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in technical aspects as connected with creativity 
social aggregation in a well-identified technical-scientific community,
alsothanks to the MEDER conference initiative.

central role of Mechanism Design 
by considering purposes of assistance, support, or replacement of human operators 
with mechanical functional characteristics in motion and force. 

in research activities in theory, design, application, and technology transfer

https://larm2.ing.uniroma2.it/


ÅThe Laboratory of Robotics and Mechatronics (LARM) was founded in 1990 in Cassino

ÅSince March 2019 it is in Rome University Torvergata 

ÅThe aim of LARM2 is to develop experience, teaching, and research in the fields of 
Automation, Robotics and Mechatronics with main focus on aspects of Mechanical 
Engineering.
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today machines with mechatronic design and operation that 

it is often believed with performance not depending on mechanical aspects 

It is indeed true that 

Åmechanical components can be less and less 

Åeven with reduced influence on the overall mechatronic design. 

Fig. 1.General structure of modern mechatronic system

Mechanism: system of bodies 
designed to convert motions of, 
and forces on, one or several 
bodies into constrained 
motions of, and forces on, 
other bodies.

ÅWhatever Electronics, Informatics, Telecommunications and so on, will be 
enhanced and expanded in Mechatronics Technology, Mechanical Design will 
be always needed 

Åsince a woman/man always lives and interacts with the environment on the 
basis of mechanical phenomena of the human nature
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An example: photocamera
1960-2000 Mechanics %    Electronics/ Infcs%

CAR 90  - 50  10  - 50 

CALCULATOR  100  - 10 0  - 90

CAMERA 100  - 30 0  - 70

Future: voice commands & digital zoom 

But focus depends on distance and 

shoot time depends on image velocity

Mechanism Design (even with ergonomic features) 

ÅHandling the camera  (also mechanism structure for fixed positioning) 

ÅOperating the camera (push buttons)

Fundamental role of Mechanism Design in robotic devices 

An example: a nanosolenoiddrive



An example: 
industrial robots



ωnovel ideas but mainly when the knowledge transfer 
ǊŜŀŎƘŜǎ ǎǳŎŎŜǎǎŦǳƭƭȅ ǘƘŜ ǊŜŀƭ ǿƻǊƭŘ ǿƛǘƘ ǳǎŜǊǎΩ ŀŎŎŜǇǘŀƴŎŜ.

Åand Education and Publicity are final tools of Innovation.

ÅUniversity frames in fundamentals and final tools

Education and Formation are essential areas both for conceiving 

new ideas and preparing users to the acceptance of those new ideas.

ωInnovation can be started when a technical idea or solution has potential contents.
Å initiators of innovation are designers or scientists with engineering skills,

Å main exploiters are business experts or enterprise leaders, for market 

valorisationand usersô acceptance.

ωa sequence of skills: when just one is weak or fails, the whole transfer process will fail.

ÅScience and Technology are the fundamentals,
ωbut Economics and Administration are the motors

novel 
design &

development

Scientists, Designers 
& Inventors

Entrepreneures
& ManufacturersStake-holders

&  Vendors

Users & Public

market
valorization

usage &
satisfaction

enterprise
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Innovation meaning



Challenges in Mechanism Design for Robotics

Fig. 2. Concepts for creativity producing new 
solutions (innovation)

mainly in the following topics:
Å 3D Kinematics and its application in 

practical new systems and design 
methodologies

Å Modelling and its mathematization
Å Multi-d.o.f.multibody systems
Å Spatial mechanisms and manipulators
Å Unconventional mechanisms 
Å Solutions for new service applications
Å Mechanisms at different sizes (from nano 

scale up to large platforms) 
Å Mechatronic designs with well integration 

and synergy of all components of different 
nature

Å Reconsideration and reformulation of 
theories and mechanism solutions

ÅΧ





Mechanism Design for mechatronic systems
Robotics has shown Innovation challengesand potentialitiessince the early days and

nowadaysis well recognizedthe impact that any further achievementin Roboticscanhave

on thesocietyimprovementsbothin productionaspectsandin diary life quality.

