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Context@LAAS

> Trustworthy Computing Systems and Networks (RISC) department

> Dependable Computing and Fault Tolerance (TSF) research group

> Safety critical autonomous systems:
§ Hazardous scenario identification for human-robot interactions
§ Run-time monitoring (mobile robots and AI-based functions)
§ Safety case confidence estimation (applied to autonomous functions)
§ Test in simulation of autonomous systems

• Avec Hélène Waeselynck : 1 thèse soutenue (avec Félix Ingrand), 3 en cours, 2 
projets européens, 2 projets nationaux déposés
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Testing

>Test in the field: ressources consuming, limited to 
few test cases, damages to the system or the 
environment (including humans)

>New opportunities with recent advances in 
simulation
§ Model in the loop simulation

§ Hardware in the loop simulation 

§ Software in the loop simulation
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Testing in simulation (Sw in the loop) - Challenges

World & Mission

Test reports

Generation Analysis

Virtual world ≠ real world!

Automatic
generation ? 

Test oracle?
Generation
criteria ?
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Testing in simulation (Sw in the loop) - Challenges
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Virtual world ≠ real world!
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Virtual world ≠ real world!

> “System” simulators
§ Generic (and open) simulators in robotics 

(e.g., Gazebo/Ignition, Unity, Unreal, 
Morse, etc.)

§ Not open industrial robot simu (KukaSim, 
Fanuc RobotGuide, Staubli SRS, etc.)

§ Autonomous vehicle simulators
> Main features

§ Fidelity of the simulation (physical engine, 
env., sensors/actuators, etc.)

§ Interoperability
§ Openness / Community
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Virtual world ≠ real world!

>Challenge : validity of results in simulation in order 
to switch to production
§ Which level of fidelity is required regarding specific 

testing objectives ? 

§ All bugs can be found with simulation ?
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Can robot bugs be reproduced in simulation?

Bugs in the Mana navigation 
software and analysis of their 
reproductibility in simulation 
(2005-2015 history of code)

P3D
LibP3D
DTM
POM

69 commits
154 commits

50 commits
83 commits

12 bugs
14 bugs

3 bugs
4 bugs

Total 356 commits 33 bugs

32 reproducible

1 non reproducible
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Testing in simulation (Sw in the loop) - Challenges

World & Mission

Test reports

Generation AnalysisAutomatic
generation ? 
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Notice d’utilisation
Simul’Oz

Naïo technologies

- Ubuntu Xenial -

Auteur : Fanny Risbourg
Version : 1.0.0
Date : 2016/10/20
Copyright : Naïo Technologies

Notice d’installation Simul’Oz - V1.0.0 - Naïo Technologies - 2016/10/17

Automatic generation of worlds and mission
https://www.laas.fr/projects/taf/
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Automatic generation of worlds and mission

-id
-descriptor
+random_create()
+create_from_descriptor(desc)
+export ( )
+check_descriptor(desc)

World

-descriptor
-nb_crop_rows
-min_nb_crop_row = 1
-max_nb_crop_row = 3
-tab_gaps
-min_gap = 0.65
-max_gap = 1.65
+random_create()
+create_from_descriptor(desc)
+export ( )
+check_descriptor(desc)

Field

-descriptor
-size = 257
+random_create()
+create_from_descriptor(desc)
+export ( )
+check_descriptor(desc)

Terrain-descriptor
-crop_gap = 0.10
-final_track_outer
-two_pass
-first_track_outer
+random_create()
+create_from_descriptor(desc)
+export ( )
+check_descriptor(desc)

Mission

-descriptor
-terrain_type
-magnitude
-min_magnitude = 0.0
-max_magnitude = 1.0
-persistence = 0.0
-seed
+random_create()

Height_map_generator_function

-matr ix
+build_image()
+generate(generation_fonction)
+create_from_descriptor(desc)
+export ( )
+check_descriptor(desc)

Height_map

-descriptor
-length
-min_length = 5.0
-max_length = 15.0
-noise_amplitude_x
-min_noise_amplitude_x = 0.0
-max__noise_amplitude_x = 0.1
-noise_amplitude_y
-min_noise_amplitude_y = 0.0
-max_noise_amplitude_y = 0.1
-disappearance_probability
-min_disappearance_probability = 0.0
-max_disappearance_probability = 0.05
-vegetable_density
+random_create()
+create_from_descriptor(desc)
+export ( )
+check_descriptor(desc)

