
Recent	Developments	in	Vision-
Language	Transformers

VisualBERT,	PixelBERT,	VILT	and	ALBEF



Today
• Review:	Attention	is	All	you	Need!
• Review:	BERT
• VisualBERT
• PixelBERT
• ViLT
• ALBEF

1



Attention	is	All	you	Need

Vaswani	et	al.	
Attention	is	all	
you	need
https://arxiv.o
rg/abs/1706.0
3762 This is a dog
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Multi-head	Attention:	Do	not	settle	for	just	one	set	of	attention	weights.

Vaswani	et	al.	Attention	is	
all	you	need
https://arxiv.org/abs/1706.0
3762



The	BERT	Encoder	Model
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Devlin	et	al.	BERT:	Pre-training	of	Deep	
Bidirectional	Transformers	for	Language	
Understanding	.		https://arxiv.org/abs/1810.04805

• No	decoder

• Masking	Language	Modeling	(MLM):	Train	
the	model	to	fill-in-the-blank	by	masking	
some	of	the	input	tokens	and	trying	to	
recover	the	full	sentence.

• The	input	is	not	one	sentence	but	two	
sentences	separated	by	a	[SEP]	token.

• Next	Sentence	Prediction	(NSP):	Also	try	
to	predict	whether	these	two	input	
sentences	are	consecutive	or	not.

Important	things	to	know



The	BERT	Encoder	Model
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Devlin	et	al.	BERT:	Pre-training	of	Deep	
Bidirectional	Transformers	for	Language	
Understanding	.		https://arxiv.org/abs/1810.04805



Datasets
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a	umbrella	stuck	into	sand	at	a	beach	with	boats	and	hills	in	the	background.
a	beach	umbrella	with	a	backpack	underneath	it	is	on	the	beach.
an	umbrella	on	a	beach	with	a	backpack	and	bag	under	it.
a	green	umbrella	sitting	on	top	of	a	sandy	beach.
an	umbrella	provides	shade	on	a	beach	in	front	of	the	water.MSCOCO:

SBU:
My	dog	playing	with	her	favorite	ball	in	the	snow.

Visual	Genome:
frisbee flying	above	tree	line
green	frisbee with	white	cloud
sky	is	gray	and	cloudy
…



VisualBERT

77

Li,	Liunian Harold,	et	al.	Visualbert:	A	simple	and	
performant	baseline	for	vision	and	
language. https://arxiv.org/pdf/1908.03557.pdf

• Input:	paired	image	+	two	sentences
• Faster-RCNN	image	features
• Objective	1:	Masking	Language	Modeling	(MLM)
• Objective	2:	Sentence	Image	Prediction:	predict	

whether	both	sentences	are	describing	the	input	
image.

Important	things	to	know



VisualBERT

88

Li,	Liunian Harold,	et	al.	Visualbert:	A	simple	and	
performant	baseline	for	vision	and	
language. https://arxiv.org/pdf/1908.03557.pdf

• Visual	Question	Answering	(VQA)
• Visual	Commonsense	Reasoning	(VCR)
• Natural	Language	for	Visual	Reasoning	(NLVR)
• Visual	Grounding	(VG)

Downstream	tasks

What	is	being	flown?

yes,	no,	two	… frisbee

3129	answers

[CLS]



PixelBERT

99

Huang,	Zhicheng,	et	al.	Pixel-bert:	Aligning	image	
pixels	with	text	by	deep	multi-modal	transformers.
https://arxiv.org/pdf/2004.00849.pdf

• Input:	paired	image	+	sentence
• CNN	image	features
• Masking	Language	Modeling	

(MLM)
• Image	Text	Matching	(ITM):	

predict	if	the	input	image	and	
text	are	matched

Important	things	to	know



PixelBERT

1010

Huang,	Zhicheng,	et	al.	Pixel-bert:	Aligning	image	
pixels	with	text	by	deep	multi-modal	transformers.
https://arxiv.org/pdf/2004.00849.pdf

• Visual	Question	Answering	(VQA)
• Natural	Language	for	Visual	

Reasoning	(NLVR)
• Image	Retrieval	&	Text	Retrieval	

(IR	&	TR)

Downstream	tasks



PixelBERT

1111

Huang,	Zhicheng,	et	al.	Pixel-bert:	Aligning	image	
pixels	with	text	by	deep	multi-modal	transformers.
https://arxiv.org/pdf/2004.00849.pdf

• Visual	Question	Answering	(VQA)
• Natural	Language	for	Visual	

Reasoning	(NLVR)
• Image	Retrieval	&	Text	Retrieval	

(IR	&	TR)

Downstream	tasks

PixelBERT

Positive:	
a	fluffy	brown	cat	is	laying	in	a	bathroom	sink.

