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The (Computer) Vision Pipeline
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If both detection and tracking were solved..



Re-1D in 3D

Sarc3D

V [Baltieri et al EURQgr.IT 2010]

V [Baltieri etal ICV 2014]

Re-1D
for vehicles

I

Re-ID and Behevior ANALYSIS

/]

Re- 1D survey J

V [Vezzani et al ACM computing
survey 2016]

Head pose estimation
In depth

V [Borghi et al CVPR 2017]

V [Pedro etal NVIDIA city challenge Vv [Borghi etal ICPR 2018]

CVPRW 2018]

™

People orientation
undertsanding

V [Vezzani et al ECCV 2016]

Trajectory anomaly
analysis

V [Calderara et al CVPR 2010]
V [Calderara et al CVIU 22011 |

Domain Translation
And Face Re-ID

V [Borghi et al ICPR 2018]
V [Borghi etal BMVC
2018 and Patent 2018]



REIDENTIFICATION

Have | already seen this person before?

Approaches: Re-id as

1. Retrieval and Pattern matching: Finding good
features and robust similarity measures on images
( SDALF* e.)

2. Long T term tracking: Accumulating features and
memory in the time for people ** and faces ***

3. 3D visual memory reconstruction: Keeping spatial

details in 3D models ' b‘“ . M g’ﬂs,? m

1025

1 5% 19944 ¢

*[M. Farenzena.. V.Murino, Co CVPR 2010, | CVPR 2
** [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 HAVMEVWAN MODEIN MIND




THESARC3BPPROACH [20@®14]




A People detection
A People Tracking

A Orientation detection
A People 2D toSarc3D projection
A 3D model

A Reld by matching Tracking
: J
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The effectiveness of knowing
body model parts and joints

-[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 We need to work with 3D

People Re-identification« International Journal of Computer Vision, 2014] models, and look at the
-[D. Baltieri R. Vezzani, R. Cucchiara People Orientation Recognition by Mixtures of Wrapped body parts
Distributions on Random Trees ECCV 2014]



THE 3DPES: 3D PEOPLE SURVEIL
DATASET [2014]

N°of videos 612
N°of frames (average, per video) 291
N®of peoples 200
Total N°of frames 178429
Resolution 704x576
N°of video sequences (average, per person) 3
N°of cameras (average, per person) 2
Re-id and MTMC tracking : 3DEPS a dataset with SRR
n 0 n _O Ver I ap p ed f| el d Of V| eWS view a (camera 004) view b (camera 002) view € (camera 003) view d (camera 007)

1. Full Calibration for the 8 cameras.

2. Background Images for each video.

view f (camera 001) view g (camera 008) view h (camera 009)

3. Selected snapshots for each person (silhouette mask,
person height, position and orientation)

4. Coarse 3D Space Reconstruction

www.Openvisor.org/3dpesi=s



THE DUKBATMCTRACKING
DATASET[2017]

8 static cameras x 85 minutes of 1080p 60 fps video
More than 2,000,000 manually annotated frames

More than 2,000 identities

Manual annotation by 5 people over 1 year

More identities than all existing MTMC datasets combined
Unconstrained paths, diverse appearance

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

DukeMTMC Project

- ‘
o \ l"‘»:‘ P

People involved:
Ergys Ristani, Francesco Solera, Roger S. Zou, Rita Cucchiara, Carlo Tomasi.

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


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

NOW WITH DUKEMTMC

( bt
Lk
whad [ (‘/’
CNN "
oAl
Eeofid]
" Feature Extraction Correlation Clustering Post-Processingj
Video Streams Person Detection Tracklets SC Trajectories MC Trajectories
Re-id as MTMC tracking
[E. Ristani, F. Solera, R. S. Zou, R. Cucchiara and C. Tomasi. ECCV 2016 also with CNNs needs
Workshop on Benchmarking Multi-Target Tracking.] detection

[E.Ristani, Tomasi Features for Multi-Target Multi-Camera Tracking and Re-
Identification CVPR2018]
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We need tracking..
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Probabilistic
TRACKING
at pixel level

