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Abstract

Vision and Language Pretraining has become the prevalent approach for tackling
multimodal downstream tasks. The current trend is to move towards ever larger models
and pretraining datasets. This computational headlong rush does not seem reasonable
in the long term to move toward sustainable solutions, and de facto excludes academic
laboratories with limited resources. In this work, we propose a new framework, dubbed
ViCHA, that efficiently exploits the input data to boost the learning by: (a) a new hier-
archical cross-modal alignment loss, (b) new self-supervised scheme based on masked
image modeling, (c) leveraging image-level annotations, called Visual Concepts, obtained
with existing foundation models such as CLIP to boost the performance of the image
encoder. Although pretrained on four times less data, our ViCHA strategy outperforms
other approaches on several downstream tasks such as Image-Text Retrieval, VQA, Visual
Reasoning, Visual Entailment and Visual Grounding. The code will be made publicly
available here: https://github.com/mshukor/ViCHA

1 Introduction

Vision and Language Pretraining (VLP) [12, 23] consists of training a vision and language
model with simple pretraining tasks, like image-text alignment or masked language mod-
elling, usually on large datasets. It is becoming the prominent paradigm to solve multimodal
vision-language tasks (e.g. VQA [4], NLVR? [81]), outperforming other task-customised ap-
proaches [7, 38]. The representation learned by these models have shown to be useful also for
unimodal tasks, paving the way for more general or foundational models [66, 78, 100, 103].

Due to the abundance of image-text pairs data on the internet [11, 18, 71], scaling these
models has gained a lot of attention. The current most efficient approaches are those beyond
1B parameters [1, 100] and trained on hundred of millions to several billions examples
[35, 66, 90]. This race for bigger models/data, is most often done to the detriment of the
quality of learning strategies, which becomes more and more difficult to control. We argue
that a lot of improvements can be done by designing more efficient learning schemes. For
example, while Dosovitskiy et al. [20] train Vision Transformers with a huge pre-training
dataset, Touvron et al. [84] obtained state-of-the art results using the same architecture with
bag of learning recipes, without pre-training.

To this end, we propose a new VLP strategy with carefully designed training procedures
and losses dedicated to efficiently align both modalities. Specifically, we adopt an early
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Figure 1: Illustration of our VICHA approach; during pretraining (left) and finetuning (right).

fusion architecture, but instead of having only one alignment loss on top of the dual encoders,
we also align both representations at several layers. This hierarchical alignment strategy
is extended with a multimodal fusion decoder in order to capture more complex Vision-
Language interaction. We also exploit more efficiently the input data with Masked Image
Modeling, based on the recently proposed Masked Auto Encoder (MAE) [29]. Moreover, we
leverage image-level annotations (i.e., objects and high level concepts describing the image)
using existing foundation models (i.e, CLIP [66]) due their generalization ability and low
computational cost at inference time. Thus departing from classical use of such models (i.e.,
initialization and finetuning), and leveraging them without any retraining. We complete
our scheme with a CLIP-based filtering technique. An illustration of our approach, called
ViCHA for Efficient Vision-Language Pretraining with Visual Concepts and Hierarchical
Alignment, is presented in Fig. 1. We will show the effectiveness of our approach on classical
downstream tasks used for VLP evaluation while drastically limiting the size of the training
datasets, contrary to other methods.

2 Related Work

Vision and Language Pretraining (VLP): VLP methods can be categorized into 3 main
categories based on their model architectures. First, dual stream approaches have two
separate encoders for images and texts (e.g. CLIP [66], ALIGN [35]) that are usually
trained using a contrastive loss [61] on a global similarity between their output embeddings.
These models are efficient during inference, but can not exploit finegrained cross modal
interaction that is useful for multimodal tasks (e.g., VQA). Several attempts based on self
supervision [49, 60], teacher-student distillation [3, 89] or finegrained interaction [96] have
been proposed to alleviate the massive amount of data usually used for training (e.g., CLIP
400M). Second, unified approaches try to simplify the model and adopt one transformer that
can process the two modalities [86, 87]. These approaches are simpler, but still under perform
other approaches with modality specific modules. Third, most of the work concentrated
recently on hybrid approaches due to their success on multimodal tasks, where the models
have separate encoders as well as a multimodal module that can exploit the cross-modal
interaction more effectively. Early methods have relied on object detection models to extract
image regions and tags [13, 43, 45, 58, 79, 107], however, the visual representation is limited
by the performance of the pretrained object detector, which is expensive to scale on large
annotated datasets, besides being slow at inference time. To remedy this, many methods
have proposed to replace the object detector with vision transformers [22, 39, 94] or CNNs



[34, 90]. These models are usually trained with image-text matching (ITM [13]) or masked
language modeling (MLM [19]) losses, and recently with image text contrastive (ITC) to
align the vision and language representation before feeding them to the fusion module
[24, 44, 95].

Multilevel Alignment: Using multiscale representation extracted from different stages
of the model have shown to be successful for vision tasks, in particular, some work in
representation learning have proposed to do contrastive learning [63] or mutual information
maximization [5] between features extracted at different scales, or between local and global
features [32]. In the context of VLP, Li et al. [50] propose a multilevel semantic alignment by
aligning local and global representations. Gao et al. [26] propose an intra and cross level
alignment based on features extracted from cropped images and image regions on one side,
and the caption and its summarization on the other side. Li et al. [42] use both single and
dual stream encoders to align the two modalities at multiple levels. Our approach use
simpler strategy to align the features of both modalities at different transformer blocks.

Object tags: Several works have explicitly used high level concepts for vision-language
tasks (e.g. for image captioning and VQA [92, 98]). In the context of VLD, the concepts are
usually extracted from an off-the-shelf object detectors [69] which are fed to the multimodal
transformer, alongside region features and text tokens [109]. Other than using object
detectors, some approaches extract the concepts from the captions using Scene Graph Parser
[2]. These concepts are used in several ways; predicting these concepts [55, 83, 99], using
them as a bridge between non aligned image and text data [46], adopting a more efficient
masking strategies [16] or leveraging them for fine-grained alignment [91]. In particular,
OSCAR [48] uses the object tags to ease the alignment process by considering them as
anchors for masked tokens prediction and contrastive learning. The concepts extracted from
pretrained object detection models are limited to the training classes, in addition, scene
graph parser are noisy and there is no guaranty that all the concepts in the caption are
extracted. Our approach leverages a more general model to capture a large set of diverse
concepts and using them to enhance the visual representation.

Leveraging Foundational Models: In recent years the focus have been shifted from task-
customized models to more general or foundational models [66, 78, 103]. The motivation is
to have a holistic model that can be later used or adapted to many downstream tasks. Due to
their generalization capabilities, models such as CLIP [66], have been successfully leveraged
in many tasks and domains, such as image editing [15], generation [68], segmentation [88],
captioning [80], food retrieval [77], explainability [70] and beyond. In the context of VLP,
these models are used as initialization [75] and recently, for dataset filtering [71]. In this
work, we leveraged CLIP for the extraction of VCs and data selection/filtering.

3 VIiICHA framework

Mlustrated in Figure 2, our scheme presents Vision and Text encoders with three original
components: a Visual Concepts Module to enrich the image encoder with relevant VCs, a
new cross-modal interaction to align visual and langage feature representations at multiple
levels, and a self-supervised component based on the recently proposed Masked Auto
Encoder.
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Figure 2: VICHA framework: our Vision-Language transformer model consists of the vision encoder
(left) and the text encoder (right), both aligned through our Hierarchical Image-Text Contrastive block
(H-ITC). Importantly, the input visual tokens are completed through the Visual Concepts Module
providing extra visual semantic tokens. Finally, a multimodal decoder (top right) allows to learn
complex multimodal relationship thanks to MLM and ITM objectives. We also introduce a unimodal
Masked Image Modeling (U-MIM) on top of the vision encoder.

Notations: Given a dataset of image-text pairs {I;, T} } X, each image I, is associated with
several Visual Concepts (VCs) {C}, ..., CF} extracted using CLIP and exploited by our vision
encoder F,. The VCs are projected to the image patches embedding space using a Visual
Concept Encoder E,... E, is a vision transformer that takes the image and the concepts
as input and extracts the image tokens alongside a special class token {vs, v1, ..., Uar}-
Similarly, the text transformer encoder E; takes the text or image caption 7' and extracts
the text tokens {¢¢s, 1, ..., tn }. The class tokens are aligned using a hierarchical contrastive
loss before feeding the image and text tokens to a multimodal transformer decoder E,; that
takes the text tokens as query and the image ones as keys and values.

3.1 Enhancing Visual Representation with Visual Concepts

We propose to enhance the visual representation by explicitly injecting visual concepts.
These concepts are extracted for each image, projected using a visual concepts encoder E,.
and then concatenated to the patch tokens before feeding them to the vision transformer F,.

The motivation behind VCs is two-fold; VCs (a) might guide the vision encoder to focus
on important objects/aspects of the image, (b) facilitate the alignment with the textual
modality, first, because the visual tokens are already fused with the textual tokens of the
VCs, second, it is easier to align the caption/text with the VCs tokens than the image tokens,
especially at the beginning of the training.

Also we can see this technique from a visual prompt perspective. Text prompts are
usually used with large language models to steer their output based on a given task/input
[9, 52, 76, 97]. We derive the analogy between these prompts and the prepend of VCs, as
they may also guide the model to focus on different aspects of the image during training.



Next, we detail how we extract, project and incorporate the VCs in our framework;

Visual Concepts Extraction: Different from other approaches (e.g., OSCAR [48]) that
extract these concepts (i.e., object tags) using pretrained object detectors, we use an off-the-
shelf foundational model to extract more diverse, larger and semantically meaningful set of
visual concepts. We show in section 4, that this approach helps to capture high level and
global concepts describing the scenes, which are hard to obtain with other approaches (e.g.
object detectors). The extraction of the visual concepts is done as follows;

1. Concepts extraction: we extract the objects using Scene Graph Parsers [72] from all the
captions of a given dataset. We use only simple text filters (transform to lower case
and select objects repeated more than once). However, more complicated filters might
improve the results even further.

2. Concepts and image embeddings: We use a pretrained CLIP (ViT-B/16) model to
obtain the embeddings of all the images and the extracted concepts.

3. Concepts selection: for each image, we compute its cosine similarity with all the
embedded concepts and select the top k similar concepts.

