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This is “Minnie”
Segway RMP 440  
R&D platform… not an  
autonomous car but…  
definitely not a toy robot 

Fast (up to 8 m/s) 
GPS  
Gyro (measures theta/wz) 
IMU (angular velocities and accelerations) 
2 recent CPUs (but I only use one)

2



LAAS
CNRS

© Félix Ingrand, LAAS/CNRS, 2019

Velodyne lidar sensor 
they are used on most "autonomous 
cars” (except Tesla) 
Point Cloud: 64K 3D points at 10 Hz… 
… 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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Let’s focus on Minnie’s velodyne
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What do we use 
Minnie for?
Patrolling the parking lot in 
the lanes/crossings graph  

without scratching my 
colleague’s car (parked or 
moving) 

without bumping in people

4



© Félix Ingrand, LAAS/CNRS, 2019

LAAS
CNRS

Minnie software 
architecture

9 components 
9 ports 
(13 + 9) tasks (period) 
38 activity services (with automata) 
41 function services 
43 attribute services 
170 codels (14k loc) and their WCET 
200k loc for all components + libraries 

Everything runs onboard…
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Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info
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rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

point 
cloud
pcl

odometry
pose_es

target
t3d_pos

PF
Cmd
rb

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

GenoM Port

joystick
joystick

Cmd
rb

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

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
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One day, the “formal models” Genies gave me  
3 wishes models…
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BIP (Verimag)

Fiacre/TINA (LAAS/VerTICS)

Formal Methods/Frameworks

UPPAAL (UPPsala & AALborg University)

BIP  
Fiacre 

UPPAAL
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CHAPTER 3. THE BIP FRAMEWORK

Sender

Send1 Send2 Send3

Max1

Max2

Sing1 Sing2

p2(x) p2(x)

p3(z)

p2(x)

p3(z)

p0
2(z)

p1 p1 p1

p0
1

(a) Composite component representation.

compound type Sender

component Basic Send1
component Basic Send2
component Basic Send3

connector Max Max1(Sender1.p2,Send2.p2)
connector Max Max2(Max1.p3,Send3.p2)
connector Singleton Sing1 (Send1.p1)
connector Singleton Sing2 (Send2.p1)

export port Intport p�2 is Max2.p3
export port Intport p�1 is Send3.p1

end

(b) BIP code of the compound component.

Figure 3.7: An example of compound component in BIP.

4 The BIP Tool-Chain

This section presents the implementation of the BIP framework, formally described in the
previous sections, in the form of a tool-chain called the BIP tool-chain. The BIP Tool-chain
provides a complete implementation, with a rich set of tools for the modeling, the execution
and the verification (both static and on-the-fly) of BIP models.

4.1 General Overview

The overview of the BIP tool-chain is shown in figure 3.8. It includes the following tools:

• The BIP language. It is used to build models using components, connectors and
priorities and describes components architecture. It is used for the BIP description
source.

• Source-to-source transformation tools. They are used to transform various program-
ming models, using di�erent laguages, into BIP models. The translation of a pro-
gramming model into a BIP model allows its representation,in a rigorous semantic
framework. There exist several translations, including LUSTRE, MATLAB/Simulink,
AADL, GeNoM applications, NesC/TinyOS applications, C software and DOL sys-
tems.
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CHAPTER 5. CORRECT IMPLEMENTATION OF REAL-TIME SYSTEMS

Encoder

get
[0 � x � +⇥]e

⇤
next
[100 � x � 120]d

{x}

q0

[0 � x � 50]d[50 � x � 60]d

q1

q2

encb

⇤⇤

enca

get next

atomic type Encoder
export port intPort get
export port intPort intPort next
port intPort enca compute
port intPort encb

clock x unit millisecond

place q0
place q1
place q2

initial to q0

on get from q0 to q1
when x in [0,-] eager
on enca from q1 to q2
when x in [50,60] delayable
on encb from q1 to q2
when x in [0,50] delayable
on next from q2 to q0
when x in [100,120] delayable
reset x

end

Figure 5.9: The encoder component declaration in BIP.

Priorities

Priorities are used for inhibiting an interaction, called the low interaction, whenever another
interaction, called the high interaction, is enabled. Priorities can be guarded by boolean
conditions, which depend on the value of variables. We can extend priorities with the notion
of time, by adding delays for the application of priority rules. A priority with a delay of d
means that its lower interaction is inhibited by its high interaction whenever the latter is
possible in d units of time.

Definition 25 (Priority Rule) A priority is a tuple (C,�d), where C is a state pred-
icate (boolean condition) characterizing the states where the priority applies and �d is a
partial order that gives the priority order on a set of interactions A =

�
A� and d is the

delay of application of the priority.

For a1 ⇤ A and a2 ⇤ A, a priority rule is textually expressed as C ⇥ a1 �d a2. When
the state predicate C is true and both interactions a1 and a2 specified in the priority rule
are enabled, the higher priority interaction, i.e., a2 is selected for execution with a delay of
d time units.
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code two types of ports. A pure event port ePort that does not have any associated vari-
ables, and provides the mechanism for event synchronization only. The port out is of type
InPort, which associates an integer variable with a port. A port in an atomic component
is not visible to its environment unless it is exported explicitily. In the above example, both
port p1 and p2 are exported. It is necessary to export a port if it has to be used in some
connector for synchronization purpose.

