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Is Context useful for Object Detection?
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Goal

ÅEvaluation of context on the challenging 

PASCAL VOC 2008 dataset using state-of-

the-art object detectors

ÅWe analyze

ï6 different sources of context

ï4 different uses of context

ïEffects on localization and recognition across 20 

object categories

ïMost/least effective scenarios
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Sources of Context



Local Pixel Context

Dalal & Triggs 2005Ramanan 2007

ÅWindow neighborhood, object boundary 

(shape)
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Scene Gist

2D Scene Gist [Oliva & Torralba 2002]

ÅGlobal 2D image statistics
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Geometric Context

Hoiem et al. 2005

Ground

Sky

Frontal LeftRight

Å3D scene layout, occlusions
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Photogrammetric Context

ÅCamera properties (meta-information), 

camera/object relationships
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Hoiem et al. 2006

Luo et al 2006



Semantic Context

Berg et al. 2004 Rabinovich et al. 2007

ÅKeyword, Objects present in the scene
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Geographic Context
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Hays & Efros 2008

ÅGeo-Location, Geographic properties 

(Land cover, population density etc)



Illumination and Weather Context*

Lalonde et al. 2008

Narasimhan & Nayar 2002
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* Not used in this work



Temporal Context*

Sift Flow [Liu et al. 2008]
Video Google [Sivic et al. 2003]
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ÅTemporally proximal images

* Not used in this work



Cultural Context*

ÅPhotographer bias, visual clichés
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Gallagher et al 2008 Salavon  2004

* Not used in this work



Uses of Context



Uses of Context

1. Object presence: P(object_present | image)

Contains Cat No Cat
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Uses of Context

1. Object presence: P(object_present | image)

2. Object position: P(object_xy | object_present, image)

Cat Bottom-Center Position

Not Cat Position
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Uses of Context

1. Object presence: P(object_present | image)

2. Object position: P(object_xy | object_present, image)

3. Object size: P(object_size | object_xy, object_present, image) 
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Uses of Context

1. Object presence: P(object_present | image)

2. Object position: P(object_xy | object_present, image)

3. Object size: P(object_size | object_xy, object_present, image)

4. Object spatial support
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Uses of Context

1. Object presence: P(object_present | image)

2. Object position: P(object_xy | object_present, image)

3. Object size: P(object_size | object_xy, object_present, image)

4. Object spatial support

5. Object appearance*

http://www.flickr.com/photos/malky/403389873/
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* Not used in this work



Taxonomy of Context

Sources of Context

1. Local Pixel

2. 2D Scene gist

3. 3D Geometric

4. Semantic

5. Photogrammetric

6. Geographic

7. Cultural

8. Illumination

9. Weather

10. Temporal

Uses of Context 

(in Object Detection)

1. Object Presence

2. Object Location

3. Object Size

4. Object Spatial 
Support

5. Object Appearance
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Proposed Context Modeling



Use a Good Detector for Fair Evaluation

ÅDeformable Parts Model from UoCTTI group

ïTop performer in 2007, 2008 competitions

Felzenszwalb McAllester Ramanan 2008
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Likelihood of Object Presence

Image

UrbanKitten

High Population

Puppy

gist: Torralba Oliva 2003

geom context: Hoiem et al. 2005

im2gps: Hays and Efros 2008

Geometric ContextGist

Geographic + Semantic Context
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Semantic & Geographic Context

Squirrel é

Seattle 

Urban é

High Pop

Lion é

Zoo

Grassland é

Low Pop

River é

Waterfall

Water é

Low Pop

Sample of Nearest 

Neighbors

é

Associated 

Tags/Geo

Semantic Context
Animals: 4

Food: 1

Aquarium: 2

Sky: 0

Boat: 0

Race: 0

Verdict: Likely 

Geographic 

Context
Photo Density: 0.2

Pop Density: 0.6

CropsGrass: 0.2

Boat: 0

Race: 0

Verdict: Not Sure 

Associated Data 

for Decision

Input Image
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Likelihood of Object Location

ÅBuild classifier for each cell based on 

Geometric ContextGist
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Likelihood of Object Size

Predicted Height

Candidate 

Bounding Box

Depth: Hoiem et al. 2007

Size from Gist: Torralba Oliva 2003

Geometric ContextGist
Photogrammetric Context

(Depth & y-value)
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Score Combination

1.5
0.6

1.3

Local Detector Candidates

2.5
1.6

0.1

Improved Scores
Presence Scores

Location Scores
ÅCell score

ÅMaxScore(Neighborhood)

Size Estimates
ÅPredicted height

ÅDiff from bbox height

óSceneô Context



Qualitative Results: False/Missed Detections
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Top-Ranked Candidates Are More Reliable with Context



Quantitative Improvement with Context



Poor Localization & Multiple Detections
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Object Spatial Support
Figure/GroundImage
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Object Spatial Support
Image

Bbox fit to 

Segment

Figure/Ground
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