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Why formal V&V tfor Robotic
Systems”?

We are dealing with critical systems whose failure
can be catastrophic!

Formal V&V Is one approach, among many available,
to Increase the trust we have in robotic systems

Already use in many critical domains (aeronautic,
nuclear plant, etc)

t does not solve “all the problems”, yet it is a step in
the right direction

It can be integrated in existing frameworks
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An lllustrating example
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 CT_robot component (node):

GenoM3, simple example,
ColorTrack Robot: CT_robot

- . ImagePort
has access to an image in ImagePort [ image

provides a ColorTrack service to track a
given color (rgb) in the image with a
modifiable threshold

OpenCV simple primitives to find the X,y
position of the barycenter of the color in
the image

computes a speed command (vx, wz) to
keep the X, y position centered in the
image

CmdPort P e
Twist

exports the speed in a CmdPort
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Clients

CT robot .gen  .omfbe

* Copyright (c) 2019-2021 LAAS/CNRS Control|Task
*

* Author: Felix Ingrand - LAAS/CNRS

*

* Permission to use, copy, modify, and/or distribute this software for any

* purpose with or without fee is hereby granted, provided that the above

* copyright notice and this permission notice appear in all copies.

*

* THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES
* WITH REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF

* MERCHANTABILITY AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR

* ANY SPECIAL, DIRECT, INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
* WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
* ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF
* OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

*/
#include "geometry.idl" // Twist definition ROS masquerade geometry/Twist \ J
#include "sensor.idl" /I Image definition ROS masquerade sensor/Image
/* MODULE DECLARATION */
component CT_robot {
version "1.0";
email "felix@laas.fr";
Iang "C";
doc "This module illustrates a simple GenoM module for the CT_robot ISAE UPSSITECH BE.";

codels-require "roscpp,geometry _msgs,nav_msgs,opencv,cv_bridge";

exception bad_image port, bad_cmd_port, opencv_error, e mem;
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CT _robot .gen

struct cmd s{

double vx; /I The internal speed struct declaration
double wz;
-
ids {
long X,y; /I Position of the center of orange object in the image
long width,height; // Size of the image
long verbose; /] For logging verbosity
cmd_s cmd; /I Internal speed command computed
long my r; /] Various values used by the image analysis algo.

long my g;
long my b;
long my_seuil;

b
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Clients

ReportsT

Requests

(CT_robot

Control|Task

X, ¥, width, height,
verbose,
cmd, my_r, my_g, ...
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Clients

CT_robot .gen -

(CT_robot

Requests

Control|Task

CmdPort Ou;

Twist

X, ¥, width, height,
verbose,
cmd, my_r, my_g, ...

ImagePort
Image

I DEFINITION OF PORTS ------------- */
port in sensor::Image ImagePort {

doc "The port ImagePort containing the image from the camera.”;

b

port out geometry::Twist CmdPort { // CmdPort is the speed command port

// (cmd (see above), in lower case, is the ids field)
doc "The port CmdPort in which we put the speed at which we drive the robot.";
i
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CT _robot .gen

R SERVICES DEFINITION: The attributes */
attribute SetVerbose(in verbose = 0 : "Verbose level")
{
doc "Set the verbose level.”;
}

attribute Set_my_r(in my _r);
attribute Set_my_g(in my_qg);
attribute Set_my_b(in my_b);
attribute Set_my_seuil(in my_seuil);

R SERVICES DEFINITION: The Functions */
function Stop()
{

doc "Stop the tracking.";

codel StopTrack(in verbose); // This codel does not do anything... just here as an example.

interrupts  ColorTrack; // This field will force the transition to the stop codel in the
// ColorTrack activity automata
b
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Clients

ReportsT

Requests

Stop

X, ¥, width, height,
verbose,
cmd, my_r, my_g, ...

(CT_robot
Attribute Services:
SetVerbose,
Set_my _r,...
Control Function Services:
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Twist

ImagePort
Image
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CT _robot .gen

R — TASK DEFINITION ---rerereeeememeeees Ji

task track {
period
codel <start>
codel <stop>

b

10 ms; // fast, but we only process the image when it is new.
InitIDS(port out CmdPort, ids out cmd, ids out x, ids out y) yield ether;

CleanIDS(port out CmdPort) yield ether;
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Clients

ReportsT

Requests

(CT_robot
Attribute Services:
SetVerbose,
Set_my _r,...
Control Function Services:

Stop

X, ¥, width, height,
verbose,
cmd, my_r, my_g, ...

Execution Task
Track

Permanent
Activity
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CT _robot . gen

P SERVICES DEFINITION: The activities */
activity ColorTrack () {
doc "Produce a twist so the robot follow the colored object.”;
task track; /I The task in which ColorTrack will execute

/I Automata syntax

/I codel <state> ¢ function({{ids|port|local}? {in|out|inout} arg k,}*)

Il yield {pause::}?<state i> {, {pause::}?<state j>}*;

/I - ids/port/local is optional if arg_k name is not ambiguous,

/] - start, stop and ether are predefined states,

/I - yield pause::state means transition will wait the next task cycle to lead to state.

codel <start> GetlmageFindCenter(port in ImagePort, ids in my _r, ids in my_g, ids in my_b,

ids in my_seuil, ids out x, ids out y,
ids out width, ids out height, ids in verbose)
yield pause::start, // no new image, wait next cycle of the exec task
CompCmd, // found the image
ether; /I in case of error.
codel <CompCmd> ComputeSpeed(ids in x, ids in y, ids in width, ids in height,
ids out cmd, ids in verbose)
yield PubCmd;
codel <PubCmd>  PublishSpeed(ids in cmd, port out CmdPort)
yield pause::start, // Loop back at the start in the next cycle
ether; /I in case of error.

codel <stop> StopRobot(ids out cmd, port out CmdPort) // stop is a predefined state in GenoM

yield ether; // ColorTrack execution will jump to this state when the
/Iservice is interrupted

throw bad_cmd_port, bad_image_port, opencv_error; // Possible errors in the codels.

/I Any will force execution to ether
interrupts  ColorTrack; // Only one ColorTrack service running at a time
¥
b

Clients

ReportsT

Requests

(CT_robot
Attribute Services:
SetVerbose,
Set_my_r,...
Control Function Services:

Stop

CmdPort o‘"»

Twist

X, Y, width, height,
verbose,
cmd, my_r, my_g, ...

Execution Task

Track ImagePort
10ms Image
N
N
Permanent SN
Activit Activity Service:
ctivity )/ ColorTratk_
. I/ N N J/
/ U\
/ N

pause::start

<PubCmd>
PublishSpeed
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Clients

CT_robot .gen
® (CT_robot )
— Attribute Services:

SetVerbose,

Set_my _r,...
Control|Task Function Services:
Stop

CmdPort 0Ul>

Twist

X, Y, width, height,
verbose,
cmd, my_r, my_g, ...

Execution Task
Track - %
10m

ImagePort
Image

pause ether
run
/7 N
// A N
Permanent y O ]
Activit ’ Activity Service:
y )/ ColorTrack_
doc - N
\ // Al J
7 AN

<start>
GetlmageFindCenter

pause’:start
pause

::start

codel <CompCmd> CorﬁputéSpeed(ids mx ids iny, ivc.i.svi.ﬁ width, ids in height,
ids out cmd, ids in verbose)
yield PubCmd;

<PubCmd>
PublishSpeed

cmd, CmdPort)

ComputeSpeed

genom_event
ComputeSpeed(int32_t x, int32_t y, int32_t width, int32_t height,
CT_robot_cmd_s *speed, const genom_context self)

topRobot| cmd, CmdPort)

{

float cibleY = height * 3 / 4;
float cmd_x_pixel_value= 1.0 / (width / 2); // max 1 rad/s
float cmd_y_pixel_value= 2.0 / (height - cibleY); // max 2 m/s

speed->wz = - ((x - width/2) * cmd_x_pixel_value);
speed->vx = - ((y - cibleY) * cmd_y_pixel_value);

printf("vx: %f,\twz: %f\xp: %f,\typ: %f\n",
speed->vx, speed->wz, cmd_x_pixel_value, cmd_y_pixel_valuey,

return CT_robot_PubCmd;
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Clients

ReportsT

Requests
(CT_robot
Attribute Services:
SetVerbose,
Set_my_r,...
Control|Task Function Services:

Stop

CmdPort OU$

Twist

X, y, width, height,
verbose,
cmd, my_r, my_g, ...

Execution Task

Track @ O ImagePort
10ms Image
pause ether
run
AN
/// hN
AN
N
Zz::ciatnent / Activity Service:
y , ColorTrack_

ComputeSpeed

genom_event
ComputeSpeed(int32_t x, int32_t y, int32_t width, int32_t height,
CT_robot_cmd_s *speed, const genom_context self)

{

float cibleY = height * 3/ 4;
float cmd_x_pixel_value= 1.0 / (width / 2); // max 1 rad/s
float cmd_y_pixel_value= 2.0 / (height - cibleY); / max 2 m/s

speed->wz = - ((x - width/2) * cmd_x_pixel_value);
speed->vx = - ((y - cibleY) * cmd_y_pixel_value);

printf("vx: %f\twz: %f \txp: %f \typ: %fn",
speed->vx, speed->wz, cmd_x_pixel_value, cmd_y_pixel_valugy,

return CT_robot_PubCmd;
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CT robot

CT_robot

IDS:
X, Yy, width, height,
verbose, cmd,
my._tr, ...

Task:
track 10ms

Services:
SetVerbose
Set_my r, ...
Stop
ColorTrack

Attribute Service
Function Service GenoMPort
Activity Service Type

CmdPort
Twist |

ImagePort
Image
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Segway RMP |
440

Fast (up to 8 m/s
GPS

Gyro (measures theta/
WZ

IMU (angular velocities
and accelerations

Velodyne LIDAR

2 recent CPUs (but |
only use one
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Segway RMP |
440

Fast (up to 8 m/s
GPS

Gyro (measures theta/
WZ

IMU (angular velocities
and accelerations

Velodyne LIDAR

2 recent CPUs (but |
only use one
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Segway RMP
440

e Fast (up to 8 m/s)
« GPS

* Gyro (measures theta/
WZ)

IMU (angular velocities
and accelerations)

Velodyne LIDAR

2 recent CPUs (but |
only use one)
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Functional Level

pose_es = or_pose_estimator::state

t3d_pos = or::t3d::pos

Attribute Service
Function Service

rb = or_rigid_body::state Activity Service
pcl
Joystick = or_joystick::state
-
ose_es
POM joystick Navigation PotentialField SafetyPilot
gaesril:::<:|1910ms Task: publish Task: navigate Tas!c plan Tas_k: Pilot
Services: aperiodic period: 200 ms period:100ms period: 5'0ms
o Services: Services: Services: Services:
"Fask' e Rename GotoPosition StartTrackTargetPort StoplfObstacle
i device_list GotoNode
perlqd.‘l QmS SetParams?*, SetParams*, Stop
Services: StopTrackTargetPort
perm
joystick target Cpr:d\ Cmd
joystick t3d_pos b rb
IMU GPS odometry
pose_es ose_es ose_es
IMU agps rmp440 VeIOdyne Task: pose
Task: i aperiodic Task: Motion Taslk: Track Tas.k: scan perio_d: 1.0ms
Tas!c Update S : .p period: 50ms Period: 50ms perlo_d: 10ms Services: .
period: 100ms Entidsst Services: Services: Services: StartPoseProcessing,
Services: pe"crl" unfix, fix_here, Perm. Init Init, GetScans, SetFixedSensorPose
Measure send_rtcm, connect, } ’ GetOneS
. JoystickOn e e isiti
disconnect, connect_rtk ’ ask: acquisition
= Gyro SavePCD aperiodic
SetParams* get_reference set_var_params, Services:
ConnectDevice set_reference Stop, log_stop StartAcquisition
Stop log, log_stop, log_info StopAcquisition, StopGetScans,
{Setup, Stop}PoseProcessing
USB usB Ethernet/TCP Ethernet/UDP
port name
type
GenoM Port




Functional components
specification for Minnie

Functional Level

pose_es = or_pose_estimator::state Attribute Service
t3d_pos = or:t3d::pos Function Service
rb = or_rigid_body::state Activity Service
pcl
Jjoystick = or_joystick::state
pose
ose_es
POM joystick Navigation PotentialField SafetyPilot
Task: io ’ . . Task: pilot
o Task: publish Task: navigate Task: plan k: p
gznr\zg.e;-oms aperiodic period: 200 ms perlqd:1 00ms perlo_d: 5_0ms
c.i d Services: Services: Services: Services:
'?':;IT ’fi?ter -me Rename GotoPosition StartTrackTargetPort StoplfObstacle
. device_list GotoNode
perlqd.1 Oms SetParams®, SetParams*, Stop
Services: StopTrackTargetPort
perm
t t PP Cmd
arge Cmd
t3d_pos i rb
IMU GPS
ose_es pose_es
IMU aps rmp440 Velodyne Task: pose
i o Task: Motion Task: Track Task: scan period: 10ms
Task: Update Task: io aperiodic period: 50ms period: 50ms || period: 10ms  Services:
period: 100ms Services: L Services: Services: Services: StartPoseProcessing,
Services: perm, unfix, fix_here, Perm. Init.  Track Init, GetScans, SetFixedSensorPose
Measure send_rtcm, connect, P GetOneS: .
JoystickOn etonescan, ok acquisit
. t t rtk s : acquisition
disconnect, connect _| Gyro SavePCD aperiodic
SetParams* get_reference set_var_params, zftsr\rilt(;es: isiti
ConnectDevice set_reference Stop, log_stop dIEaCHS S EON
Stop log, log_stop, log_info StopAcquisition, StopGetScans,
{Setup, Stop}PoseProcessing
usB uss Ethernet/TCP Ethernet/UDP
port name
type
GenoM Port
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GenoM internal

e A program with 1/O

e control: requests to start services/reports their
results

e data: ports in (to import external data) and out (to

export data)

