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Goal: Multi-change captioning aims to describe complex changes 

within an image pair in natural language.

Problem Definition and Contribution

Approach Overview
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Context-aware Difference Distilling for Multi-change Captioning

Comparison with existing methods:

Ablation study:

Visualization for change locating and captioning:

• Code available at: https://github.com/tuyunbin/CARD

CLEVR-Multi-Change LEVIR-CC

“House and bushes are removed.”

“A road is built with villas built 

along on both sides.”

“A car is approaching the parking

lot from the right.”

“The blue truck is gone.”

<Before> <After>

<Before> <After>

Motivations:  

• Existing methods directly match patch features of image pair, 

wrongly mining unchanged objects.

• Existing methods directly model differences by patch features, 

insufficiently locating changed objects.

Contributions:  

• Modeling commonality / difference context features, before 

learning locally common / difference features.

• Proposing CARD to first decouple the context features; use 

them to help capture all changes.

• Customizing consistency / independence constraints to 

guarantee alignment / discrepancy of commonality / difference 

context features.

<Before> <After> <Before

> 

<After>

Wrongly mining unchanged objects

<Before> <After> <Before

> 

<After>

Insufficiently locating changed objects

𝐼𝑏ef

𝐼𝑎𝑓𝑡

R
e
s
N

e
t-1

0
1

M
u

lti-h
e
a
d
 

S
e
lf-a

tte
n
tio

n

T
ra

n
s
fo

rm
e
r D

e
c
o

d
e

r

someone replaced the gray 

sphere with a purple cube 

<SEP> someone moved 

the red rubber cylinder 

<SEP> a large cyan rubber 

sphere replaced the small 

purple metal sphere 

<SEP> the green cylinder 

was replaced by a cyan 

cylinder <END>
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෨𝑋𝑑𝑖𝑓𝑓

① Pair Encoding ③ Caption Generation
② Context-Aware 

Difference Distilling

𝑥𝑐𝑙𝑠
𝑏𝑒𝑓 ෨𝐿𝑏𝑒𝑓
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𝐷𝑏𝑒𝑓

𝐶𝑎𝑓𝑡

𝐷𝑎𝑓𝑡

෤𝑥𝑐𝑙𝑠
𝑏𝑒𝑓

𝑥𝑐𝑙𝑠
𝑎𝑓𝑡

① Extracting 𝑛 patch features for each image; introducing a [CLS] 

feature to represent its global content.

② Disentangling common and difference context features. The 

former helps mine locally common features for deducing locally 

difference features; the latter augments the locally difference 

features to distill all changes. 

③ Decoding the omni-representation of all changes into natural 

language sentences by a transformer decoder.

Experimental Results

Context-Aware Difference Distilling

Consistency 

Constraint
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ℒ𝑐𝑜𝑛 Independence 

Constraint
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Common Context Feature Decupling Difference Context Feature Decupling

Broadcasting

Broadcasting

Broadcasting

Broadcasting
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Context feature decoupling:

(1) Common and difference context feature predicting：

𝐶𝑏𝑒𝑓(𝑎𝑓𝑡) = 𝒞ℰ(𝑥𝑐𝑙𝑠
𝑏𝑒𝑓(𝑎𝑓𝑡)

; 𝜃𝒞) 𝐷𝑏𝑒𝑓(𝑎𝑓𝑡) = 𝒟ℰ(𝑥𝑐𝑙𝑠
𝑏𝑒𝑓(𝑎𝑓𝑡)

; 𝜃𝑏𝑒𝑓(𝑎𝑓𝑡))

ℒ𝑐𝑜𝑛 = 𝐶𝐴(𝐶𝑏𝑒𝑓, 𝐶𝑎𝑓𝑡)

ℒ𝑖𝑛𝑑 = 𝐻𝑆𝐼𝐶(𝐷𝑏𝑒𝑓, 𝐷𝑎𝑓𝑡)

(2) Consistency constraint：

(3) Independence constraint： • (HSIC: Hilbert-Schmidt 
Independence Criterion)

Guiding

Guiding
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Augmenting

Augmenting
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Difference distilling:

෨𝑋𝑏𝑒𝑓
𝑐 = MHCA( ෨𝑋‘𝑏𝑒𝑓 ,  ෨𝑋′𝑎𝑓𝑡 , ෨𝑋′𝑎𝑓𝑡) 

෨𝑋‘𝑏𝑒𝑓 = 𝐶𝑏𝑒𝑓 , 𝑥1 … , 𝑥𝑛

෨𝑋𝑏𝑒𝑓
𝑑 = ෨𝐿𝑏𝑒𝑓 − ෨𝑋𝑏𝑒𝑓

𝑐 ; 𝐷𝑏𝑒𝑓

෨𝑋𝑑 = 𝑅𝑒𝐿𝑈( ෨𝑋𝑏𝑒𝑓
𝑑 ; ෨𝑋𝑎𝑓𝑡

𝑑 𝑊𝑐 + 𝑏𝑐)

(1) Integrating 𝐶𝑏𝑒𝑓(𝑎𝑓𝑡) into patch features：

(2) 𝐶𝑏𝑒𝑓(𝑎𝑓𝑡) guided locally 

common feature mining：

෨𝑋𝑎𝑓𝑡
𝑐 = MHCA( ෨𝑋‘𝑏𝑒𝑓,  ෨𝑋′𝑎𝑓𝑡 , ෨𝑋′𝑎𝑓𝑡) 

(3) 𝐷𝑏𝑒𝑓(𝑎𝑓𝑡) augmented locally 

difference feature disentangling：

෨𝑋𝑎𝑓𝑡
𝑑 = ෨𝐿𝑎𝑓𝑡 − ෨𝑋𝑎𝑓𝑡

𝑐 ; 𝐷𝑎𝑓𝑡

• (CA: Contrastive Alignment)

෨𝑋‘𝑎𝑓𝑡 = 𝐶𝑎𝑓𝑡 , 𝑥1 … , 𝑥𝑛

<Change Captions>

<Change Captions>

GT: the small cyan rubber cube gave up its position 

to a small cyan rubber sphere <SEP>

 the large green metal sphere moved

(a) CLEVR-Multi-Change

CARD: the small cyan rubber sphere replaced a 

small cyan rubber cube <SEP>

the large green metal sphere has moved

MCCFormers-D: the large green metal 

sphere changed its location

<before> <after>

Change Localization of CARD

GT: the plants are replaced by massive 

buildings

(b) LEVIR-CC

CARD: trees are removed and  many houses are 

built along the road

MCCFormers-D: many houses are built 

along the road

<before> <after>

Change Localization of CARD

GT: there is a black exiting towards far left of the 

parking lot <SEP> the person on the side is no 

longer

(c) Spot-the-Diff

CARD: the black car has moved forward <SEP> 

the person in the white shirt is no longer in the 

after

<before> <after>

Change Localization of CARD
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