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INTRODUCTION

Influencing factors of the stability control and walking positions of the AWR:

» the number of degrees of freedom of the articulated mechanical structure and the type of
joints,

» parts materials,

> the length and mass of the robots links, A

» friction from the joints and friction with the supporting surface i | 3 f

» Inertia of dynamic elements,

» walking speed and acceleration,



Influencing factors of the stability control and walking positions of the AWR:

» the number, type and positioning of sensors,

» the number and type of engines, Human

[ESOUICES

» control strategies, methods and algorithms,

» delays due to communication,

» human experience,

» the conditions of the ambient working space.

Actuators &
Motors

Sensors

* AWR modelling for stability control is a l
necessity defined by degrees of freedom,

actuators, dynamic  factors of the Robots Feedback

environment, and quality and quantity of
Information



the real-time control system of the AWR is based on the virtual
projection method implemented on the VIPRO platform

the new intelligent control interfaces used Ishikawa dlagram AL Yig
and Pareto principle id

Ishikawa intelligent interface was developed for the
Identification and graphic representation of the categories of
causes and the factors that cause the AWR to become unstable

Pareto intelligent interface using predictive observation for
reducing the number of causes, and potential instability factors
In the control process




VIPRO PLATFORM FOR CONTROL OF
ANTHROPOMORPHIC WALKING ROBOTS

* The Vladarecanu-Munteanu virtual projection method
(V&M method) was practically validated with the help of
the experimental model of the VIPRO platform which
allowed the correct robot simulation

= The method ensures the possibility of interaction with cloud
or Big Data technologies through remote communications
and/or for the simulation of other parameters

* The VIPRO platform, iIs a portable robotic platform that
ensures the optimization of performance related to the
stability and movement of robots on uneven terrain
characterized by a real or virtual environment




VIPRO PLATFORM FOR CONTROL OF ANTHROPOMORPHIC WALKING ROBOTS

RPA locomotion mechanical
PCG system :
. Modeling control structure
Intelligent
. . - and command
Various Applications interface Predictive D
Operating / Utilities / VIPRO control system Action Locomotor
hardware . advanced
systems Programs / platform . system system
platforms algorithms
Tools
Informational
feedback
PhD student / BCI information Sensory bercention svstem
Researcher resource ‘ 19 PEIED y
E-learning

.= Th ntrol i n sensors and intelligent algorithm
The VIPRO platform used in e contro s_ba_sedo sensors and intelligent algo t_ 1S
: that, by adjusting the values of the characteristic

the AWR virtual control
parameters, restore the state and posture of the

simulation process mechatronic system deviated from the desired operation.



VIPRO PLATFORM FOR CONTROL OF ANTHROPOMORPHIC WALKING ROBOTS

Ishikawa diagram

Pareto principle

Real-time control system with open architecture by virtual projection method

Control interfaces

Extenics

Neutrosophic

Neural Networks

Walking mechatronic system for
anthropomorphic robots "SiMeLLA
MPII

—)

The intelligent interfaces for stability control
integrated VIPRO CS architecture

The AWR stability
control Is based on
perception, processing
of series of values of
measured parameters,

environmental
conditions,
communication and
reaction of

mechatronic systems.



VIPRO PLATFORM FOR CONTROL OF ANTHROPOMORPHIC WALKING ROBOTS

The stability control of the SiMeLA
MP robot starts with the V&M
method and the hybrid force-position
control method following the
evolution of the ZMP and CoM
points

The novelty element is the fact that
at the level of the hip, knee and
ankle joints fine neutrosophic
control stages are introduced in the
sagittal and frontal plane to bring
extra safety when the robot steps in
an unknown environment with
bumps and obstacles

The control is carried out
hierarchically, distributed
and adaptively at the level
of joint and mechanical
segment of locomotion
limbs

The main elements of this
strategy are the Ishikawa
diagram, the Pareto
principle, the Gerbner
model adapted to the
VIPRO platform and the
SiMeLA MP robot



PCG system RPA locomotion mechanical
7 Modeling control structure

and command

systems with
advanced
algorithms

Intelligent
Applications interface Predictive
Operating [ Utilities / VIPRO control system
systems Programs / platform
Tools

Various
hardware
platforms

Action Locomotor
system system

ey e M

Informational
feedback

PhD student / BClI information
Researcher resource

The VIPRO platform used in = The control IS ba_sed on sensors and intelligent algorlt_hrr_ls
: that, by adjusting the values of the characteristic
the AWR virtual control
parameters, restore the state and posture of the
mechatronic system deviated from the desired operation.