Basic

x = assign−value ()

p1 p2(x)

empty full

p2

p1

[x > 0]

(a) An atomic component.

port type IntPort (int x)
port type ePort ()

atomic type Basic
data int x = 0
export port ePort p1() is p1
export port intPort p2(x) is p2

place empty
place full

initial to empty

on p1 from empty to full
do { x = assign-value();}

on p2 provided [x > 0]
from full to empty

end

(b) BIP code of the atomic component.

Figure 3.2: An example of an open atomic component in BIP.

3.2 Connectors

Composition of components allows to build a system as a set of components that interact
by respecting constraints of an interaction model. Connectors are used to specify possible
interaction patterns between the ports of components.

Definition 8 (Connector) A connector � define sets of ports of atomic components Bi

wich can be involved in an interaction. It is formalized by � = (P� , A� , p[x]) where:

• P� is the support set of �, that is the set of ports that � may synchronize.
• A� ⇥ 2P� is a set of interactions a each labeled by the triple (Pa, Ga, Fa) where:

– Pa is the set of ports pii�I , I ⇥ [1, n] that take part of an interaction a,
– Ga is the guard of a, a predicate defined on variables

�
pi�a Vpi ,

– Fa is the data transfer function of a, defined defined on variables
�

pi�a Vpi .

• p is the exported port of the connector �.

25

CHAPTER 3. THE BIP FRAMEWORK

code two types of ports. A pure event port ePort that does not have any associated vari-
ables, and provides the mechanism for event synchronization only. The port out is of type
InPort, which associates an integer variable with a port. A port in an atomic component
is not visible to its environment unless it is exported explicitily. In the above example, both
port p1 and p2 are exported. It is necessary to export a port if it has to be used in some
connector for synchronization purpose.

Basic

x = assign−value ()

p1 p2(x)

empty full

p2

p1

[x > 0]

(a) An atomic component.

port type IntPort (int x)
port type ePort ()

atomic type Basic
data int x = 0
export port ePort p1() is p1
export port intPort p2(x) is p2

place empty
place full

initial to empty

on p1 from empty to full
do { x = assign-value();}

on p2 provided [x > 0]
from full to empty

end

(b) BIP code of the atomic component.

Figure 3.2: An example of an open atomic component in BIP.

3.2 Connectors

Composition of components allows to build a system as a set of components that interact
by respecting constraints of an interaction model. Connectors are used to specify possible
interaction patterns between the ports of components.

Definition 8 (Connector) A connector � define sets of ports of atomic components Bi

wich can be involved in an interaction. It is formalized by � = (P� , A� , p[x]) where:

• P� is the support set of �, that is the set of ports that � may synchronize.
• A� ⇥ 2P� is a set of interactions a each labeled by the triple (Pa, Ga, Fa) where:

– Pa is the set of ports pii�I , I ⇥ [1, n] that take part of an interaction a,
– Ga is the guard of a, a predicate defined on variables

�
pi�a Vpi ,

– Fa is the data transfer function of a, defined defined on variables
�

pi�a Vpi .

• p is the exported port of the connector �.

25

Behavior

CHAPTER 3. THE BIP FRAMEWORK

Sender1 Sender2

p3(z)

p1(x) p2(y)

G : (p1.x > 0)&&(p2.y > 0)

Fup : z = Max(p1.x, p2.y)

Fdown : p1.x = p2.y = z

(a) Connector.

connector type Max (intPort p1, intPort p2)
data int z
define [ p1p2 ]

on p1p2 provided (p1.x > 0) && (p2.y > 0)
up { z = Max (p1.x , p2.y);}
down { p1.x = p2.y = z ;}

export port intPort p3(z)

end

(b) Connector type definition code in BIP.

Figure 3.4: An example of a connector between two components in BIP

true. In the up function, the Max of the variables associated with the ports is calculated and
stored in the connector variable z. As a result of the data transfer, the variables associated
with the ports are set to the maximum of thier values, through the action down.

Hierarchical connectors

We have seen that a connector has an option to define a port and export it. This allows
a connector to be used as a port in other connectors, and create structured connectors. The
representation of structured connectors require connectors to be treated as expressions with
typing and other operations on groups of connectors. This led to a formalization of the
algebra of connectors defined in [25, 26]. The Algebra of Connectors is a compact notation
for algebric representation and manipulation of connectors and formalizes the concept of
connectors supported by the BIP component model.

Figure 3.5 shows two hierarchical connectors :

• The AtomicBroadcast (a) involves four ports s, r1, r2, r3. It represents a communica-
tion schema between a sender s and multiple reveivers ri, where either a message is
received by all the ri, or by none. Ports ri are strongly synchronized and the synchro-
nization with the trigger port s is done via an exported port. This means that either
s or interaction s.r1.r2.r3 is possible.

• The CausalChain (b) involves the same ports with a di◆erent structure. It represents
a communication schema in which if a message is received by ri, it has also to be
received by rj , for j < i.
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on p1p2 provided (p1.x > 0) && (p2.y > 0)
up { z = Max (p1.x , p2.y);}
down { p1.x = p2.y = z ;}

export port intPort p3(z)

end

(b) Connector type definition code in BIP.

Figure 3.4: An example of a connector between two components in BIP

true. In the up function, the Max of the variables associated with the ports is calculated and
stored in the connector variable z. As a result of the data transfer, the variables associated
with the ports are set to the maximum of thier values, through the action down.

Hierarchical connectors

We have seen that a connector has an option to define a port and export it. This allows
a connector to be used as a port in other connectors, and create structured connectors. The
representation of structured connectors require connectors to be treated as expressions with
typing and other operations on groups of connectors. This led to a formalization of the
algebra of connectors defined in [25, 26]. The Algebra of Connectors is a compact notation
for algebric representation and manipulation of connectors and formalizes the concept of
connectors supported by the BIP component model.

