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Why Democratizing?

• Accessibility: technology (and robotics) 
extends to an ever-broader audience, and 
in some cases to the entire society

• User-friendliness: easier to use so that 
more people can use them (correctly and 
confidently) without needing advanced 
skills or training



Robots in hotels

• Hotel concierge: specifying 
what the robot should do

• Hotel guests: interact with the 
robots to give feedback or to 
make additional requests

• Humans in the hotel: share the 
environment with robots

Flyzoo Hotel - Alibaba Future Hotel Hangzhou

https://flyzoo-hotel.hangzhouhotel.org/en/

https://flyzoo-hotel.hangzhouhotel.org/en/
https://flyzoo-hotel.hangzhouhotel.org/en/
https://flyzoo-hotel.hangzhouhotel.org/en/


Autonomous car

• Ride specification: more 
complex than just specify the 
destination address

• Degree of automation: partial 
automation can be more 
stressful than fully manual 
driving, as drivers need to 
constantly monitor whether the 
vehicle is doing what it is 
supposed to



Industrial 
Robots

• Experts in satellite 
production: specifying 
what the robot should do

• Customization in the 
production islands: self-
contained, flexible 
manufacturing unit with its 
own specificity that 
operates independently 
while still integrating with 
the larger smart factory 
ecosystem

https://www.thalesaleniaspace.com/en/press-releases/thales-alenia-space-unveils-project-develop-space-smart-factory-one-largest
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Why democratization and not 
just user friendliness? 

Different degree and complexity of interaction 
that get close to programming



Robotic Mission

• A mission requirement describes the high-level tasks 
that a robotic software must accomplish. 

• A mission specification is a formal and precise 
description of what robots should do in terms of 
movements and actions. 

• Robotic mission engineering concerns expressing 
robotic missions in high-level and user-friendly notation 
(mission requirements), and then translating mission 
requirements into more precise mission specifications. 

Claudio Menghi, Christos Tsigkanos, Patrizio Pelliccione, Carlo Ghezzi, and Thorsten Berger, 
Specification Patterns for Robotic Missions, Transactions on Software Engineering (TSE), 2019



Robots programming: beyond production environment

mission executionmission requirements and 

specification
production

Production 
environment

In the field In the field

Different stakeholders



Team of developers produce 
SASs that might include 
hardware, software, and 

mechanics

Production 
environment

Mission Specification

How to ask the 

robot to make a 

coffe and clean 

the kitchen?

In the field
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Need of Turn-key solutions

The definition of the mission should be 
done in an easy and user-friendly way, 

accessible by users without expertise in 
ICT or robotic

Different stakeholders, experts of 
the domain but not in robotics



Example of mission requirement

The robot should move around the room and dispense medication to independent people. It first establishes a 
short conversation based on the user's conditions to figure out the overall health status, and afterwards it will 
dispense pills along with a glass of water. The robot also records the activity to allow a caregiver to evaluate if 
the persons accepted the pills, by means of a subsequent interaction. During night-time a service robot 
performs a cleaning protocol with the UV-lamp on the exposed surfaces (e.g. table and chairs), possibly in 
coordination with automatic cleaners that wash the floor.
In addition, the robot should perform regular check-ups on people with particular conditions during free-time. It 
needs to understand basic requests and will alert the nurse in case of need, pose basic riddles or show simple 
pictures to test baseline human capabilities, ask the persons about their status and if they need help or 
assistance. Through specific questionnaires the robot gives advices about common pathologies affecting elderly 
people such as heart failure or diabetes. Tasks in hospitals are very specialized and follow very strict protocols. 
For these reasons, as well as efficiency, patients might stay alone for long periods of time, causing them distress 
and confusion. Children are a particularly affected group, as their attachment to parents is high and it is difficult 
for them to understand the situation.

Exemplars: https://github.com/Askarpour/RoboMAX
Video: https://www.youtube.com/watch?v=txZCcABkycQ

+ recharge battery when needed, deal with 
obstacles, presence of humans, failures, etc.

Different modes, plus dealing with 
the variability of the real world

https://github.com/Askarpour/RoboMAX
https://www.youtube.com/watch?v=txZCcABkycQ


Variability and uncertainty

It’s not difficult to specify what the 
robot should do, i.e., the “normal” 
behavior. 

