N
N

N

HAL

open science

DIABLO: Dictionary-based attention block for deep
metric learning

Pierre Jacob, David Picard, Aymeric Histace, Edouard Klein

» To cite this version:

Pierre Jacob, David Picard, Aymeric Histace, Edouard Klein. DIABLO: Dictionary-based attention
block for deep metric learning. Pattern Recognition Letters, 2020, 10.1016/j.patrec.2020.03.020 .

hal-02510473

HAL Id: hal-02510473
https://hal.science/hal-02510473

Submitted on 22 Aug 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-02510473
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0167865520300982

Manuscript_4c535412bf325e680dc31784cbf91acl

Pattern Recognition Letters
journal homepage: www.elsevier.com

DIABLO: Dictionary-based attention block for deep metric learning

Pierre Jacob®™, David Picard®®, Aymeric Histace?, Edouard Klein®

4ETIS UMR 8051, Université Paris Seine, UCP, ENSEA, CNRS, F-95000, Cergy, France

bLIGM, UMR 8049, Ecole des Ponts, UPE, Champs-sur-Marne, France

¢Péle Judiciaire de la Gendarmerie Nationale, 5 boulevard de I’Hautil, 95000 Cergy, France

ABSTRACT

Recent breakthroughs in representation learning of unseen classes and examples have been made in
deep metric learning by training at the same time the image representations and a corresponding metric
with deep networks. Recent contributions mostly address the training part (loss functions, sampling
strategies, etc.), while a few works focus on improving the discriminative power of the image represen-
tation. In this paper, we propose DIABLO, a dictionary-based attention method for image embedding.
DIABLO produces richer representations by aggregating only visually-related features together while
being easier to train than other attention-based methods in deep metric learning. This is experimentally
confirmed on four deep metric learning datasets (Cub-200-2011, Cars-196, Stanford Online Products,
and In-Shop Clothes Retrieval) for which DIABLO shows state-of-the-art performances.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Deep Metric Learning (DML) is an important yet challeng-
ing topic in the Computer Vision community, that has a broad-
spectrum in terms of applications such as: person or vehi-
cle identification (Zhou et al., 2017), visual product search
(Liu et al., 2016; Oh Song et al., 2016) or multi-modal re-
trieval (Wehrmann and Barros, 2018; Carvalho et al., 2018). By
learning the image representations and an embedding space to-
gether, DML methods produce compact representations where
visually-related images (e.g., images of the same car model) are
close to each other and dissimilar images (e.g., images of two
cars from the same brand but from different models) are distant.

Recent contributions mainly address the training part of deep
metric learning, proposing loss functions (e.g. Angular loss
(Wang et al., 2017)), sampling strategies (e.g., DAMLRMM
(Xu et al., 2019)) and ensemble methods (e.g., BIER (Opitz
et al., 2017)). All of these methods are built upon a backbone
network such as GoogleNet (Szegedy et al., 2015) to extract
the local features from which the image representations and the
corresponding metric are computed. Nowadays, global average
pooling is the most used pooling strategy to compute the image
representations. This is due to interesting properties such as full
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back-propagation of the gradient or localization ability without
direct supervision (Zhou et al., 2016). In almost every method,
these representations are computed using the mean of the deep
features and used as they are.

However, the average is also known to be a non-robust rep-
resentation because it is very sensitive to outliers and to sam-
pling problems (Jacob et al., 2019b). A famous solution is
to strengthen this representation in order to compute the av-
erage on only visually-related features, using a set of attention
maps such as ABE (Kim et al., 2018). ABE is based on what
we next call dimension-wise selection with pre-attention - this
method shows very good results with few additional parame-
ters, through both pooling of visually-related features and fea-
ture denoising. Also, ABE is trained with a divergence loss
which ensures that the attention maps are complementary by
enforcing two attention maps to be dissimilar, even for visually-
related images. Due to this optimization criterion and the trade-
off parameter, both the training procedure and the parameteri-
zation become more complex. NetVLAD (Arandjelovic et al.,
2016) is based on what we next call feature-wise selection with
post-attention - this method aggregates visually-similar fea-
tures using a structural constraint based on a dictionary strat-
egy. However, the feature-wise selection does not contribute to
feature denoising.