Visual Concepts Encoder (E,.): To encode Visual Concepts, we use a small text encoder
E,c and then concatenate the output token embeddings with the image patch tokens before
feeding E,,.

Visual Concepts Augmentation (VCA): Here we propose a simple yet effective VCs
augmentation technique. Having a set of concepts extracted for each image, instead of
considering all the concepts at once, we sample randomly a fraction of these concepts (i.e.,
Dvc%) at each iteration step. The benefit of VCA is three-fold; (1) it may prevent the model
from overfitting on specific concepts and potentially disregard the image or other concepts
during training, (2) the model sees different combinations of concepts, which helps to have
more diversity. (3) the model is exposed to more information during finetuning or test, as it
will see all the concepts at once.

3.2 Training scheme

We pretrain the model using several objectives; Hierarchical Image-Text Contrastive Learn-
ing (H-ITC), ITM, MLM and Masked Image Modeling (MIM).

Hierarchical Image-Text Contrastive Learning (H-ITC) Here we propose to exploit the
hierarhical representations capture by the vision and language encoders. CNN based vision
encoders learn hierarchical representations, starting from local features to more abstract
ones at later stages [104]. Vision transformers have also been shown to display some level
of hierarchy in learned representations [20, 67].

On the text side, recent works show that the attention heads specialize in particular
part-of-speech tags, which differs across heads and layers [85] and reflect different aspects
of the syntax [14], while the concepts learned by BERT differ significantly across layers and
evolve into representing a linguistic hierarchy [17].

Motivated by this, and different from other work [24, 44, 95] that align the two modalities
only at the last layer, we propose to align them at different layers of the vision and text
transformers. We argue that doing the alignment at early stages facilitates the process at the
subsequent layers, while allowing to align the representation at different semantic levels.



There is an asymmetry between the visual and textual information, as the image contains
more diverse and detailed information while the caption usually contains more abstract
one, thus we align the textual features only with the visual ones from the last layers of E,.

Specifically, at layer 4, we compute the image-to-text and text-to-image similarities and
then apply a Softmax with a learned temperature parameter 7:

exp(s(I,T)" /1) ; exp(s(T,1)%/T)
Q i y Prai = Q i ’ (1)
2om=1 €p(s(L, Tm)"/7) 2om=1 €xp(s(T I;m)"/T)
T,, and I,,, are the negative text and image examples. s(-, )’ is the cosine similarity and is
obtained after linearly projecting and normalizing the class tokens at layer i into a shared
latent space:

i
Dot =

S(Ia T)l = Gui (U(i;ls)Tg;ti( f:ls)v S(Ta I)l = gti(tils)Tg;i(Uils)’ (2)

where g;;() and g,;() are the linear projection layers at layer i. We maintain two queues of
size () that store the normalized features from the momentum models g;,() and g,,(). We
didn’t see a significant improvement when using queues for the other layers, thus we use
the queues only for the last layer for simplicity (on select in-batch negative examples for
other layers). We then compute the cross entropy loss between p and the one-hot ground
truth and sum across all layers.

Image-Text Matching (ITM) ITM loss is applied on top of the multimodal trasformer
decoder for more finegrained fusion. It is a binary cross entropy loss, where the model tries
to classify if the image-text pairs are positive or negative. The image and its corresponding
caption are considered as positive pairs while the other examples in the batch are considered
as negative. We sample a hard text and hard image from the batch based on the global
cosine similarity on top of the dual encoders [44].

Masked Language Modeling (MLM) MLM consists of predicting a masked token given
other contextual tokens. In our work, the model has also access to the visual tokens, which
helps to learn a cross modal representation. Following BERT [19], we mask 15% of the
tokens and replace them with [MASK] token, random token or we keep them unchanged
with probabilities of 80%, 10% and 10% respectively. The task is a classification loss where
the model should predict the token id from a list of vocabulary.

Masked Image Modeling (MIM): Improving the visual representation have shown to
affect significantly the performance on vision-language tasks [107]. Many work in self
supervised learning (SSL) have been proposed [10, 30], in particular, the methods based on
masked image reconstruction have achieved SOTA results [6, 29]. However, it is not clear
how much MIM is useful for VLP, as recent work show that MIM based on approaches such
as BEiT, masked region regression or classification degrades the performance [22, 31, 39].
Motivated by these findings, here we propose two approaches to investigate whether MIM
could help VLP. The two methods are based on the recent Masked Auto Encoder (MAE)
approach [29], where we randomly mask the image (e.g., 75%) and pass only the unmasked
tokens to E,, however, they are different in how they reconstruct the image:

Unimodal MIM (U-MIM): Here we propose to improve the visual representation by
reconstructing the masked tokens given only the unmasked image ones (without access
to VCs). Specifically, we add a small decoder D, (e.g., 2-layer transformer) that takes the



Method # Pre-train VQA NLVR? SNLI-VE
Images | test-dev test-std dev test-P wval test
ViLBERT [58] 3M 70.55 70.92 - - - -
12-in-1 [59] 3M 73.15 - - 7887 - 7695
ERNIE-ViL [99] 3.8M 73.18 73.36 - - - -
ImageBERT [65] 6M - - - - - -
Unicoder-VL [43] 3.8M - - - - - -
UNITER [13] aM 72.70 7291 7718 7785 7859 78.28
OSCAR [48] AM 73.16 7344 78.07 78.36 - -
VILLA [25] aM 73.59 73.67 7839 7930 79.47 79.03
UNIMO_B [47] AM+1.7M 73.79 74.02 - - 80.00 79.10
ViLT [39] aM 70.94 - 7524 7621 - -
ALBEF [44] M 74.54 7470 80.24 80.50 80.14 80.30
ALBEF* 1.1M 72.51 72.69 7572 76.31 78.08 78.02
ViCHA 1.1IM 73.55 73.52 77.27 77.08 78.96 78.22
ViCHAT 800K ‘ 73.23 - 78.14 77.00 79.02 78.65

Table 1: Comparison with SOTA; we report the accuracy on VQA, NLVR? and VE. ViCHA outperforms other
approaches trained on much more data (~ 4M images) and SOTA trained on the same setup (ALBEF*). Our model
trained on the filtered dataset (VICHAT) is very competitive while using much less data (~ 800K images). Results
on 4M images are in the supp.

output tokens, concatenated to the masked ones (#) and reconstruct the input image as 1.
The unimodal masked image modeling (U-MIM) loss can be written as:

Lu—_miv = MSE(I, D, (d)). 3)

Multimodal MIM (M-MIM): Here the decoder has access also to the textual tokens, which
helps to provide more informative context to reconstruct the masked tokens. The decoder is
the same as our F,; (shared weights) but is provided with the visual tokens (¥) as queries
and the textual ones (t) as keys and values (hence, the queries, keys and values are different
when computing MLM and ITM). The loss can be written as:

‘C]Wf]MIM :MSE(I,F(EUI(@,t))>7 (4:)

where F'is a linear projection. The total loss can be written as (Agr—rrc = 0.1and Aprras = 1):

L=Lrrym~+Lyviv +Xa—rrcLu—1rc + Amrm L. %)

4 Experiments

We follow other works [44] and evaluate the model on four downstream tasks: Image-Text
Retrieval, VQA, NLVR?, Visual Entailment and Visual Grounding. More details about
downstream tasks, implementation details, comparability and dataset filtering can be found
in the Appendix.

Our setup: We favor low data and compute regimes. Specifically, we pretrain only on 3
public datasets; COCO [51], Visual Genome [40] and SBU [62], which account to ~ 1.1M
images in total, thus, 4 times lower than other approaches (e.g. 4M images [13, 22, 44]). In
addition, we train for 10 epochs (in contrast to 30 epochs [24, 44, 95]) with relatively small
batch size of 128 (32 per GPU) using 4 GPUs.



Method # Pre-train Flickr30K (1K test set) MSCOCO (5K test set)

Images TR IR TR IR

R@l R@5 R@l10 R@1 R@5 R@10|R@l R@5 R@10 R@l R@5 R@10
VILBERT [58] 3M - - - 582 849 915 -
12-in-1 [59] 3M - - - 6790 - - 68.00
ERNIE-ViL [99] 3.8M 86.7 97.80 99.00 74.44 9272 9554 | - - - - - -
ImageBERT [65] 6M 870 976 992 731 926 96.0 | 664 898 944 505 787 87.1
Unicoder-VL [43] 3.8M - - - - - - 623 871 928 467 76.0 853
UNITER [13] aM 873 980 992 756 941 968 |657 88.6 938 529 799 88.0
OSCAR [48] 4M - - - - - - 70.0 911 955 540 80.8 885
VILLA [25] M 879 975 988 763 942 96.8 - - - - - -
UNIMO_B [47] AM+1.7M | 89.7 984 99.1 747 934 96.1
ViLT [39] 4M 835 967 986 644 887 938 |615 863 927 427 729 831
ALBEF [44] M 943 994 998 828 967 984 |731 914 96.0 568 815 89.2
ALBEF" 1.1M 881 978 990 736 920 956 |71.2 913 956 542 807 88.6
ViCHA 1.1M 91.7 987 995 772 942 96.8 |73.6 924 962 568 822 895
ViCHA' 800K ‘ 90.0 984 998 774 943 967 ‘ 733 921 962 558 81.8 89.1

Table 2: Comparison with SOTA; we report R@K for finetuning on Image-Text Retrieval. VICHA outperforms
other approaches trained on much more data (~ 4M images) and SOTA trained on the same setup (ALBEF*). Our
model trained on the filtered dataset (VICHAT) is very competitive while using much less data (~ 800K images).
Results on 4M images are in the supp.

Filtered dataset: We go further and apply a CLIP-based filtering technique to reduce the
number of images to ~ 800k, and train our approach on this dataset (VICHA{). This dataset
consists of; COCO, 50% of VG captions and 70 % of SBU.

Implementation details: We follow the implementation of ALBEF [44], including the same
architecture, with our setup. The visual encoder is ViT-B/16 [20, 84], the text encoder is the
first 6 layers of BERT-base [19] and the multimodal encoder is the last 6 layers of BERT-base.
E,. is the first 2 layers of BERT-base. We extract 15 concepts for each image and we set
Pve=30% for VCA. For H-ITC loss, we use the last 6 layers of E, and the all 6 layers of E;.
For U-MIM, we use 2-layer transformer encoder.