The difficult part is to deal with 
uncertainty and exceptional 
behaviors while guaranteeing 
safety and the mission satisfaction.

What we learn from 
practitioners



Which type of variability?

Sergio García, Daniel Strüber, Davide Brugali, Alessandro Di Fava, Patrizio Pelliccione, and Thorsten Berger. 2022. Software 
variability in service robotics. Empirical Softw. Engg. 28, 2 (Mar 2023). https://doi.org/10.1007/s10664-022-10231-5

Potential 
failures

https://doi.org/10.1007/s10664-022-10231-5
https://doi.org/10.1007/s10664-022-10231-5
https://doi.org/10.1007/s10664-022-10231-5
https://doi.org/10.1007/s10664-022-10231-5
https://doi.org/10.1007/s10664-022-10231-5
https://doi.org/10.1007/s10664-022-10231-5
https://doi.org/10.1007/s10664-022-10231-5


1. Democratization
2. Need of Turn-key solutions
3. Variability of the real world

How to specify missions?



Simple enough?

Φ1=<>((r in l1) && <>(r in l2))



Means to specify robotic
missions

Temporal logic: Φ1=<>((r in l1) && <>(r in l2))



Logic-based 
specification of 
robotic missions

• Pros:
▪ Clear semantics and unambiguous 

specification

▪ Can be directly used by planners to 
generate plans or synthesis approaches to 
generate controllers

▪ Enable automatic verification

• Cons:
▪ Require specific competencies and error-

prone

▪ Impossible or difficult to specify missions 
that are complex and with high variability
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How to make logic 
more accessible 

and user friendly?

Let’s take 
inspiration from 

the formal 
verification world

Problem space

•Temporal Properties are typically specified 
as formulae in suitable temporal logics

•The inherent complexity of Temporal Logic 
formulae may induce to specify properties 
in a wrong way

Solution space

•Languages to facilitate the temporal 
properties specification

•Property Specification Patterns



Main idea

Reduce the expressivity to what is really 
needed and simplify



Properties Sequence Chart (PSC)
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Marco Autili, Paola Inverardi, Patrizio Pelliccione (2007)  Graphical scenarios for specifying temporal 
properties: an automated approach , Automated Software Engg. 14: 3. 293-340 http://www.di.univaq.it/psc/

• Extensions and uses of PSC
• Timed Property Sequence Chart (TPSC) -

http://dx.doi.org/10.1016/j.jss.2009.09.013

• Probabilistic Timed Property Sequence Chart 
(PTPSC) - http://dx.doi.org/10.1109/ASE.2009.56

• Monitoring of PSC and TPSC properties -
http://dx.doi.org/10.1007/978-3-642-16612-9_39

• Monitoring of PTPSC - http://onlinelibrary.wiley.com/doi/10.1002/spe.1038/abstract

http://www.di.univaq.it/psc/
http://dx.doi.org/10.1016/j.jss.2009.09.013
http://dx.doi.org/10.1109/ASE.2009.56
http://dx.doi.org/10.1007/978-3-642-16612-9_39
http://dx.doi.org/10.1007/978-3-642-16612-9_39
http://dx.doi.org/10.1007/978-3-642-16612-9_39
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Matthew B. Dwyer, George S. Avrunin, and James C. Corbett. 1999. Patterns in property specifications for finite-state verification. 
In Proceedings of the 21st international conference on Software engineering (ICSE '99). ACM, New York, NY, USA, 411-420.

To describe cause-effect relationships between a 
pair of events/states. An occurrence of the first, 
the cause, must be followed by an occurrence of 
the second, the effect. 

Also known as Follows and Leads-to.

An example: Response pattern

Property specification patterns



Real-time specification 
patterns

Sascha Konrad and Betty H. C. Cheng. 2005. Real-time specification 
patterns. In Proceedings of the 27th international conference on 
Software engineering (ICSE '05). ACM, New York, NY, USA, 372-381.

Lars Grunske. 2008. Specification patterns for probabilistic quality 
properties. In Proceedings of the 30th international conference on 
Software engineering (ICSE '08). ACM, New York, NY, USA, 31-40. 