In this paper, we introduce the method DIABLO, a
DIctionary-based Attention BLOck, that produces robust im-
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age representations by taking advantage of both ABE and
NetVLAD benefits. We evaluate attention strategies named pre-
attention and post-attention in the DML setup, together with
two selection strategies named feature-wise and dimension-wise
selection. We show in practice that DIABLO consistently im-
proves the state-of-the-art on four DML datasets (Cub-200-
2011, Cars-196, Stanford Online Products and In-Shop Clothes
Retrieval).

The remaining of the paper is organized as follows: in the
next section, we present the related work on deep metric learn-
ing and support our proposition. In section 3, we give an
overview of the proposed architecture, then we detail the at-
tention strategies and the feature-wise and dimension-wise se-
lection methods. In section 4, we show ablation studies on the
selection and attention strategies, the dictionary size and the
comparison to ABE. Finally, in section 5 we compare our ap-
proach to the state-of-the-art methods on four image retrieval
datasets (Cub-200-2011, Cars-196, Stanford Online Products
and In-Shop Clothes Retrieval).

2. Related work

In DML, we learn the image representations and an embed-
ding together in such a way that the Euclidean distance cor-
responds with the semantic content of the images. The stan-
dard strategy is to extract deep features using a backbone net-
work such as GoogleNet (Szegedy et al., 2015) and to learn
the target representation with a linear projection on the aver-
age of these deep features. The whole network is fine-tuned
to solve the metric learning task according to three criteria: a
similarity-based loss function, a sampling strategy, and an en-
semble method.

Standard loss functions rely on pairs or triplets of simi-
lar/dissimilar samples. Most recent ones extend these formu-
lations by considering larger tuples (Ustinova and Lempitsky,
2016) or by improving the design (Wang et al., 2017). The
batch construction can either be done by random sampling,
mining strategies (Xu et al., 2019), proxy-based approxima-
tions (Movshovitz-Attias et al., 2017) or generation (Lin et al.,
2018). Finally, ensemble methods have recently become a pop-
ular way of improving the performances of DML architectures
(Opitz et al., 2017, 2018).

The latest DML approaches consider using a codebook strat-
egy (Arandjelovic et al., 2016) or even attention maps (Kim
et al., 2018). Kim et al. (2018) propose ABE, an attention-
based ensemble method to enforce diversity within the embed-
ding space. With this aim, they train a set of attention blocks
to select several feature map entries per block. These blocks
are then trained with a divergence loss function, which ensures
that all attention maps are complementary. Their proposed de-
sign relies on what we call a dimension-wise selection with pre-
attention. they select a set of dimensions from the feature maps
using a given attention map. Then, these selected dimensions
are further processed with Inception blocks. We call this se-
lection schema a pre-attention strategy - and we argue that one
of its properties results in denoising the deep features. Thus,
this improves the image representations by post-processing fea-
tures that contain only relevant information. However, there
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are two major drawbacks in using a divergence loss. On the
one hand, we need to cross-validate the additional trade-off
hyper-parameter. On the other hand, the training time is in-
creased because the divergence loss plays the opposite role of
the similarity-based loss function.

Arandjelovic et al. (2016) propose NetVLAD which takes
advantage of a dictionary strategy that avoids the divergence
loss. In their case, the optimization constraint is replaced by
a structural one, that simplifies the training procedure by di-
rectly optimizing the task-dependent loss function. However,
NetVLAD’s design relies on a strategy that we call feature-wise
selection with post-attention. Feature-wise selection ensures
that only visually-related features are pooled together. This
selection strategy does not have the denoising property of the
dimension-wise selection. Also, in the case of NetVLAD, the
pre-processing is a centering and an intra-projection, that can be
improved using non-linear transformation learned by a CNN.

In DIABLO, we show the benefits of dimension-wise selec-
tion versus feature-wise selection with pre-attention or post-
attention strategies. With this aim, we propose to replace the di-
vergence loss in ABE by a structural constraint, which is based
on a dictionary strategy. This dictionary is trained without di-
rect supervision as it is the case with NetVLAD. We show that
it leads to better results than ABE on four DML datasets.