To have a fair comparison, we compare with ALBEF trained on the same setup (called
ALBEF*). Even though it is common to compare among all approaches in the literature, we
think that it is hard to assess the methods as they follow different training setups.

Comparison with SOTA on standard tasks: Table 1 shows a comparison with other ap-
proaches, on VQA, NLVR?, VE following the finetuning setup. We outperform significantly
ALBEF* (+1.04% VQA, +1.55% NLVR? and +0.88% VE) and other approaches trained on
more data (i.e., 4M images), such as ViLT (+2.61% VQA, +2.03% NLVR?), UNITER (+0.85%
VQA, and +0.37% VE) and OSCAR (+0.39% VQA). For Image-Text Retrieval, The model is
evaluated on COCO and Flickr30K (F30K) following 2 setups; finetuning and zero-shot. Ta-
ble 2 shows the finetuning results. Compared to ALBEF*, our approach achieves significant
improvements, especially on R@1 with absolute improvement of 3.74% IR and 3.6% TR on
Flickr30K, and 2.59% IR and 2.42% TR on the more challenging COCO. Interestingly, we
outperform other approaches trained on more data such as ViLT, UNITER and UNIMO
(+2.58% R@1 IR F30K). Compared to the SOTA trained with 4M images, we outperform
ALBEEF [44] on COCO (+1.72% TR RSUM and +0.88% IR RSUM). On zero-shot F30K, we
follow other approaches [24, 44, 95] and use the model finetuned on COCO. While for
zero-shot COCO, we directly use the model after pretraining (without VCA). Note that, by
zero-shot, we mean the model is not explicitly trained on the target dataset after pretraining.
Table 3 shows that our model significantly outperforms ALBEF* (+7.88% F30K and +8.76%
COCO R@1 IR) and other approaches trained on more data such as UNITER, ViLT, CLIP on



Method # Pre-train Flickr30K (1K test set) MSCOCO (5K test set)
Images TR IR TR IR
R@l R@ R@10 R@1 R@5 Re@10|R@1 R@5 R@10 R@l R@5 R@10
ImageBERT [65]  6M 707 902 940 543 79.6 875 |440 712 804 323 590 702
UNITER [13] 4M | 807 957 980 662 884 929 | - - - - - -
VILT [39] am 732 936 965 550 825 898 | 565 826 89.6 404 700 811
ALBEF [44] 4M | 905 988 997 768 937 967 | 687 895 947 501 764 845
CLIP [66] 400M | 880 987 994 687 90.6 952 |584 815 881 378 624 722
ALIGN [35] 12B [ 886 987 997 757 938 968 | 586 830 89.7 456 (9.8 786
ALBEF* 1IM | 813 949 982 647 872 920 |59.5 844 912 383 680 79.1
ViCHA 1IM | 860 971 990 726 911 950 | 631 869 927 47.1 738 828
ViCHA' 800K | 850 968 987 716 910 949 | - -

Table 3: Zero-shot Comparison with SOTA on Flickr30K (after fine-tuning VICHA on COCO) and COCO
(pretrained model only).

Flickr30K (1K test set) | vQAa

VCs H-ITC U-MIM VCA TR IR test-dev
RSUM R@1 R@5 R@10 R@1 R@5 R@10| Acc

Baseline (ALBEF*) | 5358 858 974 985 702 899 940 | 7L1

v 5454 876 97.6 993 740 916 953 | 7Lé6
v 5451 873 981 993 732 920 952 | 720

v 5436 886 976 992 723 911 948 | 718

o 547.6 883 97.6 993 737 927 960 | 718
oV v 550.0 89.8 97.6 993 749 928 956 | 717
o/ v v | 5507 882 978 994 757 934 962 | 726

Table 4: Ablation study: The models are finetuned on Flickr30K and VQA v2 (as in [22, 95]).
F30K IR and COCO, as well as ALIGN on COCO.

Ablation Study: Table 4 shows the contribution of the different components of our VICHA
strategy. Using VCs seems to give significant improvements over the baseline (+9.6% RSUM
and +0.5% Acc. VQA). Then we add our H-ITC loss, which also brings additional points
(+2.2% RSUM and +0.2% Acc. VQA), showing the importance of a stronger pre-alignment
loss. We favor the MAE based, unimodal MIM loss which improves the results by 2.4%
RSUM. We choose U-MIM over M-MIM due to its superior performance, however, both
objectives gives better result than the baseline; +7.8% and +3.2% RSUM for U-MIM and
M-MIM respectively (detailed results can be found in the appendix). This reveals the
importance of MIM as well as using SSL objectives for VLP. We finally add VCA, that
significantly help the VQA task (+0.9% Acc.). Overall, we show that all contributions are not
antagonistic and can be combined effectively. More ablation can be found in the appendix.

Data and Compute Efficiency: The way the VCs are extracted (using CLIP) is not central
to our work, as for the gain coming from 400M pairs of CLIP. This is supported in our
experiments in the supplementary material, where we replace CLIP by an object detector.
In addition, Table 4 shows that other components contribute significantly, where the gain
coming from H-ITC and U-MIM individually, is comparable to VCs. The number of params
of ViCHA during inference is 248.5 M compared to 209.9 M for ALBEF and ~ 265 M for
METER [22]. The training time of VICHA (1M) is ~ 70 hours, for ViCHA (800K) the training
time is much lower (39h). This is with the paper setup (4 GPUs A100). Compared to other
SOTA, using 8GPUs A100; ALBEF [44] takes 2-3 days and METER 8 days [22].



Additional Scores on Visual Grounding: Table 6 shows a comparison between Weakly
Supervised Visual Grounding (WSVG) approaches on the RefCOCO+ dataset. We outper-
form ALBEF* (+0.67 % val, +1.06 % TestA and + 1.19 % TestB) as well other approaches
such as DTMR Sun et al. [82] and KPRN Liu et al. [54]. Compared to ALBEF trained on
4M images we obtain better performance on the TestA set (+ 0.68 %). In addition, we show
some qualitative results using Grad-CAM by back propagating the ITM loss until the 3rd
layer of the multimodal encoder, the results can be found in the appendix.

Training on 4M images: In this section, we train VICHA on 4M images and compare it
with other SoTA. We follow the same implementation details described in the paper except
the following (to have a fair comparison with other work [44]); we add CC3M [74], pretrain
for 30 epochs using 8 GPUs, during Finetuning we increase the image resolution to 384 for
VQA and NLVR?, we use additional Visual Genome questions for VQA. Figure 5, shows that
ViCHA outperforms state of the art models on most of the tasks (i.e., VQA, NLVR-dev, F30K
R@1 TR, MSCOCO R@1 TR) and competitive on other tasks. This validate the effectiveness
of the proposed approach, however, the improvement is larger on low data regime (1M
images) as shown in Tables 2 and 1.

Method # Pre-train VQA NLVR? SNLI-VE Flickr30K (1K test set) MSCOCO (5K test set)

Images | test-dev test-std dev test-P val test TR IR TR IR

R@l R@5 R@10 R@ R@5 R@10|R@ R@5 R@I0 R@1 R@5 R@10

VIiLBERT [58] 3M 7055  70.92 - - - 582 849 915 -
12-in-1 [59] 3M 73.15 - 7887 - 7695| - - - 6790 - - 68.00
ERNIE-ViL [99] 3.8M 7318  73.36 - - - 86.7 97.80 99.00 74.44 9272 9554 | - - - - - -
ImageBERT [65] 6M - - 87.0 976 992 731 926 960 | 664 898 944 505 787 871
Unicoder-VL [43] 3.8M - - - - - - - - - - - - 623 871 928 467 760 853
UNITER [13] 4AM 72.70 7291 7718 7785 7859 7828| 873 980 992 756 941 968 |657 88.6 938 529 799 88.0
OSCAR [48] aM 7316 7344 7807 7836 - - - - - - - - 700 911 955 540 808 885
VILLA [25] 4M 7359  73.67 7839 7930 7947 79.03| 879 975 988 763 942 96.8 - - - - - -
UNIMOg [47] AM+1.7M | 73.79  74.02 - - 80.00 79.10|89.70 98.40 99.10 74.66 93.40 96.08
VILT [39] 4M 70.94 - 75.24 76.21 - - 835 967 986 644 887 938 |615 863 927 427 729 831
ALBEF [44] M 7454 7470 8024 80.50 80.14 80.30 | 943 994 998 828 96.7 984 |731 914 960 568 815 89.2
COTS [57] 4aM - - - - - - 882 985 997 752 936 965 | 669 888 940 505 776 86.1
CODIS [24] aM 7486 7497 8050 80.84 8047 80.40| 951 994 999 833 961 978 |753 926 966 58.7 828 897
TCL [95] 4M 7490 7492 8054 81.33 80.51 8029 | 949 99.5 998 840 96.7 985 |756 928 967 59.0 832 899
MixGen [28] 3M 7451 7479 8023 80.94 80.05 80.05| 948 994 100 824 963 98.0 |742 928 964 573 821 89.0
ViCHA 4aM 74.99 75.07 80.84 80.44 79.92 79.35| 952 99.1 998 8256 9556 9788 |77.2 93.2 96.7 588 832 90.2

Table 5: Comparison with SOTA; we report the accuracy on VQA, NLVR?2, VE and R@K for Image-Text Retrieval.
ViCHA ouperforms SoTA on most of the tasks.

Data filtering: Interestingly, the model trained on the filtered data (VICHAT) gives compa-
rable results on image-text retrieval (Table 2 and 3), sometimes better than, training on all
data (e.g., NLVR? and SNLI-VE, Table 1), while being always better than ALBEF*.

Illustration of VCs: We show (Figure 3) that VCs can capture high level, global and some
aspects in the scene that can not be shown explicitly or detected by other techniques (e.g.,
Object detectors as in OSCAR [48]).

5 Conclusion

We propose a new efficient VLP approach centered on 3 main components; stronger Vision-
Language pre-alignment through hierarchical contrastive objective, self supervision via
masked image modeling based on MAE, and a new Visual Concepts injection and extraction
technique. The approach outperforms state of the models trained on the same setup (+3.6%
F30K TR and +1.04 Acc. VQA compared to ALBEF), as well as others trained on much more
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Method ‘ Val  TestA TestB

ARN [53] 32.78 3435 3213
CCL [108] 3429 3691 33.56
KPRN [54] | 3596 3524 36.96
DIMR [82] | 39.18 40.01 38.08
ALBEF [44] | 5846 65.89 46.25

ALBEF" | 57.00 6551 44.24
ViCHA 57.67 6657 45.63
VICHA! | 5640 6593 4569

Table 6: Comparison with SOTA on Weakly Supervised Visual Grounding RefCOCO+.

