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From AI to  Computer Vision

Artificial intelligence: The scientific field which studies how to create computers and 
computer software that are capableof intelligent behavior, using Sensing, Perception, 
Knowledge, Reasoning and Learning.

And related applications: 
e.g. Video-surveillance, 
Medical Imaging, Machine 
Vision, Automotive, 
Biometrics, Building 
Automation, Smart Cities, 
Industry 4.0, Digital humanity, 
Big data analytics, Remote 
{ŜƴǎƛƴƎΧ

Computer Vision: the scientific discipline studying how to perceive and understand the world 
through visual data by computers.

Machine Learning: The scientific discipline studying how to constructs algorithm that can 
learn from and make predictions on data, for getting computers to act without being explicitly 
programmed.

Pattern Recognition: The scientific discipline studying how to classify  or recognize patterns 
and observed data using a priori knowledge, statistical information and learning

DeepLearning: A branch of Machine Learning for modeling and implementing deep neural 
network architectures and algorithms.

Rita Cucchiara - Università di Modena e Reggio Emilia, Italy



From Computer Vision to Machine Vision

Machine vision fundamentals: 

Computer Vision: the scientific discipline studying how to perceive and understand the world 
through visual data by computers.

A (theoretical) 
Computer Science and 
Engineeringdiscipline

Machine Vision: the engineering field studying how to build computer vision-based systems, 
services and solutions, typically for industrial environment.

Courtesyof ABCON UK

- Constrainedenvironment

- Speed-basedand Real-time solutions
(w.r.t. actionsto do)

- Definedprecision/ recalland 
performance

- LowCostdesign and production

- Standardization



Whyit isso important?  The Market

The market for computer vision technologies will grow from 

$5.7 billion in 2014 to $33.3 billion by 2019, representing 
CAGR of 42% The machine vision market size is 

estimated to grow fromUSD 8.08 
billion in 2015 toUSD 12.49 billionby 
2020, at an estimated CAGR of 9.1% 
from 2015 to 2020.

3D Machine Vision Market Global 
Forecast to 2020says, the market is 
expected to grow at a CAGR of 
10.53% during the forecast period 
between 2015 and 2020 driven by 3D 
machine vision technology is due to 
its growing applications in the 
automotive and electronics 
industries.

In "Automated Guided Vehicle 
Market", the total market is expected 
to reach USD 2.81 Billion by 2022, at 
a CAGR of 10.2%

RnRMarketResearch.com



An Overviewof Machine Vision dimensions

An holisticview
of Machine Vision 

for industry

Vertical 
Domains

Products

HW 
Components

Platforms

SW 
Components

Applications

Machine Vision

Web Sources
www.ukiva.org(UK Industrial Vision Association)
www.Iapr.org (Int. Associationfor Pattern Recognition)
www.cvf.org(Computer Vision Foundation)
www.embedded-vision.com(Embedded Vision Alliance)
www.visiononline.org commercial site

http://www.vision-systems.com/ commercial site

Rita Cucchiara - Università di Modena e Reggio Emilia, Italy

http://www.ukiva.org/
http://www.ukiva.org/
http://www.iapr.org/
http://www.cvf.org/
http://www.embedded-vision.com/
http://www.visiononline.org/
http://www.vision-systems.com/


Vertical Domains

Industrial
ÅAutomotive
ÅConsumer Electronics
ÅElectronics& Semiconductor
ÅPrinting
ÅMetals
ÅWood & Paper
ÅFood
ÅPackaging
ÅRobotics
ÅManufacturing
ÅRubber& Plastics
ÅPharmaceutical
ÅGlass
ÅMachinery
ÅSolar Panel Manufacturing
Å...

Non-industrial

ÅHealthcare & MedicalImaging

ÅPostal & Logistics

ÅIntelligentTransportationSystem (ITS)

ÅSecurity & Surveillance

ÅAgriculture

ÅConsumer Electronics

ÅAutonomousCars

ÅSmart cities

ÅCultural Heritage

ÅEducation

ÅΧ

Courtesyof APEX - http://apexcontrols.cc/

Vertical 
Domains



Products

Computer /Machine Vision products

Å - General-purposeproducts(Services)

Å - Customized/embeddedproducts(Systems)

Products: 

ÅEmbedded custom systems

ÅSmart cameras-basedsolutions

ÅPC-basedMachine visionsystems

ÅVision AsA Service: serviceson cloud

ÅNew solutionsand new business model for software and component suppliers

ÅThe effort ismore and more in software

Smart cameraswith own sw
Cognex, Datalogic, Matrox, NI, Vision 
Components

Smart cameraswith third-party sw
Matrix Vision with MVTecHALCON,
AdlinkTechwith HALCON, Adaptive
Vision..