Figure 3.5 shows two hierarchical connectors :

• The AtomicBroadcast (a) involves four ports s, r1, r2, r3. It represents a communica-
tion schema between a sender s and multiple reveivers ri, where either a message is
received by all the ri, or by none. Ports ri are strongly synchronized and the synchro-
nization with the trigger port s is done via an exported port. This means that either
s or interaction s.r1.r2.r3 is possible.

• The CausalChain (b) involves the same ports with a di◆erent structure. It represents
a communication schema in which if a message is received by ri, it has also to be
received by rj , for j < i.
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CHAPTER 3. THE BIP FRAMEWORK

Max1 Max2

Max2 : < Max1 : 

r s2s1

⇥ = {s1.r, s2.r}

s2.r s1.r

(a) An Example of a priority
relation.

connector Max1 (s1, r)
connector Max2 (s2, r)

priority maximal if (s1.x > s2.x)
Max2 < Max1

(b) BIP code of the priority relation.

Figure 3.6: An example of priorities in BIP.

• Q is a set of states, which is the cartesian product of the sets of control sates of the
composed components S =

�n
i=1 Si.

• �⌅⇥ is a set of transitions of the form (q,�, g, f, q�), where :
– q = (q1, ..., qn), qi being a control state of the ith component.
– � is a feasible interaction in ⇥ associated with a guarded command (G�, F�),

such that there exists a subset J ⇤ {1, ..., n} of components with transitions
{(qj , pj , gj , fj , q�j)}j⇥J and � = {pj}j⇥J .

– g =
⇥

j⇥J gj ⇧G�.
– f = F�; [fj ]j⇥J . That is, the computation starts with the execution of F� followed

by by the execution of all the functions fj in some arbitrary order. The result is
independent of this order as components have disjoint sets of variables.

• P is a set of exported ports. Indeed, a connector can be associated with exported ports.
This allows a connector to be used as a port in other connectors, and create structured
conectors. Those ports allow also to build compound components.

Example 7 Figure 3.7(a) shows a compound component Sender consisting of three com-
ponents, Send1, Send2 and Send3 of type Basic (described in Figure 3.2). They interact
by using connectors of type Max described in Figure 3.4 to compute the maximal value pro-
duced by the components. It exports two ports p�2 and p�1. Port p�2 results from the components
synchronizations through their p2 ports. Port p�1 is the exported port p1 of the Send3 com-
ponent. Ports p1 of Send1, Send2 are wrapped into singleton connectors since they are
neither exported by the compound component nor involved in any interaction. Figure 3.7(b)
presents the corresponding BIP code.
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calling the lib codels.
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BIP

Point Cloud is monitored: 
2 seconds without being refreshed 
=>emergency stop
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Functional Level
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[BIP ENGINE]: WARNING: state #5375644 and global time 
12min27s265ms544us809ns: violation of the following timing 
constraint ROOT.Compound_gps_.gps_.perm_io_gps: 
.... 
*************************** 
We send the SetDelay command 
*************************** 
... 
[BIP ENGINE]:   
ROOT.Compound_PotentialField_.PotentialField_.StartTrackTargetPort
_PotentialField_inst_1 resume [ -INFTY, 12min27s264ms952us841ns ] 
... 
[BIP ENGINE]: WARNING: state #5375932 and global time 
12min27s309ms870us794ns: violation of the following timing 
constraint 
ROOT.Compound_velodyne_.velodyne_.GetScans_velodyne_inst_2: 
... 
*************************** 
The SetDelay request has been executed. 
*************************** 
... 
[BIP ENGINE]: WARNING: state #5375959 and global time 
12min27s314ms182us292ns: violation of the following timing 
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, size 19968. 
*************************** 
The codel (which writes the PCL port) is being delayed, so PCL 
above is not published. 
*************************** 
Starting 2000000 delay. 
[BIP ENGINE]: WARNING: state #5376210 and global time 
12min27s350ms238us328ns: violation of the following timing 
constraint ROOT.Compound_rmp440_.rmp440_.Track_rmp440_inst_2:
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[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. 
*************************** 
The propery is being triggered in the BIP engine (see above) 
exactly when the 2 seconds have elapsed (see below). 
*************************** 
Ending 2000000 delay. 
[BIP ENGINE]: WARNING: state #5388434 and global time 
12min29s348ms75us105ns: violation of the following timing 
constraint 
ROOT.Compound_Navigation_.Navigation_.GotoNode_Navigation_inst_1: 
...... 
[BIP ENGINE]: WARNING: state #5388466 and global time 
12min29s352ms728us417ns: violation of the following timing 
constraint 
ROOT.Compound_PotentialField_.PotentialField_.StartTrackTargetPort
_PotentialField_inst_1: 
...... 
[BIP ENGINE]: WARNING: state #5388486 and global time 
12min29s355ms544us686ns: violation of the following timing 
constraint 
ROOT.Compound_velodyne_.velodyne_.GetScans_velodyne_inst_2: 

*************************** 
next rmp440 step is to stop the robot (12ms after the previous 
loop and 7ms after monitor triggered). 
*************************** 
 [GenoM3] rmp440 Calling rmp440_codel_service_Track_stop 
codel. 
rmp440 StopTrack
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period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

