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Thesis: Autonomous pick and place in cluttered envircnment

Abstract:

Robaotice solutions in the industrial sactor are moving towards highar degrees of flexibility. The
challenge of daveloping flexible solutions whare production Bnes can be quickly re-planned,
adapted and structured for new or slightly changed producis is still an important cpen problem,
Industrial robots today are still largely pre-programmed for thedr tasks or to robustly interact with
a complex envirenment and a human worker. In the envisioned future humans and robots will
share the same workspace and perform different object manipudation tasks in a collaboralive
manner, One of the most repetitive tasks for human workers Is plcking and place of objects. In
such a context, the latest research is focused on grasping technologies for material handling
and vision systems to automate that task. The alm of this work is 1o study a possible way
1o overcome current imitations on the existing robotic solulions for pecking objecis in cuttered
environments.

In this manuscript, a collaborative robatics system, leveraging on Baxter robot as the cobotics
platform, is presented, It integrates a classical two-finger gripper on one arm and a custom
designed soft-robotics end-effector on the other one. This gripper belongs 1o the category of
oripping by controlled stiffness and it is also known as Universal Jamming Gripper (UJG). 3D
perception technologies are employed in order to select suitable geometries that exploit at best
the advantages of the LUG in picking objects of different shapes. A custom algorithm that
selects a suitable picking point, solving the perceptual issues posed by cluttered environments,
is introducad. The parallel-jaw gripper is controied through a state-of-the-art tachniques which
searches in the point clouds for antipodal grasping points. Both arms are planned using the
Moveit! framework which aiows 10 beng the arm 1o the grasping point &nd placing the cbject to
the desired position avoiding collision with the ervironmeant.

Grasping tests 1o assess the capabilities of the custom gripper have been conductad. Morecver,
# comparative study of the algorithmic parformance of the proposed method with respect 1o two
of the state-of-the-art lechniques is prosented. One is the work of the MIT-Princeton team that
won the first place for the stowing task in the Amazon Picking Challenge in 2017; the other is
the approach used for controling the paraliel-jaw gripper. The proposed system is shown 1o be
able 1o grasp novel objects in a duttesed enwironment with a competitive grasping success rale,
outperforming the other systams in the time spent to find grasping points.
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arks: I
Thesis: Analisi @ miglioramento dell'ssplorazione di ambienti ad alta densita di ostacoli, con
un agoriimo o coordinamento stigmargico per sciami di dronl, e collaudo su uno scenario di
fughe di gas in area urbana

Abstract:

The constant technological development and the needs of using drones for missions consid-
ered dull, dirty and dangerous in inhabited places, with & high density of natural and artificial
obstacles, lod to their minfaturization, However, exploiting small drones means dealing with
equipment of limited capacity and reduced energy autonomy. Exploring a certain area by de-
creasing the size of the drones needs to increase their number and to coordinate them. The
emerging behavior, ca which many biclegical systoms are based, such as ant colonies, the
swarm of beas or the fock of birds, is a good solstion for overcoming such an Issue. These are
decentraized systems, without anyone telling the individual parties what to do: it is a behav-
jor thal is generated by the Individual agents that are arganized and interconnected with each
other but deas not belong 1o any of tham. Swarm intelligence derives from these concepls,

The proposed work Inlroduces analysis and Improvements of an algorithm for coordinating a
swarm of small drones based on stigmergy and flocking. The purpose is to detect targets in
synthetic environments or scenes insplred by real scenarios with high intensity of obstacles,
Stigmergy i a communication method used in decentralized systems in which the system’s
agente communicate with each othar by modifying the surounding environment (for example
with pheromones). Flocking is a mechaniem for organizing 2 group inspired by the natural
behavior of birds, The analysis of this algorithm was conducted through the NetLogo scft-
ware using a declarative language. Languages of this type are suitable for the study of multi-
agent systems because they allow representing the observed behavior without implementing
the causes that generated such behavior, That means they allow to axplain caly the goal 1o
be achieved, leaving the Implementation to the supporting software. In particular, the work
was focused on monitoring the performance (completion time, false positives/negatives) of the
algorithrn varying the paramaters used 1o form the swarm and the ones related 1o the commu-
nication between the agents using virtual pheromenes. Furthermore, the thesis activity took
care of the modification of the code for bug fixes and the exploration of new strategies. The
experiments were conducted not onfy on the existing synthetic scenarios but even on a new
one with 2 high density of obstacles. It was reproducad on purpose in NetLogo starting from a
real scenario regarding an urban area of Massachusetts (Boston) with lots of gas leaks. Finally,
a Java program was created for processing automatically the outputs of the algorithm. The ob-
lained results show a considarable iImprovement, especaally for what concerns the execution
lime.
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Italian
UNDERS‘IANDNG SPEAKING [ WRITING
Listening rﬂom Spoken interaction ~ Spoken production
B2 C1 B2 B2 B2
PET

