquisition”;
task acquisition;



Legend:

<codel_name=>
C/C++ function

called
stamp_\packet
1
|

=stamp_packet>

GenoM (code

activity Get3cans(
in double firstAngle :"First angle of the scan (in degrees]",
in double lastingle :"Last angle of the scan (in degrees)",
in double period = :"Time in between two scans”,
in double timeout = :"Timeout used when stamping packets™)

=wait=>
GetScansWait

{

doc  “Acquire full scans from the wvelodyne sensor periodically";
task =scamn;

validate GetScansValidate(in firstAngle, in lastAngle, in period);

codel <start®* GetScansStart(in acquisition_params} \ GetOneScanStampPackets ,."'I
vield copy_packets; ‘* <build_scan=
codel <copy_packets> GetOneScanCopyPackets(in acquisition_params, \ GetOneScanBuildScan
inout scan_buffer) [/ get packets from acquisition buffer __ buil
yvield stamp_packets; — L )
codel <stamp_packets® GetOneScanStampPacketsz{in acguisition_params, // stamp packets TTe— T
inout pose_data, in timecut) // with the proper pose ______‘————___@Mﬁket _____H_F-f“'f'!
vield pause::stamp_packets, build_scan; // pause:: if pose not available

codel <build_scan» GetOneScanBuildScan(in acquisition_params,
in firstAngle, in lastingle) // build scan repositioning
vield end; #f individual packet in the first posa.
codel <end* GetOneScanEnd(in acquisition_params,
port out point_cloud, inout uwsec_delay) //publish the =can in the
vield wait; // peint_cloud port. usec_delay is for fault injection.

codel <wait> GetScansWait(in peried) // wait next user defined scan period scan task of the Velodyne module

vield pause::wait, copy_packets; // then loop back.

interrupts GetlneScan, SavePCD, GetScans;

}:
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Drone

* Motion Capture localization

* IMU (angular velocities and
accelerations)

e Control each propeller velocity
separately

* Only 1 CPU
* Update frequency is ~ 1kHz

pose_es = or_pose_estimator::state
rotor_input = sequence<double, max_rotors>
rotor_measures = sequence<rotor_state, max_rotors>

Attribute Service
Function Service

Functional Level

port name
type

Activity Service GenoM Port
pom maneuver nhfc
. . Task: wo
. Task: Task: exec Task: main  10ms
Tas_k dIO 1 Task: filter glan &l . Es’ms_ . 1ms Services:
period: 1ms i 4-1ms ervices: ervices: Sarvices: Dorm
Services: e goto perm
Services: . erm
perm, B waypoint P set_wo_zero
add_me take_off set_..., | |S®™° set_...,
stop, wait get ... Stop get_...
state des"e}\ cmd
ose_es state velocity
osees rotor_input
mocap
ose_es
rotorcraft Task:
oPtItraCk /j Task: comm ap
Task: imu main 1ms Services:
publish ap LQ)se__ey Services: perm actual
Services: perm connect velocity
perm set_..., calibrate_imu disconnect rotor_meas
connect  get_... @ start monitor ure
disconnect ose es | S€°
: = stop set_...,
ping get_...




Fundional Level pose_es = or_pose_estimator:state
t3d_pos = or::t3d::pos

° ° Port: rb = or_rigid_body::state Attribute Service
.

I I l I . I e port name pcl o Function Service
° type joystick = or_joystick::state

Activity Service
pose )