Crop_row

-descriptor
+export ( )

Crop
-descriptor
-position_x
-position_y
+create_from_descriptor(desc)
+check_descriptor(desc)
+export ( )

Stake

-min_density = 3
-max_density = 10

Leek
-min_density = 2
-max_density = 4

Cabbage

-descriptor
-grass_density
-min_grass_density = 0
-max_grass_density = 5
+random_create()
+create_from_descriptor(desc)
+export ( )
+check_descriptor(desc)

Disturbing_element

1

1

1..*

1

1

1

0..*

0..*

1

1..3

1

1

1

1

1..*

1

1

1

A world A model A generator
Files for 
the simu
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Automatic generation of worlds and mission

>Challenge : from a specification of worlds and 
missions, generate automatically several 
consistent and diverse test cases
§ World and mission description language

§ With constraints

§ Solve these constraints with diversity to generate test 

case
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TAF : Testing Automation Framework © LAAS 
https://www.laas.fr/projects/taf/

.xml

Template
User          

Test1.xml

Data factory Export

.robot .json

.py

Export  rules

Test Case 1

.robot .json

Test Case 2

.robot .json

Test Case m

…

…

Skeleton file 
completed 
by the user

Z3 Solver

uses

Test2.xml

Test3.xml

TestN.xml

uses
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Oz Example (1)
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Oz Example (2)

are updated accordingly (Lines 17-18).
The select parameter() function is not as straightforward

as it may seem. A dependency analysis is performed on the
problem parameters to find the connected components. By
selecting parameters in different connected components, we
ensure that the constraints added for diversity have an impact
on every parameter of the problem.

Algorithm 3 solve with diversity
Require: problem

1: current best problem

2: counter  0
3: while counter < MAX D do
4: new problem copy(problem)
5: while newproblem.check sat() do
6: p select parameter(problem)
7: p.default generate()
8: v  p.value

9: p.reset()
10: c build constraint(p, v)
11: new problem.add constraint(c)
12: end while
13: remove last constraint(new problem)
14: current best choose best(current best, new problem)
15: counter  counter + 1
16: end while
17: current best.solve()
18: current best.update parameters()

The XXX test case factory implements the above algorithms
in Python. For simplification purposes, the presentation has
focused on the template-based generation, omitting the test
completion facility. In practice, the submission of a partially
instantiated test case only impacts the preprocessing of the tree
structure in Algorithm 1. It adds new constraints to force the
desired parameter values, and then the layered generation pro-
ceeds as described. The user may also request the generation
of N test cases, rather than just one. Both the backtracking
and diversity budgets (MAX B and MAX D) can be easily
configured, should the default setting be insufficient for the
target generation problem.

V. CASE STUDIES

In this section we demonstrate the use of XXX on four
case studies coming from different application domains. We
assess its performance and the data diversity it supplies.
Performance is measured by the execution time needed to
generate 100 valid test cases from each of the four models.
The generation is repeated 10 times, and the median, min, max
times are reported. Data diversity is analyzed in terms of the
coverage of the data space. For each case study, we manually
derive a set of cases to be covered, considering both the raw
definition domains of the parameters (e.g., a range decomposed
into subranges to be covered), and some application-specific
aspects related to the semantics of the data. We monitor the
accumulated percentage of covered cases while the generation
proceeds, and identify the missing cases at the end.

As presented in the related work section VI, very few
generic test generation tools can be compared to XXX. Indeed,
removing frameworks that do not deal with structured data
representation (classes, instances, and attributes are minimal
required core concepts), and variable number of instances

Fig. 7. Oz complete case study structure with a UML class diagram

(this cardinal also part of the numerical constraints), only
two candidates approaches still remain : generate-then-filter
and solver-based. For the former, we chose to apply the
generate-then-filter approach using an external validity checker
after generation with a sanitized XXX version (no constraint
solving). For the latter, we found out that the recent tool
PLEDGE [12] was hybridizing metaheuristic search and SMT
as proposed by XXX. We thus performed a benchmark exper-
iment XXX vs PLEDGE.