» A cyclic event based control task (aperiodic)

e One or more cyclic execution tasks, periodic or
aperiodic

* |t provides services (short and long computation) to

which we will associate C/C++ code

* in the control task: attribute and function services

(short)

» and the executions task(s): activity services (long)

e services share a common Internal Data Structure for
the needs of their computation (parameters, computed

values, internal state variables, etc)

Journée 2RM Robotique Mobile, 2021

joystick
Task: publish
aperiodic

Rename
device_list

Navigation

Task: navigate
period: 200 ms
Services:
GotoPosition
GotoNode

target
t3d_pos

joystick
joystick

gps

Task: io aperiodic
Services:

perm, unfix, fix_here,
send_rtcm, connect,
disconnec t, connec t_rtk

get_reference
set_reference
log, log_stop, log_info

Reports

PotentialField
Task: plan
period:100ms
Services:
StartTrackTargetPort

SetParams*
StopTra kTgtPrt

SafetyPilot
Task: pilot
perod 50ms
eeeeeeee
StoplfObstacle

SetParams*, Stop

rmp440

Task: Motion  Task: Track
period: 50ms period: 50ms
Services: Services:
Perm, Init,  Track
JoystickOn,

Gyro

set_var_params,
Stop, log_stop

Cmd
rb

Clients

point
cloud
pcl
velodyne Task: pose
Task: scan pe rlod 10ms
period: 10m Services:
S: StartPoseProcessing,

el
Init, GetScans,

sorPose

SetFixedSen:

(Sieto[r:ggcan Task: acquisition
ave aperiodic
Services:

StartAcquisition

StopAcquisition, StopGetSca S,

{Setup, Stop}Pos

ocessing

Requests

7

Control Task

Interna Data

Structure

Attribute

7 and
F

unction

Services

Activity Services

|/

N\

Ports

RCi Péﬂl?ﬂ%‘ﬁa%‘ ‘Uﬂ% CNRS
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GenoM internal

e A program with 1/O

e control: requests to start services/reports their
results

e data: ports in (to import external data) and out (to
export data)

» A cyclic event based control task (aperiodic)

e One or more cyclic execution tasks, periodic or
aperiodic

* |t provides services (short and long computation) to
which we will associate C/C++ code

* in the control task: attribute and function services
(short)

» and the executions task(s): activity services (long)

* services share a common Internal Data Structure for
the needs of their computation (parameters, computed
values, internal state variables, etc)

e activity services define automata to perform their
processing

Journée 2RM Robotique Mobile, 2021

Reports]-

Requests

7

\.

Control Task

Interna Data
Structure

7
F
Services A

Attribute

and
unction

Ports

Activity Services _.Permanent Activities 1

Activity Automata

start
codel_sta

\
«d, LAAS-CNRS
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Ports

GenoM internal

e A program with 1/O

e control: requests to start services/reports their V= _- N/ \
Activity Services . Permanent Activities 1

results _” \
pad \

e data: ports in (to import external data) and out (to g ‘

Activity Automata

start
codel_sta

export data)
» A cyclic event based control task (aperiodic)

e One or more cyclic execution tasks, periodic or
aperiodic

* |t provides services (short and long computation) to
which we will associate C/C++ code

* in the control task: attribute and function services
(short)

» and the executions task(s): activity services (long)

* services share a common Internal Data Structure for /
the needs of their computation (parameters, computed
values, internal state variables, etc)

e activity services define automata to perform their
processing

e each step is associated to a codel ( C/C++ code)

genom_event S 1
codel sl (port in pl, port out p2, ..
ids in il, ids out i2, ..
local in 11, local out 12, .))

{ if .. {

whiie C/C++ code
}

} else {
ieiirn pause: :sl; WC ET

}
for ( .., .., ..) { ..}
return s2;

}
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GenoM
specifications

Clients

ReportsT Requests

e IDS
* Ports (in & out)
e Execution Tasks
* (periodic or aperiodic)
* Services
» Attribute, function (control task)
e Activity (execution task)
* automata

e and attached codels with
WCET

C/C++ code
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GenoM
specifications

e IDS
e Ports (in & out
 Execution Tasks

e (periodic or aperiodic
e Services

e Attribute, function (control
* Activity (execution task

e automata

pose
0se_es
POM

Task: io

period: 10ms
Services:

perm, add_me

Task: filter
period:10ms

Services:

perm

joystick

Task: publish
aperiodic
Services:
Rename
device_list

task

e and attached codels with

WCET

Journée 2RM Robotique Mobile, 2021

Navigation PotentialField SafetyPilot

Task: navigate Task: plan Task: pilot

period: 200 ms period:100ms period: 50ms

Services: Services: Services:

GotoPosition StartTrackTargetPort StoplfObstacle

GotoNode

SetParams®, SetParams*, Stop
StopTrackTargetPort
target i Cmd
t3d_pos cnd rb
b point
cloud
GPS pcl
pose_es rmp440 velodyne Task: pose
. . g iod: 10ms

S Task: Motion Task: Track TEELE @eam period: 1
9P period: 50ms period: 50ms period: 10ms  Services: )
Task: io aperiodic Services: Services: Services: StartPoseProcessing,
Services: Perm, Init. Track Init, GetScans, SetFixedSensorPose
perm, unfix, fix_here, JoystickOn, GetOneScan, . acquisition
send_rtcm, connect, Gyro SavePCD aperiodic
disconnect, connect_rtk C| ients Services:

;?;;)V E}:;; E;';irgs’ StartAcquisition
get_reference T StopAcquisition, StopGetScans,
;909;_7 ifge’ ;’(’)C: log.info {Setup,Stop}PoseProcessing

PTET RS Reports] |Requests
s N
Control Task Attribute

|\

7 and
Function

Services

L —

genom_event S 1

codel_sl(port in pl, port out p2, ..
ids in il, ids out i2, ..
local in 11, local out 12, ..)

{if . {
while .. {

}
} else {
return pause::sl;
}
for ( .., .., ) { ..}
return s2;

}

C/C++ code
WCET

\
\
\

In
(@)
(@)
Ports
run
void
run

ngrand, LAAS-CNRS
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— pose
comzonent declarctio ‘ pose_es

mdule dero f
e IDS

e Execution Tasks
* (periodic or aperiodic)
e Services
o Attribute, function (control task)
e Activity (execution task)
e automata
e and attached codels with

codel_stop,

Component
Specification

et er

end
ether S
end
codel_end
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S aenoM workflow
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— pose
. "y pose_es

mdule dero f

e senoM workflow

e Ports (in & out)
e Execution Tasks
* (periodic or aperiodic)
Services
o Attribute, function (control task)
e Activity (execution task)
e automata
e and attached codels with

WCET

si
codel_s1

B LU
dor "Move af the given distanca" 5
validate controlDistanceCin dist2ef, 11 stata.position); COde'tOP
rodel <stoarts> mdStertFngina(in disiRefl, in state.nosition, {

fher

out posRef) yield =
codcl <exce> moGoto-osition{in specd<cf, 11 po:
L Moaile) yield exe

Component
Specification

Component

Ittty Momtor (1h aoa e mntor = @ UMantored Picniute v om g ‘ ;Odels
out dousle p tion) F y 4
g v P
L P 4 /
coc "Monitor the passcge on tha gifin positiop$f y
validate controlPosition (in monitor)yy y £
act vy vamto ‘ : & 'r y
codel ~start> mo (in monitor, in g ] [ ] y

codel «stop> mo op(in ::ids, g ~4 “og#® monitor of orttvity Wanitor

task o
throw ; g Lgacrcd by start. ;
. W Vields Lo stort, stop
4 ows, TOO FAR AMAY. /
leno_uevent
ronitar(const douhle *ronitar, const Sere_idsgl o<)
. ]
y do.ble ooist;
" Activity 0 ard Mori t |
3 dDist = tds->ctate.cpeed * dems task griod ~ doro milly
/= yalidation cod®L of 1f (fabs (*mo-itor - lds--stats.posgfion) « dUist) {
d anc Monitog® sruntf (“dict %F mon BF pos 5P dDist, ~moniitorflds->state,position);
. p returs demn_stop;
1
Retu return dero_start;
= Throy AR_ANAY . b
demo_ovent ¥+ Codel monitorStoz
cortrolFosition{const douable * )
= Iriggers=d hy stop
€ " Yields tu eter

if ("posRef > DEMO_MACHINE_LENGTH/Z | = Ioraws 100_FAR_ANLY
*posRef « -DEMO_MATHINE_LENGTH/2) =/

ratirn demn_TOO_FAR_ANAY; lemo_rvent
) (const demo_ids *§
) i 4
retirrn denc ' *posilion = ids-»state. posiy
3 return dero ether;
v
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mdule dero f

« IDS

e Ports (in & out)

comzonent declarction

e —~
2enoM wor

 Execution Tasks

(periodic or aperiodic)

e Services

o Attribute, function (control task)
e Activity (execution task)

Templates

template
pocolibs

e automata
e and attached codels W|th
WCET

S
dor "Move af the giv
alida cor LD stan (1n distzef, 11 state.position);
rodel <storts> noStertFngina(in disiRel, in state.nosition

out posRef) yie axer, ether;

Component
Specification

Ictivity Momtor Qn dounle mtor = 0
out dousle position)

coc "Monitor the passcge on tha g
tion (in monitor)y

validate controlPosi

codzl <start> mon: (ln monitor, in g

codel «stop> monitorStop(in ::ids, g
task P 4
throw 2
f ——
Activity o and Morit
** validation cogfl of

and vonitog

" Retur§s o
" Thros #7

AR_ANAY .

demo_cvent
cortrolFosition{const douable *

{
if ("posRef > DEMO_MACHINE_LENGTH/Z |

tiurn demn_TOO_FAR_ANAY;
)
retirrn denc
b

Journée 2RM Robotique Mobile,

CGoto“os1tion(1in specd<cft, 1 asRef,

monitored gisn ute ancygon Tn o

n pos 1t10 )

lemo_uvent
ranitar(const douhle *wonit

do.ble olist;

dDist = ids

1f (fabs {(*mo~itor -
mun #f pos §F

srintf (“dist &f
fffffff " demo_stop;

eturn dero_start;

" Yiel tu etrw

* Iarews TOO_F2R_AN2Y

poskef < -DEMO_MATHINE_LENGTH/2) =/
em

si
codel |_s1

ause>s1

codelz top 5\

er

template
ros-comm

Component
Codels

>ctate.cpeed * demo task grriod ~ doro millg-ond;
1ds-»state . posgfion) « dUist) {

P uDist, ~moiitorgflds->state,position);

{const demo_tds *

*posilion = ids-»state posies

return Jemo ether;
v

2021

kflow

© Félix Ingrand, LAAS-CNRS

11



S aenoM workflow

e Execution Tasks
(periodic or aperiodic) Templates
e Services

* Attribute, function (control task) template
e Activity (execution task) pocolibs

e automata
e and attached codels W|th
WCET

(
. ol p p
dor "Move af the given dista pauge..S "
validate controlDistanca (1n dist %e», 11 stata.position); codelz tOp
: 0 ause s1
rodel <stert> moStortFngina(in disiRel, in state.nosition,

out posRef) yield =xer, ether; ) er
codcl <exce> mcGoto-osition(in cpecd<cf, 11 posKef, incut steto,

pocolibs
modules

si
codel |_s1

template

+ Moaile) yield exec, end;

ros-comm

Component
Specification

O Ly / Component
rrul\- VoM tor (1N doual e mator = @ Monitored gRsn | ite " A F y F COdeIS

out dousle position)

coc "Monitor the passcge on tha gigFn positiopdll

validate controlPosition (in monitor)yy
i AN (: 13;
codel «start> monitor(in monitor, in g )
2l « rStop tilds, g

0 =4 Togl® monitor of
0 4
throw TO( R_ g Loacr od by start. )
¥ Viglds Lo stort, stop 4
ws TOO FAR AMAY. ;
WV /
p nt
const doub + )

do.ble oot
== Activity .
3 dDist = lds->ctate.cpeed * dems tasi ghriod = sowo milligcond;
/=* validaticn cogfl of if (fabs (*mo-itor - 1ds-»stats.posigfion) - dbist) {
anc Monitog? srintf (“dict % mon BF pos SR dDist, ~muiitor@fds->state.position);

p returs demn_stop;
} ¥/
return dero_start;

b

demo_ovent % Codel monilorStos off @ L\,

cortrolFosition{const douable * )]
{ * Irigger=d hy stop

= Yields ]
if (*posRef > DEMO_MACHINE_LENGTH/Z | = |-rews 100 2R_amay
*posRef « -DEMO_MATHINE_LENGTH/2)

ros-comm

ratiurn demn_TOO_FAR_ANAY; demn_cvent
3 (consi demo_vds *
4 .
returrn denc *position = ids-»state posiees I I IO u eS
¥ return Jero ether;

b

Journee 2RM Robotique Mobile, 2021 © Félix Ingrand, LASC200



Template ROS and pocolibs

o

template
pocolibs

Component
Specification

Component Combpile ]
CodeID_l{ i ?f}

pocolibs Lig?