Leveis: A1 and A2- Basic user— 81 a

nd B2: Indapandart usar — C1 and C2: Prafickant user

ERHCE] SRRl IS HENY ISR O e 10 [

Excefient Interpersonal and communication skis gained during univessity group projecis and
thanks 10 the study and cocperative research with colleagues.

Abifity to work in stuations of stress related 1o the deadiines of work projects.

Knowledge of different programming and scripting languages, RDBMs and Web technologies:
— C/ICes

~ Java

~ HTMLS Javascript, PHR,CSS3 Bootstrap, Polymer

~ MySOL

— Python
— Bash
~ MATLAB Simulink sssotool, Aobotics Toolbax

m of different frameworks:

— OpanCV

- Diib

~ Om2m

- XVR

- ROS

— ROS-Industrial (abb_liegm, abb_librws, abb_driver)
- Soldworks

- Arduing

— Papyrus Accaleo

— VHDL XilinxVivadoDesignSuite
~ LYSA Uppal

-Skﬁlsteganinglminplemmaﬁonolembedded systems, and control and vision systems
applied 1o robotics.

SELF-ASSESSMENT

——— T

Content creation Safety Problem solving

 ilormation | . .
Communication
Processing i
Proficient user = Proficent user | Proficient user | Proficient user | Proficient user
Diatal compatences - Sall-assessment and

Excefient office suite skils. Knowledge of LaTeX. Expeartise in the creation of digital presenta-
fions and photo editing programs.
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Elevators

project developed for the Real Time
part of the course of Real Time and
Distribated Systems

FairLock

project developed for the
Distributed Systems part of the
course of Real Time and

Distributed Systems

Line Follower

projact developed for the course of
Design of Embedded Systems

Modifiad Multi-proc
projact davelopad for the course of
Dependable Systems

Secure Sequence Detector
project developed for the course of
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Abstract: Simulate N elevators in a bullding with M floors.  People using the elevaters are
randomly generated. Elevators must allow clients 1o book the requests and stop 1o Boors in
the desired sequence. Elevator must move smoothly as controlled by motors. The lift stops
are managed according to the SCAN algorithm. The speed profile of the elevators has been
designed with a trapezoidal shape for guaranteeing a smooth path, The contrel of the eleva-
tor is simulated using a digital controller that works on a DC motor. Each elevator and each
customer is implemented as a thread. All the parameters of the simulation can be changed
using a configuration file. Six different types of tasks have been defined: Graphics, Elevator,
Client, Control, Command, Spawner. Each of them has its own priority, period and deadline,
The shared data structures have been protected using mutexes. HLP has been used as the
resource access protocol for mutexes given the numerous critical nested sections. The sys-
tam was implemented In C <+ according 1o the MISRA criteria and the graphics Intarface was

developed with Allegro.

Abstract: Implement a synchronization machanism similar to the one provided by Java within
the java.util.concurrent package (explicit Lock and Condition variables) but whose behavior is
in accordance with the semantic "signal-and-urgent”. The implementation must guaraniee that
threads wailting to acquire a FairLock are awakened In a FIFO order. As a simple example of
the use of the previous machanism, it has been implemanted a manager of a single resource
that dynamically allocates the resource 1o three chent threads: ClientA1, ClientA2, and ClientB,
It the rescurce is in use by CllentAt or by ClientAZ, whan It is released and both Client and
the othar ClientA are waiting for the resource, ClientB must be privileged. It is also provided
the implementation of the same manager using the analogous mechanism provided by Java
whaose behavior is in accordance with the semantics “signai-and-continue” pointing out the dif-
ferences between the two implementations. Finally using the language FSP, the design model
of the previously described example has been provided. Then, from the dasign model, the cor-
responding Java program implomented by using the Lock and Condition variables is presanted.
By modaling thes implementation with the FSP language, it has been venfied that #t salisfies the
problem’s spacification.

