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Acquisition

Images, Video
Multi-Modaldata

Image processing  

Geometryof vision

Analysis

Visual FeatureExtraction

Visual Descriptors

Inference

Å Detection
Å Segmentation
Å Localization

Å Tracking

Å Classification
Å Recognition
Å (Re-) Identification
Å Prediction
Å UnderstandingΧ

The (Computer) Vision Pipeline

Pattern Recognition

Learning
(Statistical, Neuro-inspired, DeepLearning)     



Saliency/attention , 

3D reconstruction

Active Vision

It is NOT a pipeline
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[ŜǘΩǎ ǎǘŀǊǘ ŦǊƻƳ ǘƘŜ ŜƴŘΦΦ

Applications



1. SURVEILLANCE  
(thanks to  Costantino Grana, Andrea PratiΣ ΧΧΦ wƻōŜǊǘƻ Vezzani, Simone CalderaraΣ  ΧΧ ƛƴ нлму aŀǘǘŜƻ Fabbri,
Fabio Lanzi, Francesco Solera, Riccardo Gasparini, Pedro Manin, Andrea Palazzi, DavideAbati, and many others) 

2000- 2008 2008- 2010 2010- 2014

MASA:Modena Automotive Smart Area
2017- 2020



2. SPORT ANALYSIS 
(thanks to Andrea Prati, Rudy Melli, Matteo Fabbri, Fabio Lanzi, 
Simone Francia, Simone Calderaraand Roberto Vezzani) 

2006- 2010 2004- 2008

2016- 2018

DELOS NoE



3. HUMAN-X INTERACTION AND EGOCENTRIC VISION
(thanks to Guido Borghi, Stefano Pini, Martino Lombardi, 
Simone Calderara, and Roberto Vezzani, Lorenzo Baraldi, 
Giuseppe Serra Marcella Cornia) 

2012- 2016

2015- 2020
2015- 2018

2012- 20152014- 2017



4. AUTOMOTIVE  
(thanks to DavideAbati, Stefano Alletto, Andrea Palazzi, 
Guido Borghi, Stefano, Pini, Roberto Vezzani, and Simone Calderara)

AimageLab UNIMORE and Ferrari spa

2007- 2010 2017- 2020

2017- 2020 2017- 2020



Human

Behaviour Understanding

Re- Identification

[ŜǘΩǎ ǎǘŀǊǘ ŦǊƻƳ ǘƘŜ ŜƴŘΦΦ
If both detection and tracking were solved..

Applications



Re- ID and Behevior ANALYSIS

Re- ID in 3D

Sarc3D

V [ Baltieri et al EURgr.IT 2010]

V [ Baltieri et al ICV 2014]

Re- ID survey

V [ Vezzani et al ACM computing 

survey 2016]

Head pose estimation

In depth

V [ Borghi et al CVPR 2017]

V [ Borghi et al  ICPR 2018]

Domain Translation

And Face Re- ID

V [ Borghi et al ICPR 2018]

V [ Borghi et al  BMVC 

2018 and Patent 2018]

People orientation

undertsanding

V [ Vezzani et al ECCV 2016]

Re- ID

for vehicles

V [Pedro et al NVIDIA city challenge

CVPRW 2018]

Trajectory anomaly 

analysis

V [ Calderara et al CVPR 2010]

V [ Calderara et al CVIU 22011 ]



RE-IDENTIFICATION

Have I already seen this person before?

Approaches: Re-id as

1. Retrieval and Pattern matching: Finding good 

features and robust similarity measures  on images  

( SDALF* é.)

2. Long ïterm tracking: Accumulating features and 

memory in the time for people ** and faces ***

3. 3D  visual memory reconstruction: Keeping spatial 

details in 3D models

*[M. Farenzena.. V.Murino, .. CVPR 2010, ICVPR 2010é.]

** [D.Coppi, S.Calderara, R.Cucchiara IEEE T-CSVT 2014]

*** [F.Pernici, A. Del Bimbo et al. CVPR 2018]



TO (RE) IDENTIFY A PERSON  WE HAVE THE HUMAN MODEL IN MIND 



THE SARC3D APPROACH [2008-2014]



-[D.Baltieri, R.Vezzani, R.Cucchiara People Re-identification in Surveillance and Forensics: a 

Survey. ACM Computing Surveys. 2013]

-[D.Baltieri, R. Vezzani, R. Cucchiara, "Mapping Appearance Descriptors on 3D Body Models for 

People Re-identification« International Journal of Computer Vision, 2014]

-[D. Baltieri R. Vezzani, R. Cucchiara People Orientation Recognition by Mixtures of Wrapped

Distributions on Random Trees ECCV 2014] 

ÅPeople detection
ÅPeople Tracking  
ÅOrientation detection
ÅPeople  2D to Sarc3D projection
Å3D model
ÅRe-Id by matching

The effectiveness of  knowing 
body model parts and joints

We need to work with 3D 

models, and look at the 

body parts



THE 3DPES: 3D PEOPLE SURVEILLANCE 

DATASET  [2014]

Re-id and MTMC tracking : 3DEPS a dataset with 

non-overlapped field of views

1. Full Calibration for the 8 cameras.

2. Background Images for each video.

3. Selected snapshots for each person (silhouette mask, 

person height, position and orientation)

4. Coarse 3D Space Reconstruction

www.Openvisor.org/3dpes



[ 2017 Ristani, Solera, Zhou, Cucchiara, Tomasi CVPR 
workshop 2017]

THE DUKE MTMC TRACKING 

DATASET[2017]

http://vision.cs.duke.edu/DukeMTMC/
(now also for RE-ID)

http://vision.cs.duke.edu/DukeMTMC/


NOW WITH DUKEMTMC  

[E. Ristani, F. Solera, R. S. Zou, R. Cucchiara and C. Tomasi. ECCV 2016 

Workshop on Benchmarking Multi-Target Tracking.]