Probabilistic Property 
patterns



Unified catalogue of Property specification patterns

Integration of 
existing catalogues 

+ 
40 newly identified 

or extended 
patterns

Marco Autili, Lars Grunske, Markus Lumpe, Patrizio Pelliccione, and Antony Tang (2015)  Aligning Qualitative, Real-Time, and Probabilistic Property Specification Patterns 
Using a Structured English Grammar, IEEE Transactions on Software Engineering (TSE), , vol. 41, no. 7, pp. 620-638, 1 July 2015, doi: 10.1109/TSE.2015.2398877



Property Specification Patterns and Structured English grammar

Marco Autili, Lars Grunske, Markus Lumpe, Patrizio Pelliccione, and Antony Tang (2015)  Aligning Qualitative, Real-Time, and Probabilistic Property Specification Patterns 
Using a Structured English Grammar, IEEE Transactions on Software Engineering (TSE), , vol. 41, no. 7, pp. 620-638, 1 July 2015, doi: 10.1109/TSE.2015.2398877



Property Specification Patterns and Structured English grammar

Marco Autili, Lars Grunske, Markus Lumpe, Patrizio Pelliccione, and Antony Tang (2015)  Aligning Qualitative, Real-Time, and Probabilistic Property Specification Patterns 
Using a Structured English Grammar, IEEE Transactions on Software Engineering (TSE), , vol. 41, no. 7, pp. 620-638, 1 July 2015, doi: 10.1109/TSE.2015.2398877



Can we define similar 
specification patterns 

for robots?



Let’s first discuss another
important aspect

Simplicity but keeping rigorousness

In this context, Ambiguity is evil!



Intuitive and Simple but also Rigorous

“A robot r shall visit the two locations l1 and l2 in this order” 



“A robot r shall visit the two locations l1 and l2 in this order”

l1 and then l2

Intuitive and Simple but also Rigorous



“A robot r shall visit the two locations l1 and l2 in this order”

l1 and then l2

Is it possible to visit l2 before l1 and then to visit l2? 

Intuitive and Simple but also Rigorous



“A robot r shall visit the two locations l1 and l2 in this order”

l1 and then l2

Is it possible to visit l2 before l1 and then to visit l2? 

Φ1=<>((r in l1) && <>(r in l2))         VS. φ2 = φ1 && ((!r in l2)U(r in l1))

Intuitive and Simple but also Rigorous



Intuitive and Simple but also Rigorous

If we allow an ambiguous specification, 
which behavior will have the robot, 

and who will decide it?

This is why ambiguity is evil!



Mission specification 
patterns for robots



Specification Patterns

Claudio Menghi, Christos Tsigkanos, Patrizio Pelliccione, Carlo Ghezzi, and Thorsten Berger, 
Specification Patterns for Robotic Missions, Transactions on Software Engineering (TSE), 2019

http://roboticpatterns.com 

http://roboticpatterns.com/


Specification Patterns

Claudio Menghi, Christos Tsigkanos, Patrizio Pelliccione, Carlo Ghezzi, and Thorsten Berger, 
Specification Patterns for Robotic Missions, Transactions on Software Engineering (TSE), 2019

http://roboticpatterns.com 

http://roboticpatterns.com/


An example of pattern



Further info about specification patterns

Claudio Menghi, Christos Tsigkanos, Patrizio Pelliccione, Carlo Ghezzi, and 
Thorsten Berger, Specification Patterns for Robotic Missions, Transactions on 

Software Engineering (TSE), 2019

http://roboticpatterns.com

Claudio Menghi, Christos Tsigkanos, Thorsten Berger, and Patrizio 
Pelliccione, PsALM: Specification of Dependable Robotic Missions. IEEE/ACM 

ICSE Demo, 2019.