3. Proposed method

In this section, we start by giving an overview of DIABLO.
Then, we describe the attention maps computation and the two
selection strategies named feature-wise and dimension-wise se-
lection.

3.1. Method overview

We give an overview of the method illustrated in Figure 1.
We start by extracting a deep feature map F € R™"*¢ ysing the
local feature extractor F where i and w are the height and width
of the feature map and c is the deep feature dimension. We fur-
ther process the extracted feature map using a non-linear func-
tion ¢ implemented by a convolutional neural network (CNN).
In order to compute the N attention maps A where N is the dic-
tionary size, we pass the feature map into the selection block S,
that is either the feature-wise selection (subsection 3.3) or the
dimension-wise selection (subsection 3.4).

In the post-attention setup (Figure 1a), the feature map 7 is
further processed with a non-linear function ¢ (implemented by
a CNN) and transformed into a feature map G. It is then com-
bined with the attention maps A using the block M to produce
the N new feature maps. In the pre-attention setup (Figure 1b),
the feature map ¥ is directly combined with the attention maps
A using the block M. In this case, we further process these N
feature maps using a non-linear function . The different blocks
M used to combine the attention maps and the original feature
map are illustrated in Figure 2.

These N feature maps are pooled using a global average
pooling with adding an embedding layer for each branch. So,
the output representation is obtained by concatenating these N
branches.
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Fig. 1: Illustration of post and pre-attention strategies. In pre-attention, we first compute the attention maps and then we process each of them. In post-attention, the
feature map is further processed before computing the attention maps. In pre-attention, we first compute the attention maps and then we process each of them. F is
a feature extractor and ¢ and ¥ are two non-linear transformation of the deep features. The blocks S correspond to either Equation 7 or Equation 11. The blocks M

are illustrated in Figure 2.
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(a) Feature-wise selection (b) Dimension-wise selection

Fig. 2: Illustration of the merging block M for feature-wise and dimension-wise
selection strategies. The feature-wise selection is directly implemented using
Kronecker product (®). The dimension-wise selection first duplicate N times
the feature map before computing the Hadamard product (©) with the attention
maps. Reported dimensions are without the spatial dimensions / X w.

3.2. Attention strategies

This section focuses on computing a set of attention maps ‘A
using one of the selection blocks S and its corresponding dic-
tionary D as well as the feature map F € R For this
purpose, we process the feature map ¥ with a non-linear func-
tion ¢ : R —» R™ implemented by a CNN. Then, the set of
attention maps are computed by a selection block S such that
A = S(@F); D). A is used with one of the following atten-
tion strategies.

3.2.1. Post-attention
In the post-attention strategy illustrated in Figure 1a, we pro-
cess the feature map ¥ into an intermediate feature map G:

G=y) 6]

Then, we combine this feature map G with the attention maps
A using the merging block M:

H=MG;A) 2

with H representing the set of feature maps obtained by the
post-attention strategy. From these, we perform a spatial pool-
ing of the local features and we add an embedding layer to gen-
erate the corresponding image representation.

The main idea of post-attention consists of aggregating only
the related features, unlike global pooling that aggregates unre-
lated features. For example, features that describe the back-
ground are aggregated using a different attention block than

those which represent the desired object. One can note that this
approach is strongly related to NetVLAD for which the func-
tion ¥ is a centering. However, it differs from NetVLAD in two
ways: First, because it learns a non-linear clustering of the local
features using the function ¢; second because it learns a non-
linear pre-processing of the deep features using the function .

3.2.2. Pre-attention

In the pre-attention strategy illustrated in Figure 1b, we per-
form the operation in reverse order. In order to do so, we com-
bine the feature map ¥ with the set of attention maps A using
the merging block M to produce the set of N (one per attention
block) feature maps G:

G = M(F; A) (3)

Then, we process these N feature maps using a non-linear func-
tion ¥ to generate the feature maps H:

H =y (G) “4)

From these N feature maps, we pool the local features and we
add an embedding layer to generate the corresponding image
representation.

The pre-attention strategy is similar to a refinement approach.
Indeed, the attention selects dimensions or features, and a re-
finement function ¥ improves these extracted features before
that they are aggregated. Hence, the attention maps role is to
select only the relevant information for a given attention block.
The function ¥ is trained to refine this information so that it
improves generalization.

