
CS6501/4501: Vision and Language
Referring Expressions



• Overview on
• Multilingual Image Captioning
• Multimodal Machine Translation

Last Class



• Referring Expressions
• Referring Expressions vs Image Captions
• Generating Referring Expressions
• Referring Expression Comprehension

Today



Computer Vision

feline
tv set
teddy bear
pitbull
bullmastiff
cat

group of dogs
tv stand

fish tank
room
indoor
man-made
footstool
furnitureImage tagging / Image classification



feline
tv set
teddy bear
pitbull
bullmastiff
cat

group of dogs
tv stand

fish tank
room
indoor
man-made
footstool
furniture

tv set

cat, feline

tv stand

teddy bear

pitbull

bullmastiff, animal

fish tank

sofa

footstool

Object Detection

Computer Vision
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Computer Vision



How do we describe images?

A cat and two big dogs staring at the camera

Object 
Importance

Attribute
Importance

Action
Importance

World 
knowledge



Referring to objects

The dog 
in the 
middle

The gray 
dog

The gray 
dog in the 
middle



GRE3D3 Corpus
Viethen and Dale 2008

[20 scenes]

TUNA Corpus
van Deemter et 
al 2006

Size Corpus
Mitchell et al 2011

[96 scenes]

GenX Corpus
FitzGerald et al 2013

[269 scenes]

Typicality Corpus
Mitchell et al 2013

[35 scenes]

Work on Referring Expression 



Tomorrow – Please Attend 



Player 2 Orange bottle on the right

Player 1

Orange bottle on the right

Referit Game



Big 20k images

IAPR TC-12 Segmented and Annotated Dataset. Escalante et. al. 2009

Diverse
Many real world 
objects

Complex
Many object 
instances

Referring Expressions for Natural Scenes



ReferItGame Dataset
130k Referring expressions for 90k Objects in 19k images

Blue shirt man

Blue guy

Second guy from left

Referit Game Dataset

ReferItGame: Referring to Objects in Photographs of Natural Scenes
Sahar Kazemzadeh, Vicente Ordonez, Mark Matten, Tamara L. Berg.
Empirical Methods on Natural Language Processing. EMNLP 2014.



P: target object
S: scene

r1: object name
r2: color
r3: size
r4: absolute location
r5: relative location
r6: relative object
r7: other

R  =

car

building
building

carcarcar

building

tower

Referring Expression Generation



“the white truck in front”P: target object
S: scene

r1: truck
r2: white
r3: ∅
r4: front
r5: ∅
r6: ∅
r7: ∅

R  =

car

building
building

carcarcar

building

tower

Referring Expression Generation Output



P: target object
S: scene

r1: object name
r2: color
r3: size
r4: absolute location
r5: relative location
r6: relative object
r7: other

𝑅∗ = argmax
"

𝐹(𝑅, 𝑃, 𝑆)

𝑠. 𝑡. 𝑓! 𝑅 ≤ 𝑏!

Where the function F scores the compatibility between a triple R, P, S.
And fi ,bi impose constraints on the solution.
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building
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building

tower

Referring Expression Generation



car

building
building

carcarcar

building

tower𝐹(𝑅, 𝑃, 𝑆) = 𝛼*
!"#

$

𝝓𝒊 𝑟! , 𝑃, 𝑆

Content-based potential

r1 r2 r3 r4 r5 r6 r7

P S

𝝓𝒊

entry-level
category color size absolute

location
relative
location

relative
object other

target object scene
color histogram

[white]
[gray]
[beige]
….

[big]
[huge]
[small]
….

[front]
[bottom]
[left]
….

[next to]        
[besides] 
[on] 
…. 

[car]        
[building] 
[road] 
…. 

Referring Expression Generation
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!"&

'
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RefExp Generation: Prior-based term
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Referring Expression Generation
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Referring Expression Generation: Results

Baseline:    [door, white, , right      , , , ] 

Full:             [door, white, , middle  , , , ]

“white door”
“white door in the middle”
“door”

Baseline:  [picture,  white,   , right,                ,        , ]
Full:           [picture,            ,   ,         , prep_on, wall, ] 

“picture on the wall”
“picture”
“picture”



Referring Expression Generation: Results
Baseline:   [building,  white   , ,   right      , , , ]
Full:            [building,  brown , ,   middle  , , , ]

Baseline:    [man,  ,  ,  right,  prep_in,   floor, ]
Full:             [man,  ,  ,  left,    prep_in,   floor, ]

“red biker”
“person in red”
“far left person”

“house”
“house”
“red brick house”



Precision Recall

Baseline 27.92 43.27

Full Model 36.28 53.44

Test set A – 1000 Random Images
Precision Recall

Baseline 29.87 50.57

Full Model 36.68 59.80

Test set B – 1000 Selected Objects

Precision Recall

Baseline 28.85 37.41

Full Model 37.73 48.54

Test set C – 1000 Images with Many Object Instances

Referring Expression Generation: Evaluation



Deep Generation of Referring Expressions





Referring Expression Comprehension



Referring Expression Comprehension



Referring Expression Comprehension



Referring Expression Comprehension



Other important work

MattNet: Yu et al. https://arxiv.org/abs/1801.08186

Mao et al. https://arxiv.org/abs/1511.02283

Rohrbach et al. https://arxiv.org/abs/1511.03745



Questions?

32