20

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 ~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_io_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 
Man_pilot_SafetyPilot.manage --> 
Man_pilot_SafetyPilot.start 
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Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info
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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 ~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_io_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 
Man_pilot_SafetyPilot.manage --> 
Man_pilot_SafetyPilot.start 
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Fiacre Model 
example: 
Alternate Bit 
Protocol

Buffer

idle

ooii

buf

pk

ii? pk
on not (full buf)
buf:=enq(buf,pk);

on not (empty buf)
oo! first buf
buf:=deq(buf);

wait [0,1]
on not (empty buf)

buf:=deq(buf);

Receiver

abufmbuf

rcve

ack

mbuf? m
if n=rsn then 
rsn:= not rsn

abuf? m

rsn

m

Buffer

iioo

idle

buf

pk

ii? pk
on not (full buf)
buf:=enq(buf,pk);

on not (empty buf)
oo! first buf
buf:=deq(buf);

wait [0,1]
on not (empty buf)

buf:=deq(buf);

Sender

mbufabuf

ssn

n
idle

send

waita

idle

send

waita

wait ]4,5]

mbuf! ssn

abuf? n
if n=ssn then 
ssn:= not ssn

minp [0,0]

aout [0,1]

mout [0,1]

ainp [0,2]

21
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Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

Fiacre

22

Fiacre model (9500 loc) 
of all the components 
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Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

Fiacre

22

process timer (&tick: bool) is
states start
from start
wait [0.2,0.2];
tick := true;
to start

process Manager (&tick: bool, ...) is
states start, manage
from start
wait [0,0];
on tick;
tick := false;
if (...) /* no active activity */
then to start
else to manage end
from manage
wait [0,0];
... /* execute one active activity */
if (...) /* no more activities */
then to start
else to manage endModel Checking with TINA 

(on the TPN equivalent model)

Fiacre model (9500 loc) 
of all the components 
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Verification with Fiacre
Progress of activities 

property no_block is (navigation/navigate/manager/state manage) leadsto 
(navigation/navigate/manager/state start)

Verification with TINA: TRUE

Position port update bounded in time 

Navigation Stop leads to rmp440 stopping the robot 
property bounded_stop_1 is (Navigation/control_task/state Stop_req) 
leadsto (Navigation/GotoPosition/state stop) within [0,0.2]
…. 
property bounded_stop_x is (rmp440/Track/state stop) leads to leave 
(rmp440/Track/state update) within [0,0.05] 

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-C0 
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Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info
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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)
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BIP (Verimag)

Fiacre/TINA (LAAS/VerTICS) Formal Methods/ 
Frameworks}UPPAAL (UPPsala & AALborg 

University)

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

POM

pose
pose_es

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

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

Navigation

target
t3d_pos

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

PotentialField

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

SetParams*, 
StopTrackTargetPort

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

SetParams*
ConnectDevice
Stop

gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

GPS
pose_es

get_reference
set_reference
log, log_stop, log_info

rmp440

odometry
pose_es

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

point 
cloud
pcl

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

Task: acquisition  
aperiodic
Services:
StartAcquisition

BIP  
Fiacre 

UPPAAL
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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)
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Functional level : GenoM 
Modules 

Services (control flow) 
Ports (data flow)

Specification: Model-
Driven Software 

Engineering}
BIP (Verimag)

Fiacre/TINA (LAAS/VerTICS) Formal Methods/ 
Frameworks}UPPAAL (UPPsala & AALborg 

University)

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

POM

pose
pose_es

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

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

Navigation

target
t3d_pos

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

PotentialField

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

SetParams*, 
StopTrackTargetPort

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

SetParams*
ConnectDevice
Stop

gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

GPS
pose_es

get_reference
set_reference
log, log_stop, log_info

rmp440

odometry
pose_es

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

point 
cloud
pcl

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

Task: acquisition  
aperiodic
Services:
StartAcquisition

BIP  
Fiacre 

UPPAAL



© Félix Ingrand, LAAS/CNRS, 2017

LAAS
CNRS

Ports

Execution Tasks

Activity Services

Internal 
Data 

Structure

Reports

Control Task Attribute
and

Function
Services

Ports

Ports

In

Out

Clients

Ports

Permanent Activities

Requests

start
codelstart

s1
codels1

s3
codels3

s2
codels2ether

end
codelend

stop

s1

s2pause::s1

pause::s2

s3
s3

end
ether

ether

Activity Automata

s2
genom_event
codels2(port in …, ids in …, local in …, 
        port out …, ids out …, local out …)
{ …
  … return pause_s2;
  …
  … return s3;
}

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

•a module is a program 
•a module has I/O 

•control: requests to start services/reports their results 
•data: ports in(to read external data) and out (to write 

external data) 
•it supports a cyclic control task (aperiodic) 
•and one or more cyclic execution tasks, periodic or aperiodic 
•it provides services (fast and slow) to which we will associate  

C/C++ code 
•in the control task: attribute and function services 

(fast) 
•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, etc) 

•activity services define automata to perform their processing 
•each step is associated to a codel ( C/C++ code)

25

GenoM internal
POM

pose
pose_es

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

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

Navigation

target
t3d_pos

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

PotentialField

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

SetParams*, 
StopTrackTargetPort

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

SetParams*
ConnectDevice
Stop

gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

GPS
pose_es

get_reference
set_reference
log, log_stop, log_info

rmp440

odometry
pose_es

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

point 
cloud
pcl

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

Task: acquisition  
aperiodic
Services:
StartAcquisition
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Ports