Dataset: COCO

Caption: "Prepping vegetables with a chef’s
knife prior to executing a recipe.”

VCs: "demonstration kitchen’, ‘cooking demon-
stration’, ‘kitchen restaurant scene’, ’galley
kitchen’, "kitchen scene’, “type kitchen’, ‘meal
preparation’, ‘food preparation’, ‘chef’, ‘chef
coat’, lettuces’, “chef knife’, “efficiency kitchen’,

Dataset: SBU

Caption: " Mom opening up a bottle of cider mix
from Catherine. Stupid tree was in my way.”

'VCs: 'santa juana’, ‘mama santa’, ‘bev pelletier’,
‘pam tree’, "amazon’, ‘sue veeder’, ‘christmasp-
resents’, ‘christmas woman’, ‘christmas basket’,
‘anne peterson’, ‘santa gifts’, ‘holiday cheer’,

‘pamela hinshaw’, “cynthia rybakoff’, ‘christmas”

Dataset: VG

Caption: "the hat is pink”

VCs:'birthday celebrate’, ‘birthday celebration’,
‘birthday party’, ‘cake cutting’, ’celebration
cake’, ‘cake portion’, ‘birthay cake’, ‘bithday
cake’, ‘child cake’, ‘birth day’, ‘celebration’, ‘cut-
ting cake’, ‘birthday’, ‘congratulations cake’,
‘birthday cake”

“plan kitchen’, 'kitchen worker’

Figure 3: Illustration of VCs: VCs capture global information, actions and other aspects of the scene
that help to give a rich context.

data (times 4 more data, such as OSCAR and ViLT). Overall, we show that investing in
the learning schemes is a very promising approach that helps to exploit more effectively
the data, especially at low data regime. We hope that this work will encourage more effort
(from a wider range of research laboratories) in this direction, that might lead to have more
mature techniques, and then, perhaps, wisely leverage them when going large scale.
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A Appendix

The Appendix is organised as follows; in section A.1, we give more details about the
downstream tasks and how we finetune the model on them, then in section A.2, we elaborate
on the implementation details used to train VICHA. We do more ablation study in section
A.3. We conduct additional experiments on data filtering in section A.4. We discuss some
aspects of the paper in section A.5 and conclude the appendix in section A.6 by showing
some qualitative results on visual grounding, VOQA and some limitations of VCs.

A.1 Downstream Tasks

We mainly follow the evaluation setup of ALBEF [44]. During finetuning, the image
resolution is increased to 380. We use 4 GPUs for Image-Text retrieval and 2 GPUs for other
tasks.

Image-Text Retrieval consists of finding the image that corresponds to a given text or vice-
versa. We finetune and evaluate on MSCOCO [51] with Karpathy split [37] (113k/5k/5k as
train/validation and test set) and Flickr30k [64] (29k/1k/1k). We extract the visual concepts
from the training set of these datasets. We train using ITM and ITC objectives and evaluate
by selecting top m examples from the global similarity at the output of the dual encoders
then re-ranking these examples using the multimodal encoder. We finetune the model for
10 epochs with batch size 64 (16 per GPU), learning rate that decays from le — 5 to le — 6
using cosine annealing scheduler.

Visual Question Answering (VQA) consists of answering a question based on an image.
We finetune on VQA v2 dataset [27] that contains images from COCO and is split as
83k/41k/81k images for train/validation/test. The visual concepts are extracted from the
COCO training set. We consider the task as a generation problem constrained to the set
of possible answers. We add a 6-layer transformer decoder initialized by the pretrained
multimodal encoder, which generates the answer based on the output of the multimodal
encoder. We train on the train and validation set and did not include additional question
and answers from Visual Genome as done in other work [13, 44], as it slows significantly the
training. We finetune for 8 epochs, batch size 32 (16 per GPU), learning rate 2e — 5 warmed
up to le — 5 and decayed using cosine scheduler to le — 6.

Visual Entailment (SNLI-VE) [93] is a visual reasoning task where given an image and a
sentence the model should predict if the sentence is a contradiction, neutral or entailment to
the image. We train on SNLI-VE [93] dataset, which is based on SNLI [8] and Flickr30K and
consists of 30K images for training and 1k for evaluation and test. The visual concepts are
extracted from the training set of Flickr30k. We regard this task as a three-way classification
and we add a classification head on top of the [CLS] token of the mulltimodal encoder,
consisting of 2 fully connected layers with ReLU activation in between. We train for 10
epochs with batch size 32 (16 per GPU) and initial learning rate 2e-5.

Natural Language For Visual Reasoning (NLVR?) [81] is another visual reasoning task.
The model should predict if a sentence describes the 2 input images. We consider the task
as a binary classification task and we replicate each layer in the multimodal encoder so that
the encoder can accept 2 images instead of 1, the replicated layers are initialized from the
original ones and the linear projection of the keys and values of the cross attention layers
are shared between the original and the replicate. The visual concepts are extracted from the
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sentences of the NLVR? training set. The prediction is obtained from a classification head
on top of the multimodal encoder’s [CLS] token. We pretrain the model on the pretraining
corpus for additional 1 epoch on a classification task (text assignment) that consists of
assigning the test to either one of the 2 images or non of them [44]. We finetune the model
on [81] for 10 epochs, batch size 16 (8 per GPU) with initial learning rate 2e-5.

Visual Grounding Consists of matching a text query to the corresponding image region.
Here we evaluate our approach in a weakly supervised manner where we only use the
textual query/caption without using bounding boxes. During training, we train with ITC
and ITM loss as we do for retrieval, and during inference we use Grad-CAM [73] to rank
the proposals from [101]. We evaluate on the RefCOCO+ dataset [102] which contains 140K
expression for 20K images collected from the training set of COCO. The model is trained for
5 epochs without random cropping and initial learning rate of 1e — 5. The batch size is set
to 32 (16 per GPU).

A.2 Implementation Details

Here we describe additional implementation details to train VICHA. The visual encoder
is ViT-B/16 [20] initialized with DeiT pretrained on ImageNet [84], the text encoder is the
first 6 layers of BERT-base [19] and the multimodal encoder is the last 6 layers of BERT-base.
E,. is the first 2 layers of BERT-base. We extract 15 concepts for each image and we set
Pve=30% for VCA. For H-ITC loss, we set Ag_;r¢ = 0.1 and align the last 6 layers of E,
with all 6 layers of E;. For U-MIM, we use 2-layer transformer encoder with 16 heads and
set Ayrrar = 1. The hidden dimension is 768 and kept constant across all modules, the
embedding dimension is 256. For the momentum model, the momentum is set to 0.995
and the queue size to 65536. The learned temperature is initialized to 0.07. The images are
randomly cropped to 256 x 256 during pretraining. We use AdamW [56] with learning rate
le — 5 that is warmed up during the first 2K iterations and then decreased using cosine
schedule.

A.3 Ablation Study

In this section, we investigate the importance of different design choices. We follow other
approaches [22, 95] and finetune only on Flickr30K and VQA. We compare against ALBEF*
(Baseline) trained on the same setup described in Section 4. We keep the image resolution as
in pretraining (256).

Flickr30K (1K test set) VQA
U-MIM M-MIM TR IR test-dev
R@1 R@5 R@10 R@1 R@5 R@10 RSUM | Acc.
Baseline ‘ 858 974 985 702 899 940 5358 ‘ 711
v 88.6 976 992 723 91.1 948 543.6 71.8
v 868 964 985 718 90.8 947 539.0 71.8
v v 874 976 992 714 908 946 541.0 719

Table 7: Ablation study on MIM objective.

Masked Image Modeling: Table 7 shows the advantage of using MIM objective. Contrary
to the results reported in other approaches [22], we find that MIM based on the MAE
objective brings additional improvements in both cases (U-MIM +7.8% and M-MIM +3.2%
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RSUM). In addition, we found that the unimodal MIM outperforms the multimodal one.
This may be due to the interchange between the text and image tokens as query to the
multimodal decoder. However, using M-MIM with a decoder that takes the image tokens
or both image and text tokens as query could lead to better performance. We tried also to
combine both objectives, but we did not notice a significant improvement (+8.8% RSUM
and +0.9% VQA). Nonetheless, these results reveal the importance of using MIM and SSL
objectives for VLP, especially SSL with the unimodal encoders, as it seems improving the
unimodal representation lead to better cross-modal alignment.

VCs VCs Flickr30K (1K test set) VQA
corpus | corpus TR IR test-dev

size |R@1 R@5 R@10 R@l R@5 R@10| Acc.

Baseline | - |858 974 985 7024 899 9402 7115

40D 6.1K | 86.7 976 994 725 91.68 9512 | 7127
ViCHA | 2065K | 87.6 97.6 993 740 9156 9534 | 7157

Table 8: Ablation Study: Source of Visual Concepts.

Source of VCs: How the visual concepts are gathered could affect the performance. This
is shown in Table 8, where we assess the source of VCs. We found that having a large pool
of noisy concepts extracted from captions is better than using a smaller and cleaner pool of
concepts extracted from the classes of several object detection datasets (i.¢, Visual Genome,
Openlmage 6, Objects365 and COCO) . However, the number of VCs can be reduced as
discussed in Section A.5.

VCs Flickr30K (1K test set) VQA
Extraction TR IR test-dev
Method |R@1 R@5 R@10 R@1 R@5 R@10| Acc.

Baseline ‘85.8 974 985 7024 899 94.02‘ 71.15
VinVL ‘88.4 983 993 7322 92.56 95.54‘ 72.75

CLIP 893 983 993 7698 9336 95.86 | 72.46

Table 9: Ablation Study: Extraction of Visual Concepts.

Visual Concepts Extraction Method: Here we show the importance of using our CLIP-
based approach for VCs extraction compared to other approaches based on object detectors
(e.g. VInVL [107]). Table 9 shows that VCs extracted with CLIP give better performance on
retrieval and slight degradation on VQA. This might be due to the fact that CLIP excels in
retrieval tasks and echos this bias to the extracted VCs. Importantly, with both approaches,
we still get better results than the baseline. This validates that the improvement is not
coming only from the large scale pretraining of CLIP.

