Verification of Autonomous Robots
A “humble” Roboticist Bottom Up Approach

Félix Ingrand
LAAS-CNRS

RoboSoft:
Software Engineering for Robotics

Royal Academy of Engineering, London, UK
13-14, November 2019

Travelling from Toulouse to
London for this presentation
has produced

J CO>: 134 k
LAAS £/ COz: 134 kg
CNE’S/

-
—_/ © Félix Ingrand, LAAS/CNRS, 2019 Part of this work is funded by the H2020 European project AI4EU A 4:' '



. ".' % h e o P~ O N R 4o
o “".'_ - s"’,:" - - PR ey BT, NN " & ¢

& oy B~ SRR - & S W 5

v Y 3
"w 4-,-.-, £y Z“ ?.‘» A’ "~ SR o Z %
. R - e, 4
" v - \:r A — 3 - 7] A e «
) el a g \ e - N
5 '- i “.“ b :.:'.-' 7 2 0y 'q i ’ L
A o U e LN
P ' _ »
e"’" 3 " J oy
:m A 2 \ s A
wi ¥ s, . N4 S N y .
4 > » N 5
. - % “« %7
) A ?d -t a
PR 5 - 2
ol - -
y 2 o
B -~ N A
’ 2\ v ~ / A - L) -
% S \ S . (i~ .
/ s 4 [ >
; ] St \\.‘\ N e
I :
!
,

Seqway RMP 440

R&D platform... not an
autonomous car but...
definitely not a foy robot

Fast (up to 8 m/5s)

GPS

Gyro (measures theta/wz)

IMU (angular velocities and acceleratio

2 recent CPUs (but | only use one)
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KEY
< Velodyne lidar sensor FEATURES
— they are used on most "autonomous 7 IS

cars” (except Tesla) '
o POint C|0Ud: 64K 3D pOin'I'S (]'I' ]O HZ". > Upto-1.39 Millon Pointsper ‘

— ...at 5 m/s, Minnie has moved 50cm
while scanning

— you need to register where you are
while scanning

— rebuild the corrected scan
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What do we use

Minnie for?

- Patrolling the parking lot in
the lanes/crossings graph

- without scrafching my
colleague’s car (parked or
moving)

- without bumping in people
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Minnie software

Functional Level

pose_es = or_pose_estimator::state Attribgte Servi.ce
t3d_pos = or::t3d::pos Function Service
rb = or_rigid_body::state Activity Service
pcl
joystick = or_joystick::state
=
ose_es
POM joystick Navigation PotentialField SafetyPilot
Task: io

period: 10ms
Services:
perm, add_me

Task: publish
aperiodic
Services:

Task: navigate
period: 200 ms
Services:

Task: plan
period:100ms
Services:

Task: pilot
period: 50ms
Services:

e Rename GotoPosition StartTrackTargetPort StoplfObstacle
L device_list GotoNode

perlqd.1 (_Jms SetParams*, SetParams*, Stop

Services: StopTrackTargetPort

perm

vt PF \
joystick target G Cmd
9 joystick t3d_pos b rb
IMU GPS odometry
po r S ose_es ose_es ose_es

IMU gps rmp440 velodyne Task: pose
: o —— Task: Motion Task: Track Task: scan period: 10ms
—_— + II' e rI 0 Task: Update Task: io aperiodic period: 50ms Period: 50ms || period: 10ms Services:
period: 10 ims Services: — Services: Services: StartPoseProcessing,
. g Services:
Services: perrcr;,:nflx, f|x_her$, Perm, Init,  Track Init, GetScans, SetFixedSensorPose
Measure send_rtcm, connect, A GetOneScan Aqrr
. JoystickOn , .
) ) ) ) ’ Task: acquisition
disconnect, connect_rtk q
— 38 activity services WITh automata B |
SetParams* get_reference set_var_params, S .
ConnectDevice set_reference Stop, log_stop S U
° ° Stop log, log_stop, log_info StopAcquisition, StopGetScans,
N 4 ] U n c-I- I 0 n Se rVI ces {Setup,Stop}PoseProcessing
UsSB uss . Ethernet/TCP Ethernet/UDP

—43 attribute services

— 170 codels (14k loc) and their WCET i
200k loc for all components + libraries 4

port name
type

GenoM Port

— Everything runs onboard...
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pose |

)’oystick = or_joystick::state

ose_es
POM joystick Navigation PotentialField SafetyPilot
:)—aesr’iko:cll?mms Task: publish Task: navigate Task: plan Ll [plloh
Services: aperiodic period: 200 ms period:100ms period: 50ms
' Services: Services: Services: Services:
?ae;?}iﬁ(;?—me Rename GotoPosition StartTrackTargetPort StoplfObstacle
o device_list GotoNode
period:1 (?ms SetParams?, SetParams*, Stop
Services: StopTrackTargetPort
perm
/ : PF
joystick target cmd Cmd
joystick t3d_pos b b
N\ oint
IMU GPS odometry @d\
pose.es ose._es ose_es pel
IMU aps rmp440 velodyne Task: pose
e Task: Motion Tas.k: Track Tas_k: scan periqd: 1.0ms
Task: Update S P period: 50ms period: 50ms || period: 10ms  Services: _
period: 10 ms ervices. Services: Services: Services: StartPoseProcessing,
Services: perr(;l, unfix, fix_here, Perm. Init Init, GetScans, SetFixedSensorPose
Measure send_rtcm, connect, ' ’ GetOneS
. JoystickOn etunescan, e st
disconnect, connect_rtk ’ - acquisition
= Gyro SavePCD aperiodic
SetParams* get_reference set_var_params, SEMECET N
ConnectDevice set_reference Stop, log_stop I
Stop log, log_stop, log_info StopAcquisition, StopGetScans,

USB

{Setup,Stop}PoseProcessing

USB

N — Y

s ——

Ethernet/TCP

Ethernet/UDP

port name
type

GenoM Port




Minnie’s Velodyne
— 3 tasks

— acquisition to read packets thru
UDP

— pose to store positions from
POM

— scan to build PCL scans from

packets and positions

LAAS
CNRS -~
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m
cloud
pcl /

velodyne Task: pose

1014 Task: scan period: 10ms

'Oms || period: 10ms Services:

5 Services: StartPoseProcessing,
Init, GetScans, SetFixedSensorPose
SIS Task: acquisition
PRI aperiodic

Services:

StartAcquisition

StopAcquisition, StopGetScans,
{Setup,Stop}PoseProcessing

1et/TCP Ethernet/UDP
port name
type
! GenoM Port




Minnie software

Functional Level

pose_es = or_pose_estimator::state Attribgte Servi.ce
t3d_pos = or::t3d::pos Function Service
rb = or_rigid_body::state Activity Service
pcl
joystick = or_joystick::state
=
ose_es
POM joystick Navigation PotentialField SafetyPilot
Task: io

period: 10ms
Services:
perm, add_me

Task: publish
aperiodic
Services:

Task: navigate
period: 200 ms
Services:

Task: plan
period:100ms
Services:

Task: pilot
period: 50ms
Services:

e Rename GotoPosition StartTrackTargetPort StoplfObstacle
L device_list GotoNode

perlqd.1 (_Jms SetParams*, SetParams*, Stop

Services: StopTrackTargetPort

perm

vt PF \
joystick target G Cmd
9 joystick t3d_pos b rb
IMU GPS odometry
po r S ose_es ose_es ose_es

IMU gps rmp440 velodyne Task: pose
: o —— Task: Motion Task: Track Task: scan period: 10ms
—_— + II' e rI 0 Task: Update Task: io aperiodic period: 50ms Period: 50ms || period: 10ms Services:
period: 10 ims Services: — Services: Services: StartPoseProcessing,
. g Services:
Services: perrcr;,:nflx, f|x_her$, Perm, Init,  Track Init, GetScans, SetFixedSensorPose
Measure send_rtcm, connect, A GetOneScan Aqrr
. JoystickOn , .
) ) ) ) ’ Task: acquisition
disconnect, connect_rtk q
— 38 activity services WITh automata B |
SetParams* get_reference set_var_params, S .
ConnectDevice set_reference Stop, log_stop S U
° ° Stop log, log_stop, log_info StopAcquisition, StopGetScans,
N 4 ] U n c-I- I 0 n Se rVI ces {Setup,Stop}PoseProcessing
UsSB uss . Ethernet/TCP Ethernet/UDP

—43 attribute services

— 170 codels (14k loc) and their WCET i
200k loc for all components + libraries 4

port name
type

GenoM Port

— Everything runs onboard...
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One day, the “formal models” Genies gave me

3 wishes models...

FUI‘IC"IOII(II I'evel pose_es = or_pose_estimator::state DU BEE

t3d_pos = or::t3d::pos Function Service
rb = or_rigid_body::state Activity Service
pcl

joystick = or_joystick::state

poQ

ose_es

POM joystick Navigation PotentialField SafetyPilot
Task: io 5 . . . Task: pilot
i Task: publish Task: navigate Tas_k. plan ask: p
gz:'ﬁgé;.oms aperiodic period: 200 ms per|qd:1 00ms perlo_d: 5.0ms
c.i d Services: Services: Services: Services:
_;;aesrlzr'\ ’fiﬁer -me Rename GotoPosi StartTrackTargetPort StoplfObstacle
- device_list GotoNod
e Qms SetParams®, SetParams*, Stop
services: StopTrackTargetPort
perm
g ; B \‘
joystick target e
. ) Cmd
oystick @-Pos b b

BIP (Verimag) re

IMU GPS

pose_es ose_es

IMU aps velodyne Task: pose
. L Task: Motion : Tracl Task: scan period: 10ms
Task: Update Task: io aperiodic period: 50ms Period: 50ms || period: 10ms ~ Services:
period: 100ms Services: Services: Services: Services: StartPoseProcessing,
F‘ TI N A I- A AS TI CS Services: perr:,:nﬂx, fleher:z, Perm, Init,  Track Init, GetScans, SetFixedSensorPose
Measure sc'en _rtcm, connect, JoystickOn, GetOneScan, Tele eaeulsiien
I u c re e r disconnect, connect rtk | | o SavePCD aperiodig
SetParams* get_reference set_var_params, Services: L
ConnectDevice set_reference Stop, log_stop StartAcquisition
Stop log, log_stop, log_info StopAcquisition, StopGetScans,
{Setup,Stop}PoseProcessing

e, UsB } Ethernet/TCP Ethernet/UDP

UPPAAL (UPPsala & AALborg University

port name
type

GenoM Port

LAAS |
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P1 p2(z)

D1

@ x = assign—value ()

full

get next
| \ |

Encoder

|nteru|c'

G : (p1.x > 0)&&(p2.y > 0)
Foup: z = Maz(p1.x, p2.y)

Faown : P1.2 = Dp2.y = 2

on, =

Senderl

Sender2

7

Priorit

LAAS

Max2: s2.r< Maxl: s1.7

v ={s1.r,s2.7}

Maxl1 Max2

¢« & e

S1 r S92
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port type IntPort (int x)

port type ePort ()

atomic type Basic
data int x = 0
export port ePort p; () is p;
export port intPort pa(x) is p2

place empty
place full

initial to empty

on p; from empty to full
do { x = assign-value();}
on p; provided [x > 0]
from full to empty
end

ﬁtomic type Encoder
export port intPort get
export port intPort intPort next
port intPort enc, compute

port intPort ency,

clock x unit millisecond

place ¢
place ¢;
place ¢

initial to qo

Oon _ce Ol _do O _(

when x in [0, -| eager
when x in [50,60] delayable
On o Trom g

when x in [0,50] delayable!
L trom oo 1o o
Iwhen x in [100,120] delayable1

reset x
nd

connector type Max (intPort p;, intPort ps)
data int z
define | pips |

on pip; provided (p.x > 0) && (pr.y > 0)
up { z = Max (p1.x , p2.y);}
down { p1.x = p2.y = z ;}

export port intPort p3(z)

end

connector Max1 (s1, r)
connector Max2 (sg, 1)

priority maximal if (s;.x > sg.x)
Max2 < Max1

BIP Model

Sender

(compound type Sender

component Basic Sendl
component Basic Send2
component Basic Send3

connector Max Max1(Senderl.ps,Send2.ps)
connector Max Max2(Max1.ps3,Send3.ps)
connector Singleton Singl (Sendl.p;)
connector Singleton Sing2 (Send2.p;)

export port Intport p, is Max2.ps
export port Intport p} is Send3.p;

end

10



Run Time Verification with BIP Engine

PN

x = + emac;@ashitakrubuntu.lus.fr
File Edit Options Buffers Tools Help

[ s e [ Q

/* --- Generated by genom 2.99.33. Do not edit --------c-ccccmccccnaaann. *f

/* This model is automatically generated - Mohammed Foughali and Felcam I@I,e BI P m Od el Of II.h e

gps_BIPGenoM3. hpp,IMUDriver_BIPGenoM3.hpp, joystick_BIPGenoM3. hpp,Nav1gat10n BIPGenoM3.hpp,pom_| BIPGenoM3 hpp,PotenttalFleld B2

¥ | Save

@cpp(include="g

iIPGenoM3.hpp,rmp440_BIPGenoM3.hpp,velodyne_BIPGenoM3.hpp,SafetyPilot_BIPGenoM3.hpp,stdio.h,globa funct globalWuncea
itions.cpp,external/gps_BIPGenoM3.cpp,external/IMUDriver_BIPGenoM3.cp i R T 1 IP ,exe
iternal/pom_BIPGenoM3.cpp,external/PotentialField_BIPGenoM3.cpp,extermm ﬁgn og¥nelfB P, gtl afei
ityPilot_BIPGenoM3.cpp")
/* package */ |EI. °
package gps_IMUDriver_joystick_Navigation_pom_PotentialField_rmp440_ U Slny i otf ee13
C 10 COdels.
extern data type genom_gps_abort_activity_activity_ptr
extern data type genom_gps_connect_port_activity_ptr
extern data type genom_gps_connect_service_activity_ptr
extern data type genom_gps_kill_activity_ptr
extern data type genom_gps_get_param_activity_ptr
extern data type genom_gps_get_last_fix_activity_ptr
extern data type genom_gps_connect_activity_ptr

extern data type genom_gps_disconnect_activity_ptr N
extern data type genom_gps_set_rtk_port_activity_ptr