Abstract: Development of a line follower robot capable of following a black line cn a white
background. The project involved the assembly of all the parts of the prototype using the
Taméya kit as well as the design of the necessary electronics. The two DC maotors are contrelied
by & Pololu TBE612FNG driver in PWM while the Pololu QTR-8A sensor, with 8 reflection
sensors, is used for the localization of the line. The control board is a STM32F24Discovery
which implements a PID controller in a single pericdic task on the Erlka operating system. The
code is 1ected with the CUnit suite.

Abstract: Modification of the Multi-proc tutorial of the Mobius tool considering the emor handler
module and tha 1'O port medule as fully rellable. Furthermore, the systom Is considered as
operating I at least two computers are running. The reliabllity of the system is evaluated after
twenty years by varying the number of computers from two to three and changing the chip
fallure rate within a predefined interval, Finally, the reliability of the system Is compared to the
simplex system (one computer),

Abstract: Implemantation and design in VHDL of a sequonce detector of five numbers ax-
pressed on 8 bit. The automaton receives as input the eight bits, a first and a resst signal
along with the clock. The detectar outpuls an unlock and a warning signal for managing some
specic cases described by the specification, The system was simulated in MATLAB Simulink
through an extended FSM before of being implemented in VHDL. The implementation was then
tested using the Testbench for all the critical conditions. The code was synthesized and imple-
mented on the Zybo x¢72010¢ig400-3 using the Xiinx Vivade Design Suite 1ool focusing on the
maximum lrequency, the critical path, and the used resouwrcos.

Page 5/7



SXeuropass

Color Patches Comparator

peojact doveloped for the course of
Computational Intelligence

Smart Shoes

project developad for the course of
Innovation and Industrial

Application

Intelli Domus

project developad for the course of
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Abstract: Design and development of a system based on neural networks for comparing two
color patches and measuring their similarities. The two patches are 2 master of an industrial
printing process and a copy that tries to be as much simdar as possible to that master. The
nowral nelwork was created In MATLAB. It recaives as input the spectrum of both the master
and the copy appropriately samgled. The system outputs the degree of simitarity between the
two colors. Starting from the reflected spactral reflactance curve of the master, the color is
caloutated in the XYZ space using the color matching functions XYZ CIE 1931 2-degree and
the #uminant D65 sampled at 1 nm, Then, tho RGB and the La * b * spaces are oblained from
the XYZspace. The distance between the two colors is measwred using the DeltaEfunction
(Euclidean distance). The training set for the neural network is generated manually. Through
a hierarchical clustering, based on the Euclidean distance of the masters, the represantative
samples of the antire working space are recognized in the centroids of the clusters. The copies
were generated by adding white Gaussian noise those masters {centroids), perturbating each
band of the color spectrum. The labeling process was performed, first through an HTML page,
and then using an interface created with the MATLAB-GUI tood. The Interface gave the possi-
bility to choose amang three linguistic variables: diflerent. slightly different and identical. After
batancing the data set, two different types of networks, MLP (patternet) and ABF (newrb), were
lested, For what concerns the MLP network, the Scale Conjugate Gradient was used as the
training algorithm, cross-entropy as the perormance function exploiting the cross-validation
technique. Several experiments were conducted taking into account different numbers for the
first and the second level of hidden fayers 10 figure out tha best architectura. In the same way,
the periormance of the RBF network was examined with different spread values and changing
the maximum number of neurons.