ose_es
o Segway RMP 440 POM joystick Navigation PotentialField SafetyPilot
Tas_k:c;om Task: publish Task: navigate Task: plan Task: pilot
RENOCRIUIS aperiodic period: 200 ms period:100ms period: 50ms
° e
FaSt (up to 8 m/ S) Services: Services: Services: Services: Services:
$erpr(n g ,ﬁdd—me Rename GotoPosition StartTrackTargetPort SpeedMergeAndStoplf
. . . ask: filter i~a i
* GPS; Gyro; IMU ; Velodyne LIDAR e device list GotoNode SeParame: Obstacle
Services: Sto StopTr kT' SetParams®, Sto
P opTrackTargetPort » Olop
* 2 recent CPUs perm
g . PF\
joystick target Cmd Cmd
joystick t3d_pos b rb
usB uss Ethernet/TCP Ethernet/UDP
IMU GPS odometry
0Se_es 0SEe_es 0S€e_€es
IMU aps rmp440 velodyne Task: pose
Task: Update Task: io aperiodic Task: Motion Task: Track Task: scan period: 10ms
period: 10ms Services: period: 50ms period: 50ms || period: 10ms Services:
Services: perm, unfix, fix_here, Services: Services: Services: StartPoseProcessing,
Measure send_rtcm, connect, Perm, Init, Track Init, GetScans, SetFixedSensorPose
disconnect, connect_rtk -(J;oystlckOn, getOI;IgSDcan, Task: acquisition
yro ave aperiodic
SetParams* get_reference set_var_params, Services: o
ConnectDevice set_reference Stop, log_stop SFalr'tAcqmsntmn
Stop log, log_stop, log_info SetDelay, StopAcquisition, StopGetScans,
B B {Setup, Stop}PoseProcessing
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Generic verification: AnyADL < AnyTool
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Some characteristics of GenoM

* It is opinionated

Impose a rather “rigid/strict” way to define components, with little room for
fooling/messing around. “Everything is here”, as little magic as possible

* It relies on a templating mechanism to generate all the artifacts
* It is explicit about error handling and possible failure scenarios
* It is middleware independent

* It uses explicit constructs to express realtime constraints and
requirements: tasks; periods; WCET,; ...

* Behavioral description based on state machines and synchronization
on ports



TIna

* Modelling based on a Time
extension of Petri nets (TPN), with
priorities, ...

 Historically: checking protocols ;
hardware (now SoC) ; architecture
exploration ; etc.

* Toolbox with multiple abstraction
and verification methods
e Reachability analysis
* Simulation

* Model-checking using different
temporal logics

[1.3] p5 p3 [0.2]
t3 t4
[0.3]
2
2 w11 t5
[4.9]
i2 &
[0.2] p4 p1

Selt wversion 3.8.0 -— 0707720 —-- LAAS/CHRS
ktz loaded, 12 states, 29 transitions
0.000s=

- [1 (tl == <= th):
FALSE
state 0: pl p2*2
-tl ... (preserving - t5 /\ tl)-=
state 12: p3 p4 pS
-t4 ... (preserving - t3)->

* [accepting] state 15: p2*2 p3
-t4 ... (preserving - t3)->

state 15: p2*2 p3
0.000=



Fiacre and H(ippo)-Fiacre

Think of Fiacre as TPN
with datatypes (arrays,
structs, fifo queues, ...)
and components = it
generates TTS

Hippo adds operators for
“runtime” tasks and
events = generates
executable code

type tyEvt is record time : int, id
type tyDblEvt is array 2 of tyEvt

: nat end

event e : tyEvt is c_click
task t (tyDblEvt) : mnat is c_print

process double_event is
states wait_first, wait_second, start_print, wait_print
var tmp tyDblEvt := [{time=0,id=0}, {time=0,id=0}], ret : nat
from wait_first
e?tmp [0]; /* wait first event
to wait_second
from wait_second
select
wait [200,200];
to wait_first
[Je?tmp [1]; /* wait second event, assign value to tmp[1] =*/
to start_print
end
from start_print
start t (tmp); /* start task
to wait_print
from wait_print
sync t ret; /* wait end of task t =/
tmp := [{time=0,id=0}, {time=0,id=0}];
to wait_first

, assign value to tmp[0] =/

et

*



GenoM — executable toolchain
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GenoM — Fiacre (verif) toolchain

Component
Codels

Componeant
Specificatio

_gen 'ti na

Component § i N TS , Verification
Q?Fuacr& Verif frac “5 Model | Tina g report




Short Demo

dalzilio@alf ~/Documents/Now/20210709_SHARCV_GENOM/CT_robot
$ sift -M cc.tts cc.ktz

132842 classe(s), 132842 marking(s), 192 domain(s)