Fig. 2 A scheme of the activity in challenge 

activity centered on Mechanism Design
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Research Activityςprototypes at LARM2
Mechanism Design, Robotics, medical devices, 
History of MMS 

Underact&compliant

Roman crane 2019

Finger Exo

ŀƴŘ ƳǳŎƘ ƳƻǊŜ ΧΦ
with students and international collaborations

SENSIRIB &RESPIRholter

sensCrank

TableASSIST-FEW

HEXAPOD-Blind

LARMbot

ASSIST-FEE

L-CADEL3

TORVEASTRO astronaut

Cable-driven



workspace of manipulators

Fig. 4. A scheme for generation of the workspace of manipulators: a) using Direct Kinematics 
in outward and in-ward algorithms; b) from generating loci in Descriptive Geometry based 
approach
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Fig. 5.  A scheme for workspace generation of a 3RS parallel manipulator: a) the sequence of 
limb motions; b) a general topology of the generated workspace

workspace of parallel manipulators

Fig. 4. A scheme for workspace generation of a 3RS parallel manipulator: 
a) the simultane-ouslimb motions; b) general topology of the generated 
workspace as intersection of spheres



humanoid robot as based on mechanism design

                    

a) b) c) d)
Fig.6. LARMbot humanoid design, [16-18]: a) inspiration from the human musculoskeletal anatomy; b) 
tripod architecture for limbs; c) serial-parallel mechanism for the torso; d) a CAD design of the full assembly

             



LARMbot Humanoid
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Fig. 7. A scheme for modular 
design of LARMbot 
humanoid: a) general 
functionality; b) 
mechatronics solution 
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3LARMbot humanoid robot

Figura5: LARMbot humanoid robot: 
substructures under development for dual arm unit, 
torso unit, and leg unit 



CADEL design for elbow  motion assistanceOriginal design in 2017

M1
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arm
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bending-
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Marco Ceccarelli,LuciaFerraraand Victor Petuya,Designof a cable-driven device for elbow rehabilitation and

exercise, )In: Interdisciplinary Applications of Kinematics, pp. 61-68, Springer AG 2019, Cham 2019,

https://doi .org/10.1007/978-3-030-16423-2_6

low-cost, easy wearable, low power consumption, user-orented operationΧ



Modelling and computations - for motion planning

Thecablelength, isgivenby the normof vectorἙ Ἇas

where,ἠ‌ȟὀ
ρ π π
π ÃÏÓ‌ ÓÉÎ‌
π ÓÉÎ‌ ÃÏÓ‌

andἠ‍ȟὁ
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π ρ π
ÓÉÎ‍ π ÃÏÓ‌

are

the rotation matricesaroundὀandὁaxes,respectively.

- for cable tension



UNIVERSITY OF ROME TOR VERGATA LARM2: Laboratory  of Robot Mechatronics

Department of Industrial Engineering

Motion assisting devices 

Figura 6: Finger exoskeletons

Figura7: Prototypes of motion assisting devices: a) L-CADELr.v3, [6]; b) ASSIST-FEE.v3, [7] 
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3Continuum mechanisms 

Figura 9: Continuum prototypes: a) 3D printed monolithic continuum 
robot, [10]; b) a conceptual design for gynecological tissue sampling, [11]
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3Mechanisms in past designs and procedures

Figura10: Examples of findings in history of MMS: 
a) stored mechanism models in Bologna, [12]; 
b) a scheme of the Betacourt mechanism synthesis in 1789, [13], 
c) a CAD reconstruction of a Vitruvian crane, [14] 



First robots

Concepts

Á In the Iliad, (Il. 18.369ï377). Hephaestus building a number of 

wheeled tripods capable of moving by themselves back and 

forward serving food  to the gods (Il. 18.369ï377).

Á In the Odyssey, (Od. 7.78ï94)., two guardian -mastiffs made of gold 

and silver, by Hephaestus, were the doorkeepers of the magnificent 

palace of King Alcinous in Phaeacia. invulnerable against assaults

Á In the Iliad, (Il. 18.410ï422)., Hephaestus was using two ñfemaleò 

robots as personal assistants , who supported him with his work in 

the forge and óhad voice and senseô



Examples of ancient robot designs 

(automata)

a) Chinese mechanical cow from 

the 5th century BC; 

b) b) automatic opening system of 

Heron of Alexandria doors of 

the 3rd century c.;

Heron



Examples of robot designs & their inventors
Mariano di Jacopo (il Taccola) Francesco di Giorgio  Leonardo da Vinci 

(1381? - 1458) (1439-1501)   (1452-1519)

prominent Renaissance figure

Åfor polyhedral activity

Åshowing a modern character of scientist

Åin accumulating experience and dissemination knowledge.

Theory: machine/robot elements



Fig. 2 Past innovation with Watt mechanism: 

a) early kinematic study of kinematic properties in the book by Lanz and Betancourt in 1808; 

b) applications for locomotives (top) and industrial plants (bottom) in the book on Composition of Machines by G.A. 
Borgnisin 1818.

James Watt

First efficient application of Thermodynamics 
with its circuits , but thanks mechanisms

Examples of machines and their inventors



Examples of machines & their inventors

Ivan I. Artobolevski
(9.10.1905 -21.9.1977)

Very early 

tele-manipulator

Pafnutii Livovich Chebyshev 

(1821-1894)