Multi - Target Multi -camera
TRACKING by Detection

l

Probabilistic and occlusion
solving tracking by bkg
suppression

HECOL, Hepipolar estimation for
Overlapped cameras

V [Vezzani et al ICPR 2004]
V [Vezzani et al PRL 2011]

o

V [Calderara et al ICIAP 2005]
V Calderara et al TPAMI 2008]

Cognitive Tracking
Divide and Conquer

—_— iy
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V [Calderara et al ECCV 2016]

Bhort term Tracking by pose

V [Fabbri etal ECCV 2018]

Tracking Groups
by struct SVM

V [Solera et al. TPAMI 2016]

TRACKING
An experimental
Survey

', V Single tracking survey
vV [Smeulder et al TPAMI 2014]
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PEOPLE TRACKING: A NEVER ENDING STORY :)

Almage™
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TRACKING

Almage™
Tracking by detection Mutiple Object (People)
Tracking
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Single or Few Target
Tracking




SINGLEEW TARGET Tracking is keeping temporal coherency PR )
of something having a spatial coherency -

TRACKING Almage™

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

7t = Vel ¥,

l Representation Method location
Video P I

Appearance Similarity measuring,
A matching and

optimization

Inference

Representation !
Motionand position |[§-| Model Updating

The Model: ¢ o Tracking is the task of generating an inference about the motion
Track(s) T = { T1 Tm} of an object given a sequence of images *.

* Arnold SmeuldersDungM. Chuy Rita Cucchiara, Simone CalderafahinDeghgharand, and
MubarakShah VisualTrackinganExperimentaSurvey |EEE TPAMUly 2014



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

MTT PROBABILISTIC TRACKING 2¢#
I

1. From detection with BKG Subtraction some
Moving objects

vt = Vel e} Vol ={BB, M, I.c,] 4 BT
2.  Given some Tracks VO: &ounding Box and Track: am\ppeaernceand a
!

1.  Track alignment
2. Track evaluation and pixel assignment
3.  Track update

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

We need to cope with

[R. Cucchiara, C, Grana, G. Tardini, R. Vezzani: occlusions
Probabilistic People Tracking for Occlusion Handling.
ICPR 2004 A PRL 08 A TPAMI 08] +
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Highway traffic surveillance Traffic control (ATON project Domotics: . .
. . . : Laica: Real Time anomal
(Traficon Belgium) CVRR San Diego USA) human-home interaction detection in parks y
Ci B \ Homography Cj
U gpigolaf line g
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\\\ wTrped axis j
“ el H up'
Hc:w*u:ngrﬁa.\ffhii'D : ?
b c ‘:vanishingpoinl d
Background suppression and probabilistic tracking
-[R. Cucchiara, R. Vezzani: Assessing Temporal Coherence for Posture Classification with

Large Occlusions. WACV/MOTION 2005:A 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. PratiHecol T-PAMI 2008] é.




01-LIGHT

02-SURFACECOVER

03-SPECULARITY

SINGLE

04-TRANSPARENCY
TARGET

05-SHAPE
TRACKING

ALOV++ 06-MOTIONSMOOTHNESS

07-MOTIONCOHERENCE

2013 08-CLUTTER
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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

[-e-NCC(0.57)
| =——KLT(0.47)

= KAT(0.43)

| ——FRT(0.52)

==—-MST(0.36)

| ===L0T(0.52)

IVT(0.55)

TAG(0.38)
TST(0.62)
TMC(0.15)
ACT(0.27)
L1T(0.56)

L10(0.60)

| —FBT(0.64)

=w=HBT(0.49)
=—SPT(0.47)
=B=MIT(0.57)

|| =—=TLD(0.61)

-&-STR(0.66)

Video

Survival curve
315 video
best Fscore 0,66

o T Wy

Struck: Structured Output Tracking with Kernels
Sam Hare, Amir Saffari, Philip H. S. Torr