Execution Tasks

Activity Services

Internal 
Data 

Structure

Reports

Control Task Attribute
and

Function
Services

Ports

Ports

In

Out

Clients

Ports

Permanent Activities

Requests

start
codelstart

s1
codels1

s3
codels3

s2
codels2ether

end
codelend

stop

s1

s2pause::s1

pause::s2

s3
s3

end
ether

ether

Activity Automata

s2
genom_event
codels2(port in …, ids in …, local in …, 
        port out …, ids out …, local out …)
{ …
  … return pause_s2;
  …
  … return s3;
}

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

•a module is a program 
•a module has I/O 

•control: requests to start services/reports their results 
•data: ports in(to read external data) and out (to write 

external data) 
•it supports a cyclic control task (aperiodic) 
•and one or more cyclic execution tasks, periodic or aperiodic 
•it provides services (fast and slow) to which we will associate  

C/C++ code 
•in the control task: attribute and function services 

(fast) 
•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, etc) 

•activity services define automata to perform their processing 
•each step is associated to a codel ( C/C++ code)
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GenoM internal
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Ports

Execution Tasks

Activity Services

Internal 
Data 

Structure

Reports

Control Task Attribute
and

Function
Services

Ports

Ports

In

Out

Clients

Ports

Permanent Activities

Requests

start
codelstart

s1
codels1

s3
codels3

s2
codels2ether

end
codelend

stop

s1

s2pause::s1

pause::s2

s3
s3

end
ether

ether

Activity Automata

s2
genom_event
codels2(port in …, ids in …, local in …, 
        port out …, ids out …, local out …)
{ …
  … return pause_s2;
  …
  … return s3;
}

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

•a module is a program 
•a module has I/O 

•control: requests to start services/reports their results 
•data: ports in(to read external data) and out (to write 

external data) 
•it supports a cyclic control task (aperiodic) 
•and one or more cyclic execution tasks, periodic or aperiodic 
•it provides services (fast and slow) to which we will associate  

C/C++ code 
•in the control task: attribute and function services 

(fast) 
•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, etc) 

•activity services define automata to perform their processing 
•each step is associated to a codel ( C/C++ code)

25

GenoM internal
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GenoM  
specifications

•IDS 
•Ports (in & out) 
•Execution Tasks 

•(periodic or aperiodic) 
•Services 

•Attribute, function  
•Activity  

•automata 
•and attached codels with 

WCET…

26

POM

pose
pose_es

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

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

Navigation

target
t3d_pos

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

PotentialField

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

SetParams*, 
StopTrackTargetPort

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

SetParams*
ConnectDevice
Stop

gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

GPS
pose_es

get_reference
set_reference
log, log_stop, log_info

rmp440

odometry
pose_es

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

point 
cloud
pcl

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

Task: acquisition  
aperiodic
Services:
StartAcquisition

Ports

Execution Tasks

Activity Services

Internal 
Data 

Structure

Reports

Control Task Attribute
and

Function
Services

Ports

Ports

In

Out

Clients

Ports

Permanent Activities

Requests

start
codelstart

s1
codels1

s3
codels3

s2
codels2ether

end
codelend

stop

s1

s2pause::s1

pause::s2

s3
s3

end
ether

ether

Activity Automata

s2
genom_event
codels2(port in …, ids in …, local in …, 
        port out …, ids out …, local out …)
{ …
  … return pause_s2;
  …
  … return s3;
}
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POM

pose
pose_es

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

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

Navigation

target
t3d_pos

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

PotentialField

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

SetParams*, 
StopTrackTargetPortSafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

SetParams*
ConnectDevice
Stopgps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

GPS
pose_es

get_reference
set_reference
log, log_stop, log_info

rmp440

odometry
pose_es

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

point 
cloud
pcl

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

Task: acquisition  
aperiodic
Services:
StartAcquisition

27

GenoM workflowSpecs (.idl & .gen)
- IDS
- Port (in & out)
- Task (period)
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POM

pose
pose_es

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

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

Navigation

target
t3d_pos

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

PotentialField

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

SetParams*, 
StopTrackTargetPortSafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

SetParams*
ConnectDevice
Stopgps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

GPS
pose_es

get_reference
set_reference
log, log_stop, log_info

rmp440

odometry
pose_es

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

point 
cloud
pcl

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

Task: acquisition  
aperiodic
Services:
StartAcquisition

27

GenoM workflowSpecs (.idl & .gen)
- IDS
- Port (in & out)
- Task (period)
- Services (automata)

start
codelstart

s1
codels1

s3
codels3

s2
codels2ether

end
codelend

stop

s1

s2pause::s1

pause::s2

s3
s3

end
ether

ether

Activity Automata
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POM

pose
pose_es

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

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

Navigation

target
t3d_pos

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

PotentialField

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

SetParams*, 
StopTrackTargetPortSafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

SetParams*
ConnectDevice
Stopgps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

GPS
pose_es

get_reference
set_reference
log, log_stop, log_info

rmp440

odometry
pose_es

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

point 
cloud
pcl

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

Task: acquisition  
aperiodic
Services:
StartAcquisition

27

GenoM workflowSpecs (.idl & .gen)
- IDS
- Port (in & out)
- Task (period)
- Services (automata)

- codels (WCET)
start

codelstart
s1

codels1

s3
codels3

s2
codels2ether

end
codelend

stop

s1

s2pause::s1

pause::s2

s3
s3

end
ether

ether

Activity Automata

Codels 
.c & .cc

lib_codels
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POM

pose
pose_es

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

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

Navigation

target
t3d_pos

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

PotentialField

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

SetParams*, 
StopTrackTargetPortSafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