Size of the Visual Concepts Encoder (VCE): Having a larger VCE can help to project
the VCs to the image patch embedding space and embed VCs more effectively. This is
supported by the results in Table 10, showing that increasing the VCE size helps to get better
improvements. However, we favor to keep the model simple and use only 2-layers encoder.

14



Ey's Flickr30K (1K test set) VQA
TR IR test-dev
R@l R@5 R@10 R@1 R@5 R@10 Acc.

Baseline | 858 974 985 7024 899 94.02| 7115

# of layers

0 8770 9720 99.10 7274 91.60 95.02 | 71.28
2 87.60 97.60 99.30 74.00 91.56 95.34 | 71.57
4 88.60 975 9840 7456 92.64 9554 | 71.69

Table 10: Ablation study: size of the Visual Concepts Encoder.

Flickr30K (1K test set) VQA
DPoe %o TR IR test-dev
R@l R@5 R@10 R@1 R@5 R@10| Acc.

100 % (No VCA) | 876 976 993 740 91.6 953 71.6

50 % 88.5 975 990 75.6 933 954 72.2
30 % 89.3 983 993 7698 93.36 95.86 | 72.46
10 % 89.1 984 99.6 7556 92.78 96.3 72.43

Table 11: Ablation study: the percentage of Visual Concepts Augmentation (VCA) during pretraining.

VCA: Table 11 shows the effect of VCA. Reducing the percentage of randomly selected
VCs brings significant improvements. This might help the model to avoid relying too much
on them by showing different combination at each training step. Interestingly, reducing too
much the number of VCs (10 % or 1 concept/image) impedes the performance. In Table 12,
we can notice that using VCA only during pretraining is more effective.

Flickr30K (1K test set) VQA
VCA during FT TR IR test-dev
R@l R@5 R@10 R@1 R@5 R@10| Acc.
X 917 987 995 7724 9418 96.84 | 73.55
v 913 986 99.7 77.16 9474 96.96 | 73.30

Table 12: Ablation study: whether VCA is useful during finetuning (FT).

VCs: We investigate the improtance of VCs during pretraining vs finetuning. Table 13
shows that using VCs only during pretraining degrades the performace compared to not
using them at all. Interestingly, using VCs only during finetuning gives better results than
using them also during pretrain. However, we decided to use them also during pretraining
due to the significant boost in performace when VCs are combined with VCA (Table 11).
Note that, VCA during finetune does not bring additional improvement.

A.4 Data Filtering

The growing size of image-text datasets scraped from the internet comes also with a growing
amount of all kinds of accompanying noise. Even though, the presence of noise is not a
major issue for extremely large datasets, the need for efficient data filtering techniques
becomes inevitable when considering small to medium scale data regimes.

Many existing works focus on filtering the dataset from noise based on handcrafted
filters [11, 18, 74]. Despite being effective, here we rather focus on selecting the best examples
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vC Flickr30K (1K test set) VQA
s TR IR test-dev
PT FT |R@1 R@5 R@10 R@l R@5 R@10| Acc.

X X |8.8 974 985 702 899 940 71.1

X v |86 979 992 730 918 954 71.7
v/ X [820 953 982 662 876 925 70.3
v /876 976 993 740 916 953 71.6
+ VCA (p = 50%)

X v | 8.0 976 994 721 924 956 71.7
v v/ 83 983 993 770 934 959 72.5

Table 13: Ablation study: Visual Concepts (VCs) used during pretraining (PT) and/or finetuning (FT).

Dataset ‘ Corpus size ‘ Examples
Coco 18K

VG 78.5K
SBU 110K

man, people, street, pizza, laptop, baseball player, tennis court, dogs, rain, bicycles, computer keyboard, airport runway
person, sky, grass, giraffe, airplane, street light, license plate, coffee table, tennis shoes, clothes, sunlight, orange shirt
house, water, beach, background, office building, kitchen window, netherlands, street signs, eiffel tower, mississippi river, architecture, computer desk

Table 14: Illustration of some VCs corpus for each dataset.

or image-text pairs for the underlying alignment task.

We propose a simple yet effective technique that selects the best image-text pairs based
on the CLIP cosine similarity. This technique, can also cope with noisy and corrupted
captions, as these captions have low similarity scores compared to the image. In addition,
some captions are hard to align, especially when describing a small region of the input
image that can be potentially removed with augmentation techniques (e.g. random crop).
Moreover, it can filter wrong captions that might be fetched from the internet. Thus, we
argue that noise filtering is not enough to have good captions, as they ignore the level
of correspondence between the image and the caption. This data selection technique is
similar to what have been proposed in [71], however they use a fixed and manually selected
threshold, while here we select top p % pairs. We use the terms data selection and filtering
interchangeably.

CLIP-based data selection: We use CLIP-ViT/B-16 to compute the image features, and the
corresponding text encoder to compute the text features of the corresponding caption. We
compute the cosine similarity for all pairs then we select the top p % of the pairs for training.

Experimental Results: Table 15 shows the results of applying this technique to ALBEF*
and ViCHA. We consider COCO as a clean dataset as it is manually annotated for image
captioning, and focus on Visual Genome (captions that describe small regions in the image)
and SBU (noisy captions). For Visual Genome, we filter only the captions (e.g., 50 % of the
captions for each image). In the case of ALBEF*, we notice that the using all the captions
in the Visual Genome (VG) dataset harm the performance, as the results are significantly
better when training only with 15 % and 50 % of the caption for each image. We obtain
comparable performance when training on 50 % or 70 % of SBU. In the case of VICHA, we
have a comparable results to training on all data when training with 50 % VG and 70 % of
SBU.
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dataset Flickr30K (1K test set) VQA
Model percentage % TR IR test-dev
COCO VG SBU |R@l R@5 R@10 R@l R@5 R@10| Acc.

100 100 100 | 858 974 985 7024 899 94.02| 71.04
100 50 100 | 86.1 973 991 727 9192 9534 | 71.58
ALBEF* | 100 15 100 | 86.8 97.3 99.2 7194 9134 95.02 | 7117
100 50 50 |885 976 99.1 7238 9152 95.12 | 71.38
100 50 70 |885 976 99.1 7216 91.78 953 71.55

100 100 100 | 89.7 98.6 99.8 7578 9346 96.54 | 72.55
100 50 100 | 894 981 997 763 93.6 96.6 72.36
100 50 70 | 882 981 995 75.66 9322 9626 | 7241

ViCHA

Table 15: To see later if we include all these results (with 15% of vg, VICHA seems useless) CLIP-based
data selection/filtering results: we ablate the choice of the selection percentage for each dataset.

A.5 Discussion

Visual Concepts: We show (in the main paper) that VCs can capture high level, global and
some aspects in the scene that can not be shown explicitly or detected by other techniques
(e.g., Object detectors as in OSCAR [48]).

However, our approach is far from being perfect. We show some limitations in Figure 6,
where the VCs can be (a) redundant, (b) wrong, due to some biases in the dataset, (c) lacking
the ability of capture local objects and (d) inherit the noise from the captions.

There are several reasons for these limitations; (a) The poor (naive) text/captions fil-
tering techniques that we adopt which keep a lot of redundant (e.g. plural vs singular,
prefixes/sufixes...) and noisy concepts, (b) the retrieval model (CLIP) that is trained for
global representation alignment (matching class tokens) which hinders the ability to grasp
local concepts. (c) the biases that can be included in the unknown training dataset of
CLIP, which cause the model to capture wrong/hallucinated concepts, and finally (d) the
limitation of the Scene Graph Parsing technique that we use.

These limitations can be addressed for example by; using some advanced text filtering
techniques and eventually a model trained for more finegrained alignment on large unbiased
dataset.

Model size: Another aspect that can help in low data regime, and we little investigate
in this work (e.g. Table 10), is the size of the model. Recent work [33, 36, 41, 106] show
that bigger models are more data/sample efficient. However, in this work we put forward
model simplicity and keep this study for future work.

Comparability of existing methods Despite being common to compare different VLP
models, a lot of these models are not comparable due to different design choices, such as;

* The model: size such as base vs large for transformers, single [44] vs double [22]
multimodal decoders. Different unimodal encoders and initialization; Roberta [22] vs
BERT [44], Swin [21] vs CLIP [22, 75] vs ViT [44].

¢ Pretraining dataset: number of images (200K vs 4M vs 14M...), number of image-
caption pairs (e.g. for 4M images: 5M [24, 44, 95] vs 10M [22, 39]). The type/level of
annotations used (e.g., bounding boxes [21, 50, 105]).

e Number of epochs: e.g., 10 [22] vs 30 [24, 44, 95].

17



* Batch size: which is important especially with contrastive learning (e.g., 4096 [22, 39]
vs 512 [44, 95]).

For this reason we argue that the best way to assess a given method is to re-implenment
or re-train other models with the same setup as the proposed one.

A.6 Qualitative Results

4 ==

[ Vision Encoder ] [ Text Encoder ]

G

[ Vision Encoder ] [ Text Encoder ]
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“fly ball * ‘batter swinging’ ‘pitching pose’
‘sidearm pitch’ ‘throwing position..

Visual Concepts Extraction

is the ball flying
towards the batter?

/

sitting \

[ Vision Encoder ] [ Text Encoder ]

is the ball flying
towards the batter?

/ talking on phﬂ
|

Vision Encoder ] [ Text Encoder ]

4
‘woman crouches' ‘waiting station’ ‘people’

joman grimaces' ‘subway platform’ ‘mobile
phone' ...

Visual Concepts Extraction

what is the woman

what is the woman doing?

doing?

Figure 4: VQA results: comparison with and without using VCs
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”little” "pink shirt” “standing” ”sculpture”

A little girl in a pink s’hirt‘standi.ng near a blue metal sculpture” o

"beef” "brocolli”

S
”A pot full of beef and broccoli stew”
“man” "black shirt” ”elephant”

”A man in a black shirt rides an elephant as a man walks near it down a street”
Figure 5: Visualization of the Grad-CAM corresponding to different words in the caption. The model

is finetuned on RefCOCO+ and the images are from COCO test set. The model can accurately localize
the objects mentioned in the caption, and also works well with specialized domains, such as food.
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() Dataset: COCO
Caption: 'a woman riding a bicycle by two buildings’.