3.3. Feature-wise selection

In this section, we give details about the computation of the
selection block S and the merging block M for the feature-
wise selection illustrated in Figure 2a. We start from a fea-
ture map F € R™>¢ from which we compute a set of atten-
tion maps A = {A™ e R}, using a dictionary D such
that A = S(F; D). Before computing the feature-wise selec-
tion, the feature map ¥ is processed by a non-linear function
¢ : R° - R™ implemented by a CNN. We denote f;; € R¢
a feature from ¥ at spatial location (i, j) and ¢(f; ;) € R™ its
transformation in ¢(9) that is in the same spatial location.



3.3.1. Selection block

In the feature-wise selection, the objective is to assign each
feature f; ; from the feature map ¥ to one of the dictionary en-
tries D = {d™ e R™},. To do so, we consider the cosine simi-
larity between the transformed feature ¢(f; ;) and the dictionary
entry:

(o(f.): d)
(i Il

Using the cosine similarity has a main advantage when com-
pared to the Euclidean distance: during the training, it is more
stable by means of the ¢;-normalization.

From this similarity measure, we compute ﬂ , the weight
for the n-th feature-wise attention map and k- th dlmension of
the feature in spatial location (i, j):

{ 1 if d™ = argmax s(¢(f; ), d?)

s@(f: ), d™) = Q)

(n)

() _

ik dbe D (6)

0 else.

However, this one-hot encoder is not differentiable due to the
arg max operator. We relax the constraint using the soft-max
operator to train in an end-to-end way the deep network:

A

kT e s@).d0) ™

such that, o is a hyper-parameter to control the hardness of
the assignment. For this formulation, we rely on a given fea-
ture f;; that is assigned to a dictionary entry d"™ according to
the similarity between ¢(f; ;) and d™. We show in section 5
that the feature-wise selection increases the performance of the
attention-based models when compared to the baseline model
(without attention map). Then, we detail the block M to merge
the feature-wise selection based attention map with the raw fea-
tures.

3.3.2. Merging block

The combination of the attention maps A and the feature
map ¥ is illustrated in Figure 2a. For the k-th dimension of
the n-th feature map in spatial location (i, j), the corresponding
entry in H, H ,(';)k is computed using the following equation:

(n) (n)
Hijh = A T ®)

It must be considered that 5‘((") has the same value indepen-
dently from the value of k. Thus Equation 8 is easily imple-
mented using the Kronecker product (®) as illustrated in Fig-
ure 2a:

H;j=A;®Fi; )

where A, ; is composed by the N-th assignment weights and
Ji,j € R¢ is the feature for all spatial locations (i, j).

3.4. Dimension-wise selection

In this section, we extend the feature-wise selection from the
subsection 3.3 to the dimension-wise selection. Similarly, we
give details about the attention maps computation through the
selection block S before that we explain the merging strategy
with the block M.

3.4.1. Selection block

The selection block is composed of a set of directions per
dictionary entry D = {d,({") € R™},  of size N X ¢, on the con-
trary to the feature-wise selection that has a dictionary D =
{d™ € R™}, of size N. Thus, for a given feature f;; € ¥ in
spatial location (i, j), the cosine similarity is computed between
the transformed feature ¢(f; ;) and the k-th direction of the n-th
dictionary entry d,(c”) € D:

<¢(fi,j) ; d,(c")>

s(p(fi ), d"y = ~——— L
! IS N1l

(10)

Then, one entry fl( ) from the attention map A is computed
using the followmg equatlon

(n)
e s(@(fi).d")
A, - I an
5 Js Zl e s((fi)).d,")

The attention map has an attention weight for each dimension
of the input feature and for each of the N attention blocks. sec-
tion 5 highlights that the dimension-wise selection produces
stronger image representations than the feature-wise selection,
showing much higher performances.