Sensory perception system

simulation process
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CHAPTER 3
CONTROL SYSTEM ARCHITECTURE OF
THE SiMeLA MP ROBOT

Diagrama
Ishikawa . .
= AWRs are multifunctional

systems with nonlinear
Modelul ;
Gerbner dynamics and complex
tasks; controlling them is

‘ Principiul | - difficult and challenging
Pareto

AWR stability control strategy in the virtual environment




CONTROL SYSTEM ARCHITECTURE OF
THE SiMeLA MP ROBOT

&Z

Modeling and generation of

: . Sensory information
» Feedback control transient dynamic postural vy

& BCI

states of "SiMeLA MP"

Predictive control of walking g SlMELA MP I‘ObOt haS

. multifunctional systems with
Real-time sabiliy control nonlinear dynamics and

complex tasks; controlling

E G| | positon s Neutrosophic them is difficult and

damping when the hybrid control

sving leg lndson| |comeal L = challenging

the ground
[  ZMP & CoM control |

Foot orientation Hip joint ]
- . - C
when landing on positioning and e
the ground orientation j&
b bt
Foot positioning Knee joint k s \)J
when landing on positioning and \
the ground orientation S 1
a)\gd
R

Architecture of the control system for the SiMeL A MP robot



Ishikawa diagram Real-time control system with open architecture by virtual projection method

oy b iy,
-

Control interfaces

Extenics

Gerbner@ model

Neutrosophic

Neural Networks

Walking mechatronic system for
anthropomorphic robots "SiMeLLA
MP"

—)

Pareto principle

The intelligent interfaces for stability
control integrated VIPRO CS architecture

The AWR
stability control
IS based on
perception,
processing  of
series of values
of measured
parameters,
environmental
conditions,
communication
and reaction of
mechatronic
systems.




CONTROL SYSTEM ARCHITECTURE OF THE SiMeLA MP ROBOT

The components of the control system architecture:

» new flexible control algorithm with high impact on robot
stability during walking through completely unknown, bumpy
and obstacle environments, which ensures normal walking by
positioning and postural orientation at the level of mechanical
assemblies, foot landing motion braking and heel contact shock

absorption with the support surface,

hybrid control method - decentralized force-position at the

joints by adding neutrosophic control to obtain a precise posture,

Modeling and generation of

Sensory information

when landing on
the ground

—®| Feedback control transient dynamic postural & BCI
states of "SiMeLA MP"
Predictive control of walking
parameters
Real-time stability control |
Force-
Heel contact position . | Neutrosophic
damping when the hybrid control
swing leg lands on control
the ground \A /
[ ZMP&CoMconrol |
Y
Foot orien.luticn Real-time | control Hlp j'oint
when landing on [« g (pusition, i, swing,roll »{ positioning and
the ground sl orientation
Foot positioning Knee joint

positioning and
orientation

Architecture of the control system for the

SiMeLA MP robot




CONTROL SYSTEM ARCHITECTURE OF THE SiMeLA MP ROBOT

Modul de ajustare
:> parametrica - <:
feedback senzo rial

e Sistem de
stabilitatii prin ~ ——

Control independent
articulatie sold picior
stang/drept

Control independent
articulatie genunchi
picior stang/drept

-

Control independent

articulatie gleznd
picior stang/drept
e_

Perception-based hybrid control strategy

The canonical equations of motion of

Hamiltonian mechanics:

General equation of motion of SMD:

M(@)-6=-C(q,d)-4-G(a)~Jc(a) -Fo +Y
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CONTROL SYSTEM ARCHITECTURE OF THE SiMeLA MP ROBOT
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CONTROL SYSTEM ARCHITECTURE OF THE SiMeLA MP ROBOT

XREF
Rules and x, (1) = x,(t)-e " -cos(wt — @)
constraints . O’[x,(t)-e " -cos(wt — P)]
0, F X = 2
AREF (Xs V,4a, v, ) ot RPA
swing leg
: . amas
Module of investigation and errors
compensation
AMAS

Control strategy for shock damping at
contact of the heel of the foot with the ground
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H)=1/3-e"* cos(mr—m/a)

Controlling the shock absorption of the robot's

heel in contact with the ground

Evolution of the position and acceleration of the = the values of correction factor are between
a=3 and a=7, with a step of 0.5, so the

characteristic point of the foot of the robot until damping basically has ten stages of

the contact of the heel with the ground attenuation applicable depending on the
nature of the soil

= the wide range of values ensures locomotion
continuity and smooth step




CONCLUSIONS

V.

The results led to increased flexibility at the joint level and functional stability of the
model at the level of geometric and angular positions, ensuring a smooth and
uninterrupted gait.

The new advanced intelligent AWR stability control method developed through a
flexible algorithm based on force-position and neutrosophy ensures normal smooth
walking in the conditions of movement in an unstructured indoor terrestrial
environment with accidental ground bumps and obstacles.

The wide range of values ensures locomotion continuity and smooth step.

The novelty element is the fact that at the level of the hip, knee and ankle joints fine
neutrosophic control stages are introduced in the sagittal and frontal plane to bring
extra safety when the robot steps in an unknown environment with bumps and
obstacles.

SiMeLA MP



CONCLUSIONS

The development of a new family of functional with variable impact for braking the
landing movement of the robot leg and damping the shock upon contact with the
support surface.

Applying the V&M virtual projection method, the correctness of the sequence was
demonstrated of transient states of the elements of the mechanical assemblies,
increased flexibility at the level of joints and functional stability of the model at the
level of geometric and angular positions ensuring a smooth, uninterrupted walk.

The anthropomorphic walking robot SiMeLA MP, ensures high availability for
movement, high mobility of mechanical assemblies, in conditions of stability and
balance, proven by complex, difficult positions.

SiMeLA MP
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