Journal First-track at ICSE 2020

https://github.com/claudiomenghi/PsAlM

http://roboticpatterns.com/
https://github.com/claudiomenghi/PsAlM


Are these patterns enough?
Example of mission requirement

“After closure, the robots shall clean the electronics store. After cleaning, they 
shall visit a set of predefined store locations, each at least once, to record the 
items present on shelves after closure. The robots must minimize the time 
required to perform this activity. The robots should also patrol the store for 
security purposes, following any intruder while raising an alarm. The robots 
should interleave cleaning and security patrolling so that intruders do not remain 
undetected while the robots are cleaning continually for long periods of time. 
The robots should monitor their battery, optimize its usage, and recharge when 
needed. They should avoid recharging simultaneously and leaving the store 
unmonitored.”



Support for 
quantitative 
aspects

Users and operators of robotic 
systems often require behaviors 
that ensure quantitative constraints 
such as upper bounds on the time a 
robot takes to perform an action, 
the energy consumption to 
complete that action, or the 
probability of failing to achieve a 
mission goal.



We extended previous patterns to support the 
specification of quantitative properties

Claudio Menghi, Christos Tsigkanos, Mehrnoosh Askarpour , Patrizio Pelliccione, Gricel Vazquez , Radu Calinescu, and Sergio García "Mission Specification 
Patterns for Mobile Robots: Providing Support for Quantitative Properties," in IEEE Transactions on Software Engineering (TSE), doi: 10.1109/TSE.2022.3230059.



Domain Specific Language (DSL) including 
previous patterns

Claudio Menghi, Christos Tsigkanos, Mehrnoosh Askarpour , Patrizio Pelliccione, Gricel Vazquez , Radu Calinescu, and Sergio García "Mission Specification 
Patterns for Mobile Robots: Providing Support for Quantitative Properties," in IEEE Transactions on Software Engineering (TSE), doi: 10.1109/TSE.2022.3230059.

Previous 
patterns

New 
ones



New “quantitative” patterns

Claudio Menghi, Christos Tsigkanos, Mehrnoosh Askarpour , Patrizio Pelliccione, Gricel Vazquez , Radu Calinescu, and Sergio García "Mission Specification 
Patterns for Mobile Robots: Providing Support for Quantitative Properties," in IEEE Transactions on Software Engineering (TSE), doi: 10.1109/TSE.2022.3230059.



Translation to Probabilistic Reward 
Computation Tree Logic (PRCTL) 



Further info about specification patterns

Claudio Menghi, Christos Tsigkanos, Mehrnoosh Askarpour , Patrizio 
Pelliccione, Gricel Vazquez , Radu Calinescu, and Sergio García "Mission 

Specification Patterns for Mobile Robots: Providing Support for Quantitative 
Properties," in IEEE Transactions on Software Engineering (TSE), doi: 

10.1109/TSE.2022.3230059.

https://roboticpatterns.com/quantitative
https://github.com/Gricel-lee/Quartet-MRS-DSL

https://roboticpatterns.com/quantitative
https://github.com/Gricel-lee/Quartet-MRS-DSL
https://github.com/Gricel-lee/Quartet-MRS-DSL
https://github.com/Gricel-lee/Quartet-MRS-DSL
https://github.com/Gricel-lee/Quartet-MRS-DSL
https://github.com/Gricel-lee/Quartet-MRS-DSL
https://github.com/Gricel-lee/Quartet-MRS-DSL
https://github.com/Gricel-lee/Quartet-MRS-DSL


Mission specification 
patterns for robots simplify 
and makes the specification 

accessible.

What’s missing?



Mission specification 
patterns for robots simplify 
and makes the specification 

accessible.

What’s missing?

• Single robots

• Focus on movements
• How to deal with variability of the real world?



Two steps

What kind of missions are specified in practice?

• Identification of missions already specified in practice (i.e. 
papers, documents of robotic companies)

• Definition of a catalogue of mission specification patterns

• Tool support for assisting users in the specification of 
missions via the use and instantiation of patterns

How to use these patterns to specify complex 
missions?

• Definition of operators to combine the mission 
specification patterns

• Definition of a Domain Specific Language (DSL) with 
graphical and textual syntax

• Definition of a tool support for the DSL



Two steps

What kind of missions are specified in practice?

• Identification of missions already specified in practice (i.e. 
papers, documents of robotic companies)

• Definition of a catalogue of mission specification patterns

• Tool support for assisting users in the specification of 
missions via the use and instantiation of patterns

How to use these patterns to specify complex 
missions?