3.4.2. Merging block

The merging block M is used in the case of dimension-wise
selection as illustrated in Figure 2b. The entry H f"j)k in H is
computed for the k-th dimension of the n-th feature map in the
spatial location (i, j) using the following equation:

H = AL Fiji (12)

Note that ?((") depends on the value of k. The computation
can easily be re-written using the Kronecker product and the
Hadamard product (©) as illustrated in Figure 2b. Using the
Kronecker product, we duplicate N times the local feature f; ;
Then, H is computed using the element-wise product between
A and the duplicated feature map:

H=F1y)0A (13)

3.5. Implementation details

For a fair comparison with other methods, we use a pre-
trained GoogleNet (Szegedy et al., 2015) on ImageNet. The
embedding size is fixed to 512 for all models. As it is done
in common practice, we set the triplet margin @ = 0.1, the
contrastive and the binomial margin 8 = 0.5 and the negative
sample weight C = 25 in the binomial deviance. We follow
the same training procedure as state-of-the-art methods (Opitz
etal.,2017; Kim et al., 2018): training hyper-parameters (learn-
ing rate, batch size, efc.) are empirically chosen based on the
training loss after a few epochs. Model hyper-parameters (num-
ber of layers, efc.) are set to comparable values as the ones of
models reported in ABE (Kim et al., 2018). We use the follow-
ing data augmentation on the images: multi-resolution where
the size is uniformly sampled in [0.8, 1.8] times the crop size as
well as random 256 X 256 crop and horizontal flip during the



training. During testing, we re-scale the images to 256 x 256.
We use Adam (Kingma and Ba, 2015) with the default param-
eters and a learning rate of 107, For all models, the function
is shared across the attention maps to reduce the large number
of parameters induced. In practice, it still leads to strong ex-
perimental results and avoids over-fitting on small datasets, for
instance: Cub-200-2011 and Cars-196.

4. Ablation studies

In this section, we compare our approach to the baseline in
terms of model complexity and computation. Then, we present
the evaluation protocol of our ablation studies. Ablation studies
are performed to evaluate the benefits of pre and post-attention,
the assignment approaches (feature and dimension-wise), the
dictionary strategy and the dictionary size.

4.1. Model complexity and computation cost

In this section, we give the architecture choices to compute
the functions ¢ and ¢ for the post-attention and for the pre-
attention architectures. Then, we analyze the induced computa-
tions and the complexity introduced by the dictionary approach.

In post-attention, the GoogleNet backbone extracts the fea-
ture map including and up to the max-pooling between the
fourth and the fifth scales. To compute ¢, we add the two incep-
tion blocks named ’5a’ and *5b’ upon these features. The func-
tion ¥ is also composed by two independent inception blocks
’5a’ and *5b’. The attention maps and the weighted features are
computed using one of the two proposed strategies. Then, each
branch is pooled using a global average pooling as well as an
embedding layer of size 512/N and a {,-norm are added. The
output representation is the concatenation of these N branches
which leads to a 512d representation.

In pre-attention, we use the GoogleNet features including
and up to the max-pooling between the third and the fourth
scales. The non-linear function ¢ is composed of the five in-
ception blocks from the fourth scale of GoogleNet pre-trained
on ImageNet. The refinement function ¢ is composed by
the fourth and fifth scales of GoogleNet, they are shared for
each map but they are independent from ¢. The attention
maps and the weighted feature maps are computed using ei-
ther dimension-wise or feature-wise selection. As it the case
with pre-attention, each branch is pooled using a global aver-
age pooling, an embedding layer of size 512/N and a {,-norm
are added before the concatenation of all branches in order to
produce the full 512d representation.

These choices directly follow ABE (Kim et al., 2018) and
we refer the reader to the related paper for more ablations on
the architecture, including the multi-head approach, the atten-
tion module and the sharing of parameters across the attention
modules.

All additional parameters are included in the computation of
the function ¢. By using the five Inception blocks from the
fourth scale of GoogleNet, this leads to 3.5M additional param-
eters. Note that these parameters are shared across the dictio-
nary entries and this drastically reduces the number of param-
eters. Also, note that the function  is already included in the
number of parameters of GoogleNet.
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In terms of computation, the most important additional com-
putations come from the function ¥ which is computed on each
attention map. The computation of the fourth and fifth Incep-
tion scales are estimated to 0.7 Gflop (see Kim et al. (2018), Ta-
ble 1). In comparison, the whole GoogleNet requires 1.6 Gflop
to produce the image embedding. Note that in the case of the
pre-attention, all parameters of y are shared across the atten-
tion maps, which leads to fewer additional parameters. Overall,
these choices lead to higher experimental results for both ABE
and DIABLO compared to the baseline.