/* definition of external types */
extern data type genom_activity_ptr
extern data type genom_event

extern data type genom_gps connect rtk activity ptr joystick Navigation PotentialField SafetyPilot

o — — — ol der . " . : Task: pl Task: pilot
extern data type genom_gps_set_reference_activity_ptr e Lokl el period100ms perod 5oms

ivi Services: ices: Services: ervices:

extern data type genon_gps_getrrefer(_an_ce_actWIty_ptr Senvices sz:?smon StartrackTargetPort | | Stoplfobstacle
extern data type genom_gps_unfix_activity_ptr device_list GotoNode etParame:
extern data type genom_gps_fix_activity_ptr S | o S
extern data type genom_gps_fix_here_activity_ptr

extern data type genom_gps_send_rtcm_activity_ptr
extern data type genom_gps_rtk_stats_activity_ptr
extern data type genom_gps_log_activity_ptr

B e ()
extern data type genom_gps_log_stop_activity_ptr
extern data type genom_gps_log_info_activity_ptr

I I point\
extern data type genom_IMUDriver_abort_activity_activity_ptr @ '@ J

cloud

extern data type genom_IMUDriver_connect_port_activity_ptr aps T:iﬁse
extern data type genom_IMUDriver_connect_service_activity_ptr Teski Motion Tasks Track || Task: soan - period: 10ms
extern data type genoﬂ_IMUDriVer_ki.ll_activity_ptr gzng;goms g:lx)ic.eioms gerlvic'es: Start_Pas‘ePracessing,
extern data type genom_IMUDriver_SetDevice_activity_ptr o o Track ATy L Tose
extern data type genom_IMUDriver_SetPublishOrientation_activity_ptr Gyo SavePCD
extern data type genom_IMUDriver_SetBaudrate_activity_ptr SetParams*
extern data type genom_IMUDriver_SetVerbose_activity_ptr G
extern data type genom_IMUDriver_Stop_activity_ptr
extern data type genom_IMUDriver_ConnectDevice_activity_ptr
extern data type genom_IMUDriver_GetHeading_activity_ptr
extern data type genom_IMUDriver_Measure_activity_ptr
extern data type genom_joystick_abort_activity_activity_ptr
extern data type genom_joystick_connect_port_activity_ptr

: gps_IMUDriver_joystick_Navigation_pom_PotentialField_rmp440_velodyne_SafetyPilot_BIPGenoM3.bip

rmp440 velodyne

Task: io aperiodic
Services:

perm, unfix, fix_here,
send_rtcm, connect,
disconnect, connect_rtk

Task: acquisition
aperiodic
Services:
StartAcquisition
StopAcquisition, StopGetScans,
{Setup, Stop}PoseProcessing

port name
type

GenoM Port

get_reference
set_reference
log, log_stop, log_info

set_var_params,
Stop, log_stop

R Top L22 Git:master (BIP)

LAAS
CNRS
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Run Time Verification with BIP Engine

atom type propertyXXxX()

clock c unit millisecond
export port Port scanXXX()
export port Port reportXXX()

place tdle, busy Point Cloud is monitored:

initial to idle

- 2 seconds without being refreshed £
=>emergency stop

do {c = 0;}

on scanXXX

from busy to busy
provided (c<= 2000)
do {printf("propertyXxX <= 2000.\n"); c = 0;}

on repor i

b . P _ joystick Navigation PotentialField SafetyPilot
f r om . u sy pol nt | : I_ Task: publish Task: navigate Tas'k:dpzal)no :Z?il:;d?ilso(;ms

ek . . . . erioa: ms -
provided [odometry o S || e Somiohsac
" I d el Rename GotoPosition StartTrackTargetPort oplfObstacle
do { pri n Ose eS tyxxx > zoﬁe . \ n ) ; } C O u i ek CeMcet Sctologe SetParams®, SetParams*, Stop
—_— pC I s StopTrackTargetPort

end

rmp440 velodyne Task: pose I

connector sync4 givel Tgsk: Motion Task: Track | Task: scan periOd: 10ms point
poin| period: 50ms period: 50ms [| period: 10ms  Services: o * I
Point Services:  Services: Services: StartPoseProcessing, v, (B | IR e B,
" Perm, Init,  Track Init, GetScans, SetFixedSensorPose B et e e S ==
connector sync4 g;;s( Joysti ckOn, , Getom Task: ac C]UI sition Ett:r? ;"57{1% _ Stop,log stop. . :t:z%gtstg
Poin| GYro ST aperiodic
prop] Services:

set_var_params,
connector sync2 emer(

connector sync2 emer( StOE ; /Og_Stop ' StartACQI.“SItIOI'I

StopAcquisition, StopGetScans,
{Setup,Stop}PoseProcessing

LAAS
CNRS
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Run Time Verification with BIP Engine

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

activity GetScans ( in double firstAngle
in double lastAngle

in double period
in double timeout

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

port in cmd_vel) yield track main, end; gggk ;ic\ggt.]ire full scans from the velodyne sensor periodically”;

codel <track_main>pumpReference(in rs_mode, ’
port in cmd_vel, validate velodyneGetScansvalidate(in firstAngle, in lastAngle, in period);
out ref) yield pause::track main, end;

codel <end,stop>stopTrack(inout rs mode,
ST

out ref) yleld ether;
task TrackTask;
throw not_connected, port not found, bad ref

, cmd_stop track,
motors_off,

emergency stop, power_cord _connected;

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

codel<build_scan>

velodyneGetScansStart(in acquisition_params) yield copy packets;

velodyneGetOneScanCopyPackets(in acquisition_params
velodyneGetOneScanStampPackets(in acquisition_params,

velodyneGetOneScanBuildScan(in acquisition_params,

, out mutex buffer) yield stamp_packets;
out mutex_pose_data, in timeout) yield pause:

in firstAngle, in lastAngle) yield end;

:stamp_packets, build_scan;

interrupts Joystickon, Track; codel<end> velodyneGetOneScanEnd(1n acquisition_params, 1in auto_save_pcd, out auto_save_pcd_count,
}; n auto_save_pcd_prefix, port out point_cloud, port out point_cloud2, inout usec_delay)
’
yield wait; SN R TP
function Sto { codel<wait> velodyneGetScansWait(in period) yield pause::wait, copy packets;
doc "St irrent Tracking"; interrupts GetOneScan, SavePCD, GetScans;
interrupts JoystickOn, Track;
} ; R after Init;
throws e _params, e_runtime, e_interface, e_not_implemented, e port, e_timeout;
} ; Fumﬁonul I'evel pose_es = or_pose_estimator::state 'A:S’:'Cb;l";: gzm‘f::
::b;i-z(ryfriz zﬁ;gg;?ﬁfa(e Activity Service
pcl
joystick ig; PotentialField SafetyPilot
Task: publish Task: navigate Task: plan Task: pilot
aperiodic perigd; 200 ms gerio_dﬂ ?Oms g:rrl\zg:e s;f)_Oms
?lzrr:;cr::: 22?2;?;“0" S:ar::':::;:kTargetPon StoplfOE;SlaC|e
cenER s CHELELD SetParams®, SetParams®, Stop
StopTrackTargetPort
(oen PF
. O o
pOInt 0se_es 55 /
Odometry gps rmp440 velodyne  Task: pose
CIOUd Task: io aperiodic Tas}( aotion Tas_k : Track Tas_k:;c1a S g::?ig:g;oms
ose—es Services: g:'\?ig;::oms gee:?igég:oms g:?\?ic'es: " StartPos‘eProcessing,
p CI :::Ir:’::rf:‘:::;::x’ Perm: D e I(r;;tt’OneScan . o
4 40 I d disconnect, connect_rtk é;):ztlckOn, SavePCD ’ :;sel:i:oadﬁguisition
rmp ve o yne TaSk: pose getParangz’ get_re;erence set_var_params, gte":i:\es; isiti
. onnectDevice set_reference Stop, log_stop » artAcquisition
Task: Motion Task: Track Task: scan perlod: 10ms Stop log, log_stop, log_info StopAoguistion, StopetSoans,
period: 50ms period: 50ms || period: 10ms  Services: :
Services: Services: Services: StartPoseProcessing,
= - port name
Perm, Init,  Track Init, GetScans, SetFixedSensorPose I
i Getdnegcan . 5 ono =1 . GenoM Port
JoystickOn, SavePCD ’  Task: acquisition e
Gyro aperiodic
Services:
set_var_params, = A
Stop, log_stop StartAcquisition
J —
E StopAcquisition, StopGetScans,
{Setup,Stop}PoseProcessing

© Félix Ingrand, LAAS/CNRS, 2019



Run Time Verification with BIP Engine

|GenoM3 ] PotentialField Exiting PotentialField_cedel_service_StartTrackTargetPort_compute_speed codel with ::Potenti
alField::write_cmd.
[BIP ENGINE]: WARNING: state #2416982 and glebal time 5min3s55ms751usB842ns: vieolation of the following timing constraint ROO
M T.Compound_veledyne_.velodyne_.StartPoseProcessing_velodyne_inst_1:
?SIP ENGINE]:  ROOT.Compound_velodyne_.velodyne_.StartPoseProcessing_velodyne_inst_1 resume [ -INFTY, Smin3s52ms785us699ns

B(BIP ENGINE]: WARNING: state #2416983 and global time 5min3s55ms766usS97ns: vielation of the following timing constraint ROO

T.Compound_PotentialField_.PotentialField_.StartTrackTargetPort_PotentialField_inst_1:
[BIP ENGINE]:  ROOT.Compound_PotentialField_.PotentialField_.StartTrackTargetPort_PotentialField_inst_1 resume [ -INFTY, 5m
1n3s53ms567us36ns )

GenoM3] velodyne Calling velodyne_codel_service_StartAcquisition_main codel.

GenoM3| veledyne Exiting velodyne_codel_service_StartAcquisition_main codel with ::velodyne::poll.

GenoM3 | rmpd44@ Calling rmp440_codel_service_Track_track_main codel.

GenoM3 | rmpd4@ Exiting rmp44®_codel _service_Track_track_main codel with
[BIP ENGINE]: WARNING: state #2416991 and global time 5min3s56ms783us917ns: viola
T.Compound_rmpd46_.rmp446_.Track_rmpd4@_inst_1:
[BIP ENGINE]:  ROOT.Compound_rmpdd®_.rmp44e_.Track_rmp440_inst_1 resume [ -INFTY, 5min3s54ms765us936ns )

[GenoM3] pom Calling pom_codel_task_filter_exec codel.
[BIP ENGINE]: WARNING: state #2417600 and global time 5min3s57ms886usi66ns: violation of the following timing constraint ROO
T.Compound_pom_.pom_.perm_filter_pom:
[BIP ENGINE]:  ROOT.Compound_pom_.pom_.perm_filter_pom resume [ -INFTY, Smin3s54ms869usdSns ]

[GenoM3] gps Calling gps_cedel_task_io_publish codel.
[BIP ENGINE]: WARNING: state #2417662 and global time 5min3s58ms185us203ns: violation of the following timing constraint ROO
T.Compound_gps_.gps_.perm_io_gps:
[BIP ENGINE]: ~ ROOT.Compound_gps_.gps_.perm_io_gps resume [ -INFTY, Smin3s56ms378us755ns )

mp440: :SetRobotYaw
§ SetVerbose PotentialField::SetPsi tf2::SetVerbose
::PotentialField: :SetAlpha ::PotentialField: :SetRepForceDistance ::velodyne::SetDelay
. i i etDistanceToGoal PotentialField::SetVerbose elodyne: :SetFixedSensorPose
etEpsilon SafetyPilot::SetHitMinDistance etVerbose
etHitMaxDistance SafetyPilot::SetMaxSpeed etupPoseProcessing
- etHitMaxZ SafetyPilot::SetMinPCLHLt
::PotentialField: :SetHitMinDistance ::SafetyPilot::SetStopDistance
eltclsh > ::velodyne::SetDelay 2606060
eltclsh > navigation_track
Are you sure the robot is ready and safe to move? (Y/N): y
rmpddo::3
eltclsh > Navigation::Go
::Navigation: :GotoNode ::Navigation::GotoPosition ::Navigation::GotoTarget
eltclsh > ::Navigation::GotoNode power &

—_— © Félix Ingrand, LAAS/CNRS, 2019



Run Time Verification with BIP Eng

[BIP ENGINE]: WARNING: state #5375644 and global time
12min27s265ms544us809ns: violation of the following timing

Functional Level

ne

cons tra 1 n t ROOT C on d . . pose_es = or:poslt.s_estimator::state é:},:g?;: 2:%1’2:
. pouna_gps_ .gps_.perm_10_ gps: f?f@&ﬁ&ﬁ; Activity Service

c e pe

J % % % % % J % J J e ek ke ke ke ke ok ﬁ\mmmzmmwmmm

We send the SetDelay command ey

khkhkhkkkhkkkkkkhkkkhkkhkkhkhkhkhkhkhkhkkkkk POM joystick Navigation PotentialField SafetyPilot

- pooc toms | |Telcpblen | [Tmkcraigme | TS0, peros 5oms

[BIP ENGINE] : perm, add_me Servces: Sene: o SttrrackTargetPort | | StoplfObstacle

ROOT.Compound PotentialField .PotentialField .StartTrackTargefb@st device_ist GotoNode setparame: cubaames. Sop

_PotentialField inst 1 resume [ -INFTY, 12min27s264ms952us84 ol Sop e e

[BIP ENGINE]: WARNING: state #5375932 and global time
12min27s309ms870us794ns: violation of the following timing
constraint

ROOT .Compound velodyne .velodyne .GetScans velodyne inst 2:

IMU
0se_es

khkkhkkhkkhkkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhkkkkkkkk

joystick
joystick

IMU

The SetDelay request has been executed.
kkhkkkkkkkkkkkkkkkhkkkhkkkhkkkhkkkkkk

Task: Update
period: 100ms

Services:
Measure
[BIP ENGINE]: WARNING: state #5375959 and global time SO
12min27s314ms182us292ns: violation of the following timing BRI

target
t3d_pos

PF \
i rb

GPS odometry point
ose_es ose_es cloud
pcl
gps rmp440 velodyne Task: pose
L L Task: Motion Task: Track Task: scan period: 10ms
Task: io aperiodic period: 50ms period: 50ms period: 10ms Services:
Services: o Services: Services: Services: StartPoseProcessing,
perr:, T2 UE T, Perm, Init Track Init, GetScans, SetFixedSensorPose
send_rtcm, connect, A
S ’ JoystickOn GetOneScan, . .. -
disconnect, connect_rtk ’ ask: acquisition
- Gyro SavePCD aperiodic
Services:
get_reference set_var_params, .
set_reference Stop, log_stop StartAcquisition

log, log_stop, log_info

constraint ROOT.Compound gps .gps_.perm io gps:

propertyXXX <= 2000.

