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Computational Saliency models, 
Challenges, Benchmarks, and Future

Where do people look?
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Where do people look? (Judd et al., ICCV 2009)



5

Plan

● Models
● Challenges

● Datasets
● Scores
● Center-Bias (CB)

● Benchmark
● Summary and Future



6

Models Challenges Benchmark Summary

Matei Mancas

Roadmap
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Models Challenges Benchmark Summary

Borji and Itti, PAMI 2013
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Laurent Itti
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Surprise model
Itti and Baldi, 2006

Laurent Itti

Models Challenges Benchmark Summary
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AIM model 
Bruce and Tsotsos, 2006

Neil D. Bruce

Models Challenges Benchmark Summary
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Olivier Le Meur

Models Challenges Benchmark Summary

Recent works on 
measuring scanpath
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Graph-based Visual Saliency (GBVS)

Jonathan Harel

Models Challenges Benchmark Summary
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Saliency Toolbox

Dirk B. Walther

Models Challenges Benchmark Summary
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VOCUS

Models Challenges Benchmark Summary

Simone Frintrop
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Adaptive Whitening Saliency (AWS)

Models Challenges Benchmark Summary

Garcia Diaz
et al., 2011
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      AWS

Models Challenges Benchmark Summary
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Xiaodi Hou

Models Challenges Benchmark Summary
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Models Challenges Benchmark Summary

Dashan Gao

Discriminant
Saliency 
Detection
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Wolfe Kienzle

Models Challenges Benchmark Summary
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SUN Model

Models Challenges Benchmark Summary

Lingyun Zhang

SUN model

BU Saliency
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Paying attention to symmetry

IttiKootstra Human IO

Models Challenges Benchmark Summary

Gert  Kootstra
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E-Saliency

Tamar Avraham

Models Challenges Benchmark Summary
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Visual Saliency Based on Lossy Coding

Models Challenges Benchmark Summary

Yin Li

Yin Li, Yue Zhou, Lei Xu and Xiaochao Yang. 

Incremental Sparse Saliency Detection, ICIP 2009
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Naila Murray

Models Challenges Benchmark Summary
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 Fast and Efficient Saliency Detection

Hamed R. 
Tavakkoli

Rezazadegan Tavakoli H, Rahtu E & Heikkilä J ,
Fast and Efficient Saliency Detection Using Sparse Sampling and Kernel Density Estimation,
 Image Analysis, SCIA 2011 

Models Challenges Benchmark Summary

http://link.springer.com/content/pdf/10.1007%2F978-3-642-21227-7_62.pdf
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Models Challenges Benchmark Summary

Sharat Chikkerur

What and where: A Bayesian 
inference theory of visual attention

S. Chikkerur, T. Serre, C. Tan and Poggio, "What and Where: A Bayesian inference theory of visual attention", Vision Research, 2010
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Models Challenges Benchmark Summary

Ali Borji
CVPR 2012
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Quaternion-based 
Spectral Saliency

Boris Schauerte

Models Challenges Benchmark Summary
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Erkut Erdem

Models Challenges Benchmark Summary
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Erdem and Erdem, JOV 2013

Models Challenges Benchmark Summary
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Models Challenges Benchmark SummaryModels Challenges Benchmark SummaryModels Challenges Benchmark Summary

Chelhwon Kim
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Hae Jong

Models Challenges Benchmark Summary
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Qi zhao

Models Challenges Benchmark Summary
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Spatio-temporal (Dynamic Saliency)
● Behavioral studies

● Variability of eye movements when viewing dynamic natural scenes (Dorr et al., JOV 2013)

● Eye guidance in natural vision: Reinterpreting salience (Tatler et al. JOV 2010)

● Adaptive Gaze Control in Natural Environments (Jovancevic-Misic and Hayhoe)

● Human eye–head co-ordination in natural exploration (Einhauser et al., 2007)

● Combining top-down processes to guide eye movements during real-world scene search 

(Malcolm and Henderson; JOV 2010)

● Viewing task influences eye movement control during active scene perception (Castelhano et al., JOV 2009)