1001

Component

Source

pocolibs Server ——>|

Ve

Compiler
v

.

(¢ )

Codels Lib

0100
0011
1001

Component ( Linker
template ROS Server ——> Compiler '{/’:} exec
ros-comm Source . Q Componen
( TCL/C++ ) C++
ROS Lib &3
GenoM i
Legend: Initial Sources [ template j 20de generation gﬁ?ﬁ;ﬁ?ﬁ

Journée 2RM Robotique Mobile, 2021
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ROS implementation

Clients

ReportsT Requests

e

Control Task

Attribute
-7 and
Function

Services

Internal Data
Structure

@z
%pause @
G
@

%pause @
@ oid

A
A uvrs

ecutior

ASKS

~

J

7=

Activity Services

\ /
Permanent Activities

Journée 2RM Robotique Mobile, 2021

Ports

Clients

T API|
(ROS Node

ROS Service call
- ROS
ROS Callback( ; Services

ROS Action send_goal
ROS
Topics
Subscribe

Publish

Internal Data
Structure
IDS

QO @
pause @ pause un
< (stop) Ceid)
pt s
y
/S —
ROS Actions

+ internal algorithms, written.n C++



How is GenoM helping us for V&V?

= After all, we just have to provide some “painful”
specifications...

= where is the added value? how is this helping us”

M Codel granularity (better parallelism specification)

M Data access (and sharing) is fully specitied (ports, IDS,
and nothing else)

M Automata specification provides execution sequence
and time/period management

™ Tasks are clearly specified (how many, periodic,
sporadic)

™ Template mechanism...

Journée 2RM Robotiqgue Mobile, 2021 © Félix Ingrand, LAAS-CNRS
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Veritication & Validation
with Flacre

e Formally defined (semantics, compositional)

e Types

* Rich set of primitive data types; Strongly typed

e Processes

 Parameterized labelled automata

e Symbolic state transitions; high-level commands

» Ports for communication and/or synchronization

 May share variables with other processes
 Components

» Hierarchically defined

e Specify interactions between sub-components

e Constrain interactions (time, priorities)

« Control scope of shared variables

Journée 2RM Robotiqgue Mobile, 2021 © Félix Ingrand, LAAS-CNRS 15



-lacre process example

process sender [mbuff: out packet, abuff: in packet] 1is
abuf N7/ A mbuf
V AN

Sender

Journée 2RM Robotiqgue Mobile, 2021 © Félix Ingrand, LAAS-CNRS 16



-lacre process example

process sender [mbuff: out packet, abuff: in packet] 1is
states idle, send, waita abuf<<—7 /\rnbuf
V AN

Sender

Journée 2RM Robotiqgue Mobile, 2021 © Félix Ingrand, LAAS-CNRS 16



-lacre process example

process sender [mbuff: out packet, abuff: in packet] 1is
states idle, send, waita abuf<<—7 /\rnbuf
V AN

var ssn, n: seqgno := false // ssn 1S current sequence number
ssn
n

Sender

Journée 2RM Robotiqgue Mobile, 2021 © Félix Ingrand, LAAS-CNRS 16



-lacre process example

process sender [mbuff: out packet, abuff: in packet] 1is

states idle, send, waita abuf‘<—7 /\rnbuf
var ssn, n: segno := false // ssn 1s current sequence number \/ 7 N
from idle ssn
/* should also retrieve data from user */ \Y:E§§>
to waita n

Sender

Journée 2RM Robotiqgue Mobile, 2021 © Félix Ingrand, LAAS-CNRS 16



-lacre process example

process sender [mbuff: out packet, abuff: in packet] is
states i1dle, send, waita
var ssn, n: segno := false // ssn 1s current sequence number
from idle
/* should also retrieve data from user */
to waita
from send
mbuff! ssn;
to waita

Journée 2RM Robotique Mobile, 2021

abuf N7/ A mbuf
V [\
ssn
idle
n
mbuf! ssn
send
Sender

© Félix Ingrand, LAAS-CNRS
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-lacre process example

process sender [mbuff: out packet, abuff: in packet] is
states idle, send, waita
var ssn, n: segno := false // ssn 1s current sequence number
from idle
/* should also retrieve data from user */
to waita
from send
mbuff! ssn;
to waita
from waita
select
abuff? n;
1f n = ssn
then ssn := not ssn
end,;
to idle

Journée 2RM Robotique Mobile, 2021

idle
abuf? n

mbuf! ssn

send

abuf N7/ A mbuf
V [\

if n=ssn then
ssn:= not'ssn

Ssn

n

Sender

© Félix Ingrand, LAAS-CNRS
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-lacre process example

process sender [mbuff: out packet, abuff: in packet] is
states idle, send, waita
var ssn, n: segno := false // ssn 1s current sequence number
from idle
/* should also retrieve data from user */
to waita
from send
mbuff! ssn;
to waita
from waita
select
abuff? n;
1f n = ssn
then ssn := not ssn
end,;
to idle
[] wait ]4,5];
/* resend */
to send
end

Journée 2RM Robotique Mobile, 2021

abuf N7/ A mbuf
V [\
ssn
idle
abuf? n n
if n=ssn then
ssn:= not'ssn
mbuf! ssn
wait14,5]
send
Sender

© Félix Ingrand, LAAS-CNRS
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/* Processes */ process receiver [mbuff: in packet, abuff: out packet] is
states rcve, ack | .
process buffer [ii: in packet, oo: out packet] is var rsn: seqno := false, m: packet := true
states idle V7 rsn is expected sequence number I a‘ : re
var buff : queue 1 of packet := {I1}, from rcve
p}‘<t: packet mbuff? m;
z:l)zczdle if m = rsn then
/* getting new packet */ /* also should deliver data to user */
ii7pkt: rsn := not rsn;
on not (full buff); // should be redundant but prevents to ack
// queue exception if time-out too small else
buff := enqueue (buff,pkk); // reject duplicate
to idle to ack
[J 7* putting first packet */ end exa e
on not (empty buff); from ack I | I
oo!first buff; abuff! m;
buff := dequeue buff; to rcve . .
to idle Alternating Bit Protocol
[0 7* losing a packet */
wait [0,1]; /* Main component */
on not (empty buff);
buff := dequeue buff; component abp is
#lost;
to idle port
end
process sender [mbuff: out packet, abuff: in packet] is
states idle, send, waita par * in
var ssn, n: segno := false // ssn is current sequence number sender [minp, aout]
from idle || buffer [minp, mout]
/* should also retrieve data from user */ || buffer [ainp, aout]
to waita Il receiver [mout, ainp]
from send end
mbuff! ssn;
to waita
from waita
select
abuff? n;
if n = ssn .
then ssn := not ssn abuf N4 A mbuf I N /\00 oo/\ W i mbuf N A abuf
end; V JARA \V JARA yARAN V \/ 7 X
to idle ssn N
[] wait 14,5]; @ "?fpllkb , buf ii? pk buf rsn
/* resend */ on not (full bu t (full buf)
abuf? n E buf:=enq(buf,pk); dutms : ™ m
endto send if meSsa then q(buf,pk); pk buf:=enq(buf,pk); pk e
S —————— ssn:= not ssn
f\ abuf! m
waita / J if n=rsn then
mbufl ssn 1 ~—1 rsn:=not rsn
wait [0,1] wait[0,1]
on not ;empty buf) on not (empty buf)
wait14,5] on not (empty buf) buf:=deg(but on not empty buf) buf.=deq(buf); ack
send oo! first buf oo! first buf
buf:=deq(buf); buf:=deq(buf);
Sender Buffer Buffer Receiver

Journée 2RM Robotique Mobile, 2021
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/* Processes */ process receiver [mbuff: in packet, abuff: out packet] is
states rcve, ack | .
process buffer [ii: in packet, oo: out packet] is var rsn: seqno := false, m: packet := true
states idle V7 rsn is expected sequence number I a‘ : re
var buff : queue 1 of packet := {I1}, from rcve
p}‘<t: packet mbuff? m;
z:l)zczdle if m = rsn then
/* getting new packet */ /* also should deliver data to user */
1i7pkt; rsn := not rsn;
on not (full buff); // should be redundant but prevents to ack
// queue exception if time-out too small else
buff := enqueue (buff,pkk); // reject duplicate
to idle to ack
[J 7* putting first packet */ end exa e
on not (empty buff); from ack I | I
oo!first buff; abuff! m;
buff := dequeue buff; to rcve . .
to idle Alternating Bit Protocol
[0 7* losing a packet */
wait [0,1]; /* Main component */
on not (empty buff);
buff := dequeue buff; component abp is
#lost;
to idle port
end
process sender [mbuff: out packet, abuff: in packet] is
states idle, send, waita par * in
var ssn, n: segno := false // ssn is current sequence number sender [minp, aout]
from idle || buffer [minp, mout]
/* should also retrieve data from user */ || buffer [ainp, aout]
to waita Il receiver [mout, ainp]
from send end
mbuff! ssn;
to waita Y
from waita
select
abuff? n;
if n = ssn .
then ssn := not ssn abuf N4 A mbuf I N /\00 oo/\ W i mbuf N A abuf
end; V JARA \V JARA yARAN V \/ 7 X
to idle ssn N
[] wait 14,5]; @ "?fpllkb , buf ii? pk buf rsn
/* resend */ on not (full bu t (full buf)
abuf? n E buf:=enq(buf,pk); dutms : ™ m
endto send if meSsa then q(buf,pk); pk buf:=enq(buf,pk); pk e
f\ abuf! m
waita / J if n=rsn then
mbufl ssn 1 ~—1 rsn:=not rsn
wait [0,1] wait[0,1]
on not ;empty buf) on not (empty buf)
wait14,5] on not (empty buf) buf:=deg(but on not empty buf) buf.=deq(buf); ack
send oo! first buf oo! first buf
buf:=deq(buf); buf:=deq(buf);
Sender Buffer Buffer Receiver

Journée 2RM Robotique Mobile, 2021
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/* Processes */

process buffer [ii: in packet, oo: out packet] is
states idle

var buff : queue 1 of packet := {I1},
pkt: packet
from idle
select
/* getting new packet */
117pkt;

on not (full buff); // should be redundant but prevents
// queue exception if time-out too small
buff := enqueue (buff,pkk);
to idle
[J 7* putting first packet */
on not (empty buff);
oo!first buff;
buff := dequeue buff;
to idle
[0 7* losing a packet */
wait [0,1];
on not (empty buff);
buff := dequeue buff;
#lost;
to idle
end

process sender [mbuff: out packet, abuff: in packet] is
states idle, send, waita

process receiver [mbuff: in packet, abuff: out packet] is

states rcve, ack

var rsn: segno := false, m: packet
V7 rsn is expected sequence number
from rcve
mbuff? m;

if m = rsn then

/* also should deliver data to user */

rsn := not
to ack

else
// reject duplicate
to ack

end

from ack
abuff! m;
to rcve

rsn;

/* Main component */

component abp is

port minp : packet in [0,0],

par * in

= true

Flacre
component
example

Alternating Bit Protocol

var ssn, n: segno := false // ssn is current sequence number sender [minp, aout]
from idle || buffer [minp, mout]
/* should also retrieve data from user */ || buffer [ainp, aout]
to waita Il receiver [mout, ainp]
from send end
mbuff! ssn;
to waita
from waita
select .
abuff? n; minp [0,0]
if n = ssn Ly
then ssn := not ssn abuf N4 mbuf I N /\00 00 A NAL mbuf N A abuf
end; \/ / N / N 7
to idle ssn V N v V u
[] wait ]4,5]; @ ii? pk buf ii?2 pk buf rsn
/* resend */ on not (full buf) on not (full buf)
abuf? n E 'S
to send ) buf:=enq(buf,pk); " . k m
» if nessh then q(buf,pk) pk buf:=enq(buf,pk); P v
— SSn.= nOt Ssn P
_f\ abuf! m
. idle idle mbuf? m
waita / / if n=rsn then
mbuf! ssn ~—1 _ ~— rsn:= not rsn
wait [0,1] wait [0,1]
on not ;empty( buﬂﬁ on not (empty buf)
. buf:=deq(buf); — .
wait ]4,5] on not (empty bUﬂ on not (empty buf) buf. dGQ(bUﬂ, aCk
send oo! first buf oo! first buf
buf:=deq(buf); buf:=deq(buf);
Sender Buffer Buffer Receiver