[BIP ENGINE]: WARNING: state #5376193 and global time
12min27s347ms697us691ns: violation of the following timing
constraint

Got a PointCloud of 19968 width, 1 height,
kkhkkkkkkkkkkkkkhkkkkkkkkkkkkkk

The codel (which writes the PCL port) is being delayed,
above is not published.

kkhkkkkkkkkkkkkkhkkkhkkkkkkkkkkkk

Starting 2000000 delay.

[BIP ENGINE]: WARNING: state #5376210 and global time
12min27s350ms238us328ns: violation of the following timing

l__ :cosségfint ROOT.Compound rmp440 .rmp440 .Track rmp440 inst 2:

CNRS

—/

size 19968.

so PCL

© Félix Ingrand, LAAS/CNRS, 2019

StopAcquisition, StopGetScans,

{Setup,Stop}PoseProcessing

USB

Ethernet/TCP

Ethernet/UDP

port name
type

GenoM Port
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Run Time Verification with BIP Eng

[BIP ENGINE]: WARNING: state #5388409 and global time
12min29s343ms736us482ns: violation of the following timing
constraint ROOT.Compound rmp440 .rmp440_ .Track rmp440 inst 2:
propertyXXX > 2000.

hkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkk*x

Functional Level

poQ

ose_es

The propery is being triggered in the BIP engine (see above)rom

pose_es = or_pose_estimator::state

t3d_pos = or::t3d::pos

rb = or_rigid_body::state
pcl

Jjoystick = or_joystick::state

ne

Attribute Service
Function Service
Activity Service

joystick Navigation PotentialField SafetyPilot
Task: io . ; ; . Task: pilot
exactly when the 2 seconds have elapsed (see below). iod: Task: publish Task: navigate Task: plan k:p
y p ( ) g&::l\:)ig.e;Oms S5l period: 200 ms perlqd:100ms perlqd. 5_0ms
% % % % % % % % % %k K % Kk Kk % Kk kK Kk ok ok ok ok ok ok ko evices: Services: Services: Services: Services:
. '?ask' A Rename GotoPosition StartTrackTargetPort StoplfObstacle
Endl ng 2 0 0 0 0 0 0 de l ay o peric;d'1 Oms G ez Gotohode SetParams* SetP: St
. P b etParams*, Stop
[BIP ENGINE]: WARNING: state #5388434 and global time szs StopTrackTargetPort

12min29s348ms75usl05ns: violation of the following timing
constraint

ROOT.Compound Navigation .Navigation .GotoNode Navigation inst 1
[BIP ENGINE]: WARNING: state #5388466 and global time Q*j]
IMU

12min29s352ms728us4l7ns: violation of the following timing
constraint

joystick
joystick

target
t3d_pos

PF \
i rb

GPS odometry point
ose_es ose_es cloud
pcl
gps rmp440 velodyne Task: pose
L L Task: Motion Task: Track Task: scan period: 10ms
Task: ® ?perlodlc period: 50ms period: 50ms period: 10ms Services:
Services: Services: Services: Services: StartPoseProcessing,

perm, unfix, fix_here,
send_rtcm, connect,

get_reference
set_reference
log, log_stop, log_info

IMU
ROOT.Compound PotentialField .PotentialField .StartTrackTargetRext
_PotentialField inst 1: Sovioss:
Measure

[BIP ENGINE]: WARNING: state #5388486 and global time S
12min29s355ms544us686ns: violation of the following timing gxwmww
constraint

ROOT .Compound velodyne .velodyne .GetScans velodyne inst 2: s

hkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkk*x

next rmp440 step is to stop the robot (12ms after the previou
loop and 7ms after monitor triggered).
hkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkk*x

[GenoM3] rmp440 Calling rmp440 codel service Track_stop
codel.

rmp440 StopTrack

LAAS |
CNRS

——/
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disconnect, connect_rtk

Perm, Init,  Track
JoystickOn,

Gyro

set_var_params,
Stop, log_stop

Init, GetScans, SetFixedSensorPose
GetOneScan,

SavePCD Task: acquisition

aperiodic
Services:
StartAcquisition

StopAcquisition, StopGetScans,

{Setup,Stop}PoseProcessing

USB

Ethernet/TCP

Ethernet/UDP

port name
type

GenoM Port

17



Editor | Simulator | ConcreteSimulator | Verifier |

o~ <Global variables>
‘| & %% Man_navigate_Navigation
| &= 24 Man_push_Localization
‘| = %% Perm_act_io_pom
/| > %4 Perm_act_filter_pom
:| & % Man_plan_PotentialField
| o 2% Man_pilot_SafetyPilot
‘| ¢ <Constraints=>
; clx=0
CT_Navigation.x =0
timer_navigate_Navigation.x = 0
Perm_act_navigate_Navigation.x = 0
GotoPosition_1_Navigation.x = 0
GotoPosition_2_Navigation.x = 0
CT_Localization.x = 0
timer_push_Localization.x = 0
Perm_act_push_Localization.x = 0
PushPoses_1_Localization.x = 0

G PushPoses_2_Localization.x = 0
v | i CT_pom.x =0

2 timer_io_pom.x = 0
Reset || Next : Perm_act_io_pom.x = 0

i timer_filter_pom.x =0
q q Perm_act_filter_pom.x =0
SimulStioniirace : CT_PEtent_iaIFie_Iz.x -0
(wait, ini, unspawned, start, start, start_, ethg timer_plan_PotentialField.x = 0
: Perm_act_plan_PotentialField.x = 0

v

Enabled Transitions
exe: Perm_act_io_pom - urg
exe: Perm_act_plan_PotentialField - urg

D

CT_SafetyPilot.x = 0
timer_pilot_SafetyPilot.x = 0
Perm_act_pilot_SafetyPilot.x = 0

cl.x = CT_Navigation.x

CT_pom.x = timer_io_pom.x

« ] »
Trace File:

Prev Next Replay
(s Open ¥ Save ~ Random
C ) 1
Slow Fast

StartTrackTargetPort_1_PotentialFiel :
StartTrackTargetPort_2_PotentialField -

SpeedMergeAndAvoidObstacle_1_Saf
SpeedMergeAndAvoidObstacle_2_Saf -

CT_Navigation.x = timer_navigate_Nay :
timer_navigate_Navigation.x = Perm_ -
Perm_act_navigate_Navigation.x = Gq :
GotoPosition_1_Navigation.x = GotoP| :
GotoPosition_2_Navigation.x = CT_Lo¢ :
CT_Localization.x = timer_push_Locali; :
timer_push_Localization.x = Perm_act -
Perm_act_push_Localization.x = Push -
PushPoses_1_Localization.x = PushPq :
PushPoses_2_Localization.x = CT_pon :

timer_io_pom.x = Perm_act_io_pom.x | -
Perm_act_io_pom.x = timer_filter_pon :
timer_filter_pom.x = Perm_act_filter_p -
Perm_act_filter_pom.x = CT_Potentiall
CT_PotentialField.x = timer_plan_Pote -
timer_plan_PotentialField.x = Perm_al :
Perm_act_plan_PotentialField.x = Sta| -
StartTrackTargetPort_1_PotentialFiel( :
StartTrackTargetPort_2_PotentialField -
CT_SafetyPilot.x = timer_pilot_SafetyP|
timer_pilot_SafetyPilot.x = Perm_act_j -
Perm_act_pilot_SafetyPilot.x = Speed| :
SpeedMergeAndAvoidObstacle_1_Saf| -

tab_Navigation, a -
2], ]
turn_navigate_Navigatiqn := tab_Navigation[i]
g¥fgation:= sched_cntrl_Navigationi{tab_Navigation),
finished” navigate_Navigation: = false Perm_act_navigate Navigation
!oldf:na’;ng{a_te_a\ilgatlon && stap==1 ether
I=size_Naviga .end spawn nay@e]}awgatlon‘
. | e =
inter_navigafe_Navigation i}
update_Navig
tab_Navigatiory),
.ext_Navig \ 8
tab_Navigatior, Navigation &&
tu;'n_navigate Na
(finished_navigate_Navigation,
tyrn_navigate_Navigatlon := tab_Navigation[i]
GotoPosition_1_Navigation
read_pose_port_
begin_navigate_Navigation?
!po ;ts[Posel turn_navigate_Navigation.name == GotoPosition_Navigation && |
N s’_eo -a_navigate_Navigation.inst == 1 &&
==10 0. s s ==
X porkt_reading[Pose]:= true, Navigation.status RUN_Navigation
<=0 ponts[Pose]:= true
lock_navigate_Navigation:= &
pause_read_pose_port_
x==10
lock_navigate
lock_nayigate_Navigation:= true,
x==1 x==100 finished _navigate_Navigation:= trug write_target
ports[P¢se]:= false - -
x:=0, lock_navigateNyavigation: = true,
ports[Posg]: = false, finished_navigats _Navigation:= true
ports[Tafget]: = false
Iports[Target]
exe! lock_navigate_Ndvigation:= true,
x=0, ports[Tafget]'= flalse
port_inited[Target]: 5 true,
x==1 end_ ports[Target]:= true|
lock_navigate Navigation = true
finished_navigate_Navigation:= true, x==
ports[Pose]:=' false, lock_navigate_Navigation: = true,
ports[Target]: = false finished_navigate_Navigation:= true,
Iports[Posg)] /* uses (in) the port Pose of the component pom */ && pQris[Pose]:= false, | Pee et o ‘ _ y .
Iports[Tarakt] poMs(Target]:= false ports[Pose] /* uges (in) the Rort Pose of the cqmponentf pom */ &&
exg
x=
port_reading[Pode]:= truen_navigate_Navigation.namg-<= GotoPosiffon_Navigatior| && ports[Pose]:=/true, =0
ports[Pose]:= trie, turn_navigate_Navigation.inst' = port_inited[TArget]: = true, ‘_rt‘ T
port_inited[Targdt]:= trdern_navigate_NavigatiopStatus avigation ports[Target]:= true ports(Ta
ports[Target]:= frue lock_navigate_Navigafion: = false,
x=10
begin_ngw»gate_Navigation?
ite_target_2
lock_n#vigate_Navigation:= true,
finised_navigate_Navigation:= true,
popfs[Pose]: = false, |
pdrts[Tarqet]:= false turn navigate Navjgation.name == GotoPosition Navigatidg I bl
|

cl CT_Navigation timer_navigate_Navigation

Man_navigate_Navigation

Perm_act_navigate_Navigation GotoPosition_1 Navigation GotoPosition_2 Navigation I

< I | [»

T

LAAS
CNRS
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UPPAAI. the UPPAAL model

FUHC'IOINII level pose_es = or_pose_estimator::state Attribgte Servi'ce
t3d_pos = or::t3d::pos Function Service
Activity Service

rb = or_rigid_body::state
% = + emacs@ashitaka-ubuntu.laas.fr

pcl
File Edit Options Buffers Tools C Help Jjoystick = or_joystick::state
| &b il L] K & save Undo g9 & Lj q pOQ
. . ose_es
fI* --- Generated by genom 2.99.33. Do not edit ----=---c--cecmcmacaaaana.
POM joystick Navigation PotentialField SafetyPilot
Task: io . . q - Task: pilot
L Task: publish Task: navigate Task: plan EELE [0l
gz:j)igé;pms aperiodic period: 200 ms period:100ms geno_d: 5_0'“5
/* This UPPAAL sepcification is automatically generated. */ . 2dd me Services: Services: Services: CIEtERE
Task: filter Rename GotoPosition StartTrackTargetPort StoplfObstacle
A device_list GotoNod
perlqd.19ms otoNode SetParams*, SetParams*, Stop
Services: StopTrackTargetPort
perm
* *
/* ports */ joystick target éﬁ;\\ Cmd
const int state := 0; joystick t3d_pos b b
- 3
const int info := 1;
const int ImuPose := 2;
const int device := 3;
const int Target := 4;
const int frame := 5; IMU GPS odometry
const int PFCmd := 6; pose_es 0s6_es CEELES
const }nt PF_Att :=17; IMU gps rmp440 velodyne Task: pose
const '!.nt PF_Rep := 8; . L Task: Motion Task: Track Task: scan period: 10ms
const int PF_Res := 9; Task: Update Task: io aperiodic period: 50ms period: 50ms || period: 10ms  Services:
const int Pose := 10; period: 100ms Services: Services: Services: Services: StartPoseProcessing,
const int Status := 11; Services: perm, unfix, fix_here, Perm, Init,  Track Init, GetScans, SetFixedSensorPose
const int StatusGeneric := 12; Measure send_rtom, connect, JoystickOn, GetOneScan, 1, scquisition
) . Toud -13 H disconnect, connect_rtk Gyro SavePCD aper:od'g
const int point_cloud := 13; iodi
const int point_cloud2 := 14; SetParams* get_reference set_var_params, Semiest
const int Cmd := 15; ConnectDevice set_reference Stop, log_stop . ”StartAcqwsmon
const int nports:= 16: Stop log, log_stop, log_info StopAcquisition, StopGetScans,
P = » {Setup, Stop}PoseProcessing
bool ports[nports]:= {false, false, false, false, false, false, false, false, false, false, false, false, false, false, false, false};
usB use ‘ Ethernet/TCP Ethernet/UDP

