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Summary

1. Intelligent robot control: the RDA solution

2. Robot integration in manufacturing: Merged GVR –
AVI tasks (Guidance Vision of Robots – Automated 
Visual Inspection) 

3. New paradigms in manufacturing control: the holonic 
approach and implementing solutions
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1.  Intelligent Robot Control – the Rapid Deployment Automation solution
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Key features of intelligent robot control:
1. Drastically reduce the off-line motion planner (time consuming, inaccurate)
2. Use real-time, high-speed machine vision to condition materials/parts:

Qualify; Recognize; Locate items in the foreground
Grasp invariant to object translation, rotation, mirroring
Avoid collision at part access

3. Define and install virtual cameras to allow task-, lighting- and material flow- oriented robot 
behaviour

4. Describe material flows by features, extracted from grey scale images
5. Visually guide the robot motion by: Look and Move or Visual Servoing techniques
6. Authorize robot motion by the results of visual measurements and inspection of parts
7. A difficult choice: use software for inspection and robot guidance which is sufficiently 

flexible and robust to acceptably respond to all the needs of manufacturing, or sacrifice 
performances as a trade-off for less expensive and easier to exploit system components.

The solution: 
Rapid Deployment Automation (RDA), which considers the design of RV or AVI systems 
as modular development processes
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2.  Intelligent Robot Control – the Rapid Deployment Automation solution
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RDA: 

Instead of dedicating strongly personalized systems to complex material measuring and inspection
or robot guidance tasks, each RDA component − camera, vision processor, robot manipulator, 
controller, conveyor, and even utility, development and debug software − are conceived as 
standard parts perfectly adaptable to the puzzle of any flstandard parts perfectly adaptable to the puzzle of any flexible manufacturing taskexible manufacturing task. 

In this approach, the need of redesign and 
start again the construction of a complete 
system which must respond to new 
functionalities is eliminated; it suffices 
to remove, add, or update individual RDA 
components according to the current 
requirements.

PHYSICAL CAMERA VIRTUAL CAMERA 
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Vision queue 
 
Calibration data 
 
Model planning 

Duality physical camera − virtual camera.
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2.  Robot Integration in Manufacturing: Merged GVR – AVI Tasks
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2.  Robot Integration in Manufacturing: Merged GVR – AVI Tasks
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Object Recognition Models (ObjectFinder)
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Object Grasping Models
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2.  Robot Integration in Manufacturing: Merged GVR – AVI Tasks
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Object Grasping Models Fingerprints Models for 
Collision Avoidance



Correct robot pick-up 
point relative to current 
location of shape of 
interest
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2.  Robot Integration in Manufacturing: Merged GVR – AVI Tasks
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Parts have irregular 
shape of outer contour
Interior shape of 
interest off-line taught 
Parts stop on conveyor 
in slightly different
positions and orientations
Robot should be moved 
always in the same pick 
up location relative to 
interior shape of interest Recognizing interior shape of interest with incomplete outer part contour and 

random position and orientation of entire object



Check proper positioning 
of assemblies:

Greyscale image of the final 
assembly of "COIN", "LA“, 
and "TE" mechanical 
components, and graphic 
overlay of 4 arc finder vision 
tools used for inspection.
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Anchor Feature Detection 
and Measurements

Screenshot of the vision 
system user interface 
during part (model) 
training, showing a 
cylinder head and the 
features used at run 
time by the 3D part 
locating kernel to 
calculate the object's 3D 
pose.
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Evolving Strategies for 
Flexible Part Feeding

Basic flexible feeding concept: 1 – supply parts; 1 – locate desired 
parts; 3 – pick qualified parts; 4 – recycle parts that are not picked.
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2.  Robot Integration in Manufacturing: Merged GVR – AVI Tasks

Vision windows on conveyor
belt 
Operate with belt variables 
Model the conveyor as a 3-
d.o.f. Cartesian robot
Move the robot toward a 
real-time updated destination
Pick on-the-fly moving parts



Job Shop Manufacturing 
with multiple networked 

Robot Vision stations
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3.  New Paradigms in Manufacturing Control: the Holonic Approach

Closed-loop conveyor
Networked robot 
workstations
Dual-camera robot-vision 
stations: stationary (down 
looking) & mobile (arm-
mounted)
CNC machine tools
Multiple ASRS
Magnetic RD/WR devices 
for pallet (product)    
traceability 
Fault-tolerance
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3.  New Paradigms in Manufacturing Control: the Holonic Approach

The team-based manufacturing 
paradigm

Adopted to provide the flexibility, 
agility and responsiveness required to
cope with the volatility of production
demands

The process of grouping manufacturing
resources to form teams is based on a
wide range of criteria, such as similarity
of activities, definition of business 
processes, and production planning and 
control requirements

Leads to semiLeads to semi--heterarchical resourceheterarchical resource
control architecturescontrol architectures

Production Management

Inspection Delivery

Packaging

Reverse 
Engineering

Design

Business

Engineering

Planning

Pre-production

Sorting

Post-production

Feeding Assembly

Machining

Modelling

Production
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3.  New Paradigms in Manufacturing Control: the Holonic Approach

Data and functions
embedded in the basic 
types of holons: 

product, 
resource and 
order (orderorder holons are holons are 
production plans derived production plans derived 
from customer commands, from customer commands, 
queued by help of queued by help of 
expertise holonsexpertise holons))
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3.  New Paradigms in Manufacturing Control: the Holonic Approach

Relations between Holons
(the Holarchy)

Two holarchies (set of basic cooperation rules between 
holons, integrating all manufacturing tasks were 
designed to automatically switch between them at run 
time:

Hierarchical, optimal production planning and control, optimal production planning and control
in normal operating modein normal operating mode
HeterarchicalHeterarchical, graceful degraded production re, graceful degraded production re--
planning and controlplanning and control, in reaction to a change in , in reaction to a change in 
customer order, a resource failure or a negative resultcustomer order, a resource failure or a negative result
of operation execution or quality control operationof operation execution or quality control operation
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3.  New Paradigms in Manufacturing Control: the Holonic Approach

The real time holonic 
production control 

mechanism:

Offer request
Bidding for offer
Awarding order
Executing Order
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3.  New Paradigms in Manufacturing Control: the Holonic Approach

Fault tolerant Control 
and Communication of 

networked robots:

Switched Ethernet
Serial Direct
Ring Inter Controller
Point-to-Point I/O

la i-2

INTERNET

la i+2
Controller Robot i
I/E numerice
RS485/422
RS232-Term
RS232
Ethernet

Controller Robot i
I/E numerice
RS485/422
RS232-Term
RS232
Ethernet

Controller Robot i-1
I/E numerice
RS485/422
RS232-Term
RS232
Ethernet

Controller Robot i-1
I/E numerice
RS485/422
RS232-Term
RS232
Ethernet

Controller Robot i+1
I/E numerice
RS485/422
RS232-Term
RS232
Ethernet

Controller Robot i+1
I/E numerice
RS485/422
RS232-Term
RS232
Ethernet
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Thank you !
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The End