4.000s

dalzilio@alf ~/Documents/Now/20210709_SHARCV_GENOM/CT_robot
$ selt cc.ktz —f '[] - dead’

Selt version 3.6.0 —— 07/07/20 —-- LAAS/CNRS

ktz loaded, 132842 states, 420232 transitions

0.969s

TRUE

0.000s

dalzilio@alf ~/Documents/Now/20210709_SHARCV_GENOM/CT_robot

$

CT_robot
IDS:
speed, patrol_speed
threshold
X, Y, width, height
Task:

track 10ms
Services:
SetThresholf
SetPatrolSpeed
StopTracking
ColorTrack

ImagePort
Image



Why mix Robotics and Formal Methods

* Formal verification is one approach, among others, to increase the
trust we have in robotic systems

* Already used in many critical domains
with safety standards: transport, energy, ... and without: space, military, ...

* It does not solve “all the problems”

but it is a step in the right direction, and it is very good at challenging
preconceived ideas

* It can be integrated in existing frameworks



Formal-Model Execution Engine



Hippo: a Faithfull Execution Engine for H-Fiacre

* The interpretation of GenoM into Fiacre is quite precise; it only lacks
knowledge about the behavior of codels
* We get the state of each execution task and activities
* We know what messages are exchanged/stored in the IDS
* We track every timing constraints (timeouts, periods, activations, ...)

= We can execute a GenoM specification using a Hippo engine
= This engine if (time-) faithful and predictable



Generic verification: AnyADL < AnyTool
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Generic verification: AnyADL < AnyTool
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GenoM — Hippo toolchain
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What did we do with all this ?

* We used it to check and “run” GenoM specifications (does it run ?)

* We checked properties, “offline” (is it true that ... ?)

* A validation of the Hippo Engine (can we trust it ?)
We check that runtime executions € traces in the formal model

* An empirical analysis of the Hippo Engine (does it scale well ?)

* We checked properties, online (can we monitor it ?)



Minnie

https://youtu.be/vXZiW5t0G54

Functional Level

pose
4

POM

Task: io
period: 10ms
Services:
perm, add_me
Task: filter
period:10ms
Services:

perm

| Task: Update
period: 100ms
Services:

| Measure

SetParams®
ConnectDevice
Stop

usB

pose_es = or_pose_estimator::state

13d_pos = or:13d::pos
b = or_rigid_body::state

pol
Joystick = or_joystick::state

joystick
Task: publish
aperiodic
Services:
Rename
device_ist

joystick 1
Joystick

SN

GPS )
pose.es,

—
aps
Task: io aperiodic
Services:

perm, unfix, fix_here,
send_rtcm, connect,

disconnect, connect_rtk

get_reference
set_reference
log, log_stop, log_info

use

Attribute Service
Function Service
Activity Service
ield y
Task: navigate Task: plan Task: pilot
period: 200 ms period:100ms period: 50ms.
Services: Services: Services:
GotoNode
SetParams®, SetParams®, Stop
StopTrackTargetPort
£ PF <
target | cmd ‘ Cmd
{3d_pos G5 m
" 4
e point
[l cloud
o
|rmps40 |velodyne  Task: pose
Task: Motion Task: Track Task: scan period: 10ms
period: 50ms period: 50ms | period: 10ms  Services:
Services:  Services: Services: StartPoseProcessing,
Perm, Init,  Track Init, GetScans, SetFixedSensorPose
doysickon, GolOneScan, 1 qstion
oo aperiodic
set_var_params, Services:
Stop, log_stop StartAcquisition
StopAcquisition, StopGetScans,
{Setup,Stop)PoseProcessing
Ethernet/TCP Ethernet/UDP

ra 3 Measure

Wall Time:

# 2D Pose Estimate

Terminal

# 2D Nav Goal

Help

@ Publish Point

——

1591171630.71

minnie

wall Elapsed: 163.90

ht-Click/Mouse Wheel:: Zoom. Shift: More options.

Experimental

4fps

File Edit View Search Terminal Help
Scan already in local copy.