International Conference on Computer Vision (ICCV), 2011



2018 SINGLE TARGET TRAGOAIMGET :)

Almage™

1442 IEEE TRANSACTIONS ON PATTERN ANALYSIS AND MACHINE INTELLIGENCE, VOL. 36, NO. 7, JULY 2014

ALOV++ [Smeulderet al Visual Tracking: An Experimental Survey

TPAMI2014] Arnold W. M. S Iders, Senior Member, IEEE, D M. Chu, Student Member, IEEE,
5 9 K fram eS mlgita Cucchi;?:usjr:isor Aig;gtr)er,ell;;‘E‘Z Simone l(Jir:agl;derara,uSenlilorell,/71em‘;),:r, %EE,

Afshin Dehghan, Student Member, IEEE, and Mubarak Shah, Fellow, IEEE

Mu et al CVP R20 13] 1834 IEEE TRANSACTIONS ON PATTERN ANALYSIS AND MACHINE INTELLIGENCE, VOL.37, NO.9, SEPTEMBER 2015
[Wu et al TPAMI2015] Object Tracking Benchmark

Yi Wu, Member, IEEE, Jongwoo Lim, Member, IEEE, and Ming-Hsuan Yang, Senior Member, IEEE

OTBR100
152K frames

Long-term Tracking in the Wild: A Benchmark

LTW [Valmadreet al
1544K frames Arxiv2018]

Jack Valmadre*f, Luca Bertinetto*t, Jodo F. chriqucsf. Ran Taot,

Andrea Vedaldif, Arnold Smeulders*, Philip Torr!, Efstratios Gavves*!

0 Apr 2018

! University of Oxford * University of Amsterdam

Single Target Tracking




2018 WITH DEEP LEARNING: SINGLE TARGET TRACKIN

Lab
age

[Valmandre et al CVPR2017] End-To-End Representation Learning for

Winner VOT challenge Correlation Filter Based Tracking

Jack Valmadre, Luca Bertinetto, Joao Henriques, Andrea Vedaldi, Philip H. S. Torr; The IEEE Conference on
Computer Vision and Pattern Recognition (CVPR), 2017, pp. 2805-2813

OTB-2013 OTB-50 OTB-100
OPE TRE OPE TRE OPE TRE

Method speed (fps.) IoU prec. IoU  prec. IoU prec. IoU  prec. IoU \ prec. IoU prec.
CFNet-conv1 83 578 714 586 717 488 613 510 63.6 53.6 5.8 559 67.6
CFNet-conv2 75 61.1 746 640 779 530 66.0 565 702 56.8 3¢ 60/60 732
Baseline+CF-conv3 67 61.0 748 63.1 76.8 538 665 574 708 589 741 6l1.1 734
CFNet-conv5 43 61.1 73.6 626 T75.9 539 670 566 70.1 586 711 608 727
Baseline-conv5 52 618 753 640 773 51.7 64.1 56.1 69.1 588 71 61.6 73.7
SiamFC-3s [1] 60.7 735 618 750 516 639 555 692 582 70 60.5 728
Staple [2] 60.0 725 617 742 509 634 541 675 58.1 71 604 728
LCT [22] 612 780 594 742 492 625 495 617 562 692 569 682
SAMF [1¥] - - - - 462 607 514 656 539 690 577 714
DSST [0] X 55.4J 675 56.6 684 452 566 484 60.1 513 6}.1 - -

E‘::-ﬂ - T— . . 4L_
S N — R [ Co —Eﬁ— Robust single target Tracking
| * -] also with CNNs is far to be
=g || solved
!._-I--iri 49x49x32
_____ i '* ——

Test image: 255x255x3




TRACKIN® THE CROWD

Tracking group of people*
The Aimagelab dataset for group analysis

http://aimagelab.unimore.it/qroup-detection/
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*[F.Solera S.Calderara, R..Cucchiara TPAMI 2016]



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

Example
Downloaded
20/06/2018

Detection IS
the problem