Journée 2RM Robotique Mobile, 2021
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/* Processes */

process buffer [ii: in packet, oo: out packet] is
states idle

var buff : queue 1 of packet := {I1},
pkt: packet
from idle
select
/* getting new packet */
117pkt;

on not (full buff); // should be redundant but prevents
// queue exception if time-out too small
buff := enqueue (buff,pkk);
to idle
[J 7* putting first packet */
on not (empty buff);
oo!first buff;
buff := dequeue buff;
to idle
[0 7* losing a packet */
wait [0,1];
on not (empty buff);
buff := dequeue buff;
#lost;
to idle
end

process sender [mbuff: out packet, abuff: in packet] is
states idle, send, waita

process receiver [mbuff: in packet, abuff: out packet] is

states rcve, ack

var rsn: segno := false, m: packet
V7 rsn is expected sequence number
from rcve
mbuff? m;
if m = rsn then
/* also should deliver data to user */
rsn := not rsn;
to ack
else
// reject duplicate
to ack
end
from ack
abuff! m;
to rcve

/* Main component */

component abp is

port minp : packet in [0,0],
mout : packet in [0,1],
par * in

= true

Flacre
component
example

Alternating Bit Protocol

var ssn, n: segno := false // ssn is current sequence number sender [minp, aout]
from idle || buffer [minp, mout]
/* should also retrieve data from user */ || buffer [ainp, aout]
to waita || receiver [mout, ainp]
from send end
mbuff! ssn;
to waita
from waita
select .
if n = ssn Ly
then ssn := not ssn abuf N4 mbuf I N 00 00 A NAL mbuf Tv7 A abuf
end; V [\ [\ /7 N
to idle ssn 4 ) v V [\
[0 wait ]4,5]; @ ii? pk buf ii? pk buf rsn
/* resend */ on not (full buf) on not (full buf)
abuf? n E 'S
to send . buf:=enq(buf,pk); - . k m
» if nessn then q(buf,pk) pk buf:=enq(buf,pk); P v
— Ssn.= nOt Ssn P
.f\ abuf! m
. |d|e |d|e mbUf? m
waita / / if n=rsn then
mbuf! ssn ~— . ~ rsn:=notrsn
wait [0,1] wait [0,1]
on not ;empty( buﬂﬁ on not (empty buf)
. buf:=deq(buf); . .
wait ]4,5] on not (empty buf) on not (empty buf) buf:=deg(buf), ack
send oo! first buf oo! first buf
buf:=deq(buf); buf:=deq(buf);
Sender Buffer Buffer Receiver

Journée 2RM Robotique Mobile, 2021
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/* Processes */

process buffer [ii: in packet, oo: out packet] is
states idle

var buff : queue 1 of packet := {I1},
pkt: packet
from idle
select
/* getting new packet */
117pkt;

on not (full buff); // should be redundant but prevents
// queue exception if time-out too small
buff := enqueue (buff,pkk);
to idle
[J 7* putting first packet */
on not (empty buff);
oo!first buff;
buff := dequeue buff;
to idle
[0 7* losing a packet */
wait [0,1];
on not (empty buff);
buff := dequeue buff;
#lost;
to idle
end

process sender [mbuff: out packet, abuff: in packet] is
states idle, send, waita

process receiver [mbuff: in packet, abuff: out packet] is

states rcve, ack

var rsn: segno := false, m: packet
V7 rsn is expected sequence number
from rcve
mbuff? m;
if m = rsn then
/* also should deliver data to user */
rsn := not rsn;
to ack
else
// reject duplicate
to ack
end
from ack
abuff! m;
to rcve

/* Main component */

component abp is

port minp : packet in [0,0],
mout : packet in [0,1],
ainp : packet in [0,2],
par * in

= true

Flacre
component
example

Alternating Bit Protocol

var ssn, n: segno := false // ssn is current sequence number sender [minp, aout]
from idle || buffer [minp, mout]
/* should also retrieve data from user */ || buffer [ainp, aout]
to waita || receiver [mout, ainp]
from send end
mbuff! ssn;
to waita ainp [0,2]
from waita
select .
if n = ssn .y  J
then ssn := not ssn abuf N mbuf I N 00 oo/\ Y7 i mbuf Tv7 abuf
end; A 7\
’
to idle v ssn 4 ) L v V [\
[] wait 14,51; dl ii2 pk buf ii? pk buf rsn
7% pesend */ iale abuf? n on not (full buf) on not (full buf) &
to send . : buf:=enq(buf,pk); = . k m
end if n=ssn then pk but:=enaq(buf,pk); P rcve
— Ssn.= nOt ssn P
. abuf! m
] |d|e Idle mbUf? m
waita J/ J if n=rsn then
mbufl ssn ~—1 , ~—— rsn:= not rsn
wait [0,1] wait [0,1]
on not (empty( buﬂﬂ on not (empty buf)
. buf:=deq(buf); — .
wait14,5] on not (empty buf) on not (empty buf) buf.=deg(buf),
send oo! first buf oo! first buf
buf:=deq(buf); buf:=deq(buf);
Sender Buffer Buffer Receiver

Journée 2RM Robotique Mobile, 2021
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/* Processes */

process buffer [ii: in packet, oo: out packet] is

states idle

var buff : queue 1 of packet
pkt: packet
from idle
select
/* getting new packet */
117pkt;

on not (full buff);

= {II},

// should be redundant but prevents

// queue exception if time-out too small
buff := enqueue (buff,pkk);

to idle

[J 7* putting first packet */

on not (empty buff);
oo!first buff;
buff := dequeue buff;
to idle

[0 7* losing a packet */
wait [0,1];
on not (empty buff);
buff := dequeue buff;
#lost;
to idle

end

process sender [mbuff: out packet, abuff: in packet] is

states idle, send, waita

process receiver [mbuff: in packet, abuff: out packet] is

states rcve, ack

var rsn: segno := false, m: packet
V7 rsn is expected sequence number
from rcve
mbuff? m;

if m = rsn then

/* also should deliver data to user */

rsn := not rsn;
to ack

else
// reject duplicate
to ack

end

from ack
abuff! m;
to rcve

/* Main component */

component abp is

port minp : packet in [0,0],
mout : packet in [0,1],
ainp : packet in [0,2],
aout : packet in [0,1]
par * in

= true

Flacre

component

example

Alternating Bit Protocol

var ssn, n: segno := false // ssn is current sequence number sender [minp, aout]
from idle || buffer [minp, mout]
/* should also retrieve data from user */ || buffer [ainp, aout]
to waita || receiver [mout, ainp]
from send end
mbuff! ssn;
to waita aout [0,1] ainp [0,2]
from waita
select .
abuc"? n; ml [050] mOUt [0,1] A
if n = ssn .y  J
then ssn := not ssn abuf N7 mbuf I \ 7/ 00 00 Y7 i mbuf Tv7 abuf
end; A 7\ 7N A
’
to idle v ssh V . N V
[] wait 14,5]; idle ii? pk buf ii?2 pk buf rsn
/* resend */ abuf? n on not (fu(ll b;.lﬂ ) on not (full buf) a
to send . ' bUf-':enq bu ka y T= ; k m
end if n=ssn then pk but:=enaq(buf,pk); P rcve
— Ssn.:= nOt ssn P
_ abuf! m
] |d|e Idle mbUf? m
waita J/ J if n=rsn then
mbufl ssn ~—1 , ~—— rsn:= not rsn
wait [0,1] wait [0,1]
on not (empty( buﬂﬂ on not (empty buf)
. buf:=deq(buf); — .
wait14,5] on not (empty buf) on not (empty buf) buf.=deg(buf),
send oo! first buf oo! first buf
buf:=deq(buf); buf:=deq(buf);
Sender Buffer Buffer Receiver
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/* Processes */

process buffer [ii: in packet, oo: out packet] is

states idle

var buff : queue 1 of packet
pkt: packet
from idle
select
/* getting new packet */
117pkt;

on not (full buff);

= {1},

// should be redundant but prevents

// queue exception if time-out too small
buff := enqueue (buff,pkk);

to idle

[J 7* putting first packet */

on not (empty buff);
oo!first buff;
buff := dequeue buff;
to idle

[0 7* losing a packet */
wait [0,1];
on not (empty buff);
buff := dequeue buff;
#lost;
to idle

end

process sender [mbuff:
states idle, send, waita

out packet, abuff:

in packet] 1is

component abp i

states rcve, ack

var rsn: segno := false, m: packet
V7 rsn is expected sequence number
from rcve
mbuff? m;
if m = rsn then

/* also should deliver data to user */

rsn := not rsn;
to ack

else
// reject duplicate
to ack

end

from ack
abuff! m;
to rcve

/* Main component */

= true

process receiver [mbuff: in packet, abuff: out packet] is

Flacre
component

example

Alternating Bit Protocol

/* Properties */

port minp : packet in [0,0], assert ddif
mout : packet in [0,1],
ainp : packet in [0,2],
aout : packet in [0,1] @ ... cafe

par * in

/* absence of deadlocks [true] */
property ddlf is deadlockfree

/* send packet or ack possible => buffer empty [true] */
property safe is 1tl [] ((abp/1/state send => abp/2/value (empty buff)) and
(abp/4/state ack => abp/3/value (empty buff)))

/* any message sent is eventually received [false] */

var ssn, n: segno := false // ssn is current sequence number sender [minp, aout] property works is 1t1 ([] (abp/l/state send => <> abp/1/state idle))
from idle || buffer [minp, mout] assert works
/* Sh9U1d also retrieve data from user */ Il buffer [ainp, aout] /* if message or acknowledgement not lost infinitely often, then any message sent is eventually received [true] */
to waita |l receiver [mout’ ainp] property worksif is 1tl ((not ([] <> abp/2/tag lost or [] < abp/3/tag lost)) => [] (abp/1/state send => <> abp/1/state idle))
from send assert worksif
end
mbuff! ssn;
X T .
to waita aout [0,1] ainp [0,2]
from waita
select .
abuff? n: minp [0,0] mout [0,1] |
if n = ssn Ly \
then ssn := not ssn abuf N mbuf I \ 7/ 0o 00 Y7 ii mbuf Yv7 abuf
end; \/ 7 N / N\ \Y;
to idle ssn v ) L V JARRN
O wait 14,5]; id| ii? pk buf ii? pk buf rsn
/* resend */ ale abuf? n on not (full buf) on not (full buf) N
to send . : buf:=enq(buf, pk); pk buf:=enq(buf,pk); pk m
end if n=ssn then rove
T ssn:= not'ssn
. abuf! m
. idle idle mbuf? m
waita / / if n=rsn then
mbuf! ssn ~— ' ~ rsn:=not rsn
wait [0,1] wait [0,1]
on not (empty, buf) on not (empty buf)
) buf:=deq(buf); buf:=deq(buf);
wait ]4,9] on not (empty buf) on not (empty buf) r=degibuf)
send oo! first buf oo! first buf
buf:=deq(buf); buf:=deq(buf);
Sender Buffer Buffer Receiver

Journée 2RM Robotique Mobile, 2021
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Automatically translated to
Time Petri Net

Verification with Model
Checking oftline with TINA:

[0.1]

receiver_1_srcve

receiy

receiver_1_sack
/* Properties */

/* absence of deadlocks [true] */
property ddlf is deadlockfree
assert ddlf

/* send packet or ack possible => buffer empty [true] */
property safe is 1tl [] ((abp/1/state send => abp/2/value (empty buff)) and
(abp/4/state ack => abp/3/value (empty buff)))

abp_1_painp

r_1_tZ2_Ruffer_2_t0
assert safe

abp_1_pnout

/* any message sent is eventually received [false] */
property works is 1tl ([] (abp/1/state send => <> abp/1/state idle)) receiver_1_tl_buffer_1_t1
assert works

/* 1if message or acknowledgement not lost infinitely often, then any message sent is eventually received [true] */
property worksif is 1tl ((not ([] <> abp/2/tag lost or [] <> abp/3/tag lost)) => [] (abp/1/state send => <> abp/1l/state idle))
assert worksif

[0v1]

sendsr_1_swaita [0p1] abp_1_paout

sender_¥_ssend buffer_2_t2

e temporal properties in
LTL,

e ... and patterns

buffer_2_tl_sender_1_t2

=ender_
sener_1_t0
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H-FIACRE an extension for Runtime
Verification, along the HIPPO Engine

 H-FIACRE is FIACRE plus these “extensions”:

e external events can be connected to event
ports with external C/C++ function calls

e external functions can be called in Fiacre
fask

o start task(args) (call the task with args),

e the C/C++ faskis executed in its own
thread

e sync task value (to wait for the fask to
finish and return a value)

« HIPPO is an engine able to run the time TTS
model resulting from a H-FIACRE model