A. Data models of the four case studies

We used our XML-based language to model the following
four case studies. The corresponding template files are avail-
able on the git repository [24].

Oz: This is the industrial case study of an agriculture robot
[3], from which our motivating example is extracted. The
complete model has 7 composite elements, 15 parameters and
5 constraints. The structure is presented as a class diagram in
Figure 7. Compared to the smaller motivating example, the
few additional constraints are on the number of instances of
the new elements. For example, the number of row spacing
values (element inner track width) must be consistent with
the number of rows. The motivating example reproduces the
most challenging constraints in this case study (the ones on
the row lengths), and already gives a good idea of what the
complete Oz model is like in XXX.

Bitmap: The aim is to create a gradient image in the bitmap
format. The darkest pixel is at the bottom left corner, and the
lightest one at the upper right (see Figure 8). The content
of the image is structured as a set of pixel rows, where
each pixel contains a grayscale value. A padding parameter
determines the number of bytes to add after each row, so that
the total number of bytes is a multiple of 4. The model is
concise, having two composite elements, 2 parameters and 4
constraints. Formatting issues are delegated to the export code,
e.g., to produce the image header given the size of the data and
a predefined encoding option. Note that the generation of the
image content may be challenging for constraint solving, as
each pixel instance depends on its upper and right neighbors.
The value of the row padding is specified by a constraint
involving modulo operations.
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Oz Example (extract) XML-TAF

<node name="field" nb_instances="1">

<parameter name="vegetable”
type="string" values="cabbage;leek” 
weights=”5;7" />
<node name="row" min="1" max="100">

<parameter name="length" type="real"
min="10.0" max="100.0"/>

<constraint 
name="interval" types="forall"
expressions=“

row[i]\length INFEQ 1.1*row[i-1]\length;
row[i]\length SUPEQ 0.9*row[i-

1]\length"
quantifiers="i"
ranges="[1, row.nb_instances-1]"/>

</node>
[...]
</node>

<node name="field" instance="0/0">
<parameter name="vegetable" values="leek"/>

<node name="row" instance="0/9">
<parameter name="length"

values="44.99391"/>
</node>

@ <node name="row" instance="1/9">
<parameter name="length"

values="40.81666"/>
</node>

<node name="row" instance="2/9">
<parameter name="length"

values="44.89833"/>
</node>

<node name="row" instance="3/9">
<parameter name="length"

values="49.38816"/>
</node>

[...]

Template input file Generated output file (before export)
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Other examples

>Grayscale bitmap (#Bitmap)
>Tree = connected acyclic graph (#Tree)
>Database (#TaxPayer)
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Example in the TARIS Framework@Naio
*SUT : 
System 
Under 
Test

site.com

NginxOrchestrator

Robot framework

Analyzer

Dino-Oracle

SUT*

Dino-core

Simulator

Naio Micro-Simulator

Logs

Auto report 
generator

Generator

TAF

Dino from Naïo Technologies
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Testing in simulation (Sw in the loop) - Challenges

World & Mission

Test reports

Generation Analysis

Generation
criteria ?
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Generation criteria ? = Test selection
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Test selection

>Which criteria to select test cases ?
§ Search-based (meta-heuristics, e.g., genetic 

algorithms) based on fitness functions (e.g., distance 

to the crops, or code coverage)

§ Combinatorial : optimize situation coverage, e.g. pair-

wise testing
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Pair-wise testing

> Test all pairs of values
> E.g. consider 3 boolean variables p1, p2, p3

p1 p2 p3

0 0 0

1 1 1

p1 p2 p3

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

p1 p2 p3

0 0 0

0 1 1

1 0 1

1 1 0

All combination appear once -> not efficient

All value pairs appear once 
-> yeah !

All values appear once
-> Not effective

System 
under test 

(SUT)

p1
p2
p3
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Pair-wise testing for structured and multi-instances data

> Currently no published solution
> Work in progress

are updated accordingly (Lines 17-18).
The select parameter() function is not as straightforward

as it may seem. A dependency analysis is performed on the
problem parameters to find the connected components. By
selecting parameters in different connected components, we
ensure that the constraints added for diversity have an impact
on every parameter of the problem.