VCs: "bicycle riding’, ‘bicycle ride’, ‘bicycle rides’, ‘bicycle rack’, ‘bicycle basket’,
‘bike carriage’, ‘bicyclist’, ‘delivery bicycles’, ‘bicycle cart’, ‘biking’, ‘bicyclist rides’,
"bicyclists’, ‘bicycle rider’, ‘bike riding’, ‘bicycler”

(c) Dataset: COCO

Caption: "A computer is sitting on a computer desk on the far side of the room.”
VCs: "type bedroom’, ‘bedroom space’, "home bedroom’, ‘room combination’, ‘room
arrangement’, "house bedroom’, ‘bedroom furniture’, ‘bedroom area’, ‘studio apart-
ment’, 'living someones room’, ‘someones bedroom’, ‘bedroom scene’, ‘bedroom
setup’, ‘college dorm’, 'room scene”

(b) Dataset: COCO
Caption: ‘A black and white cow and a man are in the water.”

VCs: 'bear splashes’, ‘"dog swimming’, ‘bear swimming’, ‘water buffalo’, ‘animal
swimming’, "holstein cow’, ‘border collies’, ‘bear diving’, ‘elephant swimming’, ‘calf’,
‘collie dog’, "border collie’, ‘retriever dog’, ‘bull dog’, 'splash”

(d) Dataset: SBU

Caption: ‘Kevin is the cutest boy in the world. He BAKED Chris this cake and
decorated it, penis and all!

VCs: '4.1.2011from’, '7/12/2009 view’, 'rpop-2008’, 'rpop-2007’, ‘birthday candles’,

'—cake’, ‘cake candles’, “trick candles’, 'birthday candle’, ‘guitar cake’, "2009.compli-

ments’, "hat cake’, '2/21/2010’, "boy baby cake’, ‘may,09’

Figure 6: Illustration of some limitations of VCs; (a) redundancy, (b) wrong VCs, (c) lacking local VCs

and (d) noisy VCs.

20



References

[1] Alayrac, J.B., Donahue, J., Luc, P, Miech, A., Barr, L., Hasson, Y., Lenc, K., Mensch,
A., Millican, K., Reynolds, M., et al.: Flamingo: a visual language model for few-shot
learning. arXiv preprint arXiv:2204.14198 (2022)

[2] Anderson, P, Fernando, B., Johnson, M., Gould, S.: Spice: Semantic propositional
image caption evaluation. In: European conference on computer vision, pp. 382-398,
Springer (2016)

[3] Andonian, A., Chen, S., Hamid, R.: Robust cross-modal representation learning with
progressive self-distillation. arXiv preprint arXiv:2204.04588 (2022)

[4] Antol, S., Agrawal, A., Lu, J., Mitchell, M., Batra, D., Zitnick, C.L., Parikh, D.: Vqa:
Visual question answering. In: Proceedings of the IEEE international conference on
computer vision, pp. 2425-2433 (2015)

[5] Bachman, P, Hjelm, R.D., Buchwalter, W.: Learning representations by maximizing
mutual information across views. Advances in neural information processing systems
32 (2019)

[6] Bao, H., Dong, L., Piao, S., Wei, F.: BEit: BERT pre-training of image transformers.
In: International Conference on Learning Representations (2022), URL https://
openreview.net/forum?id=p-BhZSz5904

[7] Ben-Younes, H., Cadene, R., Cord, M., Thome, N.: Mutan: Multimodal tucker fusion
for visual question answering. In: Proceedings of the IEEE international conference
on computer vision, pp. 2612-2620 (2017)

[8] Bowman, S., Angeli, G., Potts, C., Manning, C.D.: A large annotated corpus for learn-
ing natural language inference. In: Proceedings of the 2015 Conference on Empirical
Methods in Natural Language Processing, pp. 632-642 (2015)

[9] Brown, T., Mann, B., Ryder, N., Subbiah, M., Kaplan, J.D., Dhariwal, P., Neelakantan,
A., Shyam, P, Sastry, G., Askell, A,, et al.: Language models are few-shot learners.
Advances in neural information processing systems 33, 1877-1901 (2020)

[10] Caron, M., Touvron, H., Misra, L., Jégou, H., Mairal, J., Bojanowski, P, Joulin, A.:
Emerging properties in self-supervised vision transformers. In: Proceedings of the
IEEE/CVF International Conference on Computer Vision, pp. 9650-9660 (2021)

[11] Changpinyo, S., Sharma, P., Ding, N., Soricut, R.: Conceptual 12m: Pushing web-scale
image-text pre-training to recognize long-tail visual concepts. In: Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 3558-3568
(2021)

[12] Chen, E, Zhang, D., Han, M., Chen, X,, Shi, J., Xu, S., Xu, B.: Vlp: A survey on
vision-language pre-training. arXiv preprint arXiv:2202.09061 (2022)

[13] Chen, Y.C, Li, L., Yu, L., El Kholy, A., Ahmed, F, Gan, Z., Cheng, Y., Liu, J.: Uniter:
Universal image-text representation learning. In: European conference on computer
vision, pp. 104-120, Springer (2020)

[14] Clark, K., Khandelwal, U., Levy, O., Manning, C.D.: What does bert look at? an
analysis of bert’s attention. arXiv preprint arXiv:1906.04341 (2019)

21


https://openreview.net/forum?id=p-BhZSz59o4
https://openreview.net/forum?id=p-BhZSz59o4

[15] Couairon, G., Grechka, A., Verbeek, J., Schwenk, H., Cord, M.: Flexit: Towards
flexible semantic image translation. In: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition, pp. 18270-18279 (2022)

[16] Cui, Y., Yu, Z., Wang, C., Zhao, Z., Zhang, ]., Wang, M., Yu, ].: Rosita: Enhancing vision-
and-language semantic alignments via cross-and intra-modal knowledge integration.
In: Proceedings of the 29th ACM International Conference on Multimedia, pp. 797-806
(2021)

[17] Dalvi, E, Khan, A.R., Alam, E, Durrani, N., Xu, ]., Sajjad, H.: Discovering latent
concepts learned in BERT. In: International Conference on Learning Representations
(2022), URL https://openreview.net/forum?id=POTMtpYI1xH

[18] Desai, K., Kaul, G., Aysola, Z., Johnson, J.: Redcaps: Web-curated image-text data
created by the people, for the people. arXiv preprint arXiv:2111.11431 (2021)

[19] Devlin, J., Chang, M.W., Lee, K., Toutanova, K.: Bert: Pre-training of deep bidirectional
transformers for language understanding. arXiv preprint arXiv:1810.04805 (2018)

[20] Dosovitskiy, A., Beyer, L., Kolesnikov, A., Weissenborn, D., Zhai, X., Unterthiner, T.,
Dehghani, M., Minderer, M., Heigold, G., Gelly, S., Uszkoreit, J., Houlsby, N.: An
image is worth 16x16 words: Transformers for image recognition at scale. In: Interna-
tional Conference on Learning Representations (2021), URL https://openreview.
net/forum?id=YicbFdNTTy

[21] Dou, Z.Y., Kamath, A., Gan, Z., Zhang, P,, Wang, ], Li, L., Liu, Z., Liu, C., LeCun,
Y., Peng, N, et al.: Coarse-to-fine vision-language pre-training with fusion in the
backbone. arXiv preprint arXiv:2206.07643 (2022)

[22] Dou, Z.Y., Xu, Y., Gan, Z., Wang, J., Wang, S., Wang, L., Zhu, C., Zhang, P.,, Yuan,
L., Peng, N., et al.: An empirical study of training end-to-end vision-and-language
transformers. In: Proceedings of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition, pp. 18166-18176 (2022)

[23] Du, Y, Liu, Z,, Li, J., Zhao, W.X.: A survey of vision-language pre-trained models.
arXiv preprint arXiv:2202.10936 (2022)

[24] Duan, J., Chen, L., Tran, S., Yang, J., Xu, Y., Zeng, B., Chilimbi, T.: Multi-modal align-
ment using representation codebook. In: Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition, pp. 15651-15660 (2022)

[25] Gan, Z., Chen, Y.C,, Lj, L., Zhu, C., Cheng, Y., Liu, J.: Large-scale adversarial training
for vision-and-language representation learning. Advances in Neural Information
Processing Systems 33, 6616—-6628 (2020)

[26] Gao, Y., Liu, J., Xu, Z., Zhang, J., Li, K., Shen, C.: Pyramidclip: Hierarchical feature
alignment for vision-language model pretraining. arXiv preprint arXiv:2204.14095
(2022)

[27] Goyal, Y., Khot, T., Summers-Stay, D., Batra, D., Parikh, D.: Making the v in vqa
matter: Elevating the role of image understanding in visual question answering. In:

Proceedings of the IEEE conference on computer vision and pattern recognition, pp.
6904-6913 (2017)

[28] Hao, X., Zhu, Y., Appalaraju, S., Zhang, A., Zhang, W., Li, B, Li, M.: Mixgen: A new
multi-modal data augmentation. arXiv preprint arXiv:2206.08358 (2022)

22


https://openreview.net/forum?id=POTMtpYI1xH
https://openreview.net/forum?id=YicbFdNTTy
https://openreview.net/forum?id=YicbFdNTTy

[29] He, K., Chen, X., Xie, S., Li, Y., Dollar, P., Girshick, R.B.: Masked autoencoders are
scalable vision learners. CoRR abs/2111.06377 (2021), URL https://arxiv.org/
abs/2111.06377

[30] He, K., Fan, H., Wu, Y., Xie, S., Girshick, R.: Momentum contrast for unsupervised
visual representation learning. In: Proceedings of the IEEE/CVF conference on com-
puter vision and pattern recognition, pp. 9729-9738 (2020)

[31] Hendricks, L.A., Mellor, J., Schneider, R., Alayrac, ].B., Nematzadeh, A.: Decoupling
the role of data, attention, and losses in multimodal transformers. Transactions of the
Association for Computational Linguistics 9, 570-585 (2021), doi:10.1162/tacl_a-00385,
URL https://aclanthology.org/2021.tacl-1.35