● Eye movements while viewing narrated, captioned, and silent videos (Ros and Kowler; JOV 2013)

● Temporal eye movement strategies during naturalistic viewing (Wang et al., JOV 2012)

● Models (See Borji et al., TIP 2013)
● Usually extension of spatial models

● Itti plus motion and flickers channels (ITTI + FI)

–
See also VOCUS by Simone Frintrop

● Le Meur et al., VR; 2007

● Marat et al., IJCV 2009

● Seo & Milanfar; JOV 2009

● Guo et al., TIP 

● SUNDAY; Zhang et al. (SUN++)

● Peters and Itti; CVPR 2007

● Borji et al.; CVPR 2012

● Mathe and Sminchisescu; ECCV 2012

● Vig et al., ECCV 2012, PAMI 2012

● Rudoy et al., CVPR 2013

● Riche et al., ACCV 2012 [A Comparative Study on Videos]

● Kienzle et al., DAGM 2007

● Jia Li, et al., IJCV 2010

● Pang et al,, ICME 2008

Elenora Vig

Sophie Marat

Models Challenges Benchmark Summary

Action Recognition

Fixation Prediction

Segmentation
Jia Li

Akisato Kimura
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Salient Object Detection Models

Models Challenges Benchmark Summary

The story began in 2007:
Learning to Detect a Salient Object
Liu et al., CVPR 2007, PAMI 2011
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Models Challenges Benchmark Summary

Radhakrishna Achanta
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Models Challenges Benchmark Summary
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Stas Gofferman

Models Challenges Benchmark Summary
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Global Contrast-based Salient Region Detection

Ming-Ming Cheng 

Models Challenges Benchmark Summary
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Essa Rahtu

Models Challenges Benchmark Summary
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Yuming Fang

Models Challenges Benchmark Summary
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Hongliang Li

Models Challenges Benchmark Summary
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Models Challenges Benchmark Summary

Lin Zhang
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Jian Li

Models Challenges Benchmark SummaryModels Challenges Benchmark Summary
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Models Challenges Benchmark Summary

Vikram
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Salience Distance Transform

Models Challenges Benchmark Summary

Paul Rosin
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Models Challenges Benchmark Summary

ICCV 2011
Dominik
A. Klein
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Saliency Filters: Contrast Based 
Filtering for Salient Region Detection

Federico Perazzi

Models Challenges Benchmark Summary
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Combined models

● Building a strong model out of weak ones
● Borji et al., ECCV 2012
● Inspired Long Mai to use CRF for saliency 

aggregation; CVPR 2013

Models Challenges Benchmark Summary
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Models Challenges Benchmark Summary

CVPR 2013
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Datasets

● Spatial
● MIT
● Bruce and Tsotsos 

(Torronto)
● NUSEF
● Kootstra
● FIFA (Cerf)

● Spatio-Temporal
● CRCNS
● DIEM

Models Challenges Benchmark Summary
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Models Challenges Benchmark Summary

Matei Mancas

ImageSal dataset
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Video datastes

Models Challenges Benchmark Summary

Marat et al., 2009 
Jia Li et al., 2010
Peters and Itti, 2007
Borji et al., 2012
Shic and Scassellati, 2007 
Le Meur et al., 2007

John Henderson
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CRCNS
Models Challenges Benchmark Summary

DIEM
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Models Challenges Benchmark Summary

Adapted from: OVERVIEW OF EYE TRACKING DATASETS; Winkler and Subramanian
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Salient object detection DBs

● See Borji et al., ECCV 2012
● ASD Achanta et al. (stimuli from MSRA)
● SOD (from Berkley dataset); Movahedi et al.
● SED 1 & SED 2 (Weizmann dataset)
● 5K images from MSRA-B; Huaizu Jiang
● ImageSal dataset
● iCoseg: Interactive cosegmentation by touch

Models Challenges Benchmark Summary
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Models Challenges Benchmark Summary

MSRA Salient Object Database
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Models Challenges Benchmark Summary
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Center-bias

Models Challenges Benchmark Summary

Tatler JOV 2007
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Center-bias
● Viewing strategy
● Photographer bias
● See Tatler et al., 2007, Tseng et al., 2009, Borji et al., VSS 2011

Models Challenges Benchmark Summary
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Center-bias

● Salient Object Datasets

Models Challenges Benchmark Summary
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Do objects predict fixations 
better than early saliency?