SetParams*
ConnectDevice
Stopgps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

GPS
pose_es

get_reference
set_reference
log, log_stop, log_info

rmp440

odometry
pose_es

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

point 
cloud
pcl

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

Task: acquisition  
aperiodic
Services:
StartAcquisition
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pocolibs

Templates

ROS Comm

GenoM workflowSpecs (.idl & .gen)
- IDS
- Port (in & out)
- Task (period)
- Services (automata)

- codels (WCET)
start

codelstart
s1

codels1

s3
codels3

s2
codels2ether

end
codelend

stop

s1

s2pause::s1

pause::s2

s3
s3

end
ether

ether

Activity Automata

Codels 
.c & .cc

lib_codels
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POM

pose
pose_es

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

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

Navigation

target
t3d_pos

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

PotentialField

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

SetParams*, 
StopTrackTargetPortSafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

SetParams*
ConnectDevice
Stopgps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

GPS
pose_es

get_reference
set_reference
log, log_stop, log_info

rmp440

odometry
pose_es

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

point 
cloud
pcl

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

Task: acquisition  
aperiodic
Services:
StartAcquisition
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3IncludedFrenchDCTechnologies
Inadditiontotheopen-sourcematerial,somemethodsandtechnologieswillbeillustratedonthe
showcase.Fornow,thefollowingtechnologiesfromtheFranceDesignCenterareconsideredtobe
included:

•HAZOP-UML:themethodologywillbeillustratedononeortwooperationspecification;

•SMOF:monitorswillbesynthetizedfortwosafetyrules;

•MAUVE:animplementationofthesoftwarearchitectureusingtheMAUVEmiddlewarewill
beprovided,alongwithreal-timeanalysisresults;

•Genom:thedesignofthesoftwarearchitectureusingGenomwillbeprovided,alongwith
someanalysisresults;

•AltaRica:thedescriptionofthesafetyassessmentonapartofthefunctionnalarchitecture
willbedescribed.

4RoboticplatformfromONERA
TheplatformusedfortestingthesoftwarearchitectureisaRobotnikSummit-XLownedand
equippedbyONERA(figure1).TherobotisequipedwithaIMU(InertialMeasurementUnit),
aGPSsensor,Hokuyolasersensorsandavideocamera.

Figure1:Summit-XLequipedbyONERA

Theplaformdimensionsareshowninfigure2.

5MaterialHosting
AprojectonGitLabwillbecreatedundertheurlhttps://gitlab.com/osmosisinordertohost
documentationoftheshowcaseaswellasspecificgitprojectsforsources.

2

ROS Comm modules

pocolibs modules

pocolibs

Templates

ROS Comm

GenoM workflowSpecs (.idl & .gen)
- IDS
- Port (in & out)
- Task (period)
- Services (automata)

- codels (WCET)
start

codelstart
s1

codels1

s3
codels3

s2
codels2ether

end
codelend

stop

s1

s2pause::s1

pause::s2

s3
s3

end
ether

ether

Activity Automata

Codels 
.c & .cc

lib_codels
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POM

pose
pose_es

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

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

Navigation

target
t3d_pos

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

PotentialField

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

SetParams*, 
StopTrackTargetPortSafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

SetParams*
ConnectDevice
Stopgps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

GPS
pose_es

get_reference
set_reference
log, log_stop, log_info

rmp440

odometry
pose_es

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

point 
cloud
pcl

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

Task: acquisition  
aperiodic
Services:
StartAcquisition

27

3IncludedFrenchDCTechnologies
Inadditiontotheopen-sourcematerial,somemethodsandtechnologieswillbeillustratedonthe
showcase.Fornow,thefollowingtechnologiesfromtheFranceDesignCenterareconsideredtobe
included:

•HAZOP-UML:themethodologywillbeillustratedononeortwooperationspecification;

•SMOF:monitorswillbesynthetizedfortwosafetyrules;

•MAUVE:animplementationofthesoftwarearchitectureusingtheMAUVEmiddlewarewill
beprovided,alongwithreal-timeanalysisresults;

•Genom:thedesignofthesoftwarearchitectureusingGenomwillbeprovided,alongwith
someanalysisresults;

•AltaRica:thedescriptionofthesafetyassessmentonapartofthefunctionnalarchitecture
willbedescribed.

4RoboticplatformfromONERA
TheplatformusedfortestingthesoftwarearchitectureisaRobotnikSummit-XLownedand
equippedbyONERA(figure1).TherobotisequipedwithaIMU(InertialMeasurementUnit),
aGPSsensor,Hokuyolasersensorsandavideocamera.

Figure1:Summit-XLequipedbyONERA

Theplaformdimensionsareshowninfigure2.

5MaterialHosting
AprojectonGitLabwillbecreatedundertheurlhttps://gitlab.com/osmosisinordertohost
documentationoftheshowcaseaswellasspecificgitprojectsforsources.