[32] Hjelm, R.D., Fedorov, A., Lavoie-Marchildon, S., Grewal, K., Bachman, P., Trischler,
A., Bengio, Y.: Learning deep representations by mutual information estimation and
maximization. In: International Conference on Learning Representations (2018)

[33] Hu, X, Gan, Z., Wang, |, Yang, Z., Liu, Z., Lu, Y., Wang, L.: Scaling up vision-language
pre-training for image captioning. In: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition, pp. 17980-17989 (2022)

[34] Huang, Z., Zeng, Z., Liu, B., Fu, D., Fu, J.: Pixel-bert: Aligning image pixels with text
by deep multi-modal transformers. arXiv preprint arXiv:2004.00849 (2020)

[35] Jia, C., Yang, Y., Xia, Y., Chen, Y.T., Parekh, Z., Pham, H., Le, Q., Sung, Y.H., Li, Z.,
Duerig, T.: Scaling up visual and vision-language representation learning with noisy
text supervision. In: International Conference on Machine Learning, pp. 4904—4916,
PMLR (2021)

[36] Kaplan, J., McCandlish, S., Henighan, T., Brown, T.B., Chess, B., Child, R., Gray, S.,
Radford, A., Wu, J., Amodei, D.: Scaling laws for neural language models. arXiv
preprint arXiv:2001.08361 (2020)

[37] Karpathy, A., Fei-Fei, L.: Deep visual-semantic alignments for generating image
descriptions. In: Proceedings of the IEEE conference on computer vision and pattern
recognition, pp. 3128-3137 (2015)

[38] Ke, L., Pei, W., Li, R,, Shen, X., Tai, Y.W.: Reflective decoding network for image
captioning. In: Proceedings of the IEEE/CVF international conference on computer
vision, pp. 8888-8897 (2019)

[39] Kim, W., Son, B., Kim, L.: Vilt: Vision-and-language transformer without convolution
or region supervision. In: International Conference on Machine Learning, pp. 5583—
5594, PMLR (2021)

[40] Krishna, R., Zhu, Y., Groth, O., Johnson, J., Hata, K., Kravitz, J., Chen, S., Kalantidis, Y.,
Li, L.J., Shamma, D.A., et al.: Visual genome: Connecting language and vision using
crowdsourced dense image annotations. International journal of computer vision
123(1), 32-73 (2017)

[41] Lewkowycz, A., Andreassen, A., Dohan, D., Dyer, E., Michalewski, H., Ramasesh, V.,
Slone, A., Anil, C., Schlag, I., Gutman-Solo, T, et al.: Solving quantitative reasoning
problems with language models. arXiv preprint arXiv:2206.14858 (2022)

23


https://arxiv.org/abs/2111.06377
https://arxiv.org/abs/2111.06377
https://aclanthology.org/2021.tacl-1.35

[42] Li, C., Yan, M., Xu, H., Luo, F., Wang, W., Bi, B., Huang, S.: Semvlp: Vision-language
pre-training by aligning semantics at multiple levels. arXiv preprint arXiv:2103.07829
(2021)

[43] Li, G., Duan, N., Fang, Y., Gong, M., Jiang, D.: Unicoder-vl: A universal encoder
for vision and language by cross-modal pre-training. In: Proceedings of the AAAI
Conference on Artificial Intelligence, vol. 34, pp. 11336-11344 (2020)

[44] Li, J., Selvaraju, R., Gotmare, A, Joty, S., Xiong, C., Hoi, S.C.H.: Align before fuse:
Vision and language representation learning with momentum distillation. Advances
in Neural Information Processing Systems 34 (2021)

[45] Li, L.H., Yatskar, M., Yin, D., Hsieh, C.J., Chang, K.W.: Visualbert: A simple and
performant baseline for vision and language. arXiv preprint arXiv:1908.03557 (2019)

[46] Li, L.H., You, H., Wang, Z., Zareian, A., Chang, S.F.,, Chang, K.W.: Unsupervised
vision-and-language pre-training without parallel images and captions. arXiv preprint
arXiv:2010.12831 (2020)

[47] Li, W,, Gao, C., Niu, G,, Xiao, X., Liu, H,, Liu, J., Wu, H., Wang, H.: Unimo: Towards
unified-modal understanding and generation via cross-modal contrastive learning.
arXiv preprint arXiv:2012.15409 (2020)

[48] Li, X., Yin, X., Li, C., Zhang, P., Hu, X., Zhang, L., Wang, L., Hu, H., Dong, L., Wei,
F., et al.: Oscar: Object-semantics aligned pre-training for vision-language tasks. In:
European Conference on Computer Vision, pp. 121-137, Springer (2020)

[49] Li, Y., Liang, F., Zhao, L., Cui, Y., Ouyang, W., Shao, J., Yu, F, Yan, ]J.: Supervision
exists everywhere: A data efficient contrastive language-image pre-training paradigm.
arXiv preprint arXiv:2110.05208 (2021)

[50] Li, Z., Fan, Z., Tou, H., Wei, Z.: Mvp: Multi-stage vision-language pre-training via
multi-level semantic alignment. arXiv preprint arXiv:2201.12596 (2022)

[51] Lin, TY., Maire, M., Belongie, S., Hays, J., Perona, P., Ramanan, D., Dollér, P., Zit-
nick, C.L.: Microsoft coco: Common objects in context. In: European conference on
computer vision, pp. 740-755, Springer (2014)

[52] Liu, P, Yuan, W., Fu, ]., Jiang, Z., Hayashi, H., Neubig, G.: Pre-train, prompt, and
predict: A systematic survey of prompting methods in natural language processing.
arXiv preprint arXiv:2107.13586 (2021)

[53] Liu, X., Li, L., Wang, S., Zha, Z.]J., Meng, D., Huang, Q.: Adaptive reconstruction
network for weakly supervised referring expression grounding. In: Proceedings of
the IEEE/CVF International Conference on Computer Vision (ICCV) (October 2019)

[54] Liu, X., Li, L., Wang, S., Zha, Z.J., Su, L., Huang, Q.: Knowledge-guided pairwise
reconstruction network for weakly supervised referring expression grounding. In:
Proceedings of the 27th ACM International Conference on Multimedia, pp. 539-547
(2019)

[55] Liu, Y., Wu, C., Tseng, S.y., Lal, V., He, X., Duan, N.: Kd-vlp: Improving end-to-end
vision-and-language pretraining with object knowledge distillation. arXiv preprint
arXiv:2109.10504 (2021)

24



[56] Loshchilov, I., Hutter, F.: Decoupled weight decay regularization. arXiv preprint
arXiv:1711.05101 (2017)

[57] Lu, H., Fei, N., Huo, Y., Gao, Y., Lu, Z., Wen, J.R.: Cots: Collaborative two-stream
vision-language pre-training model for cross-modal retrieval. In: Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 15692-15701
(2022)

[58] Lu, J., Batra, D., Parikh, D., Lee, S.: Vilbert: Pretraining task-agnostic visiolinguis-
tic representations for vision-and-language tasks. Advances in neural information
processing systems 32 (2019)

[59] Lu,J., Goswami, V., Rohrbach, M., Parikh, D., Lee, S.: 12-in-1: Multi-task vision and
language representation learning. In: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition, pp. 10437-10446 (2020)

[60] Mu, N., Kirillov, A., Wagner, D., Xie, S.: Slip: Self-supervision meets language-image
pre-training. arXiv preprint arXiv:2112.12750 (2021)

[61] Oord, A.v.d., Li, Y., Vinyals, O.: Representation learning with contrastive predictive
coding. arXiv preprint arXiv:1807.03748 (2018)

[62] Ordonez, V., Kulkarni, G., Berg, T.L.: Im2text: Describing images using 1 million
captioned photographs. In: Proceedings of the 24th International Conference on
Neural Information Processing Systems, p. 1143-1151, NIPS’11, Curran Associates
Inc., Red Hook, NY, USA (2011), ISBN 9781618395993

[63] Pissas, T., Ravasio, C.S., Da Cruz, L., Bergeles, C.: Multi-scale and cross-scale con-
trastive learning for semantic segmentation. arXiv preprint arXiv:2203.13409 (2022)

[64] Plummer, B.A., Wang, L., Cervantes, C.M., Caicedo, J.C., Hockenmaier, J., Lazebnik,
S.: Flickr30k entities: Collecting region-to-phrase correspondences for richer image-
to-sentence models. In: Proceedings of the IEEE international conference on computer
vision, pp. 2641-2649 (2015)

[65] Qi, D., Su, L., Song, ]J., Cui, E., Bharti, T., Sacheti, A.: Imagebert: Cross-modal
pre-training with large-scale weak-supervised image-text data. arXiv preprint
arXiv:2001.07966 (2020)

[66] Radford, A., Kim, ].W., Hallacy, C., Ramesh, A., Goh, G., Agarwal, S., Sastry, G.,
Askell, A., Mishkin, P., Clark, J., et al.: Learning transferable visual models from
natural language supervision. In: International Conference on Machine Learning, pp.
8748-8763, PMLR (2021)

[67] Raghu, M., Unterthiner, T., Kornblith, S., Zhang, C., Dosovitskiy, A.: Do vision
transformers see like convolutional neural networks? Advances in Neural Information
Processing Systems 34 (2021)

[68] Ramesh, A., Dhariwal, P.,, Nichol, A., Chu, C., Chen, M.: Hierarchical text-conditional
image generation with clip latents. arXiv preprint arXiv:2204.06125 (2022)

[69] Ren, S., He, K., Girshick, R., Sun, ].: Faster r-cnn: Towards real-time object detection
with region proposal networks. Advances in neural information processing systems
28 (2015)

25



[70]

[74]

[75]

Sammani, F.,, Mukherjee, T., Deligiannis, N.: NIx-gpt: A model for natural language
explanations in vision and vision-language tasks. In: Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition, pp. 8322-8332 (2022)

Schuhmann, C., Vencu, R., Beaumont, R., Kaczmarczyk, R., Mullis, C., Katta, A.,
Coombes, T., Jitsev, J., Komatsuzaki, A.: Laion-400m: Open dataset of clip-filtered 400
million image-text pairs. arXiv preprint arXiv:2111.02114 (2021)

Schuster, S., Krishna, R., Chang, A., Fei-Fei, L., Manning, C.D.: Generating se-
mantically precise scene graphs from textual descriptions for improved image re-
trieval. In: Proceedings of the Fourth Workshop on Vision and Language, pp. 70—
80, Association for Computational Linguistics, Lisbon, Portugal (Sep 2015), doi:
10.18653/v1/W15-2812, URL https://aclanthology.org/W15-2812