Journée 2RM Robotique Mobile, 2021

int, id nat end

is array 2 of tyEvt

type tyEvt is record time
type tyDblEvt

tyEvt

event e : ix: cuclick
task t (tyDblEvt) : nat is c_print

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

first event, assign value

walt second event, assign Ve

start task t *x/

end of task t =x/
{time=0,id=0}];

© Félix Ingrand, LAAS-CNRS 19



H-Flacre behavior in Flacre

type tyEvt is record time : int, id : nat end process p_task_t [
type tyDblEvt is array 2 of tyEvt TSR GLED S EETRRSS
L _ZCVEE T, E ACEWEEE 2, coo, G aCRIVELEE [T : tyln,
. t_terminated_1, t_activate_2, ... t_activate_n : tyOut
3 1 is
task t (tyDblEvt)

nat is c_prinpr—

states waiting, running, synchronizing, terminating

B - var param : tyIn, ret : tyOut
process double_event 1s from waiting

states wait_first, wait_second, start_print, wait_print select
var tmp : tyDblEvt := [{time=0,id=0}, {time=0,id=0}], ret : nat
from wait_first
e?tmp [0]; /* wait first event, assign value to tmp[0] =*/
to wait_second
from wait_second
select
wait [200,200];
to wait_first
(Je?7tmp [1]; /* wait second even
to start_print
end

t_activate_17?param; to running
t_activate_27?param; to running

t_activate_n?param; to running

end
from running
ret := c_foo(param); /x The computational function is called */
wait[$bcrt, $wcrt]l; /* simulate the WCRT =%/
to synchronizing
from synchronizing
t_SyncGlobal; /* Synchronization with the global tick */
to terminating
from terminating
select /x The return value are written */
t_terminated_1 ! ret; to waiting

assign value to tmp[1] */

start t (tmp);
to wait_print

start task t x*x/

from wait_print t_terminated_2 ! ret; to waiting
[sync t ret;}+ﬂ—1v;t er—ot—tas Tt %/ -
tmp := [{time=0,id=0}, {time=0,id=01}]; [\ t_terminated_n ! ret; to waiting
to wait_first end

Journée 2RM Robotique Mobile, 2021 © Félix Ingrand, LAAS-CNRS 20



H-Flacre behavior in Flacre

type tyEvt is record time : int, id : nat end process p_task_t [
type tyDblEvt is array 2 of tyEvt TSR GLED S EETRRSS
L _ZCVEE T, E ACEWEEE 2, coo, G aCRIVELEE [T : tyln,
. t_terminated_1, t_activate_2, ... t_activate_n : tyOut
3 1 is
task t (tyDblEvt)

nat is c_prinpr—

states waiting, running, synchronizing, terminating

B - var param : tyIn, ret : tyOut
process double_event 1s from waiting

states wait_first, wait_second, start_print, wait_print select
var tmp : tyDblEvt := [{time=0,id=0}, {time=0,id=0}], ret : nat
from wait_first
e?tmp [0]; /* wait first event, assign value to tmp[0] =*/
to wait_second
from wait_second
select
wait [200,200];
to wait_first
(Je?7tmp [1]; /* wait second even
to start_print
end

t_activate_17?param; to running
t_activate_27?param; to running

t_activate_n?param; to running

end
from running
ret := c_foo(param); /x The computational function is called */
wait[$bcrt, $wcrt]l; /* simulate the WCRT =%/
to synchronizing
from synchronizing
t_SyncGlobal; /* Synchronization with the global tick */
to terminating
from terminating
select /x The return value are written */
t_terminated_1 ! ret; to waiting

assign value to tmp[1] */

start t (tmp);
to wait_print

start task t x*x/

from wait_print t_terminated_2 ! ret; to waiting
[sync t ret;}+ﬂ—1v;t er—ot—tas Tt %/ -
tmp := [{time=0,id=0}, {time=0,id=01}]; [\ t_terminated_n ! ret; to waiting
to wait_first end
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S GenoM workflow

e Execution Tasks
(periodic or aperiodic) Templates
e Services

* Attribute, function (control task) template
e Activity (execution task) pocolibs

e automata
e and attached codels W|th
WCET

(
. ol p p
dor "Move af the given dista pauge..S "
validate controlDistanca (1n dist %e», 11 stata.position); codelz tOp
: 0 ause s1
rodel <stert> moStortFngina(in disiRel, in state.nosition,

out posRef) yield =xer, ether; ) er
codcl <exce> mcGoto-osition(in cpecd<cf, 11 posKef, incut steto,

pocolibs
modules

si
codel |_s1

template

+ Moaile) yield exec, end;

ros-comm

Component
Specification

O Ly / Component
rrul\- VoM tor (1N doual e mator = @ Monitored gRsn | ite " A F y F COdeIS

out dousle position)

coc "Monitor the passcge on tha gigFn positiopdll

validate controlPosition (in monitor)yy
i AN (: 13;
codel «start> monitor(in monitor, in g )
2l « rStop tilds, g

0 =4 Togl® monitor of
0 4
throw TO( R_ g Loacr od by start. )
¥ Viglds Lo stort, stop 4
ws TOO FAR AMAY. ;
WV /
p nt
const doub + )

do.ble oot
== Activity .
3 dDist = lds->ctate.cpeed * dems tasi ghriod = sowo milligcond;
/=* validaticn cogfl of if (fabs (*mo-itor - 1ds-»stats.posigfion) - dbist) {
anc Monitog? srintf (“dict % mon BF pos SR dDist, ~muiitor@fds->state.position);

p returs demn_stop;
} ¥/
return dero_start;

b

demo_ovent % Codel monilorStos off @ L\,

cortrolFosition{const douable * )]
{ * Irigger=d hy stop

= Yields ]
if (*posRef > DEMO_MACHINE_LENGTH/Z | = |-rews 100 2R_amay
*posRef « -DEMO_MATHINE_LENGTH/2)

ros-comm

ratiurn demn_TOO_FAR_ANAY; demn_cvent
3 (consi demo_vds *
4 .
returrn denc *position = ids-»state posiees I I IO u eS
¥ return Jero ether;

b
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Az il GenoM workflow

Execution Tasks
* (periodic or aperiodic) Templates
Services
* Attribute, function (control task) template ) -
e Activity (execution task) pocolibs j

e automata

e and attached codels with

WCET oL

pocolibs
modules

ove 0
validate controlDistanceCin distef, 11 stata.position);

template

r
SRV pauge..s1 ’
code|gEtop, ; O
F, 5\ Jause\si
6D e
X " ether i p ,

ros-comm

— e / | Component
Sidniel = - 3 p N, 3
it ty Mo tor (]n anm e myntor = 0 "Momtored .i') ute 074 nmnm g A ‘ ;OdeIS
out dousle position F y 4
4 2
P 7
" iy 4 4 -
&

coc Monitor the passcge on the
validate con sition (in monito
codel «start> mor n monitor, in g
codzl «stop> mor ) tilds, g 4
task mot P 4 - y ¢
throw TOO R. P V. s F
[ — o y ng I ne
re
, 'E ; [INA
--= Activity o and Mori t
s vatsaation ol o o model

= anc Monitoy

/ template
/ Fiacre checking

const double *

if (rposRef » DEMDMACHINE_LENGTA/Z || - | oo
“posRef « -DEMO_NATHINE_LENGTH/2) =/
ratirn demo_TON_FAR_ANAY; fom_pven
}
return denc ok;

rOs-comm B
modules |

Fiacre

model | ——
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Template FIACRE

Compo@

Ve

->|

Codely

)

template
Codels [ FiaF():re ]
WCET
TCL/C/
Fiacre

Component
Specification

Codels Libgioo
1001

pocolibs/ros-
0109
comm Lk

(¢ )

HippoEngine

. 0100
Lib oqt

Compile ] >
\ 7]
\
Component Hippo
pocolibs/ros-comm —l>[ Compiler
Source '{/':}

Hippo
pocolibs/ 8
ros-comm
Ccomponen

(el ]e]

Linker ’?}

(o

-hippo A
Component
Fiacre Hippo

Structures

Online

TTS

( H-Fiacre )

¢ )

hippo toolchain

Component
Fiacre Verif

—1>[ frac —ttsg}]—D

TTS
Model

| Tina Verification
5 report

( Fiacre )

TTS .
L) Ofﬂ I ﬂe verification toolchain
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Clients

ReportsT Requests
Control Task Attribute

7 and
Function

Services

e A

What is the content of the
formal specifications

Interna Data
Structure

All the algorithms are programmed
in FIACRE

genom_event S 1

codel_sl(port in pl, port out p2, ..
ids in il, ids out i2, ..
local in 11, local out 12, .)
{ if .. {

“’hilf"_ -1 C/C++ code

} else {
return pause::sl;
}

for ( . ey ) {
return 52

}

Journée 2RM Robotiqgue Mobile, 2021 © Félix Ingrand, LAAS-CNRS
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Clients

ReportsT Requests
Control Task Attribute

7 and
Function

Services

e A

What is the content of the
formal specifications

Interna Data
Structure

All the algorithms are programmed
in FIACRE

genom_event S 1

codel_sl(port in pl, port out p2, ..
ids in il, ids out i2, ..
local in 11, local out 12, .)
{ if .. {

“’hilf"_ -1 C/C++ code

} else {
return pause::sl;
}

for ( . ey ) {
return 52

}
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Clients

ReportsT Requests
Control Task Attribute

7 and
Function

Services

What is the content of the
formal specifications

In

)

Ports

@

All the algorithms are programmed
in FIACRE

L N
Activity Services _ .Permanent Activities \‘

... except the specific user defined
C/C++ code which is inside a codel
(abstracted with a WCET (TINA) or

really executed (Hippo) )

if .. '
‘ vhite - C/C++ code

Y }
} else {
return pause::sl;
}
.1

for ( .., .., ..)
rn s2;
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FIACRE implementation

All internal algorithms are rewritten
as FIACRE/H-FIACRE processes

Clients

ReportsT

Control Task

Clients

API
ROS Service call
Requests
Attribute ROS

ROS Action send_goal
7 and Node
Function CJFiacre

ROS |
Services A O] :]Processes

r

CallbackQueue
N

ROS
Topics
Internal Data Subscribe

Structure
Publish

Internal Data
Structure
IDS

Ports

[ o

eth a
Fiacre

_ But the. codels a8
R [ remain the )

,
\

enad
ether S
end
codel_end

}

for ( .., ..

return s2;

s

}

end
codel_end

. A < . e P \
Activity Services _.Permanent Activities 1 - \
el \ -7 \\
[ \ I I |
S a e Activity Fiacre Automata
D
codel_start
| s
\ genom_event \ codel s1
\ codel_sl(port in pl, port out p2, ..
\ ids in il, ids out i2, .. stop
\ local in 11, local out 12, ..) codel_stop paL7&s1 B
\ { if .. { -
0 aq S
] . | while .. { ause\s1
\ C/C++ code etxer =
}
WC ET } else { codel_s3 82
return pause::sl;
N (@) | e
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Minnie Flacre moagel

Flacre model (42000 loc
for all the components

!* --- Generated by genom 2.99.38. Do not edit ---=---cccmmmmmmmcaaaaaaa v 4

/* This module is automatically generated.

Services codels are called with the Hippo engine.
Model time frequency: 10000 Hz
hippo2fiacre: @

Port Mapping:

INavigation_Pose pom_frame
RWLSensor_Pose pom_frame
PotentialField_Scan LaserDriver_Scan
PotentialField_Target Navigation_Target
PotentialField_Pose pom_frame
:SafetyPilot_Scan LaserDriver_Scan
|SafetyPilot_PFCmd PotentialField_PFCmd
{RobotDriver_Cmd SafetyPilot_Cmd
pom_measure RobotDriver_PoseOdometry

w4
|
/* consimet Sedie L9920 S 100l Help Service
|7/ Code c 4 8B i % Bipa o @ L | Measw
| £ h\ - ~ / AN
type fc X 4 /o Yo,21
| el robnap,1_t2 Yo.01  HenitorReetuo e obloco_2_t3 MonitorRect_ roblSeE A to |
> MonitorRect _ pibbiBeotl. robloco_:
Task - hariags “robSin/1_toThsk _manage. _robsin_1_t2 ‘;.jm,,,__Flm__mb,,“:‘L,Dgggggggg robmot ion_2_t11
. uny - ’ tP
_fuse__robap_1_sread.  laser__  Task__nana robe 1A esther__ [0,0] - 1%;'¢t5,agn ﬁ;g\g# npbleto_1_sstop__  [MieMhp__nanage__nap__robsim_1_sstan nr
- ST PR s)e
)

\end

\ GotoPosition>

™
7/ type@] \ [0.5] Ps
jconst G rabmap,x,zqsesnant,,r ololap 12612
const

\
robnot iog_2_t20

const G FuseStart__fuse._rodigp_1Zsurite Znap__2 /' GotoPosit ion_ o _robsin_1_t2
, GotoPosition__p robmot ion_2_t 19

const € ot ion_2_send__2 /0.0

| e /

| {

type GE / \

| 10 / \

GotoPosit ion__plar),

type roksiilsdritetlien [0q4

nap_1_tll

\\
otion 2 t12\

oM}

GotoPosition__

[0.0]

0,01 /

fo.0] InitlaserPort _roblaser_2_t0

SetPos__odo__robloco_2_sstart__2

\
bp.01

1 o/

W

[0,010. 1] o

-sFinish Ay 0,0]/
LET (ﬁdlﬂse{la\sgﬂﬂl £8/% o Grodlaser 1 o134
1aat n_be ng r

viga bad_t

Navigation_read_init_pose_port_fcr

Navigation_plan_path_fcr

Navigation_read_pose_port_fcr

Navigation_execute_path_fcr

CT__robsin_1_s

e_name_f

9 components
9 ports
(13 + 9) tasks (period)

38 activity services (with automata)
41 function services
43 attribute services

170 codels (14k loc) and-their WCET
200k-loc for all components +libraries
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Minnie Flacre moagel

Flacre model (42000 loc
for all the components

!* --- Generated by genom 2.99.38. Do not edit ---=---cccmmmmmmmcaaaaaaa v 4

/* This module is automatically generated.