[E.Ristani, Tomasi Features for Multi-Target Multi-Camera Tracking and Re-

Identification CVPR2018] 

Re-id also with CNN features
Needs tracking
Re- id as MTMC tracking 

also with CNNs needs 

detection



THE WAY OF WHERE

TRACKING

Human

Behaviour Understanding

Re- Identification

We need tracking..

Applications



TRACKING

Probabilistic

TRACKING 

at pixel level

Probabilistic and occlusion 

solving tracking by bkg

suppression

V [ Vezzani et al ICPR 2004]

V [ Vezzani et al PRL 2011]

Multi -Target Multi - camera

TRACKING by Detection

HECOL, Hepipolar estimation for 

Overlapped cameras

V [ Calderara et al ICIAP 2005]

V Calderara et al TPAMI 2008]

Cognitive Tracking

Divide and Conquer

V [ Calderara et al ECCV 2016]

Tracking Groups 

by struct SVM

V [Solera et al. TPAMI 2016]

Short term Tracking by pose

V [ Fabbri et al ECCV 2018 ]
V Single tracking survey 

V [ Smeulder et al TPAMI 2014]

TRACKING

An experimental

Survey



PEOPLE TRACKING: A NEVER ENDING STORY

Papers retrieved  with the ñpeople tracking ñ keyword in IEEExplore (june2018) 



TRACKING

Single or Few Target  

Tracking

Mutiple Object (People)

Tracking

Tracking by detection

T
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n



The Model:
Track(s) { } { }1 ..  , , , , , ,t t t t

m k k k k k k k kT T T T BB AI PM PNO c e d= = t

The target(s)
The Visual objects, Regions, Bounding Boxes..

Tracking is keeping temporal coherency 
of something having a spatial coherency

Tracking is the task of generating an inference about the motion 

of an object given a sequence of images *. 

* Arnold  Smeulders, DungM. Chu, Rita Cucchiara, Simone Calderara, AfshinDeghghanand, and 
Mubarak Shah, Visual Tracking: an ExperimentalSurvey, IEEE TPAMI, july2014.

SINGLE (FEW) TARGET 
TRACKING

Inference

http://crcv.ucf.edu/papers/trackerSurvey.pdf


MTT PROBABILISTIC TRACKING 2004  

1. From detection with BKG Subtraction some 

Moving objects 

2. Given some Tracks

1. Track alignment

2. Track evaluation and pixel assignment

3. Track update

3.    Post-processing (merge, split..)

{ } { }1 ..  , , , , , ,t t t t

m k k k k k k k kT T T T BB AI PM PNO c e d= =

[R. Cucchiara, C, Grana, G. Tardini, R. Vezzani:

Probabilistic People Tracking for Occlusion Handling.

ICPR 2004 Ą PRL 08 Ą TPAMI 08]

VO:  a Bounding Box and 
a Mask of foreground pixels

Track:  an Appeaernceand a 
Probability History Integral 

    

The need to  cope with 
occlusions
Re-id also with CNN features
Needs tracking

We need to cope with 

occlusions



Domotics: 

human-home interaction

Highway traffic surveillance

(Traficon Belgium)

Traffic control (ATON project

CVRR San Diego USA)

-[R. Cucchiara, R. Vezzani: Assessing Temporal Coherence for Posture Classification with 

Large Occlusions. WACV/MOTION 2005:Ą T-SMC 2009]

-[ R. Melli, A. Prati, R. Cucchiara, L de Cock: Predictive and Probabilistic Tracking to Detect 

Stopped Vehicles. WACV/MOTION 2005]

- [S.Calderara, A. Prati Hecol T- PAMI 2008]é.

Laica: Real Time anomaly

detection in parks

Background suppression and probabilistic tracking



SINGLE

TARGET

TRACKING

ALOV++

2013

01-LIGHT

02-SURFACECOVER

03-SPECULARITY

04-TRANSPARENCY

05-SHAPE

06-MOTIONSMOOTHNESS

07-MOTIONCOHERENCE

08-CLUTTER

09-CONFUSION

10-LOWCONTRAST

11-OCCLUSION

12-MOVINGCAMERA

13-ZOOMINGCAMERA

14-LONGDURATION

http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=2
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=3
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=4
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=5
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=6
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=7
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=8
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=9
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=10
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=11
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=12
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=13
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=14
http://imagelab.ing.unimore.it/dsm/index.php/component/dsmanager/?task=showcategory&cid=15


2014:  PRE DEEP LEARNING

Survival curve

315 video

best Fscore 0,66



2018 SINGLE TARGET TRACKING DATASET

Single Target Tracking

[Smeulderset al 
TPAMI2014]

[Wu et al CVPR2013]
[Wu et al TPAMI2015]

[Valmadreet al 
Arxiv2018]

ALOV++
59K frames

OTB-100
152K frames

LTW
1544K frames



2018 WITH DEEP LEARNING: SINGLE TARGET TRACKING

[Valmandre et al CVPR2017]

Winner VOT challenge

Re-id also with CNN features
Needs tracking

Robust single target Tracking 

also with CNNs is far to be 

solved



TRACKINGIN THE CROWD

Tracking group of people*

The Aimagelab dataset for group analysis

http://aimagelab.unimore.it/group-detection/

*[F.Solera S.Calderara, R..Cucchiara TPAMI 2016]

http://aimagelab.unimore.it/group-detection/


Example
Downloaded
20/06/2018

Detection IS
the problem


