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Outline

1. Scope of the VOT-TIR challenge 

ï Thermal infrared imaging

2. VOT-TIR2016 challenge overview 

ï Evaluation system

ï Dataset

ï Performance evaluation measures

3. VOT-TIR2016 results overview

4. Summary and outlook
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Scope of the VOT-TIR challenge

Å Single-object, single thermal infrared (TIR) camera, 
model-free, short-term, causal trackers

Å Model-free:

ïNothing but a single training example is provided by the 
bounding box in the first frame

Å Short-term:

ïTracker does not perform re-detection

ïOnce it drifts off the target we consider that a failure

Å Causality:

ïTracker does not use any future frames for pose estimation

Å Object state defined as an upright bounding box
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Applicationsof TIR

ÅScientific research

ÅSecurity

ÅFire monitoring

ÅSearchand rescue

ÅAutomotive safety

ÅPersonal use

ÅMilitary
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Why a separate challenge?

Tracking in TIR different from tracking in low
resolution grayscalevisual?

Many similarities but also interesting differences

Å16-bit

ÅConstant values if radiometric

ÅLess structure / edges/ texture

ÅNo shadows

ÅNoise: blooming , resolution, dead pixels
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Evaluation system from VOT 2016

ÅMatlab-based kit to automatically perform a battery of 
standard experiments

Å Download from our homepage

ïhttps:// github.com/vicoslab/vot -toolkit

ïselect the vottir2016 experiment stack

Å Plug and play!

ïSupports multiple platforms and programming languages 
(C/C++/ Matlab /Python, etc.)

Å Easy to evaluate your tracker on our benchmarks

Å Deep integration with tracker - Fast execution of experiments

ÅOTB-like evaluation omitted
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VOT-TIR2016 Dataset: LTIR2016

ÅFollows VOT 2013 selection and annotation approach:

ïKeep it sufficiently small, diverse and well annotated

ïFollow the VOT dataset construction methodology

ÅModification of Linköping Thermal InfraRed (LTIR) 
dataset
A. Berg, J. Ahlberg, M. Felsberg, A Thermal Object Tracking Benchmark . AVSS 2015.
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ÅDifferent sources

ÅDifferent applications

ÅDifferent sensors

ÅMoving+ stationarysensors

ÅRadiometric+ non-radiometric

Å8/16 bits
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Sequence details
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ASL-TID
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Will it be different? Test against VOT2014
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VOT2014 LTIR
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Problem 2015: Sequence ranking

ÅA_f : average number of trackers failed per frame

ÅM_f : max. number of trackers failed at a single frame

Sequence Score
crowd 2
quadrocopter 2,5
quadrocopter2 2,5
garden 3
mixed_distractors 3
saturated 3,5
selma 3,5
street 3,5
birds 4
crouching 4

Sequence Score
jacket 4
hiding 4,5
car 5
crossing 5
depthwise_crossing 5
horse 5
rhino_behind_tree 5
running_rhino 5
soccer 5
trees 5

challenging:
0.06<=A_f<=0.2
14<=M_f<=22

intermediate:
0.04<=A_f<=0.1

6<=M_f<=11
easiest:

0<=A_f<=0.04
0<=M_f<=7
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Modificationsof LTIR

Å VOT-TIR2015 was already saturated

Å Call for sequences ïlimited success (3 new sources, too easy)

Å Easiest sequences have been removed: Crossing, Horse, and Rhino 
behind tree

Å New, more difficult sequences have been added: Bird , Boat1, Boat2, 
Car2, Dog, Excavator , Ragged, and Trees2

Felsberg et al., VOT-TIR2016 results
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Properties

Å 25 Sequences

Å Average sequence length 740

Å Annotations in accordancewith VOT

ïBounding-box

ï11 global attributes (per-sequence)

ï6 local attributes (per-frame)
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Occlusion, dynamicschange, motion change, 
sizechange,  cameramotion, neutral

Blur, dynamicschange, temperaturechange, 
objectmotion, sizechange,  cameramotion, 
backgroundclutter, aspectratio change, object
deformation, scenecomplexity, neutral
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Performance evaluation measures

ÅBasically the same as VOT2016 (based on 8-bit)

ïaccuracy

ïrobustness

ÅEvaluated pooled and normalized per-attribute

ïraw value

ïrank

ÅOverall: expected average overlap

ÅSpeed in EFO units
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Results
Å 21 submitted trackers

Å 3 added by VOT committee (NCC, DSST2014, SRDCFir)

Å All 24 trackers in both challenges

Å Various classes of trackers

ï8 part -based trackers: BDF, BST, DPCF, DPT, FCT, GGTv2, 
LT-FLO, and SHCT

ï7 trackers based on DCFs: DSST2014, MvCF, NSAMF, sKCF, 
SRDCFir, Staple-TIR, and STAPLE+

ï3 trackers basedon deep features/ learning: deepMKCF, 
TCNN, and MDNet -N

ï2 fusion basedtrackers: MAD and LOFT-Lite

ï4 other: EBT, PKLTF, DAT, and NCC
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Results (sequence pooling)
Felsberg et al., VOT-TIR2016 results
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Results (attribute normalization)
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VOTô14
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