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Visual People Tracking

Applications and Benefits

v CCTV: Increased safety
v Automated video analysis

v Crowd motion estimation

v Robotic navigation
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Drawback:
Heavy intrusion of privacy
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Existing Alternatives

s n i

[Spindler et al., 2006]



Existing Alternatives

Such systems may fail (or be switched off)

[Spindler et al., 2006]




Our Approach

» A different sensor modality

« Existing multi-target tracking techniques

Pyroelectric infrared sensors’ ... ...mounted on a ceiling

Also known as: Infrared motion sensors
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The Setup
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ca. 1.4 m

43 nodes, ca. 3m stride. Total cost: = $100 USD.
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Tracking with Infrared Sensors

A mostly unexplored research area!

[Luo et al., 2009]

'\

Fig. 2. Sensor Maodule

- Expensive sensor array
with Fresnel lenses

[Hosokawa et al., 2009]

- Limited state space
- Ad hoc algorithm for data association
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Benefits

 |ndividal identification impossible
- Respects privacy

* |Insensitive to lighting conditions

* Low cost

Limitations

* Indoor application only

e | ess flexible
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Main Challenges

» Extremely low resolution (43 sensors)

* A binary response at 2 Hz per sensor

* No visual (appearance) information

» Poor localization + sensor noise / delay
» Activation by several people

* Multiple measurements by one person
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Continuous Energy Minimization

E(X)=E_ , +E

v +Eexc+Eper+Ereg

dyn

State vector: X, Y-locations of all targets at all frames X clR“ ,d~2000

[Milan et al., PAMI 2014]
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Why Continuous Energy?

» Continuous trajectories
- low sensor resolution not an issue
* No implicit data association
- multiple assignments possible
* Provides best results
- Measured by standard tracking metrics

A. Milan et al. | Privacy-Preserving Multi-Target Tracking

15



E=F +aE

The Energy

dyn

+bE A cE F+dE

data

fJ

physically-based priors

dynamics exclusion persistence

< 7

=

\

4 : R
regularizer

parsimony
: N
e

-

AN J
e N N ( p
“SIX-p 7 || St TIX X7 Sieli-ox) || N+, tengeh
Y g JAGE i#j i JAR )
A. Milan et al. | Privacy-Preserving Multi-Target Tracking 16



Data Term
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Optimization

'mlerge'
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 conjugate gradient descent for local optimization
« discontinuous jumps to determine dimensionality (number of targets)
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Experiments
Synthetic Data

 Manual assignment of keyframes

 |nterpolation and sensor simulation
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Measurements
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Time

Ground Truth
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Experiments
Synthetic Data

* Manual assignment of keyframes
 |nterpolation and sensor simulation
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Result = -i-ve-ve-n - GT
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Result
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Real Data

« Up to six people in =
a large lab f: N~
N I__m + LL
« Two cameras T G I
(2 Hz) K
e Temporal
alignment

« Annotation of key =
frames (very i
approximate)
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Up to six people in
a large lab

Two cameras
(2 Hz)

Temporal
alignment

Annotation of key
frames (very
approximate)

Real Data
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Results (real)

Result
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Results (real)

Resut = --veovenen - GT
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Other Approaches

[Tao et al., Sensors 2012]

[Berclaz et al., PAMI 2011]
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Quantitative Results

<\ MOTA = normalized error count

ows 70 7 13 os

/ MOTP = localization error (73% = 35 cm)

Ours 55.3 54.6 43 0.76

Real data
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Quantitative Results

Method MOTA[%] 'MOTP[%] IDsw  #Targets (MAE)

Linear DA [1] 66.6

___-_
KSP [3]
© Ours
S ___-_
o DP [2]
e

[1] Tao et al., Sensors 2012
[2] Pirsiavsah et al., CVPR 2011
[3] Berclaz et al., PAMI 2014
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Advertisement

Multiple Object Trackir__[]_gf%'éﬁ;hma rk 1

#Ahome Hdata Bresuls submit~- L people Jlogn & signup

2D MOT 2015

This benchmark contains video sequences in unconstrained environments filmed with both static and moving cameras. Tracking and evaluation are done in image

coordmnates

Training Set

Sample Mame 4 541 Resolion L IT Tracks 11 Boxes 1 Dhess Cripfion Source Ref

24 B 480 ) 10 1108 A stabc camera at aboul 2 meters height shows

(UL} walking peophe on the streel
Eallx450 " 3 35 A shorl sequence with sile-view pedestnans [Z]
LR

JoHx DD 2 14 4hhd A widely used sequence showing up to S walking

(01:54) pedestnans, parthy in unusual patterms




Advertisement

Multiple Object Trackﬂiﬁrlgf%‘éﬁchma rk

#Ahome Hdata Bresuls submit~- L people

2D MOT 2015

o 22 Sequences (old + new)
.. . *>1300 Trajectories
BEl . - > 100,000 Bounding boxes "
- . * Live online evaluation




Advertisement

o

Multiple Object Tracki}__[j__g/B"é'ﬁ?:h mark

"

MArhome Hdatar Eresulls submit ~ L people Jlogin  # signup

2D MOT 2015 Results

T Al -

BETTT MTE 1 F ity 7 E AR ok r % L ¥ i ias [7F
AOTA and MOTP are part of the CLEAR protecol [1], MT, ML and Frag were introduced in [2]

11 n, §1 P LT A= L 1 =8 FM AT Sw. 11 ] i - 11 Speciications Detector =
31.6 T2.8 1.4 % 13,7 % 48,2 % 9424 S0 a8 1,801 1582 1.4 26 GHE, 1 Loe No [+.4]

1.0 f20 2.4 %% e 3.1 11649 18,856 J94 876 H.2 26 GHz 1 Core Mo [=]

17.4 714 1.4 % 258 5B B.07T0 41,346 1.323 1.881 3.8 26 GHz 1 Core No [7]
1.0

39 .4 22 % 5% J30% 20000 44180 B3, 883 4,281 288.0 26 GHz, 1 Core Mo (9]



Advertisement

http://motchallenge.net



Summary

* A principled alternative to preserve privacy
» Continuous energy with soft assignments
 Still a very challenging problem

 Data + Code online

http://research.milanton.net/irtracking/
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