2

ROS Comm modules

pocolibs modules

BIP modules

BIP model

lib_BIP_Engine

BIP

FIACRE Fiacre model

TINA model

UPPAAL

UPPAAL model

pocolibs

Templates

ROS Comm

GenoM workflowSpecs (.idl & .gen)
- IDS
- Port (in & out)
- Task (period)
- Services (automata)

- codels (WCET)
start

codelstart
s1

codels1

s3
codels3

s2
codels2ether

end
codelend

stop

s1

s2pause::s1

pause::s2

s3
s3

end
ether

ether

Activity Automata

Codels 
.c & .cc

lib_codels
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Formal specifications

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

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

28

Ports

Execution Tasks

Activity Services

Internal 
Data 

Structure

Reports

Control Task Attribute
and

Function
Services

Ports

Ports

In

Out

Clients

Ports

Permanent Activities

Requests

start
codelstart

s1
codels1

s3
codels3

s2
codels2ether

end
codelend

stop

s1

s2pause::s1

pause::s2

s3
s3

end
ether

ether

Activity Automata

s2
genom_event
codels2(port in …, ids in …, local in …, 
        port out …, ids out …, local out …)
{ …
  … return pause_s2;
  …
  … return s3;
}

}
WCET
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Minnie software 
architecture

9 components 
9 ports 
(13 + 9) tasks (period) 
38 activity services (with codels 

      automata) 
41 function services 
43 attribute services 
170 codels (14k loc) and their WCET 
200k loc for all components + libraries

29

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info
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Current GenoM V&V templates

The BIP-PocoLibs/ROS 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)

30

Offline Online 
PocoLibs

Online 
ROS

BIP - 
RT D-Finder

++ 
BIP Engine

++ 
BIP Engine

FIACRE ++ 
TINA Hippo Under Dev

UPPAAL +++

UPPAAL SMC ++

Middleware

Fo
rm

al
 

Fr
am

ew
or

ks
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Why focus on a bottom up approach?

31

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

Decisional Level

Observing

Monitoring

MODELS

Acting

Planning

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info
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Decisional Level

Observing

Monitoring

MODELS

Acting

Planning

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

Formal models: decisional : planning  
(e.g. UPPAAL, model checking), monitoring,  
FDIR (e.g. RMPL), observing (e.g. DyKnow) 

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. (beware of acceptability) 

No Model… Frama-C, Spark, Isabelle/HOL
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Decisional Level

Observing

Monitoring

MODELS

Acting

Planning

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

Formal models: decisional : planning  
(e.g. UPPAAL, model checking), monitoring,  
FDIR (e.g. RMPL), observing (e.g. DyKnow) 

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. (beware of acceptability) 

No Model… Frama-C, Spark, Isabelle/HOL
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Decisional Level

Observing

Monitoring

MODELS

Acting

Planning

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

Formal models: decisional : planning  
(e.g. UPPAAL, model checking), monitoring,  
FDIR (e.g. RMPL), observing (e.g. DyKnow) 

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. (beware of acceptability) 

No Model… Frama-C, Spark, Isabelle/HOL
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Decisional Level

Observing

Monitoring

MODELS

Acting

Planning

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

Formal models: decisional : planning  
(e.g. UPPAAL, model checking), monitoring,  
FDIR (e.g. RMPL), observing (e.g. DyKnow) 

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. (beware of acceptability) 

No Model… Frama-C, Spark, Isabelle/HOL
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Decisional Level

Observing

Monitoring

MODELS

Acting

Planning

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

Formal models: decisional : planning  
(e.g. UPPAAL, model checking), monitoring,  
FDIR (e.g. RMPL), observing (e.g. DyKnow) 

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. (beware of acceptability) 

No Model… Frama-C, Spark, Isabelle/HOL
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Decisional Level

Observing

Monitoring

MODELS

Acting

Planning

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

Learned
Models

Learned
Models

Learned
Models

V&V of learned models…
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[1] D. Amodei, C. Olah, J. Steinhardt, P. Christiano, J. Schulman, and D. Mané, 
“Concrete Problems in AI Safety,” arXiv.org,  1606.06565v2, vol. cs.AI. 21-Jun-2016. 
http://arxiv.org/abs/1606.06565v2
[2] S. A. Seshia, D. Sadigh, and S. S. Sastry, “Towards Verified Artificial Intelligence,” 
arXiv.org, 1606.08514v3 vol. cs.AI. 28-Jun-2016. http://arxiv.org/abs/1606.08514v3

Machine learning is the new AI… but is “model-less” 

Proper environment modeling 

Properly characterize the bound of the learned model 

Learn error models but stick with the “regular” 
approach (easier to certify) 

Use multiple sources to improve the confidence (sensor 
results fusion) 

Consistency checking over different information 
channels 

Safety bag around these components (run time 
verification)

Decisional Level

Observing

Monitoring

MODELS

Acting

Planning

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

Learned
Models

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

Learned
Models

Learned
Models
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Functional Level

RF
Task: cycle 50ms
Services:
permanent, RF, Calibrate, 
MoveTo, MoveSpineOnly, 
sendDatas
SetLinearSpeedLimit, 
SetLinearAccLimit, …, 
GetOdo

LWRC

Task: motion 10ms
Services:
permanent,
Init,
ReceiveMotion, sendControlDatas, 
setDebugMode

GenoM
Port

base_init rf_poster

control
Paramsmotion

Socket CAN
Interface

USB Serial Line/
Ethernet Attribute Service

Function Service
Activity Service

ODS
Task: cycle 60ms
Services:
permanent, 
openDoor 

ods_Datas

door_
pose

ROS
Topic

furious
_loc

furious_
markers

Task: lwrUpdate 
20ms
Services:
permanent, 

Task: baseUpdate 
40ms
Services:
permanent, 

Task: localize 40ms
Services:
permanent, 

setMode, homing, killODS

control
Datas

LWRI

port_init

Task: high 50ms
Services:
permanent, sendMotion, 
receiveControlDatas, 
updateControlParams, GotoQ, 
GotoQRel, GotoXXAbs, GotoXXRel, 
QViaPoints, CartViaPoints, 
RecordViaPoint, openDoor
GetQ, GetX,… getCartesianTorques,
SetSpeedLimits, … 
setTheoricalPositionAdjust