Services codels are called with the Hippo engine.
Model time frequency: 10000 Hz
hippo2fiacre: @

Port Mapping:

INavigation_Pose pom_frame
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PotentialField_Scan LaserDriver_Scan
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w4
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> MonitorRect _ pibbiBeotl. robloco_:
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_fuse__robap_1_sread.  laser__  Task__nana robe 1A esther__ [0,0] - 1%;'¢t5,agn ﬁ;g\g# npbleto_1_sstop__  [MieMhp__nanage__nap__robsim_1_sstan nr
- ST PR s)e
)

\end

\ GotoPosition>

™
7/ type@] \ [0.5] Ps
jconst G rabmap,x,zqsesnant,,r ololap 12612
const

\
robnot iog_2_t20

const G FuseStart__fuse._rodigp_1Zsurite Znap__2 /' GotoPosit ion_ o _robsin_1_t2
, GotoPosition__p robmot ion_2_t 19

const € ot ion_2_send__2 /0.0

| e /

| {

type GE / \

| 10 / \

GotoPosit ion__plar),

type roksiilsdritetlien [0q4

nap_1_tll

\\
otion 2 t12\

oM}

GotoPosition__

[0.0]

0,01 /

fo.0] InitlaserPort _roblaser_2_t0

SetPos__odo__robloco_2_sstart__2

\
bp.01

1 o/

W

[0,010. 1] o

-sFinish Ay 0,0]/
LET (ﬁdlﬂse{la\sgﬂﬂl £8/% o Grodlaser 1 o134
1aat n_be ng r

viga bad_t

Navigation_read_init_pose_port_fcr

Navigation_plan_path_fcr

Navigation_read_pose_port_fcr

Navigation_execute_path_fcr

CT__robsin_1_s

e_name_f

9 components
9 ports
(13 + 9) tasks (period)

38 activity services (with automata)
41 function services
43 attribute services

170 codels (14k loc) and-their WCET
200k-loc for all components +libraries
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Verificat

v Schedulabi
module

ity of execution tasks for each

- We have in the model specific states to detect task overshoot
e.g. ~(velodyne_scan_overshoot v velodyne_pose_overshoot)

v Within rmp440, exclusion of JoystickOn
and Track

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

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

v Worst- Case Response Time (WCRT) to
stop the robot: 141ms

process rmp440_Track_Stopper (&track_started:bool, &track_stopped:bool,
&TrackTask_activities: Activities_rmp440_TrackTask_Array,
Track_index: act_inst_rmp440_TrackTask_index_type) is

states wait_started, wait_stop, wait_delay, finished, robot_stopped, robot_NOT_stopped

from wait_started
wait [0,0];
on (track_started); // wait
to wait_stop

the Track service has started

from wait_stop // (no wait) can stop anytime
TrackTask_activities[Track_index].stop := true;

to wait_delay

from wait_delay
wait [141,141]; //<--- This is the response time value we
to finished

want to measure

from finished
wait [0,0];
if (track_stopped)
to robot_stopped
else
to robot _NOT_stopped //The robot has
end

Journée 2RM Robotique Mobile, 2021

then

//The robot has been stopped before the delay

not been fully stopped yet

Functional Level

on offline with Fiacre/TINA

pose_es = or_pose_estimator::state

BT t3d_pos = or::t3d::pos
P MEME rb = or_rigid_body::state Attribute Service
type pcl Function Service (italic)
joystick = or_joystick::state Activity Service (bold)
-
0se_es
e JOYSTICK NAVIGATION POTENTIALFIELD SAFETYPILOT
Tas!(: |9 Task: publish Task: navigate Task: plan Task: pilot
period: 1'ms aperiodic period: 200 ms period:100ms period: 50ms
Services: Services: Services: Services: Services:
Perrrll,.add_me Perm, Rename GotoPosition StartTrackTargetPort SpeedMergeAndStoplf
Task: filter device_list GotoNode Obstacle
perlqd:1 e SetParams®,
Services: Stop StopTrackTargetPort SetParams*, Stop
Perm
7 . PF
joystick target cmd Cmd
joystick t3d_pos b b
IMU GPS
pose_es 0se_es
IMU GPS 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 | | JoystickOn, GetOneScan, Task: acquisition
Gyro SavePCD aperiodic
SetParams* get_reference set_var_params Services:
ConnectDevice set_reference Stop, log_stop ’ SFa'r.tAcqmsmon
Stop log, log_stop, log_info SetDelay, StopAcquisition, StopGetScans,)
{Setup,Stop}PoseProcessing
uUSsB use Ethernet/TCP

Ethernet/UDP

20



Run Time Verification with
H-FIACRE and HIPPO Engine

 The H-FIACRE model of any GenoM component
can thus be executed by HIPPO

e codels are called in H-Flacre tasks

o external requests (from ROS CallbackQueue or
pocolibs Mbox) are handled with event ports

 The GenoM code and algorithms are now
handled by the H-FIACRE model

Journée 2RM Robotiqgue Mobile, 2021 © Félix Ingrand, LAAS-CNRS
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Regular On Line Verification
with the HIPPO Engine

* The regular H-FIACRE model includes some basic
verification:

 Schedulabillity (period overshoot)
« WCET overshoot

e UPR Uninitialized Port Read
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Run Time Veritication with HIPPO Engine

Functional Level

pose_es = or_pose_estimator::state Aﬂribl’Jte Serv[ce
t3d_pos = or::t3d::pos Function Service
rb = or_rigid_body::state Activity Service
pcl

Jjoystick = or_joystick::state

po&

ose_es
' ' POM joystick Navigation PotentialField SafetyPilot
Task: io . . . Task: pilot
o o Task: publish Task: navigate Task: plan asx: p
Sto p |f Ve | O d yl I e p O I I lt ooy (a2 aperiodic period: 200 ms period:100ms period: S0ms
ervices: Services: Services: Services: saiEEs
\ '?:;IT ,ﬁﬁzﬁj_me Rename GotoPosition StartTrackTargetPort SEEEEEED
L device_list GotoNode
glitee it SetParams®, SetParams*, Stop
Services: StopTrackTargetPort
perm

more than 200ms S

IMU GPS odometry
0se_es ose_es ose_es
IMU gps rmp440 Velodyne Task: pose
. - Task: Motion Task: Track Task: scan period: 10ms
Task: Update Task: io ?Pe”Od'C period: 50ms period: 50ms || period: 10ms  Services:
period: 100ms Services: Services: Services: Services: StartPoseProcessing,
Services: pen:;, unfix, fix_here, Perm, Init,  Track Init, GetScans, SetFixedSensorPose
Measure send_rtcm, connect, JoystickO. GetOneScan
: oystickOn, *  Task: acquisition
disconnect, connect_rtk : acq
Gyro SavePCD aperiodic
SetParams* get_reference set_var_params, Services:
ConnectDevice set_reference Stop, log_stop StartAcquisition
Stop log, log_stop, log_info StopAcquisition, StopGetScans,

{Setup, Stop}PoseProcessing

USB use Ethernet/TCP

Ethernet/UDP

port name
type

GenoM Port
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Run Time Verification with HIPPO

activity Track() {

doc "Start tracking a reference port";
validate trackControl(in rmp);
codel <start>trackStart(inout rs_mode,

out max_accel,

port in cmd_vel) yield track_main, end;
codel <track_main>pumpReference(in rs_mode,

port in cmd_vel,

out ref) yield pause::track _main, end;
codel <end,stop>stopTrack(inout rs_mode,

out ref) yield ether;
task TrackTask;

throw not_connected, port_not_found, bad_ref, cmd_stop_track,
motors_off, emergency stop, power_cord_connected;
interrupts JoystickOn, Track;

Journée 2RM Robotique Mobile, 2021

activity GetScans ( in
in
in
in
{
doc

task scan;

double firstAngle = :"First angle of the scan (in degrees)",
double lastAngle = :"Last angle of the scan (in degrees)",
double period = :"Time in between scan acquisitions”,
double timeout =

"Acquire full scans from the velodyne sensor periodically”;

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

codel<start>
codel<copy_packets>
codel<stamp_packets>
codel<build_scan>

codel<end>

codel<wait>
interrupts
after

throws

:"Timeout used when stamping packets")

velodyneGetScansStart(in acquisition_params) yield copy packets;

velodyneGetOneScanCopyPackets(in acquisition_params, out mutex buffer) yield stamp_packets;
velodyneGetOneScanStampPackets(in acquisition_paranms,

out mutex_pose_data, in timeout) yield pause::stamp_packets,

velodyneGetOneScanBuildScan(in acquisition_params,
in firstAngle, in lastAngle) yield end;
in auto_save _pcd, out auto_save_pcd_count,

velodyneGetOneScanEnd(in acquisition_params,

in auto_save_pcd prefix, port out point_cloud, port out point_cloud2,

yield wait;

velodyneGetScansWait(in period) yield pause::wait, copy_packets;

GetOneScan, SavePCD, GetScans;

Init;

Functional Level

e _params, e_runtime, e_interface, e_not_implemented, e port, e_timeout;

pose_es = or_pose_estimator::state

t3d_pos = or:t3d::pos

build_scan;

inout usec_delay)

Attribute Service
Function Service

rb = or_rigid_body::state Activity Service
pcl
Jjoystick = or_joystick::state
pose |
ose_ey
POM joy igati PotentialField SafetyPilot
Task: io . . ) Task: pilot
L Task: publish Task: navigate Task: plan asc: pi
g:l;l:ig.e;pms aperiodic period: 200 ms peno_d:100ms perlqd: 5_0ms
d d Services: Services: Services: Services:
1‘2:5(“ ’filater H Rename GotoPosition StartTrackTargetPort StoplfObstacle
b device_list GotoNode
period:10ms SetParams®, SetParams*, Stop
Saicess StopTrackTargetPort
perm

joystick
joystick,

target
t3d_pos

PE

Cmd
b

oint
wu aps Joud
ose_es
0se_es = pcl
IMU aps rmp440 velodyne Task: pose
. o Task: Motion Task: Track Task: scan period: 10ms
Task: Update Task: io aperiodic period: 50ms period: 50ms || period: 10ms  Services:
period: 100ms Services: Services: Services: Services: StartPoseProcessing,
Services: perm, unfix, fix_here, Perm, Init,  Track Init, SetFi Pose
Measure send_rtcm, connect, JoystickOn, GetOneScan, -
disconnect, connect_rtk Task: acquisition
d Gyro SavePCD aperiodic
SetParams* get_reference set_var_params, Services: e
ConnectDevice set_reference Stop, log_stop StartAcquisition
Stop log, log_stop, log_info SetDelay, StopAcquisition, StopGetScans,
{Setup,Stop}PoseProcessing
UsB uss Ethernet/TCP Ethernet/UDP
port name
type
GenoM Port




Run Time Verification with HIPPO

activity GetScans ( in double

activity Track() {
doc "Start tracking a reference port";
validate trackControl(in rmp);
codel <start>trackStart(inout rs_mode,
out max_accel,

port in cmd_vel) yield track main, end;
codel <track_main>pumpReference(in rs_mode,

port in cmd_vel,

out ref) yield pause::track_main, end;
codel <end,stop>stopTrack(inout rs mode,
sowEr.

out ref) yield ether;
task TrackTask;

throw not connected, port not found, bad ref, cmd stop track,
motors_off, emergency stop, power_cord connected;

doc
task scan;

in double
in double
in double

firstAngle
lastAngle
period
timeout

"Acquire full scans from the velodyne sensor periodically”;

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

codel<start>

codel<copy_packets>
codel<stamp_packets>

codel<build_scan>

velodyneGetOneScanBuildScan(in acquisition_params,
in firstAngle, in lastAngle) yield end;
in auto_save_pcd, out auto_save_pcd_count,