/* urgency */

port name

urgent chan exe; type

/* channels, variables and functions (gps) */ GenoM Port

/* channels */

urgent chan recv_urg_gps,
shuttimer_io_gps,
begin_io_gps, inter_1io_gps;

chan recv_gps;

broadcast chan end_spawn_io_gps;

urgent broadcast chan go_io_gps;

/* constants & global variables */
bool shut_gps:= false;

bool sched_gps:= false;
bool lock_io_gps:= true;

-:--- gps-IMUDriver-joystick-Navigation-pom-PotentialField-rmp440-velodyne-SafetyPilot.xta Top L1 Git-master (C/1 Abbrev)

Mark set

LAAS
CNRS
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UPPAAI. the UPPAAL model

Fundional Level . imatorstate Attribute Service
t3d_pos = or::t3d::pos Function Service

rb = or_rigid_body::state Activity Service
pcl
Jjoystick = or_joystick::state

poQ

ose_t-.y
POM joystick Navigation PotentialField SafetyPilot

;aesril;dl?mms Task: publish Task: navigate Task: plan Task: p_'|°t
. aperiodic period: 200 ms period:100ms period: 50ms
.| | Scricos: Services: Senices:
. Task: filter B Rename GotoPosition StartTrackTargetPort StoplfObstacle
begin_navigate_Navigation? P device_list GotoNode
perlqd.1 (.)ms SetParams*, SetParams*, Stop
turn_navigate_Navigation.name == GotoPosition_Navigation && Services: StopTrackTargetPort
s navigate_Navigation.inst == instance && perm
turn_navigate_Navigation.status == RUN_Navigation / PF\
joystick) /y target Cmd Cmd

lock_navigate_Navigation:= fals&;

b rb
x:=0

oystick ) J t3d_pos

pause_read_pose_port_ A

x==10

execute_path_ lock_navi

GPS odometry
p pose_es " 0se_es
x==1 write_target_
IMU gps rmp440 velodyne Task: pose
x:=0, ch'k_navigat‘e_ vigatipn:; true, ' L Task: Motion Task: Track Task: scan period: 10ms
ports[Posef:= false, finished_navigateNNavigation:= true Task: Update Tasil§b aperiodic period: 50ms period: 50ms period: 10ms Services:
ports[Tayget]:= false period: 100ms Sejgfes: Services: Services: Services: StartPoseProcessing,
Iports[Target] Services: Pg ’:"f'x’ flx_herf, Perm, Init,  Track Init, GetScans, SetFixedSensorPose
exe! lock_navigate_NaVigation:= true, | Measure gid_rtcm, connect, ovstickOn, GetOneScan . e
x:=0, ports[Target]:= false L.connect, connect rtk | | Jo¥stickOn, SavePCD  1askiacquisition
port_inited[Target]:= frue, Gyro aperiodic
oA o x==1 ports[Target]:= true SetParams* get_reference set_var_params, 2?:;68: -
- lock_navigate Navigation:= true ConnectDevice set_reference Stop, log_stop o artAcquisition
finished_navigate_Navigation:= true, Stop ‘ log, log_stop, log_info StopAcquisition, StopGetScans,
=1 ports[Posel:= false, lock_navigate Navigation:= true, {Setup,StopjPoseProcessing
ports[Target]:= false finished_navigate_Navigation:= true, /
Iports[Pose] /* uses (in) the port Pose of the component pom */ && parts[Pose]:= false, . p usB
Iports[Target] portg[Target]:= false Eporisﬁose]g us Pose of the compqg ¥ && Ethernet/TCP Ethernet/UDP
Iports[Targe x
exe! =0
x:=0, port_reading[Poge]:= true, port name
port_reading[Pos€]:= truéurn_navigate_Navigation.name =< GotoPositiopr Navigation && ports[Pose]:= tfue, type
ports[Pose]:= trug, turn_navigate_Navigation.insg <= instance && port_inited[Tafget]:= true, X ts[Tardet]:= fal
port_inited[Target]]:= trugurn_navigate_Navigationstatus == RUN_Nag¥igation portstiargQtl:= false GenoM Port
ports[Target]:= true lock_navigate_Naviggtfon:= false,
x:=0
begin_nayigate_Navigation?
yite_target 2

X==

lock_ngtvigate_Navigation:= true,
finishéd_navigate_Navigation:= true,
porgs[Posel: = false,
pgrts[Target]:= false turn_navigate_Navigation.name == GotoPosition_Navigation &8§
turn_navigate_Navigation.inst == instance &&
turn_navigate_Navigation.status == STOP_Navigation
inter_navigate_Navigation?

inter_navigate_Navjftion?

lock_navigate”Navigation:= true,

finisked mévigate_Navigation:= true,
lock_navigpte_Navigation:= false, ports[Target]:= false lock_navipate_| igation:= false,
x:=0 x:=0
_2 x:=0 turn_navigate_Navigjbn.name == GotoPosition_Navigation &&
i . turn_navigate_Ngvighlfion.inst == instance &&
ort_reading[Posel:= true, - - g o N
x<=5 ports[Poselr= sop_ turn_navigate_Navjilftion.status == STOP_Navigation

port_inited[Target]:= true, J
ports[Target]:= true

exe!

Iports[Pose] /* uses (in) the port Pose of the component pom */ &&
Iports[Target]

LAAS Model Checking
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Verification with UPPAAL

/* All ports are properly written before being read
*/

A[] (ports_read[p] imply ports write[p])

Functional Level

0se_es

pose_es = or_pose_estimator::state

t3d_pos = or::t3d::pos

rb = or_rigid_body::state
pcl

Jjoystick = or_joystick::state

Attribute Service
Function Service
Activity Service

POM . joystick Navigation PotentialField SafetyPilot
/* Navigation: bound between stop request and writing |gmee | meee™ |mimge S pard Soms
a new target (to current pose) */ Tacie " || eneme Sotoestion i |
/* take advantage of the CT Navigation clock reset o S |
only once (when sending the stop request) @@@ @ﬁg %ﬁ ij
to verify a bounded-response property without
additional processes*/ —
/* bound = 202.5 ms, verification time 442.256s, Q@; @$§ s e o)
memory consumption ~1gb */ e O vuete || Tton oo Tage | Tz porad o
CT Navigation.Stop --> P ions S | v S| Sl e
(GotoPosition 1 Navigation.ether and - o ot i | SN Smarco "
CT_Navigation.x<=2025) e B | R

/* absence of (service) deadlock */

/* verification time 40 to 60s each, memory
consumption ~250mb */

Man navigate Navigation.manage -->

Man navigate Navigation.start

Man io pom.manage --> Man io pom.start

Man filter pom.manage --> Man filter pom.start

Man push Localization.manage --> . J
Man push Localization.start

Editor | Simulator | ConcreteSimulator [ Verifier |

Overview

uUsB

{Setup, Stop}PoseProcessing

usB

Ethernet/TCP

Ethernet/UDP

port name
type

GenoM Port

Man_Plan POtentlalFleld manage —_ _> /:' Query file for properties verifiable without the need of an observer */

Man pilot SafetyPilot.manage -->
Man pilot SafetyPilot.start

CT_Navigation.Stop_ -
/* absence of (service) deadlock */

Man_navigate_Navigation.manage -

Man_io_pom.manage -

/* verification time 40 to 60s each, memory consumption ~250mb */
-> Man_navigate_Navigation.start
-> Man_io_pom.start

/* Navigation: bound between stop request and writing a new target (to current pose) */

/* take advantage of the CT_Navigation clock reset only once (when sending the stop request)
Man_Plan POtentlalFleld Start to verify a bounded-response property without additional processes*/
/* bound = 202.5 ms, verification time 442.256s, memory consumption ~lgb */
-> (GotoPosition_1_Navigation.ether_ and CT_Navigation.x<=2025)

LAAS
CNRS

—/

Man_filter_pom.manage --> Man_filter_pom.start
Man_push_Localization.manage --> Man_push_Localization.start
Man_plan_PotentialField.manage --> Man_plan_PotentialField.start
All (not port_reading[Pose] or port_inited[Pose])

A[] (and (not port_reading[Pose] or port_inited[Pose]) and (not port_reading[PFCmd] or port_inited[PFCmd]) and (not port_reading[Cmd] or port_inited[Cmd]) )
Man_pilot_SafetyPilot.manage --> Man_pilot_SafetyPilot.start

© Félix Ingrand, LAAS/CNRS, 2019
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Verification with UPPAAL

/* All ports are properly written before being read
*/

A[] (ports_read[p] imply ports write[p])

/* Navigation: bound between stop request and writing
a new target (to current pose) */

/* take advantage of the CT Navigation clock reset
only once (when sending the stop request)

to verify a bounded-response property without
additional processes*/

/* bound = 202.5 ms, verification time 442.256s,
memory consumption ~lgb */

CT Navigation.Stop -->

(GotoPosition 1 Navigation.ether and
f'"'l"“ \TaH‘-r-i qat-l--i An ws,—DONDRN

" Editor | Simulator | ConcreteSimulator | Verifier |

Functional Level

0se_es

pose_es = or_pose_estimator::state

t3d_pos = or::t3d::pos

rb = or_rigid_body::state
pcl

Jjoystick = or_joystick::state

Attribute Service
Function Service
Activity Service

SetParams*
Cnnnee: tNAVicA

get_reference
<at rafaranca

set_var_params,

Qtnn Inn ctnn

POM joystick Navigation PotentialField SafetyPilot
Task: io P q . Task: pilot
Yoreb Task: publish Task: navigate Task: plan asl I p
[geees Lo aperiodic period: 200 ms period:100ms period: 50ms
clld Services: Services: Services: Services:
$:;IT ‘filater Hrs Rename GotoPosition StartTrackTargetPort StoplfObstacle
A device_list GotoNod
perlo.d.1(.)ms otoNode SetParams*, SetParams*, Stop
Services: StopTrackTargetPort
perm
4 . PF\
joystick target cmd Cmd
joystick t3d_pos i b
GPS odometry point
ose_es 0se_es CIOU/d/
pcl
IMU gps rmp440 velodyne Task: pose
el o @eaiedle Task: Motion Tas!(: Track Tas_k: scan periqd: 10ms
Task: Update S ap period: 50ms period: 50ms || period: 10ms  Services: .
period: 100ms URfeEss Services: Services: Services: StartPoseProcessing,
Services: perr:,:nﬂx, f|x_herf, Perm, Init,  Track Init, GetScans, SetFixedSensorPose
Measure send_rtcm, connect, ! GetOneScan, o
. JoystickOn, b Task: ac it
disconnect, connect_rtk - acquisition
’ - Gyro SavePCD aperiodic

Services:
StartAcquisition

Overview

/* Query file for properties verifiable without the need of an observer */

/* Navigation: bound between stop request and writing a new target (to current pose) */

/* take advantage of the CT_Navigation clock reset only once (when sending the stop request)
to verify a bounded-response property without additional processes*/

/¥ bound = 202.5 ms, verification time 442,256s, memory consumption ~1gb */
CT_Navigation.Stop_ --> (GotoPosition_1 Navigation.ether_ and CT_Navigation.x<=2025)
/* absence of (service) deadlock */

/¥ verification time 40 to 60s each, memory consumption ~250mb */
Man_navigate_Navigation.manage --> Man_navigate_Navigation.start

Man_io_pom.manage --> Man_lo_pom.start

Man_filter_pom.manage --> Man_filter_pom.start

Man_push_Localization.manage --> Man_push_Localization.start
Man_plan_PotentialField.manage --> Man_plan_PotentialField.start

A[] (not port_reading[Pose] or port_inited[Pose])

A[] (and (not port_reading[Pose] or port_inited[Pose]) and (not port_reading[PFCmd] or port_inited[PFCmd]) and (not port_reading[Cmd] or port_inited[Cmd]) )

Man_pilot _SafetyPilot.manage --> Man_pilot SafetyPilot.start

LAAS |
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/* Processes */

process buffer [ii: in packet, oo: out packet] 1is

states idle

var buff : queue 1 of packet
pkt: packet

from idle

select

/* getting new packet */

i17pkt;
on not (full buff);

buff :=
to idle

[J 7* putting first packet */

on not (empty buff);
oo!first buff;

buff := dequeue buff;
to idle

[] 7* losing a packet */

wait [0,1];
on not (empty buff);

= {1},

// should be redundant but prevents
// queue exception if time-out too small
enqueue (buff,pkk);

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

states rcve,
var rsn:

seqno

ack

:= false, m: packet := true

V7 rsn is expected sequence number

from rcve

mbuff? m;
rsn then

ifms=

/* 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 */

buff := dequeue buff; .
X component abp is
#lost; . .
to idle port minp : packet in [0,0],
end mout : packet in [0,1],
ainp : packet in [0,2],
process sender [mbuff: out packet, abuff: in packet] is aout : packet in [0,1]
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 */ Il buffer [ainp, aout]