Products



HW Components

ÅCameras

ÅSensor types

ÅLED Lightings

ÅFrame Grabbers

ÅSelectionsof characteristics

ÅInterface standards

ÅFrame Rate (Area Scan and Line Scan)

ÅFormat (25ς125 fps, >125 fps, <25 fps)

Å 3D Cameras

ÅMultispectral/HyperspectralCameras

ÅSmart Cameras

ÅCCD ςCMOS Cameras

ÅHigh-SpeedVideo Cameras

Å Line-ScanCameras

Å IR Cameras& Detectors

ÅBarcodeScanners

Å Low-Light/IntensifiedCameras

ÅX-RayCameras

ÅAnalogCameras

ÅStandard cameras Camera Link
CoaXPress
FireWire
GigEVision (1.2 Gbps)
USB 3.0 (3 Gbps)
Χ

HW 
Components



Computing Platforms

1. Acquisitiondevices

2. Cable and Camera System Interfaces

3. Processing units: 
ÅFPGAs, 

ÅDSPs,  Microcontrollers,

ÅARM-basedor embeddedprocessors   (Cortex!ф Χ SnapdragonNeuralprocessor Qualcomm)

ÅGeneral PurposeMulti-cores, many-cores (PC-basedsolutions)

ÅGPUs(Nvidia)

ÅCloudbasedand HPC- to Exascalecomputing

"Processors for Embedded Vision: Technology and Market Trendsò 2015  and 2016

Platforms



An exampleof3D Reconstruction: Verydifferentcomputationaltime.

Å2D to 3D featuremappingO(N x M x D)
Å N : query keypoints, ( c.a. 2000/image)

Å M : dataset keypoints (in the order of ρπ

Å D : keypointsvector size(128 for SIFT)

256 x 10^9 computationsof MSR



An Example: Time comparison

Standard 
approach

BoWapproach

CPU - time CUDA- time OPENCL - time OPENCL (Zero Copy) - time

30 min 104 sec 147 sec 11sec

1x Upto 17x Up to 12x Up to 166x 

CPU - time CPU BoW- time

30 min 0.511 sec

1x Upto 3600x

Optimizing Image Registrationfor Interactive Applications. AVR (2016)
Gasparini, R., Alletto, S., Serra, G., Cucchiara, R. AVR (2016)

«Low» computation
« High» Memory



An Example: ScenelLabelingon GPUs

80.6% accuracy 11 frame/s (320x240) @ 11W On NVIDIA TegraK1

Thanksto L. Cavigelli, M. Magno, L. Benini, «AcceleratingReal-Time Embedded Scene Labelingwith
ConvolutionalNetworks», DAC 2015



An Exampleswith Xilinx

Thanksto Davide Rossi UNIBO

0 10 20 30 40 50 60

Hardware

Software

Seconds per Classification

Wall-time comparison

3.2 sec / classification @ 4.7 W

Other Applications of Embedded Classifiers:
ÅRobotics and Drones
ÅAutonomous Cars
ÅCCTV

Camera Trap equipped 
with Cellular ~400$

CNN: ResNet-18

Computing System: 
Xilinx Zedboard

Running Linux!



Software components

ÅData acquistion/compressiontools

ÅImage Processing/Analysis

Å3D Computer Vision

ÅMotion-basedComputer Vision

ÅPattern Recognitionand Statistical-basedLearning

ÅDeepLearning

ÅGeneral AI solutions

ÅAlgorithms

ÅLibraries

ÅTools

ÅDatasets

SW 
Components



Software components- Libraries

ÅMVTecHALCON : 2D and 3D vision, GPU , mPc-based and embedded support , expensive

ÅMvTMerlic : simplified interfaces also for Mobile

ÅCognexVisionPro: oriented to robotic, easy interface Quickbuileder , bar code sw , limited in 3D

ÅMatrox Imaging

ÅNational Instrument

ÅVisionServerAcceleretorfor Allen-Bradley PLCs

OpenSource

ÅOpen CV Open Source Computer Vision Library , (http://opencv.org).

ÅSimple CV (http://simplecv.org) Sight Machine 

ÅDarwin, an open-source platform-independent C++ framework for machine learning and computer vision Australian 
National University (Canberra, Australia; www.anu.edu.au). 

ÅOpen Vision Control, object motion detection (http://openvisionc.sourceforge.net).