Sending safe command: 1 © m/s, a
Arrived at goal -35.3691 2.2374
PF cmd: 1 0.000000 m/s,
Got a PointCloud of 46080 width,

259.822055 [*** FiacreModel
CEnd
t 259.822267 [*** FiacreModel
259.822271 [*** FiacreModel

Sending safe command: 1 © m/s, a
Scan already in local copy.
Sending safe command: 1 @ m/s, a
Arrived at goal -35.3691 2.2374
PF cmd: 1 0.000000 m/s,
Scan already in local copy.
tSending safe command: 1 © m/s, a

[mosh] Felix@minnie-superbase: ~/work/minnie/vv/build-hippo-ros-mon/fiacre-ros

25®0

0 deg/s.
a 0.000000 deg/s.
1 height, size 46080.
***] minnie --PATCH-- scan_updated in GetScans:velodyneGetOneScan
***] minnie --PATCH-- monitor_wait entered
***] minnie --PATCH-- monitor_wait scan_updated
0 deg/s.
0 deg/s.
a 0.000000 deg/s.

0 deg/s.

131.25051508670538
eltclsh > ::rmp440::Joystickon
eltclsh > Navigation::Go
::Navigation: :GotoNode

eltclsh > navigation_track

rmp440::5
eltclsh > Navigation::Go
-1 :Navigation: :GotoNode
eltclsh > ::Navigation

otoNode

::Navigation::GotoPosition

19999999999999999999999

::Navigation::GotoPosition ::Navigation::GotoTarget
eltclsh > ::Navigation::GotoNode start

*| Are you sure the robot is ready and safe to move? (Y/N): y

::Navigation::GotoTarget
ower &



Drone

https://youtu.be/30k_c-ATYSI

pose_es = or_pose_estimator::state Functional Level

rotor_input = sequence<double, max_rotors>
rotor_measures = sequence<rotor_state, max_rotors>

port name
Attribute Service
Function Service
Activity Service GenoM Port
pom maneuver nhfc —
fask: wo
» Task: Task: exec | | Task: main  10ms
Taskiio gy fiter Aoy e 1ms Services:
period: 1ms e Services:  Services: e
7 period:1ms. Services: perm
Services: s goto perm
Services: . perm set_wo_zero|
perm, perm waypoint w7 e
add_me | take_off set_..., SN0 set_..., |&q
stop, wait get ... Stop get_.

A desired cmd
state velocity
0se_es otor_inpt

mocap v
0se_es
rotorcraft
optitrack Task: comm ap
Task: main 1ms Services:
publish ap Services: perm ‘actual
Services: perm connect velocity
perm Seles calibrate_imu disconnect | rotor_meas
connect  get_... start monitor o
servo
d!seonnect o set_...,
ping get_.

hippo-pocolibs: emergency descent due to uncertain anqular velocity estimation

hippo-pocolibs: recovered from emergency

[158. 792568 12584111 [***
1261.117659 12607355 [***
1267355 [+
12607355 [*+*
12632844
12644226 [***
12644226 [***
12644226 [**+*
12644235 [*+*
12644236 [***
12644236 [***
12644236 [**~
12644242 [*++

FiacreModel ***] quad maneuver
FiacreModel ***] quad maneuver
FiacreModel ***] quad maneuver

1310.194974

31fps

11312.213688
1312.213716
1312.212810
1312.214797
1313.714158
1313.714185
1313.714288
1313.715486
1315.214758
1315.214781
1315.214875
1315.215880

12644242 [*++
12644253 [***
12644253 [**+*
12644253 [***
12644253 [*++
12644253 [***
12644264 [***
12644264 [***
12644264 [*++
12644272 [*+*
12644275 [***
12946867 [***
12959205 [***
12959205 [***
12959205 [*+*
13065901 [***
13098055 [***
13098055 [**
13098055 [*++
130698969 [***
13118255 [***
13118255 [***
13118255 [*++
13118262 [*+*
13133255 [***
13133255 [***
13133255 [***
13133263 [*+*
13148255 [***
13148255 [***
13148255 [***
13148262 [***

FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel
FiacreModel

*++] quad maneuver

i CT goto request processing

1 Actlvity goto DONE (ether), back to ET.

: ET plan activity returned ACT ETHER. 5

: (T processes plan activities, activity report.