• Definition of operators to combine the mission 
specification patterns

• Definition of a Domain Specific Language (DSL) with 
graphical and textual syntax

• Definition of a tool support for the DSL

patterns



Two steps

What kind of missions are specified in practice?

• Identification of missions already specified in practice (i.e. 
papers, documents of robotic companies)

• Definition of a catalogue of mission specification patterns

• Tool support for assisting users in the specification of 
missions via the use and instantiation of patterns

How to use these patterns to specify complex 
missions?

• Definition of operators to combine the mission 
specification patterns

• Definition of a Domain Specific Language (DSL) with 
graphical and textual syntax

• Definition of a tool support for the DSL



• PROMISE (simPle RObot MIssion SpEcification)
• Patterns are basic building blocks

• Operators enable the composition of patterns towards the 
specification of complex missions for multi-robots

Domain Specific Language to specify missions

Sergio Garcia, Patrizio Pelliccione, Claudio Menghi, Thorsten Berger, Tomas Bures, “Higher-Level Mission Specification 
for Multiple Robots,” in 12th ACM SIGPLAN International Conference on Software Language Engineering (SLE), 2019.



Operators of 

the DSL



Operators of 

the DSL



Grammar
(Abstract syntax)

Two concrete syntaxes
(Graphical – behaviour tree style - and Textual)



Further info about Promise

García, S., Pelliccione, P., Menghi, C., Berger, T., & Bures, T. (2019, October). 
High-level mission specification for multiple robots. In Proceedings of the 12th 

ACM SIGPLAN International Conference on Software Language Engineering 
(SLE) (pp. 127-140). ACM.

García, S., Pelliccione, P., Menghi, C., Berger, T., & Bures, T. (2020,). PROMISE: High-Level 
Mission Specification for Multiple Robots. In 2nd International Conference on Software 

Engineering Companion (ICSE ’20 Demo).

https://sites.google.com/view/promise-dsl/home
https://github.com/SergioGarG/PROMISE_implementation

https://sites.google.com/view/promise-dsl/home
https://sites.google.com/view/promise-dsl/home
https://sites.google.com/view/promise-dsl/home
https://github.com/SergioGarG/PROMISE_implementation


SERA (Self- adaptive dEcentralized Robotic
Architecture)
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S. García, C. Menghi, P. Pelliccione, T. Berger and R. Wohlrab, "An Architecture for Decentralized, Collaborative, and Autonomous Robots,"
2018 IEEE International Conference on Software Architecture (ICSA), Seattle, WA, 2018, pp. 75-7509.

https://co4robots.eu/

https://co4robots.eu/


• Hierarchical Task Networks is a 
formalism for task planning. 

• The Instantiated HTN (iHTN) 
formalism formalizes a multi-robot 
collaborative mission. 

• Tasks (ellipses) are efforts that a set of 
agents (robots or humans) must 
undertake. 

• A task can be abstract or concrete. 

• Abstract tasks are refined by methods. 

• Methods are linked to tasks of a lower 
level and a type of ordering. 

• The ordering can be sequential 
(diamond) or unordered 
(parallelogram).

• …

Instantiated Hierarchical Task Networks (iHTN)

Gabriel Rodrigues, Ricardo Caldas, Gabriel Araujo, Vicente de Moraes, Genaína Rodrigues, Patrizio Pelliccione, 
An architecture for mission coordination of heterogeneous robots, Journal of Systems and Software, 191, 2022, 

https://doi.org/10.1016/j.jss.2022.111363

Lab Samples Logistics



Behavior trees



Democratizing the 
programming and use of 

Industrial Robots 



Democratization of Robot Engineering for Advanced 
Manufacturing (manufacturing satellites)

• Accessible by users without expertise in ICT or 
robotic

• Coordination of multi and heterogeneous robots 
and human operators

• It forces modularity and programming with reuse 
(parametric APIs)



Agents (Robots & Operators):
- Robot1, Robot2, HumanOP1, AMR1

Locations:
- Quality Control, Assembly Location, Warehouse, Stacking Platform, Buffer Area

Trays & Components:
- AOCS Tray, DHC Tray, Components (CMG, MTQ, MAG, screws)

Mission Tasks:
- Moving, Picking, Placing, Screwing, Assembling

Domain Specific Language components



Workflow

Domain Specific Language 

Interpreter (RobotManager)

Function Calls (Custom interface) 

ROS 

Simulation/Robots 



Video



What’s next?