ÅΧ ŀƴŘ ŀƭƭ ƭƛōǎ ŦƻǊ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ 

ÅStandard machine visionlibariesare often not enough after the DL Revolution

http://www.jmakautomation.com/halcon-vs-cognex-visionpro

http://opencv.org/
http://openvisionc.sourceforge.net/


Applications

2D/3D Robot 
manipulation

(pickingand 
stowing)

Automous
Guidanceand 

Situation 
Awareness

The Human 
Factorand HMI

AVI Automatic 
Visual 

Inspection

Amazon Pickingchallenge
Winner2016 DeltUniveristy
No CAD MODEL DeepLearning recognition

[ PastexperienceUNIMORE ςMarchesini 
Patent2009]

New Deep-Learnedbased
solutions

AutonomousGuidance
in cars

Industrial AGV 
(automaticGuided
Vehicles) situation 
awareness

[UNIMORE ςInfolog2016]

UNIMORE ςDr(eye)ve
Modena Smart Area Maserati

Vision for Human-Machine  
Interaction with Vehiclesand 
Robots

UNIMORE
POSEeidon
Depth based
deeplearning

HAxIARegionalproject for egocentric
Vision in industry

Applications



Quality Control and Inspection
Measurement



Seven challengesfor Machine Vision

1. Real-time processing  

2. Illumination

3. AcquistionIssues

4. Selectionof features..
Åcolor, 

Åshapes(Templatematching, contourfilling.. Convexhole) 

Åtexture, frequency-based( Gabor, Wavelet, Furier..), 

Åkeypoints, (SiftΣ {ǳǊŦ Χύ

Å3D building boxes 

ÅConvolutionalNN Features

5. Selectionof suitableclassifiersand computer visiontasks
ÅBayesian, SVMs, KNNs.., DL architectures

6. The lackof significant examples(egdefectivewsnon defectivetargets) 

7. The needof find a new solutionfor eachnew problem.

Omographyfor inspection



QualityInspection: AVI Systems

ÅAutomatedVisual Inspection

ÅClassicalmachine visionapproaches

Thanksto M. Aminzadeh, PhdDissertationin MechanicalEngineeringGeorgia Tech2015 



Qualitycontrol, inspection, measurement

Model

Data

Image processing FeatureextractionSegmentationand detection Classification, identification..

The standard pipeline

AIS http://aisukltd.com/machine-vision-systems/CognexDataman503 UV-basedscanner Matrox Imagingbasedapplemeasurement3D HermaryLight Scanner

[                  ]
Productsare designed
for a class-specificapplication
and optimizedfor the specificcontext



Vision and learning in quality inspection

Magneticfield
fluorescent U.V.

OK

REJECT

cameras

robot

*R. Cucchiara, F. Filicori, R. Andreetta,"Detectingmicro cracksin ferromagneticmaterialwith automaticvisualinspection"in Proceedingsof the Intern Conf. Quality
Control by Artificial±ƛǎƛƻƴ v/!±Ψ CǊŀƴŎŜ мффрΣ
R. Cucchiara, F. Filicori,"The Vector-GradientHoughTransform« IEEE Transactionson Pattern Analysis and Machine Intelligence, vol.20, n.7, pp.746-751, 1998

Åwhenthe CAD model isnot necessary

ÅThe defectmodel isneeded

Åa VERY OLD story. 1995 BERCO, 

ÅThinand straigthcrack detection

http://imagelab.ing.unimore.it/imagelab/publicationSheet.asp?idpublication=47
http://imagelab.ing.unimore.it/imagelab/publicationSheet.asp?idpublication=20


Vision and learning in quality inspection

ÅDefective and non-defective industrial workpieces

ÅSix ŘƛŦŦŜǊŜƴǘ ƭŜŀǊƴƛƴƎ ŀƭƎƻǊƛǘƘƳǎΥ όƛƴ Ωфуϝύ

V Artificial Intelligence: an attribute-value learner, C4.5, 

V Pattern Recognition: a backpropagationneural network, NeuralWorksPredict, 

V Pattern Recognition: a k-nearest neighbouralgorithm, 

V Statistical analysis:  3 techniques, linear, logistic and quadratic discriminant. 

*R. Cucchiara, P. Mello, M. Piccardi, F. Riguzzi «An Application of Machine Learning and 
Statistics to Defect 5ŜǘŜŎǘƛƻƴέJournal of IntelligentData 1998Analysis 1998

A rule-based( or tree based) classifiercapableof reasoningas
humansdo 



Model-basedvision:  productsand toolsare on-the-shelf

ÅEg. SIEMENS  SIMATIC MV 440

ÅPat-Genius" object recognition license, SIMATIC MV440 for object recognition position 
detection, counting etc., reading 1D bar codes and 2D matrix codes, text recognition, to 
check the position of a label and check the inscription (reading and comparing) of plain 
text in an image field.

Å2500 checks/min

Åthe object CAD model is required



Nowadays,theyare commercial tools

VMachine visionin constrainedscenario

VStructuredlight, 

VMainlymodel-based

V Image processing and measurement

V2D and 3D geometry

Å NOW commercial tools.

ÅThanksto VISION-E srl

ÅUNIMORE spin-off



Nowimprovedin 3D  (2010)