*++] quad rotorcraft: CT start request processing

*+*] quad rotorcraft: Activity start DONE (ether), back to ET.

***] quad rotorcraft: ET main activity returned ACT_ETHER. 3

**+] quad rotorcraft: (T processes main activities, activity report.

*++] quad maneuver
*++] quad maneuver
***] quad maneuver
*¥*] quad maneuver
*++] quad nhfc:
*++] quad nhfc: €T
*++] quad nhfc:
***] quad nhfc:
*#*] quad nhfc: ET
*+*] quad nhfc: CT
*+¢] quad nhfc: CT
*++] quad nhfc: Act
***] quad nhfc: ET
*++] quad nhfc: (T

: (T set current state request processing

: Activity set current state DONE (ether), back to ET.
: ET plan activity returned ACT ETHER. 1

: T processes plan activities, activity report.

CT set current position request processing

set current position interrupts a running activity in main.
Activity servo in default stop.
Activity servo throw an exception, back to ET.

main activity returned ACT_ETHER. 1
processes main activities, handle exception.
processes main activities, activity report.

ivity set_current_position DONE (ether), back to ET.

main activity returned ACT_ETHER, 2
processes main activities, activity report.

*++] quad rotorcraft: (T servo request processing

*++] quad nhfc: CT
*+*] quad maneuver:
***] quad maneuver:
*#+] quad maneuver:
*++] quad maneuver:
*++] quad maneuver:
***] quad maneuver:
***] quad maneuver:
*++] quad maneuver:
*++] quad maneuver:
*+*] quad maneuver:
***] quad maneuver:
***] quad maneuver:
*+*] quad maneuver:
*++] quad maneuver:
***] quad maneuver:
***] quad maneuver:
*++] quad maneuver:
*++] quad maneuver:
*++] quad maneuver:
*+*] quad maneuver:
***] quad maneuver:

servo request processing

CT goto request processing

Activity goto DONE (ether), back to ET.

ET plan activity returned ACT ETHER. 5

(T processes plan activities, activity report.
CT goto request processing

Activity goto DONE (ether), back to ET.

ET plan activity returned ACT_ETHER. 5

CT processes plan activities, activity report.
CT goto request processing

Activity goto DONE (ether), back to ET.

ET plan activity returned ACT_ETHER. 5

CT processes plan activities, activity report.
(T goto request processing

Activity goto DONE (ether), back to ET.

ET plan activity returned ACT ETHER. 5

CT processes plan activities, activity report.
(T goto request processing

Activity goto DONE (ether), back to ET.

ET plan activity returned ACT ETHER. 5

CT processes plan activities, activity report.
CT goto request processing

maneuver::3

nhfc::2

eltclsh > setup

(¢ eltclsh > draw

draw H

draw I

draw 0

draw

eltclsh > draw_hippo -2 0 0.3 0.4 0.8
eltclsh > setup

nhfc::3

eltclsh > carre
eltclsh > land

eltclsh >
eltclsh >
eltclsh >

eltclsh > set

set  setup

P draw_hippo

eltclsh > ::maneuver::goto 0 6 6.3 0 0 &

maneuver::4

eltclsh > setup

nhfc::4

eltclsh > ::maneuver::goto 8 8 6.5 0 0 &

maneuver::5

eltclsh > draw_hippo -2 0 0.5 0.4 0.8



Controlling Minnie with Hippo

* The GenoM spec for Minnie compiles into a Hippo model with 197
tasks, 9 event ports, 441 extern functions, 1780 (Petri) transitions

* Hippo runs the whole experiment at 10 kHz in one process.

* The load is = 5-10% above normal GenoM usage, without noticeable
slowdown
We report task period overshoots
We detect possibly uninitialized port reads

* The runtime is implemented on Linux (better with PREEMPT_RT) and
uses POSIX services with SCHED FIFO (~ fixed priority sched.)