:"First angle of the scan (in degrees)",
:"Last angle of the scan (in degrees)",
:"Time in between scan acquisitions”,
:"Timeout used when stamping packets")

velodyneGetScansStart(in acquisition_params) yield copy packets;

velodyneGetOneScanCopyPackets(in acquisition_params, out mutex_buffer) yield stamp_packets;
velodyneGetOneScanStampPackets(in acquisition_params,

out mutex_pose_data, in timeout) yield pause::stamp_packets,

e _params, e_runtime, e_interface, e_not_implemented, e port, e_timeout;

Functional Level

port out point cloud, port out point_cloud2,
F e Y T -

pose_es = or_pose_estimator::state

t3d_pos = or:t3d::pos

build_scan;

inout usec_delay)

Attribute Service
Function Service

rb = or_rigid_body::state Activity Service
pcl
Jjoystick = or_joystick::state
pose |
0se_es
POM joy igati PotentialField SafetyPilot
Task: io 7 9 : Task: pilot
L Task: publish Task: navigate Task: plan asc: pi
g:l::ig.e;pms aperiodic period: 200 ms peno_d:1 00ms perlo_d: 5_0ms
d d Services: Services: Services: Services:
?:ST.‘ ’filater H Rename GotoPosition StartTrackTargetPort StoplfObstacle
g device_list GotoNode
perlqd.19ms SetParams®, SetParams®, Stop
Saicess StopTrackTargetPort
perm

IMU
0se_es

joystick
joystick,
GPS
ose_es

target
t3d_pos

Cmd
b 1

point

interrupts Joystickon, Track; codel<end> velodyneGetOneScanEnd(in acquisition_params,
}; S e TPBPMESPEn auto_save_pcd_prefix,
B yield wait;
codel<wait> velodyneGetScansWait(in period) yield pause::wait, copy packets;
interrupts GetOneScan, SavePCD, GetScans;
after Init;
throws
¥
Cmd
rb
odometry
ose_es
rmp440 velodyne Task: pose

Task: Motion Task: Track
period: 50ms period: 50ms
Services: Services:
Perm, Init, Track
JoystickOn,

Gyro

set_var_params,
Stop, log_stop

Journée 2RM Robotique

Init,

Task: scan
period: 10ms
Services:

period: 10ms
Services:

StartPoseProcessing,

, SetFixedSensorPose

GetOneScan,
SavePCD

Task: acquisition
aperiodic
Services:
StartAcquisition

SetDelay, StopAcquisition, StopGetScans,
{Setup,Stop}PoseProcessing

VIUUITIT, ZUZ 1

cloud
pel /
IMU aps rmp440 velodyne Task: pose
- pm Task: Motion Task: Track Task: scan period: 10ms
Task: Update Task: io aperiodic period: 50ms period: 50ms || period: 10ms ~ Services:
period: 100ms Services: Services: Services: Services: StartPoseProcessing,
Services: perm, unfix, fix_here, Perm, Init,  Track Init, tFi e
Measure send_rtcm, connect, q GetOneS -
" JoystickOn, etOneScan, ...
disconnect, connect_rtk ’ ask: acquisition
L g = Gyro SavePCD aperiodic
SetParams* get_reference set_var_params, ST I
ConnectDevice set_reference Stop, log_stop StartAcquisition
Stop log, log_stop, log_info StopAcquisition, StopGetScans,
{Setup,Stop}PoseProcessing
UsB uss Ethernet/TCP Ethernet/UDP
port name
type
GenoM Port




Run Time Verification with HIPPO

copy_pa

pause::wait

<start>
trackStart

pause::track_main

<track_main>
pumpReference

ether <end, stop>
stopTrack

t3d_pos = or::t3d::pos DI I
rb = or_rigid_body::state Activity Service

pcl
‘ m d joystick = or_joystick::state
pose |
rb use_ey

POM joystick Navigation PotentialField SafetyPilot
Task: io " 0 . Task: pilot
o Task: publish Task: navigate Task: plan ask: pl
gerlo_d. 1.0ms aperiodic period: 200 ms period:100ms Eellogieos
enncesad Services: Services: Services: Joriess
$:ST' Yfi?ter -me Rename GotoPosition StartTrackTargetPort Slopliibsiacs
L device_list GotoNode
perlqd.ﬂ(l)ms SetParams®, SetParams®, Stop
Services: StopTrackTargetPort
perm
4 q PF \
joystick target cmd Cmd
joystick, b b
int
odometry i aps I S
0se_es
ose_es a pol.”
IMU aps rmp440 velodyne Task: pose
- Task: Motion Task: Track || Task: scan ESlociis
Task: Update Task: io aperiodic period: 50ms period: 50ms || period: 10ms  Services:

period: 100ms Services: Services:  Services: Services: StartPoseProcessing,
I I lp \’e ( , 'Ie Services: perm, unfix, fix_here, Perm. Init Track Init, Fi
r y I ask- pose Measure send_rtcm, connect, ’ '
.

Pose

JoystickOn, GetOneScan, 1. acquisition
. disconnect, connect_rtk Gyro SavePCD aperiodic
Task: Motion Task: Track || Task: scan period: 10ms

ConnectDevice set_reference

info ST topAcquisr'tiosr:,a rttAo:ql::ts I::r’w‘s
period: 50ms period: 50ms || period: 10ms Services: (Sotup SolPoserrocessny
Services: Services: Services: StartPoseProcessing,
Perm, Init, Track Init,

Joystickon, GetOneScan, Task: acquisition

Gyro el aperi-odic
set_var_params Services:

Sto?o /o_g stop ’ StartAcquisition
T SetDelay, StopAcquisition, StopGetScans,

. . {Setup,Stop}PoseProcessing
Journée 2RM Robotique
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us usB Ethernet/TCP Ethernet/UDP

, SetFixedSensorPose I & o
; 7 G

GenoM Port
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Run Time Verification wit

adoc

<start>

<track_main>

<end

,stop>

Track

<start>
trackStart

ether <end, stop>

stopTrack

Journée 2RM Robotique

<track_main>
pumpReference

GetScans

oun

pause::wait

| ‘j‘]‘:
; Ge |i|| sWait
" Wait

d_scan>
GetOneSc BuildScan

start>
w.g:i;J',‘!&w:ixH‘[ >

stamp_packets>

<build_scan>

odometry
ose_es

Cmd
rb

rmp440

Task: Motion Task: Track
period: 50ms period: 50ms
Services: Services:
Perm, Init, Track
JoystickOn,

Gyro

set_var_params,
Stop, log_stop

velodyne

Task: scan
period: 10ms
Services:
Init, G ans
GetOneScan,
SavePCD

Task: pose

period: 10ms

Services:

StartPoseProcessing,
, SetFixedSensorPose

Task: acquisition
aperiodic
Services:
StartAcquisition

SetDelay, StopAcquisition, StopGetScans,

{Setup,Stop}PoseProcessing

VIUUITIT, ZUZ 1

etl

point

ether

er’ w

<start>
GetScansStart

copy_packet

<copy_packet>

GetOneScanCopyPackets

e

OPV pPacCKe

ner

stamyp_\packet

~clo <stamp_pfacket>
GetOneScapStampPackets

pau e::stamp_packet

t3d_pos = or:t3d::pos

rb = or_rigid_body::state Ac‘lVltV Servlce
pcl
Jjoystick = or_joystick::state
pose
0se_es
POM joy ig PotentialField SafetyPilot
Task: io . . . Task: pilot
et Task: publish Task: navigate TaS_K plan ask: p
gzlryl‘?ig.e;pms aperiodic period: 200 ms per|o_d:100ms perlo_d: 5_0ms
rid Services: Services: Services: Services:
$:ST.' ’filater H Rename GotoPosition StartTrackTargetPort StoplfObstacle
g device_list GotoNode
perlqd.ﬂ(l)ms SetParams®, SetParams®, Stop
Seices: StopTrackTargetPort
perm

joystick
joystick,

target

PF
b

oint
IMU GPS gloud
0se_es,
0se_es X pcl/
IMU aps rmp440 velodyne Task: pose
: A Task: Motion Task: Track Task: scan period: 10ms
Task: Update Task: io aperiodic period: 50ms period: 50ms || period: 10ms  Services:
period: 100ms Services: Services: Services: Services: StartPoseProcessing,
Services: perm, unfix, fix_here, perm, Init,  Track Init, ) Pose
Measure send_rtcm, connect, " GetOneS o
0 JoystickOn, etOneScan, . .
disconnect, connect_rtk ’ : acquisition
’ - Gyro SEEAEY aperiodic
SetParams* get_reference set_var_params, Services: .
ConnectDevice set_reference Stop, log_stop StartAcquisition
Stop log, log_stop, log_info

USB

StopAcquisition, StopGetScans,
{Setup, Stop}PoseProcessing

usB

Ethernet/TCP Ethernet/UDP

port name
type

GenoM Port




Run Time Verification wit

adoc

<start>

<track_main>

<end

,stop>

Track

<start>
trackStart

ether <end, stop>

stopTrack

Journée 2RM Robotique

<track_main>
pumpReference

GetScans

oun

pause::wait

: doc <walt>
- Walt

start> ( )
<copy ’awz:wt > \ 3

star ; packets> pCI 1
<build_scan> w ’
end> ( ’ ety

d_scan>
GetOneSc BuildScan
k_main

odometry
ose_es

Cmd
rb

point
cloud
pcl

<start>
GetScansStart

copy_packet

ether

e

point

OPV pPacCKe

<cop
GetOneScanCopyPackets

ner

_packet>

stamyp_\packet

~clo <stamp_pfacket>
GetOneScapStampPackets

pau e::stamp_packet

t3d_pos = or:t3d::pos

rb = or_rigid_body::state Ac‘lVltV Servlce
pcl
Jjoystick = or_joystick::state
pose
0se_es
POM joy ig PotentialField SafetyPilot
Task: io . . . Task: pilot
et Task: publish Task: navigate TaS_K plan ask: p
gzlryl‘?ig.e;pms aperiodic period: 200 ms per|o_d:100ms perlo_d: 5_0ms
rid Services: Services: Services: Services:
$:ST.' ’filater H Rename GotoPosition StartTrackTargetPort StoplfObstacle
g device_list GotoNode
perlqd.ﬂ(l)ms SetParams®, SetParams®, Stop
Seices: StopTrackTargetPort
perm

target

joystick
joystick,

®

rmp440

Task: Motion Task: Track
period: 50ms period: 50ms
Services: Services:
Perm, Init, Track
JoystickOn,

Gyro

set_var_params,
Stop, log_stop

velodyne

Task: scan
period: 10ms
Services:
Init, G ans
GetOneScan,
SavePCD

Task: pose

period: 10ms

Services:

StartPoseProcessing,
, SetFixedSensorPose

Task: acquisition
aperiodic
Services:
StartAcquisition

{Setup,Stop}PoseProcessing

SetDelay, StopAcquisition, StopGetScans,

oint
13y e gloud
0se_es,
0se_es, ¢ 55 /
IMU gaps rmp440 velodyne Task: pose
: A Task: Motion Task: Track Task: scan period: 10ms
Task: Update Task: io aperiodic period: 50ms period: 50ms || period: 10ms  Services:
period: 100ms Services: Services: Services: Services: StartPoseProcessing,
Services: perm, unfix, fix_here, perm, Init,  Track Init, ) Pose
Measure send_rtcm, connect, q GetOneS -
" JoystickOn, etOneScan, . .
disconnect, connect_rtk ’ : acquisition
d g Gyro SavePCD aperiodic
SetParams* get_reference set_var_params, SEEEs
ConnectDevice set_reference Stop, log_stop StartAcquisition
Stop log, log_stop, log_info StopAcquisition, StopGetScans,
{Setup, Stop}PoseProcessing

USB usB

VIUUITIT, ZUZ 1

Ethernet/TCP

Ethernet/UDP

port name
type

GenoM Port




Run Time Veritication with HIPPO

GetScans

<start>
Track() { GetScans ( : GetScansStart
doc - f

oun

pause::wait

copy_packet
<start> ( ’
, " doe <wa|t> ‘ <copy_packet>
cmd_vel) , ; ; Wa't ether GetOneScanCopyPackets
<track_main> ( , ;
\U"C vel, ,—._' pomt ' eiher
) . , ; <start> ( \ )
ond <tons ,, , cloud |-
<end,stop> ( , <copy_packets> D @A TR w )
Track ) - <stamp_packets> pcl ks, starjp_packet
<build_scan> i m ’ ’ ” |
‘—"-f‘ﬂwd'—"_ ‘ > etl
<start> o
trackStart Qait>

point_c W
<stamp_placket>
GetOneScapStampPackets
d_scan>
GetOneSc BuildScan
an

pau e::stamp_packet

-
-m
pause::tra¢k_main
ether spy-packe
t3d_pos = or::t3d::pos e Vet vive
rb = or_rigid_body::state Ac‘lVltV Service
pcl
C r r Id Jjoystick = or_joystick::state
pose |
rb oseo5)
POM lavigati PotentialField SafetyPilot
Task: io " 0 . Task: pilot
et Task: publish Task: navigate TaS_K plan ask: p
g:lr,l‘?ig'e;.oms aperiodic period: 200 ms per|o_d:100ms perlo_d: 5_0ms
S C r d d Services: Services: Services: Services:
$:ST.' ’filater H Rename GotoPosition StartTrackTargetPort StoplfObstacle
g device_list GotoNode

perlo_d.ﬂ(l)ms SetParams®, SetParams®, Stop

Saicess StopTrackTargetPort

perm

target

PF
b

b
I point

point
cloud @ &

odometry
ose_es

cloud
pel /
IMU aps rmp440 velodyne Task: pose
pCI Task: i sl Task: Motion Task: Track Tas_k: scan perio_d: 10ms
Tiiiﬁd%ggiris Sae?'viclgs?pe ode period: 50ms gerio'd: soms geno'd: e :?an;:?s:eProcessin
rm 440 Ve I od n e . gervicés: perm, unfix, fix_here, ,S,Z:\:Eﬁ:it, Tfa“éllfe& In?trzl P tFi rvag ’
p y TaSk. pose Measure :‘ies'::do_::lce"clt’,iz':\l(::t:rtk é;\:ztickOn, g:‘tl:;‘e:ican, ;’;sel:i:oadt?guisition
. H . . 1 . o Services:
Task: Motion Task: Track Task: scan period: 10ms s e s varpaa,  Saestion
period: 50ms period: 50ms || period: 10ms  Services:
. . . .