Algorithm 3 solve with diversity
Require: problem

1: current best problem

2: counter  0
3: while counter < MAX D do
4: new problem copy(problem)
5: while newproblem.check sat() do
6: p select parameter(problem)
7: p.default generate()
8: v  p.value

9: p.reset()
10: c build constraint(p, v)
11: new problem.add constraint(c)
12: end while
13: remove last constraint(new problem)
14: current best choose best(current best, new problem)
15: counter  counter + 1
16: end while
17: current best.solve()
18: current best.update parameters()

The XXX test case factory implements the above algorithms
in Python. For simplification purposes, the presentation has
focused on the template-based generation, omitting the test
completion facility. In practice, the submission of a partially
instantiated test case only impacts the preprocessing of the tree
structure in Algorithm 1. It adds new constraints to force the
desired parameter values, and then the layered generation pro-
ceeds as described. The user may also request the generation
of N test cases, rather than just one. Both the backtracking
and diversity budgets (MAX B and MAX D) can be easily
configured, should the default setting be insufficient for the
target generation problem.

V. CASE STUDIES

In this section we demonstrate the use of XXX on four
case studies coming from different application domains. We
assess its performance and the data diversity it supplies.
Performance is measured by the execution time needed to
generate 100 valid test cases from each of the four models.
The generation is repeated 10 times, and the median, min, max
times are reported. Data diversity is analyzed in terms of the
coverage of the data space. For each case study, we manually
derive a set of cases to be covered, considering both the raw
definition domains of the parameters (e.g., a range decomposed
into subranges to be covered), and some application-specific
aspects related to the semantics of the data. We monitor the
accumulated percentage of covered cases while the generation
proceeds, and identify the missing cases at the end.

As presented in the related work section VI, very few
generic test generation tools can be compared to XXX. Indeed,
removing frameworks that do not deal with structured data
representation (classes, instances, and attributes are minimal
required core concepts), and variable number of instances

Fig. 7. Oz complete case study structure with a UML class diagram

(this cardinal also part of the numerical constraints), only
two candidates approaches still remain : generate-then-filter
and solver-based. For the former, we chose to apply the
generate-then-filter approach using an external validity checker
after generation with a sanitized XXX version (no constraint
solving). For the latter, we found out that the recent tool
PLEDGE [12] was hybridizing metaheuristic search and SMT
as proposed by XXX. We thus performed a benchmark exper-
iment XXX vs PLEDGE.

A. Data models of the four case studies

We used our XML-based language to model the following
four case studies. The corresponding template files are avail-
able on the git repository [24].

Oz: This is the industrial case study of an agriculture robot
[3], from which our motivating example is extracted. The
complete model has 7 composite elements, 15 parameters and
5 constraints. The structure is presented as a class diagram in
Figure 7. Compared to the smaller motivating example, the
few additional constraints are on the number of instances of
the new elements. For example, the number of row spacing
values (element inner track width) must be consistent with
the number of rows. The motivating example reproduces the
most challenging constraints in this case study (the ones on
the row lengths), and already gives a good idea of what the
complete Oz model is like in XXX.

Bitmap: The aim is to create a gradient image in the bitmap
format. The darkest pixel is at the bottom left corner, and the
lightest one at the upper right (see Figure 8). The content
of the image is structured as a set of pixel rows, where
each pixel contains a grayscale value. A padding parameter
determines the number of bytes to add after each row, so that
the total number of bytes is a multiple of 4. The model is
concise, having two composite elements, 2 parameters and 4
constraints. Formatting issues are delegated to the export code,
e.g., to produce the image header given the size of the data and
a predefined encoding option. Note that the generation of the
image content may be challenging for constraint solving, as
each pixel instance depends on its upper and right neighbors.
The value of the row padding is specified by a constraint
involving modulo operations.

(#val,#val)

(#val,#nb_instances)
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Final objective (in 1 or 2 years)

World & Mission

Test reports

Generation Analysis
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Conclusion

>Validation based on testing in simulation under 
investigation

>First results on simulators fidelity, reproducibility, test 
case generation

>On-going work on test selection
>Application to various case-studies (2 projects under 

selection : test in simulation of underwater robot & 
fishes, test in simulation of mobile robots for train 
inspection)
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>THANKS !

>Test our tool (opensource/python) 
§ https://www.laas.fr/projects/taf/
§ Video tuto / examples / etc.

https://www.laas.fr/projects/taf/