Offline Verification for Minnie

* Schedulabity: it is an invariant, []1 - task_overshoot

We can take into account the number of cores (we found scheduling errors
when using the Velodyne component with less than 3 cores)

* Mutual Exclusion: (also a safety property)

Scenario JoystickOn then Track | Track then JoystickOn
Time 16 min 10h

#classes 42,714,945 832,778,752
#markings 5,817,082 44,533,432

* Delay to Stop: example of quantitative property
We found a WCRT of 141 ms (85 cm before we brake),
To be compared with a WCET of 43 ms for the slowest codel



Conclusion

GenoM3

Template GenoM3 Fiacre (ROS et pocolibs)
Expérimentation sur Minnie RMP440
Expérimentation sur un drone

Papier sur la V&V en robotique

Papier sur Fiacre/Hippo/GenoM3


https://git.openrobots.org/projects/genom3
https://redmine.laas.fr/projects/genom3-fiacre-template/gollum/index
https://redmine.laas.fr/projects/minnie/gollum/fiacre
https://redmine.laas.fr/projects/drone-v-v/gollum/index
https://hal.laas.fr/hal-02927311
https://hal.laas.fr/hal-03017661

_ronot .gen ..

B e e Activity Services Definitlon ---—-=-----==—--————-—--—- * /
act1v1ty ColorTrack (in color tracked_ color the color we want to track in t
out long lost) { // we return how many time we lost the ta
doc “Produce a twist so the robot follow a color in an image”;
local boolean found; // to help counting found/lost status
task track; // The task in which ColorTrack instance will execute

validate ValidateColor(local in tracked_color);

/1

// codel <state> c_function({{ids|port|local}? {in|out|inout} arg_k, }*)
I/ yield {pause::}?<state_i> {, {pause::}?<stapprmahien
// - ids/port/local is optional if arg_k name is not ambiguous,
// - start, stop and ether are predefined states,
// - yield pause::state means transition will wait the next task cycle to le
codel <start> InitColorTrack(local out lost, local out found) yield Find;
codel <Find> GetImageFindCenter(port in ImagePort, local in tracked_colop
ids in threshold, local out found, ids
ids out width, ids out height)
yield pause: :Find, // no new image, wait mext cycle o
Lost, // lost the color
CompCmd, // found the color, compute the sp
ether; // in case of error.
codel <lLost> ComputeSpeedWhenLost(ids out cmd, ids in patrol_speed,
local out found, local out 1
yvield PubCmd:
codel <CompCmd> ComputeSpeed(ids in x, ids in y, ids in width, ids in height,
yield PubCmd;
codel <PubCmd> PublishSpeed(ids in cmd, port out CmdPort)
yield pause::Find, // Loop back at the search in the next
ether; // in case of error.
codel <stop> StopRobot(ids out cmd, port out CmdPort) // stop is a pred
yield ether; // ColorTrack execution will jump to thi
//service 1s interrupted
after SetPatrolSpeed; // we can only call this service after SetPatn
throw bad_cmd_port, bad_image_port, // Possible errors in the codels

// validate the values passe

Automata syntax

opencv_error, bad_color; // Any will force execution to e

interrupts ColorTrack; // Only one ColorTrack service running at a time

thr \\¥__4//
X, Yy wwigeii, giciys it
o ImagePort
nage 10MgAS Attribute Services: Image
e 1mage
pause SeiThreshold
get
SetPairolSpeed
j . jon Servi
4 StaopJracking
N
as argume ’ ctivity.Service:
N
ColorTrack . CcmdPort
speed, patrol_speed ~ 4 Twist
threshold AN
CtiVity 7 || %, y, width, height N
/ -
p a: ColorTrac AN
/ T \\
<
—p p2ColorTradl S |Find ImagePort
1 . /— Image
<Find> use::Fin
timageFindCenter
run
N / = pause::Find
&z N CompCmd
Last /<stop> o
tonRob A‘:ti '!ty\ IC€embCmd>
ColorTra CompujeSpeed
// ether 4 S
vi ~ |
<'Lost> ~ |
puteSpeedWhenLo mdl, |
ctivity Automata: ColorTrac Y4 :
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o <start> !
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