4.2. Model selection protocol

In this section, we detail the evaluation protocol for all ab-
lation studies on the Cub-200-2011 dataset that are performed
to select the best model. We perform 10 random train-val splits
on the training set of Cub-200-2011 for deep metric learning:
We randomly choose 50 classes for the training set and we keep
the rest of the classes for the validation set. Then, we train each
model on the training set and we select the model that gives the
best performances on the validation set. We then compute Re-
call@K on the testing set of Cub-200-2011 for each train-val
split. All reported results in Table 4 and Table 3 are the average
and the standard-deviation of Recall@K on the testing set for
the ten runs.

4.3. Feature selection and attention strategy

First, we evaluate the benefit of the pre and post-attention
strategies with respect to the assignment strategy. To that end,
we fix the dictionary size to 8 and we use the training proce-
dure from subsection 3.5. Results are reported in Table 3 for
the dataset Cub-200-2011 with binomial loss. We remark that
all strategies with the exception of the feature-wise selection
with pre-attention improve over the baseline and this confirms
the benefit of attention maps. This experiment also shows that
feature-wise attention and dimension-wise attention impact dif-
ferently the model.

In Feature-wise attention, the post-attention leads to stronger
representations with +1.7% on Recall@1 over the pre-attention.
We argue that selecting features make better sense with post-
attention than pre-attention: only related features are aggre-
gated together with post-attention whereas in pre-attention,
the refinement part mostly processes sparse feature maps. In
the case of dimension-wise attention, both approach provide
stronger results with +3.8% and +4.3% over the best feature-
wise strategy, even though it is still better to use the pre-
attention approach. We argue that pre-attention is better with
dimension-wise selection because the refinement part processes
denoised features. Indeed, certain dimensions may be useless
for a given dictionary entry and the dimension-wise approach
can select only the relevant dimensions. Then, the refinement
part is trained with sparse vectors which contain only the rele-
vant information. Moreover, feature-wise selection with post-
attention leads to aggregate sparse vector together, which might
bring to sub-optimal results because some dimensions are rarely
used.
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Table 1: Comparison with the state-of-the-art on Cub-200-2011 and Cars-196 datasets using GoogleNet as feature extractor. Results are in percents. State-of-the-art
results are in bold and results which improve the baseline are underlined.

Cub-200-2011 Cars-196
R@ 1 2 7] 8 16 32 | 1 2 4 8 16 32
RML (Roy et al., 2019) 523 645 753 840 - [ 732 822 886 922 - -
Angular loss (Wang et al., 2017) | 547 663 760 839 - - | 714 814 875 921 - -
DAML (Duanetal,2018) | 52.7 654 755 843 - - | 751 88 897 935 - -
HDML (Zheng et al., 2019) | 537 657 767 857 - - | 791 871 921 955 - -
DAMLRMM (Xuetal.,2019) | 55.1 66.5 76.8 853 - - | 735 826 891 935 - -
HDC (Yuan et al., 2017) 536 657 770 856 915 955 (737 832 895 938 967 984
BIER (Opitz et al., 2017) 553 672 769 851 917 955|780 858 91.1 951 973 987
DVML (Lin et al., 2018) 527 651 755 843 - - | 820 884 933 963 - -
HTG (Zhao et al., 2018) 595 718 813 882 - - | 765 847 904 940 - -
HTL (Ge, 2018) 571 688 787 865 925 955|814 880 927 957 974 99.0
A-BIER (Opitzetal., 2018) | 57.5 687 783 862 919 955|820 890 932 961 978 987
JCF (Jacob et al., 2019a) 60.1 721 817 883 - - | 826 892 935 960 - -
HORDE (Jacob et al., 2019b) | 594 710 81.0 88.0 93.1 965|832 89.6 93.6 963 980 988
ABE (Kim et al., 2018) 606 71.5 798 874 - - |82 905 940 961 - -
Contrastive (Ours) 587 697 794 870 926 96.1 | 785 859 909 944 967 98.1
Contrastive + DIABLO 623 736 826 892 940 969 | 848 90.5 943 96.6 98.1 98.9
Triplet (Ours) 559 670 777 861 920 955|731 817 879 929 959 976
Triplet + DIABLO 59.6 70.6 803 877 927 962|750 834 894 935 964 98.1
Binomial (Ours) 596 708 810 88.1 931 962|788 862 915 948 970 984
Binomial + DIABLON =8 | 628 73.9 824 893 940 967 | 850 908 940 964 980 989
Binomial + DIABLON =16 | 63.9 743 824 888 940 968 | 854 913 950 972 985 99.1