{Setup, Stop}PoseProcessing

Services: Services: Services: StartPoseProcessing,

Perm, Init, Track Init, GetScans, SetFixedSensorPose
JoystickOn, GetOneScan, ) .
G SavePCD Task: acquisition

yro ave aperiodic
set_var_params Services:
Sto?a, /o_g_stop S’.tallr.tAcqumltlon
SetDelay, StopAcquisition, StopGetScans,
{Setup,Stop}PoseProcessing

us usB Ethernet/TCP Ethernet/UDP

port name
type
! GenoM Port
N\ T .
. .
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Run Time Verification with Hippo (Minnie)

[Brocess Velodyne Scans rmp440 Track Stopper(
&scan_updated:bool,
&TrackTask activities: Activities rmp440 TrackTask Array,
Track index: act_inst rmp440 TrackTask index type) is

states monitor_start, monitor_wait, monitor_error
var ignorep:nat

from monitor_start
ignorep := fiacre_c_print_patch_trace(6); / {0, "monitor_start entered"} /* 6 */
on (scan_updated);
ignorep := fiacre_c_print_patch_trace(7); / {0, "monitor_start scan_updated"}, /*7*/
scan_updated := false;
to monitor_wait

from monitor_wait

ignorep := fiacre_c_print_patch_trace(8); / {0, "monitor_wait entered"} /* 8 */

select
wait [200,200];
ignorep := fiacre_c_print_patch_trace(0); / {0, "monitor_wait 200 ms elapsed"}, /*0*/
to monitor_error

[]
on (scan_updated);
ignorep := fiacre_c_print_patch_trace(1); / {0, "monitor_wait scan_updated."}, /*1%*
scan_updated := false;
to monitor_wait

end

from monitor_error

ignorep := fiacre_c_print_patch_trace(4); / {0, "monitor_error entered"},/* 4 */

if (TrackTask activities[Track index].status = ACT_RUN_FCR) then
ignorep := fiacre_c_print_patch _trace(2); // {0, "monitor_error stopping Track"}, /*2*
TrackTask activities[Track index].stop := true

else
ignorep := fiacre_c_print_patch_trace(9) // {0, "monitor_error nothing to stop"}, /*9 *

end;

ignorep := fiacre_c_print_patch_trace(5); / {0, "monitor_error to monitor_start"},/* 5 */

to monitor_start
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Run Time Verification with Hippo (Minnie

firom velodyne_end_fcr
on (scan_turn = GetScans _index);
ignorep := fiacre_c_print trace(2712) /* (2) velodyne Activity GetScans is getting control in state velodyne_end. */;
if (scan_act|V|t|es[GetScans_mdex] state = velodyne_stop_fcr) then
to velodyne_stop_fcr
end;
on (
(not (control_running_codel = velodyneEnableScanAutoSaving)) and
(not (control_running_codel = velodyneDisableScanAutoSaving)) and
(not (control_running_codel = genom_velodyne SetDelay controlcb)) and
(not (control_running_codel = genom_velodyne_SetPCL2PubCyle controlcb)) and
(mutex_ports[velodyne_point_cloud_port] = no_codel) and
(mutex_ports[velodyne_point_cloud2_port] = no_codel) and
true
);
ignorep := fiacre_c_print_trace(2713) /* (2) velodyne Activity GetScans calling codel velodyneGetOneScanEnd. */;
mutex ports[velodyne point_cloud_port] := velodyneGetOneScanEnd port codel;
mutex_ports[velodyne_point_cloud2_port] := velodyneGetOneScanEnd_port_codel;
scan_running_codel := velodyneGetOneScanEnd;
start Fiacre_velodyne_codel_service_GetScans_end_task(scan_activities[GetScans_index]);
to velodyne_end_sync_fcr_

from velodyne_end_sync_fcr_
sync Fiacre_velodyne codel service_GetScans _end task state;
ignorep := flacre_c_prlnt_trace(2714) /*(2) veIodyne Activity GetScans returned from codel velodyneGetOneScanEnd. #/;
mutex_ports[velodyne_point_cloud_port] := no_codel;
mutex_ports[velodyne_point_cloud2_port] := no_codel;
write ports[velodyne_point_cloud_port] := true;
ignorep := fiacre_c_print_patch_trace(3); // {0, "scan_updated in GetScans:velodyneGetOneScanEnd"}, /*3%*/
scan_updated := true; // This is used to monitor the scan port being updated.
w write ports[velodyne_point cloud2 port] := true;
scan_running_codel := 0;
to velodyne_end_dispatch_fcr_

from velodyne_end_dispatch _fcr_
wait [0,0];
it (
state = velodyne_wait fcr or
false) then
scan_activities[GetScans_index].state := state;
scan_activities[GetScans_index].status := ACT RUN_FCR;
ignorep := fiacre_c_print_trace(2715) /* (2) velodyne Activity GetScans NOT done for this cycle, back to ET. */;
scan_turn := Nb act inst_ velodyne scan;
if (state . velodyne ‘wait _fcr) then
to velodyne wait fcr
end;
to start_// never reached
else
ignorep := fiacre_c_print_trace(2716) /* (1) velodyne Activity GetScans EXCEPTION... */;
to exception
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[mosh] felix@minnie-superbase: ~/work/minnie/vv/build-hippo-ros-mon/fiacre-ros

File Edit View Search Terminal Help
Scan already in local copy.
Sending safe command: 1 @ m/s, a @ deg/s
Arrived at goal -35.3691 2.2374

PF cmd: 1 0.000000 m/s, a 0.000000 deg/s
ra == Measure # 2D Pose Estimate # 2DNavGoal @ Publish Point Got a PointCloud of 46080 width, 1 height, size 46080.
259.822055 [*** FiacreModel ***] minnie --PATCH-- scan_updated in GetScans:velodyneGetOneScan
<
End
t 259.822267 [*** FiacreModel ***] minnie --PATCH-- monitor_wait entered
259.822271 [*** FiacreModel ***] minnie --PATCH-- monitor_wait scan_updated

Sending safe command: 1 @ m/s, a @ deg/s

Scan already in local copy.

Sending safe command: 1 @ m/s, a @ deg/s

Arrived at goal -35.3691 2.2374

PF cmd: 1 0.000000 m/s, a 0.000000 deg/s.
Scan already in local copy.

tSend'\ng safe command: 1 @ m/s, a 0 deg/s

°(49999999999999999999949

—— - STALL
minnie

H9999999999999999999949

the yaw.

131.25051508670538

eltclsh > ::rmpa4e::Joystickon

eltclsh > Navigation::Go

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

" eltclsh > navigation_track

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

rmp440::5
wall Time: 1591171630.71 Wall Elapsed: |163.90 Experimental eltclsh > Navigation::Go
- ::Navigation:: Ny ::Navigation::GotoPosition ::Navigation::GotoTarget
ht-Click/Mouse Wheel:: Zoom. Shift: More options. 4fps eltclsh > otoNode power g

hitps://youtu.be/vXZIW5tOGS:
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[mosh] Felix@minnie-superbase: ~/work/minnie/vv/build-hippo-ros-mon/fiacre-ros om0

File Edit View Search Terminal Help

Scan already in local copy.

Sending safe command: 1 6 m/s, a 0 deg/s.
Arrived at goal -35.3691 2.2374

File Edit View Search Terminal Help

PF cmd: 1 0.000000 m/s, a 0.000000 deg/s.
ra ™ Measure # 2D Pose Estimate # 2DNavGoal @ Publish Point Got a PointCloud of 46080 width, 1 height, size 46080.
259.822055 [*** FiacreModel ***] minnie --PATCH-- scan_updated in GetScans:velodyneGetOneScan
C
End
259.822267 [*** FiacreModel ***] minnie --PATCH-- monitor_wait entered
259.822271 [*** FiacreModel ***] minnie --PATCH-- monitor_wait scan_updated

Sending safe command: 1 © m/s, a 0 deg/s.

Scan already in local copy.

Sending safe command: 1 ® m/s, a © deg/s.

Arrived at goal -35.3691 2.2374

PF cmd: 1 0.000000 m/s, a 0.000000 deg/s.
Scan already in local copy.

tSending safe command: 1 © m/s, a 0 deg/s.

¢/ *,/|999999999999999999949499

899999999999999999qqqqq

the yaw.

131.25051508670538

eltclsh > ::rmp440::JoystickOn

eltclsh > Navigation::Go

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

eltclsh > navigation_track

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

rmp440::5
wall Time: 1591171630.71 wall Elapsed: 163.90 Experimental eltclsh > Navigation::Go
- ::Navigation: :GotoNode ::Navigation::GotoPosition ::Navigation::GotoTarget

ht-Click/Mouse Wheel:: Zoom. Shift: More options. 4fps  eltclsh > ::Navigation::GotoNode power &

b
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lake home messages

* (GenoM offers a high level specification language...
e ... along atemplate mechanism

e to automatically synthesize:
e components for various MW (e.g. ros-comm, pocolibs)

e but also their equivalent formal models (e.g. FIACRE)

* which can be used for offline veritication (TINA)

* and online runtime verification (Hippo) with added formal
monitor

 Can be used for others robotic application (e.g. drones)
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Software and Papers

Useful links:

GenoMS3 hitps://git.openrobots.org/projects/genom3

Template GenoM3-Pocolibs htips://git.openrobots.org/projects/genom3-pocolibs

Template GenoM3-ROS https://git.openrobots.org/projects/genom3-ros

Fiacre http://projects.laas.fr/fiacre/

Tina http://projects.laas.fr/tina/

Hippo https://redmine.laas.fr/projects/genom3-fiacre-template/gollum/hippo

Template GenoMS3 Fiacre (ROS et pocolibs) htips://redmine.laas.fr/projects/genom3-fiacre-template/gollum/index

Drone experiment https://redmine.laas.fr/projects/drone-v-v/gollum/index
containerized (requires gazebo client on the host): https://hub.docker.com/repository/docker/felixfi/hippodrone

Expérimentation sur Minnie RMP440 https://redmine.laas.fr/projects/minnie/gollum/fiacre

Paper on V&V in robotic https://hal.laas.fr/hal-02927311

Paper on Fiacre/Hippo/GenoMS3 https://hal.laas.fr/hal-03017661

Journée 2RM Robotiqgue Mobile, 2021 © Félix Ingrand, LAAS-CNRS 35


https://git.openrobots.org/projects/genom3
https://git.openrobots.org/projects/genom3-pocolibs
https://git.openrobots.org/projects/genom3-ros
http://projects.laas.fr/fiacre/
http://projects.laas.fr/tina/
https://redmine.laas.fr/projects/genom3-fiacre-template/gollum/hippo
https://redmine.laas.fr/projects/genom3-fiacre-template/gollum/index
https://redmine.laas.fr/projects/drone-v-v/gollum/index
https://hub.docker.com/repository/docker/felixfi/hippodrone
https://redmine.laas.fr/projects/minnie/gollum/fiacre
https://hal.laas.fr/hal-02927311
https://hal.laas.fr/hal-03017661
https://git.openrobots.org/projects/genom3
https://git.openrobots.org/projects/genom3-pocolibs
https://git.openrobots.org/projects/genom3-ros
http://projects.laas.fr/fiacre/
http://projects.laas.fr/tina/
https://redmine.laas.fr/projects/genom3-fiacre-template/gollum/hippo
https://redmine.laas.fr/projects/genom3-fiacre-template/gollum/index
https://redmine.laas.fr/projects/drone-v-v/gollum/index
https://hub.docker.com/repository/docker/felixfi/hippodrone
https://redmine.laas.fr/projects/minnie/gollum/fiacre
https://hal.laas.fr/hal-02927311
https://hal.laas.fr/hal-03017661