Negative:
an	image	of	a	cat	looking	out	the	window

a	man	stands	in	front	of	an	elephant
a	white	building	that	is	a	medical	clinic.

…

0.85,	0.12,	0.02,	…



Reading	for	you:	E2E-VLP
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Xu,	Haiyang,	et	al.	E2E-VLP:	
End-to-End	Vision-Language	
Pre-training	Enhanced	by	Visual	
Learning. https://arxiv.org/abs/
2106.01804



ViLT
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Kim,	Wonjae,	et	al.	ViLT:	Vision-and-Language	
Transformer	Without	Convolution	or	Region	
Supervision
https://arxiv.org/pdf/2102.03334.pdf

• Input:	paired	image	+	
sentence

• Image	inputs	are	
flattened	patches	

• Masking	Language	
Modeling	(MLM)

• Image	Text	Matching	
(ITM)

• Word	Patch	Alignment	
(WPA):	predict	if	the	
patch	and	the	token	
are	matched

Important	things	to	know



ViLT
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• inexact	proximal	point	method	for	optimal	transports	(IPOT)	

Xie,	Yujia,	et	al.	"A	fast	proximal	point	method	for	computing	exact	
wasserstein distance." https://arxiv.org/abs/1802.04307



ViLT

1515

Kim,	Wonjae,	et	al.	ViLT:	Vision-and-Language	
Transformer	Without	Convolution	or	Region	
Supervision
https://arxiv.org/pdf/2102.03334.pdf

Downstream	tasks

• Visual	Question	
Answering	(VQA)

• Natural	Language	for	
Visual	Reasoning	(NLVR)

• Image	Retrieval	&	Text	
Retrieval	(IR	&	TR)



ALBEF

1616

Li, Junnan,	et	al.	Align	before	Fuse:	Vision	and	
Language	Representation	Learning	with	Momentum	
Distillation https://arxiv.org/pdf/2107.07651.pdf

• Input:	paired	image	+	
sentence

• Use	ViT to	encode	images
• Masking	Language	

Modeling	(MLM)
• Image	Text	Matching	(ITM)
• Image-Text	Contrastive	loss:	

make	positive	image-text	
pairs	similar	to	each	other

Important	things	to	know

CLIP



ALBEF
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Li, Junnan,	et	al.	Align	before	Fuse:	Vision	and	
Language	Representation	Learning	with	Momentum	
Distillation https://arxiv.org/pdf/2107.07651.pdf

Query:	text	vector
Key,	Value:	image	vectors



ALBEF
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Li, Junnan,	et	al.	Align	before	Fuse:	Vision	and	
Language	Representation	Learning	with	Momentum	
Distillation https://arxiv.org/pdf/2107.07651.pdf

Downstream	tasks

• Visual	Question	
Answering	(VQA)

• Natural	Language	for	
Visual	Reasoning	(NLVR)

• Image	Retrieval	&	Text	
Retrieval	(IR	&	TR)

• Visual	Entailment	(VE)
• Visual	Grounding	(VG)



ALBEF
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Li, Junnan,	et	al.	Align	before	Fuse:	Vision	and	
Language	Representation	Learning	with	Momentum	
Distillation https://arxiv.org/pdf/2107.07651.pdf

Downstream	tasks

• Visual	Question	
Answering	(VQA)

• Natural	Language	for	
Visual	Reasoning	(NLVR)

• Image	Retrieval	&	Text	
Retrieval	(IR	&	TR)

• Visual	Entailment	(VE)
• Visual	Grounding	(VG)



Summary	
• Image	encoding:
• CNN
• Object	detectors
• Patches	
• Visual	Transformer
• etc.

• Text	encoding:
• BERT
• Word	embedding
• etc.
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Visual
encoding

image text

text
encoding

fusion



Download	
• VisualBERT:	https://github.com/uclanlp/visualbert
• VILT:	https://github.com/dandelin/vilt
• ALBEF:	https://github.com/salesforce/ALBEF
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Code	- ALBEF
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Code	- ALBEF
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Code	- ALBEF
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Code	- ALBEF
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Questions?