Table 2: Comparison with the state-of-the-art on Stanford Online Products and In-Shop Clothes Retrieval using GoogleNet as feature extractor. Results in percents.
State-of-the-art results are in bold and results which improve the baseline are underlined.

Stanford Online Products In-Shop Clothes Retrieval
R@ 1 10 100 1000 1 10 20 30 40 50
Angular loss Wang et al. (2017) 70.9 85.0 935 98.0 - - - - - -
DAML (Duan et al., 2018) 68.4 835 923 - - - - - - -
HDML (Zheng et al., 2019) 68.7 832 924 - - - - - - -
RML (Roy et al., 2019) 69.2  83.1 92.7 - - - - - - -
DAMLRMM (Xu et al., 2019) 69.7 852 932 - - - - - - -
HDC (Yuan et al., 2017) 69.5 844 928 97.7 62.1 849 89.0 912 923 931
BIER (Opitz et al., 2017) 7277 865 94.0 98.0 769 928 952 962 967 97.1
DVML (Lin et al., 2018) 702 852 938 - - - - - - -
HTG (Zhao et al., 2018) - - - - 803 939 958 966 97.1 -
HORDE (Jacob et al., 2019b) 726 859 937 97.9 844 954 968 974 978 981
HTL (Ge, 2018) 748 883 948 98.4 809 943 958 972 974 978
A-BIER (Opitz et al., 2018) 742 869 940 97.8 83.1 951 969 975 978 98.0
ABE (Kim et al., 2018) 763 884 948 98.2 873 967 979 982 985 987
JCF (Jacob et al., 2019a) 774 899 9538 98.6 - - - - - -
Contrastive (Ours) 750 879 945 98.1 89.0 972 980 984 986 987
Contrastive + DIABLO N =8 778 895 953 98.4 91.3 981 987 99.0 991 991
Triplet (Ours) 70.6 857 94.0 98.2 856 965 977 982 984  98.6
Triplet + DIABLO N = 8 735 878 950 985 | 874 972 981 986 988 989

Table 3: Impact of the pre-attention or post-attention on the performances for
the three proposed attention strategies. Reported Recall@1 (R@1) is on the
Cub-200-2011 dataset in percent.

Table 4: Impact of the dictionary size for the feature-wise post-attention map-
ping and for the dimension-wise pre-attention mapping. Reported results are
Recall@1 (R@1) on the Cub-200-2011 dataset in percent.

Feature Dimension Feat. + Post-att.
Baseline Pre-att Post-att Pre-att Post-att N 2 4 8 16
R@1 | 529+02 | 523+04 | 540+04 | 583+02 | 57.8+0.1 R@1 | 534+03 | 533+03 | 54.0+04 | 48.0+04
Dim. + Pre-att.
N 2 4 8 16
4.4. Comparison to ABE R@1 | 57.1+03 | 574+03 | 583+0.2 | 58.9+0.3

In a second time, we want to evaluate the impact of the struc-
tural constraints imposed by the dictionary (Equation 7 and
Equation 11) by comparing our method to ABE (Kim et al.,
2018). In ABE, the authors show that a M-head approach
already provides strong results on the Cars-196 dataset with

76.1% (+8.9%) Recall@1 for M = 8. However, this archi-
tecture tends to overfit due to the large number of parameters.
Then, they propose an enhanced version named ABE that takes
advantage of attention maps. The divergence loss increases the



performance from 69.7% without the divergence loss to 85.2%
(+15.5%) in Recall@1 (see Table 2 in (Kim et al., 2018)).