Anomalous and premature wheel wear
Caused by sharp rocks in Mars terrain

Wheel design was made according to the current 
knowledge

Engineers adapted navigation to solve the issue
Different navigation for different terrains

Required a software patch

NASA's MSL "Curiosity" rover issues



Lack of precise and complete 
knowledge at design time:
(a face of) uncertainty



Dealing with uncertainty in robotic missions

Effects of events/conditions may be unknown at runtime

Self-adaptation is needed to handle uncertainties at runtime

Impractical to specify all the alternative behaviors in a unique model
Sometimes it impossible (they are not known!)

4



5

Behavior Trees 
enable 
reactiveness, but…



Adaptable & Uncertainty-aware BTs

Introducing adaptable nodes
Abstract nodes that model points of uncertainty

Manage known-unknowns

Placeholder for alternatives

Goals
Avoid hard-coding of the alternatives

Increase modularity and flexibility

Allow behaviors addition/update

What's missing?
Specification of the conditions for alternatives

Runtime support

Adaptable BT

6



What about the unknown 
unknown?

Can LLMs help on that?



Domain Specific Languages

Are the patterns domain specific?

We are not reusing them for the Smart factory

We probably need another step of abstraction 
in specific domains, like agriculture, space 
exploration, manufacturing

…plus patterns not focusing only on 
movements (in a map)



Summary



Patrizio Pelliccione
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http://www.patriziopelliccione.com/

http://www.patriziopelliccione.com/

	Slide 1: Democratizing the programming and use of Robots
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: Robotic Mission
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12: Example of mission requirement
	Slide 13: Variability and uncertainty
	Slide 14: Which type of variability?
	Slide 15
	Slide 16
	Slide 17
	Slide 18: Logic-based specification of robotic missions
	Slide 19: Logic-based specification of robotic missions
	Slide 20:  How to make logic more accessible and user friendly?  Let’s take inspiration from the formal verification world
	Slide 21
	Slide 22: Properties Sequence Chart (PSC)
	Slide 23: Property specification patterns
	Slide 24: Real-time specification patterns
	Slide 25: Unified catalogue of Property specification patterns
	Slide 26: Property Specification Patterns and Structured English grammar
	Slide 27: Property Specification Patterns and Structured English grammar
	Slide 28
	Slide 29
	Slide 30: Intuitive and Simple but also Rigorous
	Slide 31: Intuitive and Simple but also Rigorous
	Slide 32: Intuitive and Simple but also Rigorous
	Slide 33: Intuitive and Simple but also Rigorous
	Slide 34: Intuitive and Simple but also Rigorous
	Slide 35
	Slide 36: Specification Patterns
	Slide 37: Specification Patterns
	Slide 38: An example of pattern
	Slide 39: Further info about specification patterns
	Slide 40: Are these patterns enough? Example of mission requirement
	Slide 41: Support for quantitative aspects
	Slide 42: We extended previous patterns to support the specification of quantitative properties
	Slide 43: Domain Specific Language (DSL) including previous patterns
	Slide 44: New “quantitative” patterns
	Slide 45: Translation to Probabilistic Reward Computation Tree Logic (PRCTL) 
	Slide 46: Further info about specification patterns
	Slide 47
	Slide 48
	Slide 49: Two steps
	Slide 50: Two steps
	Slide 51: Two steps
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56: Further info about Promise
	Slide 57: SERA (Self- adaptive dEcentralized Robotic Architecture)
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63: Workflow
	Slide 64: Video
	Slide 65: What’s next?
	Slide 66
	Slide 67: Dealing with uncertainty in robotic missions
	Slide 68: Behavior Trees enable reactiveness, but…
	Slide 69: Adaptable & Uncertainty-aware BTs
	Slide 70
	Slide 71
	Slide 72: Summary
	Slide 73