Fiacre Model

example:
Alternate Bit
Protocol

. to waita Il receiver [mout, ainp]
rom send end
mbuff! ssn; aout [0,1] ainp [0,2]
to waita
from waita minp{0,0] mout [0,1]
select )\ !;
abuff? n; i \ A
if n = ssn abuf \ / mbuf XZ I mbuf \ / abuf
then ssn := not ssn 4 JARA \Y% L LA\ v V L\
% 1L > ii? pk buf ii2 pk buf rsn
0 idle on not (full buf) t (full b
[] wait J]4,5]; abUf? n buf:=ena(buf.ok): on no (U Uﬂ k \
- ] H = , m
/* resend */ if n=ssn then q(buf.pk) pk buf:=enq(buf,pk); P
to send ssn:= not'ssn
end
—
.f\ abuf? m
) idle idle mbuf? m
waita / J if n=rsn then
mbuf! ssn ~—1 _ ~— rsn:= not rsn
wait [0,1] wait [0,1]
on not (empty( buﬂﬂ on not (empty buf)
. buf:=deq(buf); . .
wait]4,9] on not (empty buf) on not (empty buf) but:=deq(bu);
send oo! first buf oo! first buf
LAAS | buf-=deq(buf; buf:=deq(buf);
Sender Buffer Buffer Receiver
- o

CNRS

—
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Fiacre

* = + emacs@ashitaka-ubuntu.laas.fr

File Edit Options Buffers Tools Fiacre Help

\_CJ‘H L;J _j x ¥ | Save Undo g [TZ q

/* --- Generated by genom 2.99.33. Do not edit -----------ccccvcccccccann. o

[
/* This module is automatically generated.
Services codels' temporization is set according to el ' B
Mohammed Foughali and FeliX Ingr b

/* constants & types */

/* Global constants & types: ports mutual exclusion */
const PortsNumber: nat is 16

type PortsArray is array 16 of bool

const CodNumber_gps: nat is 28 /* number of codels: determines the size of the mutex boolean array */

const Max_gps: nat is 2 /* maximum of instances allowed per one self-compatible service, freely changeable */
const Nbactivities_io_gps: nat is 8/* number of services for io task*/

const SelfIncomp_io_gps: 0..Nbactivities_io_gps is 1/* number of self-incompatible services */

const maxinterrupts_gps: nat is 2 /* maximum length of the interrupts queue */

const Nbnonact_gps: nat is 8 /* number of attributes and functions */

const width_io_gps: nat is SelfIncomp_io_gps*2+(Nbactivities_io_gps-SelfIncomp_io_gps)*Max_gps

const width_gps: nat is width_io_gps /* size of the activities part*/

const size_gps: nat is width_gps + Nbnonact_gps + 1

type service_gps is union /* possible names of services */ %
connect_1io_gps |
disconnect_io_gps |
set_rtk_port_io_gps |
connect_rtk_io_gps |
unfix_1io_gps |
fix_io_gps |
fix_here_io_gps |
send_rtcm_io_gps |
set_reference_gps |
rtk_stats_gps |
log_gps |
log_stop_gps |
log_info_gps |
get_param_gps |
get_last_fix_gps |
get_reference_gps |
None_gps

end

type servicetype_gps is union
Attribute_gps |
Function_gps |
Activity_gps

end

type status_gps is union

-:--- gps-IMUDriver-joystick-Navigation-pom-PotentialField-rmp440-velodyne-SafetyPilot.fcr Top L34 (Fiacre)

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
Jjoystick = or_joystick::state
boso)
0Se_es
POM joystick Navigation PotentialField SafetyPilot
-prae?i‘:):c;?mms Task: publish Task: navigate Tas_k: plan Tas_k: g:'>ilot
Sorvices: aperiodic period: 200 ms period:100ms [PEek bl
ad Services: Services: Services: Services:
-pr:;E ,ﬁTter K= Rename GotoPosition StartTrackTargetPort StoplfObstacle
. device_list GotoNode
perlqd.1 (?ms SetParams*, SetParams*, Stop
Services: StopTrackTargetPort
perm
vsti PF\
joystick target cmd Cmd
ioystick t3d_pos b b
IMU GPS odometry
0se_es ose_es ose_es
IMU aps rmp440 velodyne Task: pose
) el T Task: Motion Tas_k: Track TasIK: scan periqd: 1_0ms
Task: Update Sorvi AP period: 50ms period: 50ms || period: 10ms  Services: )
period: 100ms Geess Services: Services: Services: StartPoseProcessing,
Services: per’;":“f'x' f|x_her:.l, Perm, Init,  Track Init, GetScans, SetFixedSensorPose
Measure send_rtcm, connect, Jo a GetOneScan .
) ystickOn, 5 Task: ac t
disconnect, connect_rtk : acquisition
- Gyro SavePCD aperiodic
SetParams* get_reference set_var_params, pellices L
ConnectDevice set_reference Stop, log_stop StartAcquisition
Stop log, log_stop, log_info StopAcquisition, StopGetScans,
{Setup,Stop}PoseProcessing

LAAS
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Ethernet/TCP

Ethernet/UDP

port name
type

GenoM Port
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Fiacre

Functional Level

pose_es = or_pose_estimator::state

t3d_pos = or::t3d::pos

rb = or_rigid_body::state
pcl

Jjoystick = or_joystick::state

pog

Attribute Service
Function Service
Activity Service

. 0Se_es
POM joystick Navigation PotentialField SafetyPilot
-prifiigdl?mms Task: publish Task: navigate Task: plan Task: P"Ot
N — aperiodic period: 200 ms period:100ms period: 50ms
erwcesa " Services: Services: Services: SERiEEE:
e fior Rename GotoPosition StartTrackTargetPort | |StoplfObstacle
. device_list GotoNode
perlqd.1 (?ms SetParams*, SetParams*, Stop
0 u e co m po n e n S o StopTraCKTargetPort
perm
/ PF\
/ target Cmd
3 Cmd
_pos b b
GPS odometry
0se_es ose_es, ose_es
File Edit View Tools Help
E&QF FOHE-— Ik w 3) IMU gps rmp440 velodyne Task: pose
v 0y ~ T e \( - -~ Task: Motion Task: Track Task: scan period: 10ms
JSESG“” robnap-1-t2 [ojol £0.01 M‘:nltarkpgNad‘gﬁ"#éﬁIRgff'bl“wl*"z [0,200] oniterRect.. Sy o N Tas-k  Update Sa & e.lperlo e period: 50ms  period: 50ms peno_d: 10ms SRS .
- Honstoriet. |patcbicbiseots o |robiocs 1.3 period: 100ms EE Services: Services: Services: StartPoseProcessing,
Task__nanage. _robsin_1_t0Task__nanage _robsin_1_t2 Gmomﬁp 13.-.”,-‘:}:mouoﬁe*zeégﬁiﬁiemv-abmnnm,z,tn Services: r;\,:nflx, fIX_heI"te, Perm, Init, Track Init, GetScans, SetFixedSensorPose
— Measure nd_rtcm, connect, Jovsti GetOneScan .
. . 4 ystickOn, > Task: ac t
o estart_ 2 isconnect, connect_rtk : acquisition
)V an__rolanot iom P“‘“‘pf@@ 4 (&trc IS"’L et - Gyro SavePCD aperiodic
‘”“"“t:Oi | v SetParams* get_reference set_var_params, :fmes; _—
[M] \[“ a‘;t \hﬁ%\“\:hmatmm o_sconpube.__speed ConnectDevice set_reference Stop, log_stop - BT
J - oo o o Stop log, log_stop, log_info StopAcquisition, StopGetScans,
‘ .h 5 Ll . {Setup,Stop}PoseProcessing
EDtDF‘DS1tJDn_;gglan__rDmet1Dn_2_t1fgg'O] -

dp__robsin_1_t2

S/ uUsB

_2_sstart__2

/" GotoPosition__plan_robfotion 2 send 2 v ) « | eyer_panas] U
[o.501 / w;nmp?/ v‘ﬂbmntl 2.
.
tick .wials@?mm 20 = lrue;
[0,50] / GotoPosition__plarl,_rof m:wﬁ;@@%&mn,,plan —rokgotion_Z_sur “ﬁf‘i‘#ﬂ‘ S o E—
* C\t é [0.01 - =
.)/*noa ive.acliy Ity.L. (Y_to @ta/t \
FDbmaF 1_t11 GotoPosition_, l Bbmot ion_2_t0 . \
! 1t.DF'Da1t1Dn,,prDmef ion_2_t12
o
n tO S:taj:tmm,pla ,,robwfmn, sstapto—" [0.0 \
ssta
\
else to manag [65‘3] on 'rDbmi‘h@']_Q,tlE Gampas;um,,pmmm on_2_t13
GotoPosition__flan_|robnotion_2_td G
GotoPosition__fL ot ion_2_sreac_| 2
from manage s icn_glan IOt 2.5 PR, e _robiser

[0.0] AN

. o Wait O
l\\

e _robl8der it
wtsean_2

is-i 1 SBEt‘La<E/rRa g ngumm’s\tartrnhlavehtl sSetla:

01 / CTj e

in gw;

CT__rdg etPos__odo__robloco_2_sstart__2

LT v‘ob<lfI —ClearRec) Ubsv.a: = [Eg 3

[0.2]

[0.010.1] \\ CT__roHlasefld

3 "_iansh \
2 [Toad \
cT laseblasdgol £8. % /

SetPos.

ivalent modelf
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Verification with Fiacre

pose_es = or:pos.fe_estimator::state ﬁ}};g’;i 22%1_22
1o o iid bodystate Activity Service
!
[ ] [ N J /%i/stick:ou‘oystick::state
—Frogress or activities )
ssssss
. . . . POM joystick Navigation PotentialField SafetyPilot
property no_block is (navigation/navigate/manager/state manage) leadsto o T pubieh | | Tas avigate
. t. / . t / / t t t t gzx)ig;;pms aperiodic period: 200 ms geriqd:100ms gee':\zg;goms
; - [ ervices: ;
(nawga iIon/navigate/manager/siate star ) porm, adcme Services Senvces: StartTrackTargetPort | | StoplfObstacle
. device_list GotoNode
perlqd. 10ms SetParams?*, SetParams*, Stop
. g . . ‘S)zir’\r/‘;ces: Stop StopTrackTargetPort
Verification with TINA: TRUE

“vsti PF \
joystick target crd Cmd
joystick t3d_pos b b
IMU GPS odometry point
osees)]  \posees)  |pose _es cloud
_ _ pcl /

—Position port update bounded in time

IMU aps rmp440 velodyne Task: pose
i e Task: Motion Task: Track Task: scan period: 10ms
Task: Update Task: io aperiodic period: 50ms period: 50ms || period: 10ms  Services:
° et ° period: 100ms Semvices: Services: Services: Services: StartPoseProcessing,
- N t St | d I I I l 4 4 0 t t h b t Sl perr:;,:nflx, flx_her:, Perm, Init,  Track Init, GetScans, SetFixedSensorPose
M send_rtcm, connect, H
u VI g u I 0 n 0 p e u S O r p S 0 p p I n g e ro 0 easure disconnect, connect_rtk ézﬁtWKOn, (s'iae‘tlgsglsncan, :Fa;ti:oazjciguisition
i I 1 SetParams™ get_reference set_var_params, SEWIEERS
b d d S C 'Devi fe ) StartAcquisition
property bounded_stop_1 is (Navigation/control_task/state Stop_req) QornectDavice | |satelorsnce Stop log_stop StopAcauisiton, StopGetScans,
. . ags . . {Setup,Stop}PoseProcessing
leadsto (Navigation/GotoPosition/state stop) within [0,0.2]
UsB use » Ethernet/TCP Ethernet/UDP

property bounded_stop_x is (rmp440/Track/state stop) leads to leave
(rmp440/Track/state update) within [0,0.05]

port name
type

GenoM Port

—Schedulability of execution tasks

property schedulability_main is always (microkopter/main/state executing
= not (main_period_signal))

Verification with TINA: FALSE
Hold for all tasks with an octo-core but not with a quad-core ODROID-CO

LAAS |
CNRS
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What is in these formal models? What's the catch?
How did we get them? (

sorry, no Genies or slave student involve

Functional Level

pose_es = or_pose_estimator::state

t3d_pos = or::t3d::pos

rb = or_rigid_body::state
pcl

Joystick = or_joystick::state

Attribute Service
Function Service
Activity Service

POM

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

joystick

Task: publish
aperiodic
Services:
Rename

Navigation

Task: |
period;
Servic

GotoP|

te|

PotentialField

Task: plan
period:100ms
Services:
StartTrackTargetPort

SafetyPilot
Task: pilot
period: 50ms
Services:
StoplfObstacle

SIS device_list GotoN

Services:
perm

SetParams*,

SetParams*, Stop
StopTrackTargetPort

IMU GPS
0se_es, pose_es
IMU gps Task: pose
- . . 9 Task: scan period: 10ms
Tas!c Update TaSkf o ?per'Od'c period: 50ms Périod: periqd: 10ms Services: .
Eellod it Seitezs Services: Services: Services: StartPoseProcessing,
Services: perm, unfix, fix_here,

Perm, Init,  Track Init, GetScans, SetFixedSensorPose
JoystickOn, GetOneScan,
Gyro SavePCD

Measure send_rtcm, connect, o
disconnect, connect_rtk Task: acquisition
aperiodic
Services:
StartAcquisition
StopAcquisition, StopGetScans,
{Setup, Stop}PoseProcessing

SetParams* get_reference
ConnectDevice set_reference

Stop log, log_stop, log_info

set_var_params,
Stop, log_stop

USB usB

Ethernet/TCP Ethernet/UDP

Formal Methods/
Frameworks

port name
type

Fiacre/TINA (LAAS/VerTICS)

GenoM Port

UPPAAL (UPPsala & AALborg
University)

LAAS
CNRS
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What is in these formal models? What's the catch?
How did we get them? (sorry, no Genies or slave student involved)

Functional Level
posees:orp tmt :state

— Functional level : GenoM o
Specification: Model- @

o Mol i Softvare | 3| = =
Services (control flow) fngineering | 2 = o mman
Ports (data flow) 2

— BIP (Verimag)

StopAcquisitiol Sth tS
{Setup, Stop}PosePro

Formal Methods/
Frameworks

— Fiacre/TINA (LAAS/VerTICS)