Abstract: The project concerns the study and the development of an innovative idea from an
industrial perspectve. In that case, the idea regards smart shoes. The workflow starts analyz-
ing the literature about smart shoes in the fields of health-care and filness. It was requested to
write a paper involving the state-of-the-art methods, highlighting the barriers against the adop-
tion of smart shoas and shawing the Innovation introduced by the proposed system lo overcome
such barriers. As a further step, the product requirements, from the requested functionalities to
the functional and non-functional requirements, were definad. The profile of the final customer
was also taken into account for commercial purposes, Tharefore, the hardware and software
tochnologies needed for realizing the product were imvestigated and the business model was
preparad. Finally, a prototype of the shoes able 1o measure the pressure on the front and the
back of the foot, the humédity, and temperature, was realized, The data acquired by the sensors
were transferred via USB or wireless 10 the PC and then visualzed on a multl-platform Web App
developead using JxBrowser and JavaFX.

Abstract: This project applies the tachnologies of the Internet of Things to the field of home
automation, creating a management system for monitoring some important measures of the
house. In particuar, three aspects are taken into account: salely (Intrusion, fire, Ylooding),
brightness and temperature (and humidity). The sensors and the actuators are programmed
using Contiki as the operating system and CoAP as the high-level protocal. They were simu-
tated in Cooja by creating a2 SLOWPAN network that, communicating with the Gateway, ineracts
with OM2M. The Gateway runs a Java program that perorms the discovery of the motas, com-
municates with them and acts as a proxy for OM2M. There is one MN for each house and a
single IN that uses different Access Control Policles and has a difflerent AE for each heme. A
Web App, realized using Polymer and Javascripl, allows remote access for monitoring all the
information of the house or controlling the actuators, from a smartphone or a PC. The backend
of the appbcation was developed in Node.js.
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Abstract: Thae project prasents N robots (Puma 560) that interact with each other in a game
simdlar to ping-pong. The adopted frameworks are MATLAB and Robotics Toolbox by Peter
Corke. Only the cinematic aspect of the problem has been addressed. The ball moves with
a parabolic motion, and at any time the system [s assumed to know its position without the
use of computer vision techniques. Every 100ms, each robot chedks if the ball will enter its
workspace. i this occurs, an inverse kinematics problem is solved for letting the robotic arm to
bo attime £« in the pesition whare the ball will enter its workspace. The pose of the end-effector
mus! be such as to give sulficient spead 1o the ball lor affowing It to reach the next manipulator,
The bounce of the ball is managed to assume the conservation of momentum in the x and
y-axis, so that only the direction will change according to the law of reflection.

Salvatore D'Avelia, Paolo Tripicchio, and Carlo Alberto Avizzane. A study on picking
objects in cluttered environments: Exploiting depth features for a custom low-cost
universal jJamming gripper”. In: Robotics and Computer-integrated Manufacturing 63
(2020), p. 101888.

Paolo Tripicchio, Salvatore D'Avella, Carlo Alberto Avizzano, Fabrizio Di Pasquale,
and Philippe Velha. "On the integration of FBG sensing technology into robotic grip-
pers”. In: The International Journal of Advanced Manufacturing Technology 111.3
(2020), pp. 11731185,

Paolo Tripicchio, Gerardo Camacho-Gonzalez, and Salvatore D'Avella. *Welding de-
fect detection: coping with artifacts in the production line”. In: The international Journal
of Advanced Manufacturing Technology 111.5 (2020), pp. 1655-1669.

Salvatore D'Avella and Paolo Tripicchio. “Supearvised stowing as enabling technology
for the integration of impaired operators in the industry”. In: Procedia Manufacturing
51 (2020), pp. 171-178.

Paolo Tripicchio and Salvatore D'Avella. *Is Deep Leaming ready fo safisfy Industry
neads?” In: Procadia Manufacturing 51 {2020), pp. 1192-1189.

~ 2%1h Inernational Conference on Flexible Automation and Intelligent Manufacturing: 24th -
281h June 2019 at University of Limerick. Confarence Themne: Beyond Industry 4.0: Industrial
Advances, Enginsering Education and Intelligent Manufacturing

~ Prosenter of the paper A study on picking obcts in clutiered environments; exploiting depth
feature for a custom low-cost Universal Jamming Gripper to the FAIM 2019 conference: 24th
- 28th June 2019,
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