Selvaraju, R.R., Cogswell, M., Das, A., Vedantam, R., Parikh, D., Batra, D.: Grad-
cam: Visual explanations from deep networks via gradient-based localization. In:

Proceedings of the IEEE international conference on computer vision, pp. 618-626
(2017)

Sharma, P., Ding, N., Goodman, S., Soricut, R.: Conceptual captions: A cleaned,
hypernymed, image alt-text dataset for automatic image captioning. In: ACL (2018)

Shen, S., Li, L.H., Tan, H., Bansal, M., Rohrbach, A., Chang, K.W,, Yao, Z., Keutzer, K.:
How much can CLIP benefit vision-and-language tasks? In: International Conference
on Learning Representations (2022), URL https://openreview.net/forum?id=
zf_ L13HZWgy

Shin, T., Razeghi, Y., Logan 1V, R.L., Wallace, E., Singh, S.: Autoprompt: Eliciting
knowledge from language models with automatically generated prompts. In: Proceed-

ings of the 2020 Conference on Empirical Methods in Natural Language Processing
(EMNLP), pp. 4222-4235 (2020)

Shukor, M., Couairon, G., Grechka, A., Cord, M.: Transformer decoders with multi-
modal regularization for cross-modal food retrieval. In: Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition, pp. 45674578 (2022)

Singh, A., Hu, R., Goswami, V., Couairon, G., Galuba, W., Rohrbach, M., Kiela, D.:
Flava: A foundational language and vision alignment model. In: Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 15638-15650
(2022)

Su, W,, Zhu, X., Cao, Y., Li, B,, Lu, L., Wei, F, Dai, J.: Vl-bert: Pre-training of generic
visual-linguistic representations. In: International Conference on Learning Represen-
tations (2019)

Su, Y, Lan, T, Liu, Y,, Liu, F, Yogatama, D., Wang, Y., Kong, L., Collier, N.: Lan-
guage models can see: Plugging visual controls in text generation. arXiv preprint
arXiv:2205.02655 (2022)

Suhr, A., Zhou, S., Zhang, A., Zhang, 1., Bai, H., Artzi, Y.: A corpus for reasoning
about natural language grounded in photographs. In: Proceedings of the 57th Annual
Meeting of the Association for Computational Linguistics, pp. 64186428, Association
for Computational Linguistics, Florence, Italy (Jul 2019), doi:10.18653/v1/P19-1644,
URL https://aclanthology.org/P19-1644

26


https://aclanthology.org/W15-2812
https://openreview.net/forum?id=zf_Ll3HZWgy
https://openreview.net/forum?id=zf_Ll3HZWgy
https://aclanthology.org/P19-1644

[82] Sun, M., Xiao, J., Lim, E.G,, Liu, S., Goulermas, J.Y.: Discriminative triad matching
and reconstruction for weakly referring expression grounding. IEEE transactions on
pattern analysis and machine intelligence 43(11), 4189-4195 (2021)

[83] Tan, H., Bansal, M.: LXMERT: Learning cross-modality encoder representations from
transformers. In: Proceedings of the 2019 Conference on Empirical Methods in Nat-
ural Language Processing and the 9th International Joint Conference on Natural
Language Processing (EMNLP-IJCNLP), pp. 5100-5111, Association for Computa-
tional Linguistics, Hong Kong, China (Nov 2019), doi:10.18653/v1/D19-1514, URL
https://aclanthology.org/D19-1514

[84] Touvron, H., Cord, M., Douze, M., Massa, E., Sablayrolles, A., Jégou, H.: Training
data-efficient image transformers & distillation through attention. In: International
Conference on Machine Learning, pp. 10347-10357, PMLR (2021)

[85] Vig,]., Belinkov, Y.: Analyzing the structure of attention in a transformer language
model. arXiv preprint arXiv:1906.04284 (2019)

[86] Wang, ]J., Hu, X., Gan, Z., Yang, Z., Dai, X, Liu, Z,, Lu, Y., Wang, L.: Ufo: A
unified transformer for vision-language representation learning. arXiv preprint
arXiv:2111.10023 (2021)

[87] Wang, W., Bao, H., Dong, L., Wei, F.: VImo: Unified vision-language pre-training with
mixture-of-modality-experts. arXiv preprint arXiv:2111.02358 (2021)

[88] Wang, Z., Lu, Y., Li, Q., Tao, X., Guo, Y., Gong, M., Liu, T.: Cris: Clip-driven referring
image segmentation. In: Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition, pp. 11686-11695 (2022)

[89] Wang, Z., Wang, W., Zhu, H., Liu, M., Qin, B., Wei, E.: Distilled dual-encoder model
for vision-language understanding. arXiv preprint arXiv:2112.08723 (2021)

[90] Wang, Z., Yu, ]., Yu, AW., Dai, Z., Tsvetkov, Y., Cao, Y.: SimVLM: Simple visual
language model pretraining with weak supervision. In: International Conference on
Learning Representations (2022), URL https://openreview.net/forum?id=
GUrhfTuf_3

[91] Wu, H., Mao, ]., Zhang, Y., Jiang, Y., Li, L., Sun, W., Ma, W.Y.: Unified visual-semantic
embeddings: Bridging vision and language with structured meaning representa-
tions. In: Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition (CVPR) (June 2019)

[92] Wu, Q., Shen, C., Liu, L., Dick, A., Van Den Hengel, A.: What value do explicit high
level concepts have in vision to language problems? In: Proceedings of the IEEE
conference on computer vision and pattern recognition, pp. 203-212 (2016)

[93] Xie, N., Lai, E, Doran, D., Kadav, A.: Visual entailment: A novel task for fine-grained
image understanding. arXiv preprint arXiv:1901.06706 (2019)

[94] Xue, H., Huang, Y., Liu, B., Peng, H., Fu, ], Li, H., Luo, J.: Probing inter-modality:
Visual parsing with self-attention for vision-and-language pre-training. Advances in
Neural Information Processing Systems 34 (2021)

[95] Yang, ]., Duan, J., Tran, S., Xu, Y., Chanda, S., Chen, L., Zeng, B., Chilimbi, T., Huang,
J.: Vision-language pre-training with triple contrastive learning. In: Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 15671-15680
(2022)

27


https://aclanthology.org/D19-1514
https://openreview.net/forum?id=GUrhfTuf_3
https://openreview.net/forum?id=GUrhfTuf_3

[96] Yao, L., Huang, R., Hou, L., Lu, G., Niu, M., Xu, H., Liang, X., Li, Z., Jiang, X.,
Xu, C.: Filip: Fine-grained interactive language-image pre-training. arXiv preprint
arXiv:2111.07783 (2021)

[97] Yao, Y., Dong, B., Zhang, A., Zhang, Z., Xie, R., Liu, Z,, Lin, L., Sun, M., Wang, J.:
Prompt tuning for discriminative pre-trained language models. In: Findings of the
Association for Computational Linguistics: ACL 2022, pp. 3468-3473 (2022)

[98] You, Q. Jin, H., Wang, Z., Fang, C., Luo, ].: Image captioning with semantic attention.
In: Proceedings of the IEEE conference on computer vision and pattern recognition,
pp. 46514659 (2016)

[99] Yu, E, Tang, J., Yin, W,, Sun, Y., Tian, H., Wu, H., Wang, H.: Ernie-vil: Knowledge
enhanced vision-language representations through scene graphs. In: Proceedings of
the AAAI Conference on Artificial Intelligence, vol. 35, pp. 3208-3216 (2021)

[100] Yu, J., Wang, Z., Vasudevan, V., Yeung, L., Seyedhosseini, M., Wu, Y.: Coca: Con-
trastive captioners are image-text foundation models. arXiv preprint arXiv:2205.01917
(2022)

[101] Yu, L., Lin, Z., Shen, X,, Yang, J., Lu, X, Bansal, M., Berg, T.L.: Mattnet: Modular
attention network for referring expression comprehension. In: Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition, pp. 1307-1315 (2018)

[102] Yu, L., Poirson, P, Yang, S., Berg, A.C., Berg, T.L.: Modeling context in referring
expressions. In: European Conference on Computer Vision, pp. 69-85, Springer (2016)

[103] Yuan, L., Chen, D., Chen, Y.L., Codella, N., Dai, X., Gao, J., Hu, H., Huang, X,, Li, B.,
Li, C,, et al.: Florence: A new foundation model for computer vision. arXiv preprint
arXiv:2111.11432 (2021)

[104] Zeiler, M.D., Fergus, R.: Visualizing and understanding convolutional networks. In:
European conference on computer vision, pp. 818-833, Springer (2014)

[105] Zeng, Y., Zhang, X., Li, H.: Multi-grained vision language pre-training: Aligning texts
with visual concepts. arXiv preprint arXiv:2111.08276 (2021)

[106] Zhai, X., Kolesnikov, A., Houlsby, N., Beyer, L.: Scaling vision transformers. In: Pro-
ceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition,
pp- 12104-12113 (2022)

[107] Zhang, P, Li, X., Hu, X,, Yang, J., Zhang, L., Wang, L., Choi, Y., Gao, J.: Vinvl:
Revisiting visual representations in vision-language models. In: Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 5579-5588
(2021)

[108] Zhang, Z., Zhao, Z., Lin, Z., Zhu, J., He, X.: Counterfactual contrastive learning for
weakly-supervised vision-language grounding. In: Proceedings of the 34th Inter-
national Conference on Neural Information Processing Systems, NIPS20, Curran
Associates Inc., Red Hook, NY, USA (2020), ISBN 9781713829546

[109] Zhou, L., Palangi, H., Zhang, L., Hu, H., Corso, J., Gao, ]J.: Unified vision-language
pre-training for image captioning and vqa. In: Proceedings of the AAAI Conference
on Artificial Intelligence, vol. 34, pp. 13041-13049 (2020)

28



	Introduction
	Related Work
	ViCHA framework
	Enhancing Visual Representation with Visual Concepts
	Training scheme

	Experiments
	Conclusion
	Acknowledgments
	Appendix
	Downstream Tasks
	Implementation Details
	Ablation Study
	Data Filtering
	Discussion
	Qualitative Results