● Einhauser et al., JOV 2008

Models Challenges Benchmark Summary
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Scores

● Fixation Prediction
● AUC (I spotted 4 types of AUC)

● NSS

● CC

● KL

● EMD

● Percentile

● Fixation Saliency Method (FS)

● String Editing Distances

● Average Accuracy Score (AAS)

● Similarity score

● Saliency Detection
● AUC

● Precision-Recall

Models Challenges Benchmark Summary

Refs:

● Borji and Itti, PAMI 2013
● Peters and Itti, TAP 2008
● Alsam and Sharma, 

SCIA 2013
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AUC Types

● Type -1
Sweeping a threshold

over the saliency map

and compute the 

ratio of human 

fixations above the 

threshold

[Judd et al. ICCV 2009]

[Ehinger et al., 2009]

Models Challenges Benchmark Summary
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AUC Types

● Type-2

● Positive samples come

from the human fixations

● Negative samples are 

uniformly generated

● Type-3

● Negative samples are 

taken from distributions of 

human fixations over other 

images plus other subjects

over the image under test

● Type-4
● Negative samples are saliency 

values at human fixations from 

saliency map of another image 

Models Challenges Benchmark Summary

Adapted from Hou et al., PAMI 2012
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Models Challenges Benchmark Summary
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Normalized Scanpath Saliency (NSS)

Models Challenges Benchmark Summary

Peters et al., Vision Research 2005
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AUC ?
● As long as the hit rates are high, the AUC is always 

high regardless of the false alarm rate.

Zhao and Koch JOV 2011

Models Challenges Benchmark Summary
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Gaussian Blob

Models Challenges Benchmark Summary
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Models Challenges Benchmark Summary

Ali Borji
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Tilke Judd

Models Challenges Benchmark Summary
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Models Challenges Benchmark Summary

As of Sept. 2012

Judd datasetBruce and Tsotsos dataset

BRUCE:  Hou PAMI: 0.7131
Schauerte ECCV : 0.7201
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Models Challenges Benchmark Summary

As of Sept. 2012

Judd dataset

BRUCE:  Hou PAMI: 0.6604
Schauerte ECCV : 0.6751
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Models Challenges Benchmark Summary

As of Sept. 2012

Judd datasetKootstra dataset

BRUCE:  Hou PAMI: 0.6089
Schauerte ECCV : 0.6125
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Models Challenges Benchmark Summary

CRCNS-ORIG 
dataset

Shuffled
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Salient object detection models
Models Challenges Benchmark Summary
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Models Challenges Benchmark Summary

Model Ranking

SVO: Chang, K.Y., Liu, T.L., Chen, H.T., Lai, S.H.: ICCV (2011)
CBSal: Jiang, H., Wang, J., Yuan, Z., Liu, T., Zheng, N., Li, S.: BMVC (2011)
Gof.: Goferman, S., Zelnik-Manor, L., Tal, A.: CVPR (2010)
RC: Cheng, M.M., Zhang, G.X., Mitra, N.J., Huang, X., Hu, S.M.: CVPR (2011)
LiuICIP: Liu, Z., Xue, Y., Shen, L., Zhang, Z.: ICIP

Fixation prediction models score lower than salient object detection models

As of Sept. 2012
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Models Challenges Benchmark Summary
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Summary

● We are much more clear than 10 years ago in saliency 
modeling
● Center-bias
● Scores
● Datasets
● Smoothing

● Still the landscape is not much clear in some areas
● Center-bias
● Top-down factors and interaction with BU factors (particularly in 

the spatio-temporal domain)
– Emotions, memory, experience, etc.

● The gap between models and humans

Models Challenges Benchmark Summary
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Open challenges

● What is the best score?

