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Image Caption: Translating Image into Textual Description

a car with a dog inside it parked in the street.



Real-world IC Software in MS Powerpoint

Input Image Microsoft Powerpoint ALT Text 



Idea: The composition of objects within an image should 
encompass the objects derived from its generated descendant 

images through the process of recursive object melting

Recursive Object Melting

ROME



Remove the cat

Ancestor: A zebra standing 
in the field with a cat

Descendent: A zebra 
standing in the field

ROME



Ancestor objects: {zebra, cat}

Descendent objects: {zebra}

Ancestor Caption: A zebra standing in the field with a cat

Descendent Caption: A zebra standing in the field

Part-of-speech Tagging

ROME

Captions

Object Sets



Ancestor Objects: 
{zebra, cat}

Descendent Objects: 
{zebra}

ROME



The current automated IC 
testing tools always generate 
unnatural test cases 

Motivation

MetaIC 

[1] MetaIC: Automated testing of image captioning systems

Original image in COCO Dataset



Many critical real-world scenarios 
rely on captioning ability for natural 
images  (e.g., assisting visually 
impaired people) 

Motivation



Ancestor Image Descendant Image

Melt
Vase

Melt
Vase

Object Melting
…
Image Pairs Collection Error Detection via MRs

A group of colorful 
vases sitting in a 
stone window.

A group of balls 
sitting in a stone 
window.

A group of balls 
sitting in a stone 
window.

A stone fireplace 
with vases sitting 
in front of it.

A group of balls 
sitting in a stone 
window.

A window in a 
stone building 
with two vases.

Misclassification Errors

Misclassification Errors

Misclassification and Quantity Errors

Melt
Two
Vases

Overview of ROME
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Original image Image with the objects removed

[2] LaMa: Resolution-robust Large Mask Inpainting with Fourier 
Convolutions

Object Melting with LaMa [2]



Ancestor Image Descendant Image

Melt
Vase

Melt
Vase

Object Melting
…
Image Pairs Collection Error Detection via MRs

A group of colorful 
vases sitting in a 
stone window.

A group of balls 
sitting in a stone 
window.

A group of balls 
sitting in a stone 
window.

A stone fireplace 
with vases sitting 
in front of it.

A group of balls 
sitting in a stone 
window.

A window in a 
stone building 
with two vases.

Misclassification Errors

Misclassification Errors

Misclassification and Quantity Errors

Melt
Two
Vases

Overview of ROME



Ancestor Image Descendant Image

Melt
Vase

Melt
Vase

Object Melting
…
Image Pairs Collection Error Detection via MRs

A group of colorful 
vases sitting in a 
stone window.

A group of balls 
sitting in a stone 
window.

A group of balls 
sitting in a stone 
window.

A stone fireplace 
with vases sitting 
in front of it.

A group of balls 
sitting in a stone 
window.

A window in a 
stone building 
with two vases.

Misclassification Errors

Misclassification Errors

Misclassification and Quantity Errors

Melt
Two
Vases

Overview of ROME



Ancestor Image Descendant Image

Melt
Vase

Melt
Vase

Object Melting
…
Image Pairs Collection Error Detection via MRs

A group of colorful 
vases sitting in a 
stone window.

A group of balls 
sitting in a stone 
window.

A group of balls 
sitting in a stone 
window.

A stone fireplace 
with vases sitting 
in front of it.

A group of balls 
sitting in a stone 
window.

A window in a 
stone building 
with two vases.

Misclassification Errors

Misclassification Errors

Misclassification and Quantity Errors

Melt
Two
Vases

Overview of ROME



Misclassification Error
41%

Omission Error
34%

Quantity Error
23%

Action Error
2%

Categories of Captioning Errors



Misclassification Error

a red door with a refrigerator on the side of it. 



Quantity Error

a picture of a donut and a cup of coffee. 



Omission Error

a table with a vase of flowers on it.



Action Error

a person sitting on a chair in a room.



“4” denotes that the image appears to have been captured in a natural 
setting and appears to be a true-to-life representation of nature. 

“3” denotes that the image may not be entirely natural, but it could still 
have been captured in nature. 

“2” denotes that the image is somewhat unnatural and would be dicult to 
capture in nature. 

“1” denotes that the image appears to be highly unnatural and cannot be 
considered a representation of nature.

Evaluation Criteria:

User Study on the Naturalness of Images



COCO Dataset ROME

MetaIC (0%) MetaIC (30%)

Naturalness of the Generated Image



• MetaIC-NO: no inserted object overlapping with original ones
• MetaIC-NO: no inserted object overlapping with original ones

Naturalness Score by Crowd-sourcing



Precision



Conclusion