— UPPAAL (UPPsala & AALborg
University)

LAAS
CNRS
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PotentialField SafetyPilot Qzloucﬂ

enom Internda = = e e L=
* To design a typical generic module which will be instantiated O
according to each specific module Clients === &
* o module is a program / \ R e
* a module hos I/O . ] Requests Reports
* control: requests to start services/reports their results \ ]
* data: ports in(to read external data) and out (fo write 4 )/
external d u,m) Control Ta ttar:‘bdute
e it supports a cyclic control task (aperiodic) ';L:r‘;’t;:
* and one or more cyclic execution tasks, periodic or aperiodic
e it provides services (fast and slow) to which we will associate I
(/C++ code
* in the control task: aftribute and function services Internal
fos] Strocture out

e and the executions task(s): activity services (slow)
* services share a common Internal Data Structure for the needs

of their computation (parameters, computed values, internal
state variables, efc)

LAAS Activity Services //Permanent Activities .\

s \

CNRB / /// \ .
__/ © Félix Ingrand, LAAS/CNRS, 2017 L7 arivity Automata —— \\ 25




GenoM internal

Structure

e To design a typical generic module which will be instantiated
according to each specific module

e a module is a program
* g module has 1/0
* control: requests to start services/reports their results

e data: ports in(to read external data) and out (to write
external data)
e it supports a cyclic control task (aperiodic)
* and one or more cyclic execution tasks, periodic or aperiodic
e it provides services (fast and slow) to which we will associate
(/C++ code
* in the control task: aftribute and function services

(fast)

e and the executions task(s): activity services (slow)

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

e activity services define automata to perform their processing

Executi

Activity Services _-“Permanent Activities \

LAAS |
CNRS
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GenoM internal

e To design a typical generic module which will be instantiated
according to each specific module

e a module is a program
* g module has 1/0
* control: requests to start services/reports their results

e data: ports in(to read external data) and out (to write
external data)
e it supports a cyclic control task (aperiodic)
* and one or more cyclic execution tasks, periodic or aperiodic
e it provides services (fast and slow) to which we will associate
(/C++ code
* in the control task: aftribute and function services

(fast)

e and the executions task(s): activity services (slow)

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

e activity services define automata to perform their processing

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

LAAS
CNRS
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genom_event
codels2 (port in .., ids in .., local in ..,
port out .., ids out .., local out ..)

{ ..

.. return pause s2;

.. return s3;



enoM

specifications

* DS

* Ports (in & out)
e Execution Tasks
e (periodic or aperiodic)
* Services
e Aitribute, function
* Activity
* qufomata

e and attached codels with

WCET...

LAAS |
CNRS

__/
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pose PotentialK| SafetyPilot

[Q)se_e; Task: planelﬁjgnts Task: pilot
POM Navigation period:100ms perlqd: 50ms
Task: io ) Services: Services:
period: 10ms Task: navigate StartTy#ckTargetPo StoplfObstacle
Services: period: 200 ms

; Services: Qatbarame* QetParams®, Sto

perm, add_me 7 K E o EHeD
Task: filter GotoPosition Requests agetr Reports
period:10ms GotoNode L\ T
Services: v PE \ /P )
perm s \‘ N

joystick

Task: publish
aperiodic
Services:
Rename
device_list

IMU

Services:
Measure

Stop

Task: Update
period: 100ms

SetParams*
ConnectDevice

Executio

{ Control Ta

t3]
IMU
pose_es

genom_event
codels2 (port in .., ids in

Attribute
and
Function
Services

Internal
Data
Structure

lcloud
pcl

velodyne Task: pose
Task: scan period: 10ms
period: 10ms Services:
Services:

StartPoseProcessing,
Init, GetScans, SetFixedSensorPose

g:‘t’g;(ens)can, Task.: agquisition
aperiodic
Services:
StartAcquisition

StopAcquisition, StopGetScans,

odometry {Setup,Stop}PoseProcessing

pose_es

rmp440
Task: Motion
period: 50m|
Perm, Init,
JoyZIB(On,
Gyro

set_var_params,
Stop, log_stop

/

start

codelstart

codelend

.., local
port out .., ids out

. return pause s2;

.. return s3;

in .
.., local out ..)
{ ..

o7
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module demo { * ---- component declaration ----
const unsigned long task_period = 400; omponent demo {
const double millisecond = 0.001; version

double speed;

5

enum speed { - I DS
SLOW, .

FAST

=< Port (in & out).s.  *

port out demo::

/* ---- Services

o, TasSK (period

=~ Specs (idl & .gen)

Navigation

Task: navigate
period: 200 ms | PotentialField
Services: Task: plan
GotoPosition | period:100ms
GotoNode Services:
StartTrackTargetPort

ask- filter

SetParams*,
StopTrackTargetPg

Pilot

vices: —

StoplfObstacle joystick

SetParams*, Stop Task: publish
aperiodic
Services:

Task: Update
period: 100ms
Services:

Rename Measure
Aavice_list
SetParams*
ConnectDevice
Stop

Mobile) rmp440
jiask: Motion  Task: Track

doc
validate
throw
b
perioc
attribute GetSpeed
{ 400
doc
IH
function Stop()
{
doc "Stops motion and interrupts all motion requests";
interrupts MoveDistance, H
b
activity MoveDistance(in double distRef = @ :"Distance in m")
{
doc "Move of the given distance";
validate controlDistance(in distRef, in state.position);

codel <start> mdStartEngine(in distRef, in state.position,
out posRef) yield exec, ether;
codel <exec> mdGotoPosition(in speedRef, in posRef, inout state,
port out Mobile) yield exec, end;
codel <end, stop>
mdStopEngine() yield ether;

interrupts MoveDistance, GotoPosition;
task motion;
throw TOO_FAR_AWAY;

Y

LAAS
CNRS

period: 50ms period: 50ms

send_rtcm, connect, Services: Services:
disconnect, connect_rtk Perm, Init,  Track

JoystickOn,
get_reference Gyro

set_reference

log, log_stop, log_info SIS VR [ETE,

Stop, log_stop

velodyne Task: pose
Task: scan period: 10ms
period: 10ms Services:
Services: StartPoseProcessing,
Init, GetScans, SetFixedSensorPose
SetoneScan] Task: acquisition
SaveRCch aperiodic
Services:
StartAcquisition

StopAcquisition, StopGetScans,
{Setup, Stop}PoseProcessing

© Félix Ingrand, LAAS/CNRS, 2019
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— pose
module demo { * ---- component declaration ---- */ pose_es

const unsigned long task_period = 400; omponent demo {
const double millisecond = 0.001; version 1.0 Navigation
emgy L n
i Specs (.idl & B o
double iti [ n AVA N period: 200 ms PotentialField

double speed; ask: filter Services: Task: plan
. ns |GotoPosition | period:100ms
) GotoNode Services:
em:[nx;ueeﬂ { - ! StartTrackTargetPort
FAST
) Vr Pilot SetParams*,
= StopTrackTargetPg
/* ---- Poster lot rget
«Port (in & out).&. = .
port out demo: : ile; eI —
StoplfObstacle joystick IMU
/* ---- Services - .
- Task (period) === |zl
attribute SetSpeed( g ’ g‘;‘fv”ig:'; period: 100ms
: Services:
doc Rename Measure

}_Iiféf“"e w S @ rvi Ces ( autom éta )Mce "Activity Automata

SetParams*

oy 9
. ConnecjgDevice
perioc ;

attribute GetSpeed \ Start op
{ o . codelstart

doc ’
b [iasp  Track st

périod: 50ms period: 50ms codelsi

function Stop() send_rtcm, connect, Services: Services:
{ disconnect, connect_rtk | | Perm, Init, Track

doc "Stops motion and interrupts all motion requests”; JoystickOn,

interrupts MoveDistance, H get reference Gyro - Da )
: . use::si
b set_reference ar/ params

log, log_stop, log_iny =k ’
@ et siiereh g Btop, log_stop

activity MoveDistance(in double distRef = @ :"Distance in m"
{

doc "Move of the given distance"; velodyne —" e SS

validate controlDistance(in distRef, in state.posit Tas.k: scan Pg 'o_d' 10ms

“gkriod: 10ms _Aervices: codels3
codel <start> mdStartEngine(in distRef, in state.positiol erviceeth rStart_PoseProcessmg!
out posRef) yield exec, ether; Init, GetScans, SetFixedSensorPo,
codel <exec> mdGotoPosition(in speedRef, in posRef, inout state, GetOneScan, e

Task: acquisitio
aperiodic
Services:

port out Mobile) yield exec, end; SavePCD
codel <end, stop>
mdStopEngine() yield ether;

interrupts MoveDistance, GotoPosition; StartAcqui
task motion;
throw TOO_FAR_AWAY;

Y

codelend

LAAS
CNRS
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pose
module demo { * ---- component declaration ---- */ pose_es

double speed; ask- filter Services: Task: plan
}; GotoPosition period:100ms

GotoNode Services:
en:r['olsvueed { - P StartTrackTargetPort

const unsigned long task_period = 400; omponent demo {
const double millisecond = 0.001: version "1.0"; Navigation
emg L : n
struct state { S ecs ‘»“'Id I & Task: navigate S
double positi p [ n le_ﬁ” period: 200 ms PotentialField
ns

FA:
a ' Pilot SetParams*,
’ StopTrackTargetPg
/* ---- Poster . H lot rget i 9
- ort (In & out)... == ,
port out demo: : Mobile; Sdrvices:
e —— StoplfObstacle joystick IMU
/* ---- Services L .
- Task (period) == [z e
attribute SetSpeed( 1 TSLON g‘:\:‘ige: period: 100ms
. Services:
i doc . Rename Measure
validate - - g ~vice_list L.
we=oServices (automata)  Activity Automata
I R SetParams*
. : ConnecjDevice
pe :
attribute GetSpeed( = pri 108 Stal"t op
G -..codels (WCET) A coceser
c e 4
I o ¥ ; b <K: Track S1
y périod: 50ms period: 50ms
; codels1
function Stop() send_rtcm, connect, Services: Services:
{ disconnect, connect_g Perm, Init,  Track
doc "Stops motion and interrupts all motion requests"; 4 2 JoystickOn, ,
interrupts MoveDistance, H G ®.. P,
get_reference yro - ol
b set_reference . ar/ params pa )
log, log_stop, logs =l »
y ptop, log_stop
activity MoveDistance(in double distRef = @ :"Distance in m"

J5¢e

{
doc "Move of the given distance";
validate controlDistance(in distRef, in state.posit
codel <start> mdStartEngine(in distRef, in state.positiol 2

out posRef) yield exec, ether;
codel <exec> mdGotoPosition(in speedRef, in posRef, inout state,

. Task: acquisitio
port out Mobile) yield exec, end;

aperiodic
Services:
StartAcquisi

codel <end, stop>
mdStopEngine() yield ether;

interrupts MoveDistance, GotoPosition; 7 o
task motion; topAcquisition, StopGet,
throw TOO_FAR_AWAY;

Y

f
{
doc "Monitor the passagg
validate controlPosition (ig

codel <start> monitor(in moni g
codel <stop> monitorStop(i
task motion;
throw

" Triggered by start. /

>+ Throws TOO_FAR_AWAY .

*/

demo_event ¥
nonitor(const double *monitor, const de@s ids *ids)

¢ ,
double dDist;
and Monit( g
dDist = ids->state.speed * demo_iff5k_period * demo_
of if (fabs (*monitor - ids->stategosition) < dDist )
printf ("dist %f mon %f pos
return demo_stop;
}
return demo_start;
}

demo_event /** Codel monitorStop
controlPosition(const double * bl + Triggered by stop.
{ * Yields to ether.
if (*posRef > DEMO_MACHINE_LENGTH/2 | * Throws TOO_FAR_AWAY.
*posRef < -DEMO_MACHINE_LENGTH/2)  */
return demo_TOO_FAR_AWAY; iemo_event
} (const demo_ids *§

{

le *position)
return demo_ok; *position = ids->state.post
return demo_ether;

t

'

© Félix Ingrand, LAAS/CNRS, 2019
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pose
module demo { * ---- component declaration ---- */ pose_es

const unsigned long task_period = 400; -omponent demo {
const double millisecond = 0.001: version "1.0"; Navigation
emg L : n
struct state { S ecs m'd I & Task: navigate S
double positi p [ n .e_.uu period: 200 ms PotentialField
ns

double speed; ask- filter Services: Task: plan
}; GotoPosition period:100ms

GotoNode Services:
en:To.S\‘peed { - P StartTrackTargetPort

FAST . "
o — ; Pilot SetParams*,
) n : StopTrackTargetPg
/* ---- Poster lot rget
-“Port (in & out).=. = l
port out demo:: Mobile; Sdtvices: Temp u'es
—— StoplfObstacle joystick
/* ---- Services = §
- I as k e rl Od SetParams*, Stop Task: publish Task: Update
attribute SetSpeed( 1 TSLON aper\_odlc period: 100ms
{ Services: Services:
doc ; Rename Measure
validate N < 9 ~ice_list aoq
we=oServices (automata)  Activity Automata
b .

pe

’ SetParams*
ConnecjgDevice
start .
g codelstart 0 c 0 I S
s <k: Track
périod: 50ms period: 50ms
Services: Services:
Track

attribute GetSpeed( = pri 108; !
{ - 1000
doc | R, ( bile L.
Y v &
function Stop() send_rtcm, connect,
{ disconnect, connect_g Perm, Init,
doc "Stops motion and interrupts all motion requests"; P JoystickOn, K
interrupts MoveDistance, H get reference Gyro P Da ol _S1 )
b set reference ar/ params "
log, log_stop, log == '
9, 109_stop, p ptop, log_stop
activity MoveDistance(in double distRef = @ :"Distance in m"