Functional Level

rmp440gps

Task: io aperiodic
Services:
perm, unfix, fix_here, 
send_rtcm, connect, 
disconnect, connect_rtk

velodyne
Task: scan
period: 10ms
Services:
Init, GetScans, 
GetOneScan, 
SavePCD

port name
type

PotentialField

point 
cloud
pcl

odometry
pose_es

Navigation

target
t3d_pos

POM

pose
pose_es

PF
Cmd
rb

Task: plan 
period:100ms
Services:
StartTrackTargetPort

Task: navigate 
period: 200 ms
Services:
GotoPosition
GotoNode

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

Attribute Service
Function Service
Activity Service

GPS
pose_es

Task: pose 
period: 10ms
Services:
StartPoseProcessing, 
SetFixedSensorPose

StopAcquisition, StopGetScans, 
{Setup,Stop}PoseProcessing

SetParams*, 
StopTrackTargetPort

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

Task: Track
period: 50ms
Services:
Track

set_var_params, 
Stop, log_stop

pose_es = or_pose_estimator::state
t3d_pos = or::t3d::pos
rb = or_rigid_body::state
pcl
joystick = or_joystick::state

GenoM Port

joystick
Task: publish 
aperiodic
Services:
Rename
device_list

joystick
joystick

SafetyPilot

Cmd
rb

Task: pilot
period: 50ms
Services:
StopIfObstacle

SetParams*, Stop

IMU

Task: Update
period: 100ms
Services:
Measure

IMU
pose_es

Ethernet/UDP

Task: acquisition  
aperiodic
Services:
StartAcquisition

SetParams*
ConnectDevice
Stop

Ethernet/TCPUSB USB

get_reference
set_reference
log, log_stop, log_info

Functional Level

GenoM3 Components

x2 front and back

Bridge

Navigation

state

Mission

Localisation

odometry

low_level
Task: ap 
vehicle_state
Services:
perm
connect_can

Task: 20ms
command
Services:
perm
openDoors
closeDoors

laser_
scan

lms_1xx
Task: 40ms
scan
Services:
acquire

follower

command

Task: 20ms
follow
Services:
follow_path
stop

speed_
limit

CC-
straight
Task: 40ms
check
Services:
perm

speed_
limit

CC-
on_path
Task: 40ms
check
Services:
perm

speed_
limit

anticollision
_fusion
Task: 10ms
fusion
Services:
perm, 
add_limiter

statepath odometry

real_path

rqst: follow_path(path)

feedback

Functional Level

actual
velocity

rotor_meas
ure

IMU
pose_es

nhfc
Task: main 
1ms
Services:
Init
Servo
Stop

cmd
velocity
rotor_input

desired
state

 pose_es

maneuverpom

state
pose_es

rotorcraft

Task: 
plan ap
Services:
Goto
WayPoint
TakeOff

Task: exec 
5ms
Services:
perm

Task: 
main 1ms
Services:
perm
calibrate_imu
start
servo
stop

Task: 
comm ap
Services:
perm
connect
monitor

mocap
pose_es

optitrack

Task: 
publish ap
Services:
perm
connect

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

Task: io 
period: 1ms
Services:
perm, 
add_me

port name
type

GenoM Port

Attribute Service
Function Service
Activity Service

Task: filter 
period:1ms
Services:
perm

Functional Level

3IncludedFrenchDCTechnologies
Inadditiontotheopen-sourcematerial,somemethodsandtechnologieswillbeillustratedonthe
showcase.Fornow,thefollowingtechnologiesfromtheFranceDesignCenterareconsideredtobe
included:

•HAZOP-UML:themethodologywillbeillustratedononeortwooperationspecification;

•SMOF:monitorswillbesynthetizedfortwosafetyrules;

•MAUVE:animplementationofthesoftwarearchitectureusingtheMAUVEmiddlewarewill
beprovided,alongwithreal-timeanalysisresults;

•Genom:thedesignofthesoftwarearchitectureusingGenomwillbeprovided,alongwith
someanalysisresults;

•AltaRica:thedescriptionofthesafetyassessmentonapartofthefunctionnalarchitecture
willbedescribed.

4RoboticplatformfromONERA
TheplatformusedfortestingthesoftwarearchitectureisaRobotnikSummit-XLownedand
equippedbyONERA(figure1).TherobotisequipedwithaIMU(InertialMeasurementUnit),
aGPSsensor,Hokuyolasersensorsandavideocamera.

Figure1:Summit-XLequipedbyONERA

Theplaformdimensionsareshowninfigure2.

5MaterialHosting
AprojectonGitLabwillbecreatedundertheurlhttps://gitlab.com/osmosisinordertohost
documentationoftheshowcaseaswellasspecificgitprojectsforsources.

2

RobotDriverGPSDriver

Task: 
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Conclusion
Tools must be “usable” and “adopted” by roboticists 

When there are models… there is hope! 

Adapt the models and the V&V techniques 

Try to keep the overall consistency 

AI/decisional components are mostly OK (wrt formal V&V) 

V&V and certification of “learned model” based components 
remain a challenge
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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, etc) & Run Time 
Verification 

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

Address V&V of learned models 

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