● What is the best way to tackle center-bias?

● What is the most representative dataset?

● What is the best way to take advantage of object information?

● How far are we from human performance and where?

● How to deal with model parameters?

● How to take advantage of top-down influences?

● Is there a model that works consistently the best in all test 
cases? natural scenes vs. psychological patterns? If not, why?

● Really how important and useful is saliency modeling for hard 
problems in computer vision? e.g., object recognition?

Models Challenges Benchmark Summary
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Applications

Models Challenges Benchmark Summary

● Marketing and Advertisement
● Intent decoding / Mind reading

● Patient vs. normal observer

● computer vision
● Image re-targeting, segmentation, 
● compression, detection, recognition,
●  enhancement, etc.

● Robotics
● Localization and Navigation
● Human robot interaction, etc.
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Future directions
● Top-down attention

● Visual Search and Object Detection

● Global Context

● Real-world visio-motor

– Ego centric and 1st person vision

● 3D/Social scenarios (Sheikh et al. NIPS 2012)

● Gaze and pointing direction

● Spatio-temporal (actor, action, etc.)

● Interactive environments and different tasks

● Sequential attention for object recognition

● Action recognition

● Model Comparison and Benchmarking

● Evaluation measures

– Several scores ?!

– Scanpath (e.g., Le meur)

● Datasets

– Emotions and saliency (Subramanian et al.,  NUSEF dataset)

● Model comparison in applications

● Applications

● Image compression (Itti et al. TIP 2004)

● Steganography and biometrics (i.e., observer 
decoding)

● Image re-targeting

● Image aesthetics

● Robotics; navigation, localization, etc [e.g., 
Simone Frintrop]

● Human computer/robot interaction

● Web search [+ clicks]

● Mind reading/ Intent decoding (e.g., using 
Google glass)

Models Challenges Benchmark Summary
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Behavioral labs

●
Hayhoe and Ballard; UT Austin

●
Tatler; Dundee

● John Henderson 

● Laurent Itti

● Peter Koning

● Wolfgang Einhauser

●
Foulsham

●
Susana Martinez Condes

●
Jeremy Wolfe; Hardvard

● Marc Pomplun; Boston Uni.

● Maria Carasco

● Nakayama

● John Tsotsos

●
Aude Oliva & Torralba

●
Gregory Zelinsky

●
Castelhano

● Cave

● Kastner

● Pelz

● John Reynoldz

●
Chellazi

●
Grossberg

●
Deco

● Rolls

● Matt Peterson

● Edward Awh 

● Edward K. Vogel

● Tirin Moore

● Bisley

● Posner

● Yantis

● Kanwisher

● Desimone

● Jiang lab at  University of Minnesota,

● Jochen Triesch

● Ronald Rensink

● ROGER REMINGTON

● Lester loshkey

● Stephen Mitroff

● Yesherun

● Christof Koch

● Hannes Schulz

● Andreas K. Engel

● Milanfar

● Ueli Rutishauser

● Andreas K. Engel

You can meet some of these 
people in VSS of SFN conferences. 

Models Challenges Benchmark Summary

●
Preeti Vergeese

●
Michael land

●
Rajesh Rao

●
Munz

●
Rothkopf

●
Martin Eimer

●
Garry Cottreel

●
Movellan

●
Geisler

●
Michael Mozer

●
Nuno Vasconcelos

●
Wolfgang Einhauser

●
Antje Nuthman

●
Geisler

●
Thorpe

●
Andrew Hollingworth

●
Monica Castelhano

●
Andrew Hollingworth

●
David Heeger
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Some remarks

● Scoring and model comparison is a serious 
issue

● Papers are often cited inappropriately [specially 
in behavioral venues such as JOV]
● Some used shuffled AUC and some AUC (both at 

JOV)

Models Challenges Benchmark Summary
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Open Forum
● Please: 

● Try to ask questions and initiate discussions
● Correct us if you think we are wrong somewhere
● Share your comments with us and other fellow 

researchers
● Let us know your critics and opinions
● etc.

Models Challenges Benchmark Summary


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94