{
doc "Move of the given distance"; g ' e
validate controlDistance(in distRef, in state.posit ¥ Rf 'o_d- 10ms
H Oervices:
codel <start> mdStartEngine(in distRef, in state.positiol 4 i ' D[ StartPoseProcessing,

out posRef) yield exec, ether; S, SetFixedSensorP
2
codel <exec> mdGotoPosition(in speedRef, in posRef, inout state, gFin, /

) Task: acquisitiony
port out Mobile) yield exec, end;

aperiodic
codel <end, stop>

mdStopEngine() yield ether;

Services:

StartAcquisi

on

ROS Comm l

interrupts MoveDistance, GotoPosition; / o
task motion; 4 pAcquisition, StopGet¥cans, f ) 2
throw TOO_FAR_AWAY; &. Pg> y 3

I

codelend

mmeemef =7/ /lib_codels

i/ 3

f
L

doc "Monitor the passagg bsition";
validate controlPosition (ig

Y/

codel <start> monitor(in moni g
codel <stop> monitorStop(i

task motion; 4 V.
throw " Triggered by start. /
. Yelds to start, stop.
>+ Throws TOO_FAR_AWAY .
*/ 1
—— demo_event of F
nonitor(const double *monitor, const de@s ids *ids)
¢ ,

double dDist;

and Monit( g
P /.
dDist = ids->state.speed * demo_i#fSk_period * demo_gf' lisecond;
of if (fabs (*monitor - ids->stategfosition) < dDist)y
printf ("dist %f mon %f pos \n", dDist, *moni@#br, ids->state.position);
return demo_stop; . K 4
} {
return demo_start; P 4 2
} 7
demo_event /** Codel monitorStop y Monitor g
. *
controlPosition(const double * )

* Triggered by stop.
{ * Yields to ether.
if (*posRef > DEMO_MACHINE_LENGTH/2 | * Throws TOO_FAR_AWAY.
*posRef < -DEMO_MACHINE_LENGTH/2)  */
return demo_TOO_FAR_AWAY; femo_event
} (const demo_ids *§

{

le *position)

return demo_ok; *position = ids->state.posieron;
return demo_ether;

t
'
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pose
module demo { * ---- component declaration ---- */ pose_es

const unsigned long task_period = 400; “omponent demo {
const double millisecond = 0.001; version "1.0"; Navigation
emg L : n
struct state { S ecs m'd I & Task: navigate S
double positi p [ n .e_.uu period: 200 ms PotentialField
ns

double speed; ask- filter Services: Task: plan
}; GotoPosition period:100ms

GotoNode Services:
en:vs@iueed { - P StartTrackTargetPort

FAST

; : SetParams*
) — )
, L | gilot StopTrackTargetPg
foeesPort (in. & out).s. =
= o 50ms | pos
port out demo:: Mobile; Sdtvices: Temp u'es
—_— StoplfObstacle joystick
/* ---- Services = §
- I as k e rl Od SetParams*, Stop Task: publish Task: Update
attribute SetSpeed( 1 TSLON aper\_odu? period: 100ms
{ Services: Services:
doc ; Rename Measure
validate d N < 9 ~ice_list aoq
we=oServices (automata)  Activity Automata
I R SetParams*

period

- codels(WCET)

start

ConnecjDevice
codelstart

P <K: Track poco I S
périod: 50ms period: 50ms
Services: Services:

b

function StopQ) send_rtcm, connect,
{ disconnect, connect_g Perm, Init,  Track
doc "Stops motion and interrupts all motion requests"; JoystickOn, K
interrupts MoveDistance, H get_reference Gyro P Dau ok - S1 )
b set reference ar/ params "
log, log_stop, I to}), /o_g_stop '
activity MoveDistance(in double distRef = @ :"Distance in m"

sSe
pgfiod: 10ms
¥ Services:

hs, SetFixedSensorPo
#n, —eng

{
doc "Move of the given distance";
validate controlDistance(in distRef, in state.posit
codel <start> mdStartEngine(in distRef, in state.positiol 2

out posRef) yield exec, ether;
codel <exec> mdGotoPosition(in speedRef, in posRef, inout state,
port out Mobile) yield exec, end;

Task: acquisitiory

aperiodic
codel <end, stop> T —
mdStopEngine() yield ether; f S ¥
i n
interrupts MoveDistance, GotoPosition; / . HStartACqu Ol b
task motion; é@cqwsmon, StopGet¥cans,
throw TOO_FAR_AWAY; & Stop}Pg»
I

codelend

ict1vity Monitor (in double monitor = @
out double position) y

{ p
doc "Monitor the passag
validate controlPosition (i

codel <start> monitor(in moni
codel <stop> monitorStop(i
task motion;
throw TOO_FAR_AWA

>+ Throws TOO_FAR_AWAY .

*/

demo_event F 4
nonitor(const double *monitor, const de@s ids *ids)
¢ 3

double dDist;

/* --- Activity and Monit( g
y /.
dDist = ids->state.speed * demo_i#fSk_period * demo_gf' lisecond;
of if (fabs (*monitor - ids->stategosition) < dDist

* printf ("dist %f mon %f pos \n", dDist, *moni@#br, ids->state.position);
* return demo_stop; . K 4

} {
* Retugnsffic. return demo_start; K 4 g
* Throgy! TAR_ANAY . 3 4
*/ > o
demo_event /** Codel monitorStop y Momto'

. *

controlPosition(const double * )

* Triggered by stop.
{ * Yields to ether.
if (*posRef > DEMO_MACHINE_LENGTH/2 | * Throws TOO_FAR_AWAY.
*posRef < -DEMO_MACHINE_LENGTH/2)  */
return demo_TOO_FAR_AWAY; femo_event
} (const demo_ids *§

{

le *position)
return demo_ok; *position = ids->state.posieron;
return demo_ether;

t

'
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pose
module demo { * ---- component declaration ---- */ pose_es

const unsigned long task_period = 400; omponent demo {
const double millisecond = 0.001: version "1.0"; Navigation
emg L : n
struct state { S ecs ‘»“'Id I & Task: navigate S
double positi p [ n le_ﬁ” period: 200 ms PotentialField
ns

double speed; ask- filter Services: Task: plan
}; GotoPosition period:100ms

GotoNode Services:
en:r['olsvueed { - P StartTrackTargetPort

FAST

; - SetParams*
 — Pilot .
’ StopTrackTargetPg
FoeesPort (in. & out)..: YR
-
vu. 50ms [-pos
port out demo:: Mobile; Sdtvices: Templu'es
—_— StoplfObstacle joystick
/* ---- Services = :
- I as k e rl Od SetParams*, Stop Task: F:;b"Sh Task: Update
attribute SetSpeed( 1 TSLON ;per\_o "f‘ period: 100ms
{ ervices: SeWiCeS:
doc Rename Measure
~vice_list

Activity Automata

L SetParams*
ConnecjDevice
[ ]

4\ codelstart 0(0 I S

s <k: Track
périod: 50ms period: 50ms
Services: Services:
Track

I

w - Services (automata

¢ doc £ C6‘d’el S‘

b

function Stop(Q) send_rtcm, connect,

{ disconnect, connect_g Perm, Init,

doc "Stops motion and interrupts all motion requests"; JoystickOn, K

interrupts MoveDistance B T .. )
. , ; get_reference Gyro -~ bausk::si

; set_reference . adparams

log, log_stop, log i ’
9, 109_stop, p ptop, log_stop

activity MoveDistance(in double distRef = @ :"Distance in m" -
{

doc "Move of the given distance"; 4 =D

r S £ i i pgfiod: 10ms
validate controlDistance(in distRef, in state.posit i
Services:

codel <start> mdStartEngine(in distRef, in state.positiol
out posRef) yield exec, ether;

codel <exec> mdGotoPosition(in speedRef, in posRef, inout state,
port out Mobile) yield exec, end;

hs, SetFixedSensorPo
e elaule

N Task: acquisition]

aperiodic
codel <end, stop> Services:
mdStopEngine() yield ether; S i g
tartAcquisition g
interrupts MoveDistance, GotoPosition; g o 4 3
task motion; topAcquisition, StopGet¥cans,

throw TOO_FAR_AWAY;
i H

doc "Monitor the passagg
validate controlPosition (ig

Y/

lib_BIP_Engine BIP modules

codel <start> monitor(in moni g
codel <stop> monitorStop(i
task motion;
throw

" Triggered by start. /
Yelds to start, stop.
>+ Throws TOO_FAR_AWAY .

e

demo_event F 4 3
nonitor(const double *monitor, const dege ids *ids) g
: . ; moael |
double dDist; 4
and Monit( g
y /.
dDist = ids->state.speed * demo_i#fSk_period * demo_gf' lisecond;
of if (fabs (*monitor - ids->stategfosition) < dDist)y
printf ("dist %f mon %f pos \n", dDist, *moni@#br, ids->state.position);
return demo_stop; . K 4
} " 4
return demo_start; P 4 2
} 7
demo_event /** Codel monitorStop y Monitor g
. *
controlPosition(const double * )

* Triggered by stop.
{ * Yields to ether.
if (*posRef > DEMO_MACHINE_LENGTH/2Z | * Throws TOO_FAR_AWAY.
*posRef < -DEMO_MACHINE_LENGTH/2) /
return demo_TOO_FAR_AWAY; demo_event
} (const demo_ids *§

{

*

le *position)

N R0S Comm modules

return demo_ok; *position = ids->state.posieron;

return demo_ether;

t
'

Fiacre model |
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Formal specifications

o All this get translated to : BIP
UPPAAL, Fiacre/TINA

o Except the specific user defined
(/C++ code which is inside a codel .
(it is abstracted with a WCET) ’

LAAS
CNRS

— © Félix Ingrand, LAAS/CNRS, 2017




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
joystick = or_joystick::state
pose )
ose_es
POM joystick Navigation PotentialField SafetyPilot
Task: io . . . Task: pilot
L Task: publish Task: navigate Task: plan asx. pi
ggmgé;pms aperiodic period: 200 ms period:100ms period: 50ms
. d d Services: Services: Services: Services:
?:;IT}iﬁer -me Rename GotoPosition StartTrackTargetPort StoplfObstacle
L device_list GotoNode
perlqd.1 (_Jms SetParams*, SetParams*, Stop
Services: Stop StopTrackTargetPort
perm
© st PF\
joystick target cmd Cmd
9 I joystick t3d_pos b b
IMU GPS odometry
ports
IMU gps rmp440 VeIOdyne Task: pose
Task: Io aperiodic Task: Motion Tas!(: Track Tas.k: scan pel’iqd: 1.0ms
M Task: Update Sorl AP period: 50ms period: 50ms || period: 10ms  Services: _
— + u S S e rI 0 period: 10 ims ervices: Services: Services: Services: StartPoseProcessing,
Services: perrcr;,:nflx, ﬂx_her:, Perm, Init,  Track Init, GetScans, SetFixedSensorPose
Measure send_rtcm, connect, i GetOneScan Al
; JoystickOn, ' Task: ac t
disconnect, connect_rtk : acquisition
— Gyro SavePCD aperiodic
— V1 1 1 SetParams” get_reference set_var_params, Services:
u c I V I S e rv I c e S W I c 0 e S ConnectDevice set_reference Stop, log_stop StartAcquisition
Stop log, log_stop, log_info StopAcquisition, StopGetScans,
{Setup,Stop}PoseProcessing
u U II.O m u II.u ) UsB use Ethernet/TCP Ethernet/UDP

— 41 function services
—43 attribute services

—170 codels (14k loc) and their WCET

—200k loc for all components + libraries

LAAS |
CNRS

——/
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type

GenoM Port
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Current GenoM V&V templates

Middleware

: Online Online
Offline 5 coLibs ROS

++ ++

= RT D-Finder = BIP Engine = BIP Engine

® ++ .
g FIACRE TINA Hippo  Under Dev
UPPAAL +++
UPPAAL SMC it
— The BIP- models for the BIP Engine are complete and functional

—— The Fiacre template is complete and tested on numerous modules (model over multiple modules and ports
communication), UPPAAL has a slight performance advantage

— Between Fiacre and UPPAAL there are pros and cons

—— The Fiacre Engine Hippo is under development (alpha)

LAAS |
CNRS _~
© Félix Ingrand, LAAS/CNRS, 2019 30



Why focus on a bottom up approach?

Apart from learned models, most decisional
components rely on explicit models which can be

fed to V&V tools

Lower level components often lack formalism

Beware, if we try to check high level properties, on
unverified low level components, we are building

on quick sands...

Try to start from existing “robotics” frameworks

LAAS |

CNRS

——/

© Félix Ingrand, LAAS/CNRS, 2019

Decisional Level

Planning Monitoring
Acting Observing
Functional Level N . Attribute Service
t3d_pos = or::t3d::pos Funf:t_lon Serv_lce
rb = or_rigid_body::state Activity Service
pcl
Joystick = or_joystick::state
pose )
ose_es
POM joystick Navigation PotentialField SafetyPilot
Task: io . X § Task: pilot
ind- Task: publish Task: navigate Tas!(. plan ask: pilof
gzmg’e;.o ms aperiodic period: 200 ms pengd:100ms penqd: 5.0ms
d-d Services: Services: Services: Services:
e Rename GotoPosition StartTrackTargetPort | | StoplfObstacle
iod- device_list GotoNode
Reriod JORS SetParams®, SetParams®, Stop
S StopTrackTargetPort
perm

joystick
joystick

Task: Update
period: 100ms
Services:
Measure

SetParams*
ConnectDevice
Stop

target iy \V
t3d_pos C:;d

®

GPS odometry point
ose_es 0se_es cloud
pcl
gps rmp440 velodyne Task: pose
- — Task: Motion Task: Track Task: scan period: 10ms
TESKI iolaperiodic period: 50ms period: 50ms period: 10ms Services:
Services: Services: Services: Services: StartPoseProcessing,
perr:, unfix, fix_here, Perm, Init,  Track Init, GetScans, SetFixedSensorPose
send_rtcm, connect, " ’ GetOneS:
N JoystickOn etOnesScan, Telk FEsh
disconnect, connect_rtk ’ : acquisition
= Gyro SavePCD aperiodic
Services:
get_reference set_var_params, -
set_reference Stop, log_stop StartAcquisition
log, log_stop, log_info StopAcquisition, StopGetScans,
{Setup, Stop}PoseProcessing

usB

usB

Ethernet/TCP

Ethernet/UDP

port name
type

GenoM Port
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V&V models: Different situations over o
complete autonomous system

Formal models: decisional : planning
(e.g. UPPAAL, model checking), monitoring,

FDIR (e.g. RMPL), observing (e.g. DyKnow)

Functional Level
sssssssssssssssssssssssss

Learned models: Reinforcement learning models, perception
models, action models, etc.

Specification models: Robotics software engineering models:
e.g. GenoM, Oroccos, MAUVE, BIC, SmartMDSD, RobotML, etc.

Programming directly the Model: Orccad, Esterel, Scade,
RoboChart, etc. (heware of acceptability)

No Model... Frama-C, Spark, Isabelle /HOL

LAAS
CNRS

——/
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peridd :::::

period:10ms

aperiodic
Services:
eeeeee

Navigation
peridd DDDDDD

oooooooo

PotentialField

period:100ms

periéd :::::

Services:

aaaaaaaaaa

Services:

Services:




V&V models: Different situations over o
complete autonomous system

Formal models: decisional : planning
FDIR (e.g. RMPL), observing (e.g. DyKnow) 3 B

(e.g. UPPAAL, model checking), monitoring,

Functional Level
sssssssssssssssssssssssss

[ ] [ ] [}
earned models: keintorcement learning models, perception
¢ g ! p p
[ ]

POM joystick Navigation PotentialField SafetyPilot

mo e S uc Ion mo e S e c Task: io Task: publish Task: navigate Task: plan Jesiinio
, , ° Belicds 1.0ms aperiodic period: 200 ms period:100ms period: 50ms

Services: Services: Services: Services:
perm, add_me - StartTrackTargetPort StoplfObstacle
SetParams*, SetParams®,

Services:
eeeeee

period:ioms | |devicedist | |GotoNode

Specification models: Robotics software engineering models: =
e.g. GenoM, Oroccos, MAUVE, BIC, SmartMDSD, RobotML, etc. &

Services:

iod: iod: period: 10ms ervices:
L ices: Services: Services: StartPoseProcessing,
Peﬂ:,rltlnle, f|x_herte, Perm, Init,  Track Init, GetScans, SetFixedSensorPose
M send_rtcm, connect, f kO, GetOneScan, e
di rtk Task: acquisition
M ° Y - Gyro BateECh aperiodic
aaaaaaaaaa get_reference set_var_params, Services: .
o ConnectDevice set_reference Stop, log_stop StartAcquisition
, , , Stop log, log_stop, log_info StopAcquisition, StopGetScans,
{Setup,Stop}PoseProcessing
oo
0 0 u ri etc ewu re 0 uccepiu I Iiy UsB UusB Ethernet/TCP Ethern oP
, [ ]

No Model... Frama-C, Spark, Isabelle /HOL

LAAS
CNRS

——— © Félix Ingrand, LAAS/CNRS, 2019




V&Y models: Different situations over a

complete autonomous system

Formal models: decisional : planning
(e.g. UPPAAL, model checking), monitoring,

FDIR (e.g. RMPL), observing (e.g. DyKnow)

Formal
Models

Learned
Models

Learned models: Reinforcement learning models, percepre
models, action models, etc.

Specification models: Robotics software engineering models:
e.g. GenoM, Oroccos, MAUVE, BIC, SmartMDSD, RobotML, etc.

Programming directly the Model: Orccad, Esterel, Scade,
RoboChart, etc. (heware of acceptability)

No Model... Frama-C, Spark, Isabelle /HOL

LAAS
CNRS

——— © Félix Ingrand, LAAS/CNRS, 2019
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V&V models: Different situations over o
complete autonomous system =

Formal models: decisional : planning
Learned

(e.g. UPPAAL, model checking), monitoring,
FDIR (e.g. RMPL), observing (e.g. DyKnow)

Functional Level

Learned models: Reinforcement learning models, percep

models, action models, etc.

eeeeeeeeeee

period:10ms

Specification models: Robotics software engineering models:

e.g. GenoM, Oroccos, MAUVE, BIC, SmartMDSD, RobotML, etc. @ U'els

period: 100ms [ |Services:

ccccccccccccccccccccc

Programming directly the Model: Orccad, Esterel, Scade,

eeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeee

RoboChart, etc. (heware of acceptability)
No Model... Frama-C, Spark, Isabelle/HOL

LAAS
CNRS

— © Félix Ingrand, LAAS/CNRS, 2019
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V&V models: Different situations over o
complete autonomous system =

Formal models: decisional : planning
Learned

(e.g. UPPAAL, model checking), monitoring,
FDIR (e.g. RMPL), observing (e.g. DyKnow)

——— BN .
Learned models: Reinforcement learning models, percep =

° °=6-ey joystick Navigation | [Potent falField
models, action models, etc.

periéd ooooooooooooo

Specification models: Robofics software engineering models: e & '®
e.g. GenoM, Oroccos, MAUVE, BIC, SmartMDSD, RobotML, etc. & = =

geriqd: 100ms Services: Services: Services:
ervices:
MMMMMM

Programming directly the Model: Orccad, Esterel, Scade,
RoboChart, etc. (heware of acceptability)

No Model... Frama-C, Spark, Isabelle /HOL

LAAS
CNRS

— © Félix Ingrand, LAAS/CNRS, 2019



V&V of learned mode

| would like to live in a society
whose systems are built on top
of verifiable, rigorous, thorough

—— \\knowledge, and not on alchemy Y,

ls...

Planning Monitoring
\ I I

Acting Observing

/

..(it is important to) invent new
\ techniques, and yes, new tricks

Engineering artifacts have almost always
preceded the theoretical understanding.

Ali Rahimi at NIPS 2018

Yann Le Cun

weor s ey ey ==
‘ ‘ ‘ ‘ ‘ {Setup,Stop}Pol

LAAS
CNRS

— © Félix Ingrand, LAAS/CNRS, 2019
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V&V of learned models...

— Machine learning is the new Al.. but is “model-less”

Learned

— Proper environment modeling

Planning Monitoring

— Properly characterize the bound of the learned model

' Learn error models but stick with the “regular” ——_—

approach (easier to cerfify) B e wpe S

eriod: s Task: publish Task: navigate k:
ervic;es- aperiodic period: 200 ms perlo_d: 00000
i Services: Services: Services:

— Use multiple sources to improve the confidence (sensor = "~ 5
results fusion)

Learm

Models

IMU GPS

0s6e_e 0SE_¢
IMU gaps L{ velodyne

. o ask: Motion Task: Trac| ask: scan i
L] [ 4 [ 4 ® ® Task: Update Task; ||||||||||| eriod: 50ms _period: 50ms
period: 100ms Services: S S
Services: perm, unfix, fix_here, Perm, Init, Track Init, ns,
Measure send_rtcm, connect, oystickOn b
disconnect, connect_rtk G ’

SetParams* get_reference

ConnectDevice set_reference

Stop log, log_stop, log_info

Learned

Models

— Safety bag around these components (run time

e cu o[ﬂ) D.Amodei, C. Olah, J. Steinhardt, P. Christiano, J. Schulman, and D. Mané,
“Concrete Problems in Al Safety,” arXiv.org, 1606.06565v2, vol. cs.Al. 21-Jun-2016.

'_ A AS http://arxiv.org/abs/1606.06565v2
/' [2] S.A. Seshia, D. Sadigh, and S. S. Sastry, “Towards Verified Artificial Intelligence,”
CNRS arXiv.org, 1606.08514v3 vol. cs.Al. 28-Jun-2016. http://arxiv.org/abs/1 606.085 | 4v3
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Functional Level Attribute Service Functional Level .
Function Service Functional Level
b= igid_body::stat Activity Service
;c/ orroabedysEe RWLSensor Navigation Teleop
Jjoystick = or_joystick::state LWRI oDs Task: b Task: Task
Task: baseUpdate 200 ightLvl : ask:
- Task: high 50ms Task: cycle 60ms 40ms i ;Zr:iies- " ¢ NE/OgICo00S check 100ms
Services: Services: ) 5 Services: : Joystick
WU? . ) Services: CheckLight GotoPositi Services:
B = Navieati AT " permanent, sendMotion, (PEETE permanent, ResetLightsSeq otorosition Op
:_0:\([! . joystick g ] F ield Safe‘Y_P"O‘ receiveControlDatas, openDoor ’ UnstowSensor Gcichiers Stop
pae?io.c:?mms Task: publish Task: navigate Task: plan 1gske el updateControlParams, GotoQ, ) StowSensor Stop
Services: aperiodic period: 200 ms period:100ms geno@ s GotoQRel, GotoXXAbs, GotoXXRel, Task: lwrUpdate Task: localize 40ms
perm, add_me Services: Senvice Somices: s(:;v |::fe°s|.)stade QViaPoints, CartViaPoints, 20ms Services: /Tar o Teleop
Task: filter 2:3?:‘;3 ; gg:::t;zi;ion StartTrackTargetPort L RecordViaPoint, openDoor Services: permanent, g Cmd
ge"'?d”o"‘s - SetParams®, SetParams*, Stop GetQ, GetX,... getCartesianTorques, permanent, T
EleEss StopTrackTargetPort SetSpeedLimits, i p Nav rioue
tMode, h , kilODS i
Lt setTheoricalPositionAdjust setilode, homing, Ki graph Fun.ct./on
target PF\ Cmd \ Activity
arge Cmd
13d.
_pos b i motion :::::; CERD Pose/ W
POM PotentialField SafetyPilot
Task: io 10ms.
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perm, add_me o=y pilot 40ms
plan 100ms o
IMU GPS odometry Services: SSIVP'CSS‘
ose_es trol Task: filter 10ms . etParams™
s6-85 0% portinit || g base_init | | rf_poster Services: 32::‘:’::‘;& Sigp .
IMU aps rmp440 velodyne Task: pose Perm Stop MergeAndAvoid
. L Task: Motion Task: Track Task: scan period: 10ms LWRC RF
Task: Update Task: io aperiodic period: 50ms period: 50ms || period: 10ms  Services: o . /
period: 100ms Services: Services: Services: Services: StartPoseProcessing, Task: motion 10ms Task: cycle 50ms cmd
Services: perm, unfix, fix_here, Perm, Init,  Track Init, SetFi: Pose Services: Services:
Measure send_rtem, connect, JoystickOn, GetOneScan, .. acquisition permanent, permanent, RF, Calibrate,
disconnect, connect_rtk Gyro SavePCD ap e Init, MoveTo, MoveSpineOnly,
SetParams* S e . Services: ReceiveMotion, sendControlDatas, sendDatas
CaiieaBaED e e StoZ) ,o-; stop ’ StartAcquisition setDebugMode SetLinearSpeedLimit,
Stop Iog,_log,stop, log_info B StopAcquisition, StopGetScans, SetLinearAccLimit, ..., Odometry
{Setup, Stop}PoseProcessing GetOdo GPS MU SEss) Las
GPSDriver IMUDriver RobotDriver LaserDriver
USB use Ethernet/TCP Ethernet/UDP e Tl Task: Task: Task:
update 100ms update 10ms rosTOgenom fg"m‘;mT"ms sean 100ms
tname Services: Services: Services: Services: Services: .
po tpo o SetParams* SetParams* Perm Perm SetParams®
P USB Serial Line/ Socket CAN ConnectDevice ConnectDevice ConnectDevice
Ethernet Interface Attribute Service Measure Measure StartScan
GenoM Port Function Service Stop Stop Stop
Activity Service
Cooon)
v pose_es = or_pose_estimator::state
| rotor_input = sequence<double, max_rotors>
anticollision | GenolV|3 Componeris rotor_measures = sequence<rotor_state, max_rotors>
_fusion |
Task: 10ms m |
fusion speed_ |
Saless \""‘_"/ I [follower pom maneuver
[BEIfft, > Task: 20
add_limiter ES At ) Task: Task: exec
follow Task: io Task: filt I
Services: eriod: Tms oo el plan ap el
feedback : period: period:1ms Services:  Services:
5 H ek follow_path Services: :
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scan low_level
1 1 Task: ap Task: 20ms
ms_1xx vehicle_state command mocap
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Task: Task:
Task: N - U comm ap @
bli MU ervices: Services: velocity
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-
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GenoM Port 3 5




Conclusion

 Tools must be “usable” and “adopted” by roboficists

~ When there are models... there is hope!

— Adapt the models and the V&V techniques

' Try to keep the overall consistency

'~ Al/decisional components are mostly OK (wrt formal V&V)

V&V and certification of “learned model” based components

_anc remain a challenge

CNRS /

— © Félix Ingrand, LAAS/CNRS, 2019

36



Research agenda

—— If we want to stay in the loop, we should stop looking at toy robots/problems...

NHTSA now allows testing with cars without steering wheels... (level 4)

——| Deeper model (codel arguments, SDI, algo, check the codel, efc) & Run Time
Verification

—— Better linked models between functional level and decisional level (Planning/
Acting/Monitoring)

— Address V&V of learned models

—— HAW : Human Aware V&V (Human in the loop: uncontrollable model)

LAAS |
CNRS
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TO COMPLETE YOUR REGISTRATION, PLEASE. TELL US

el

EN COMMUN

ANSWER QUICKLY—0OUR SELF-DRIVING
CAR 1S ALMOST AT THE INTERSECTION.

S0 MUCH OF "Al" I5 JUST FIGURING OUT WAYS
TO OFFLOAD WORK ONTO RANDOM STRANGERS.

All the code is open source and available... please use it with your own framework

https://redmine.laas.fr/projects/minnie
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