Among the drawback of the divergence loss, despite of the
additional hyper-parameter, figure that optimizing the loss gen-
erates gradients which are in opposition with the metric learn-
ing loss ones. Indeed, it is designed to reduce the similarity be-
tween different branches even when the images are similar. We
solve this issue in DIABLO where this optimization constraint is
replaced by a structural constraint (softmax in Equation 7 and
Equation 11). The orthogonality is ensured by the design of
DIABLO, which allows to simply remove the divergence loss at
the price of a reduced expressiveness: feature map entries can
be chosen independently in ABE whereas in DIABLO they are
constrained to only one dictionary entry. In Table 1 and Table 2,
DIABLO performs well compared to ABE with similar results
on the Cars-196 dataset (-0.2% compared to ABE) and higher
ones on other datasets such as Cub-200-2011 (+2.2%), Stanford
Online Products (+1.5%) and Inshop Clothes Retrieval (+3.4%)
for this set of parameters.

4.5. Dictionary size

In this section, we evaluate the impact of the dictionary
size on DIABLO. We evaluate both the feature-wise and the
dimension-wise with dictionary sizes in {2,4, 8, 16}. Recall@1
on the Cub-200-2011 dataset are reported in Table 4.

In post-attention with feature-wise selection, extreme com-
binations (e.g., with 16 branches with 32 dimensions) lead to
results under the baseline. Thus, to increase the performances
of such attention strategy, there is a compromise between the
representation size of each branch and the number of branches
(+1.1% over the baseline). In pre-attention with dimension-
wise selection, all parameter combinations for this approach
lead to better results than the baseline (+4.9% to +5.4%). The
number of branches increases the performance with the log of
the dictionary size on the contrary to the previous strategy.

5. Comparison to the state-of-the-art

In this section, we compare DIABLO to the state-of-the-
art on 4 DML datasets, named Cub-200-2011 (Wah et al.,
2011), Cars-196 (Krause et al., 2013), Stanford Online Products
(Oh Song et al., 2016) and In-Shop Clothes Retrieval (Liu et al.,
2016). For Cub-200-2011, Cars-196 and Stanford Online Prod-
ucts, we follow the standard splits from (Oh Song et al., 2016)
and for In-Shop Clothes Retrieval we follow the one from (Liu
et al., 2016). Especially, the Cub-200-2011 training set is com-
posed of the first 100 classes (i.e., the training and the validation
sets from the ablation studies) for a total of 5864 images and its
testing set is composed of the last 100 classes for a total of 5924
images. The Cars-196 training set is composed of the first 98
classes for a total of 8054 images and its testing set is composed
of the last 98 classes for a total of 8131 images. The Stanford
Online Products training set is composed of 11318 classes for a
total of 59551 images and its testing set is composed of 11316
classes for a total of 60502 images. Finally, the In-Shop Clothes
Retrieval training set is composed of 3997 classes for total of
25882 images and its testing set is composed 3985 classes and
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it is split into query set of 17218 images and a collection set of
12612 images. We report the Recall@K which evaluates, for a
given query, if there is at least one image with the same label in
the top-K retrieved images. We use K € {1,2,4,8, 16,32} for
Cub-200-2011 and Cars-196, K € {1, 10, 100, 1000} for Stan-
ford Online Products and K € {1, 10, 20, 30, 40, 50} for In-Shop
Clothes Retrieval.

We report the results for Cub-200-2011 and Cars-196 in Ta-
ble 1 and in Table 2 for Stanford Online Products and In-Shop
Clothes Retrieval. DIABLO consistently improves the already
strong baseline on the four datasets and for three different loss
functions. E.g., using the binomial loss, the baseline is im-
proved from 59.6% to 63.9% (+4.3%) on Cub-200-2011 and
from 78.8% to 85.4% (+6.6%) on the Cars-196 dataset. The
same observation is made for both the other loss functions on
these datasets.

Moreover, DIABLO leads to better results when compared to
the similar approach ABE. Their best reported approach, ABE-
8, is outperformed by DIABLO with N = 8 and ¢ = 64 (total
dimension 512) by 2.2% in R@1 on Cub-200-2011, by 1.5%
on Stanford Online Products and by 4% on In-Shop Clothes
Retrieval. We also report results with N = 16 and ¢ = 32 (total
dimension 512) which are further improved on these datasets:
1.1% in Recall@1 on the Cub-200-2011 and by 0.4% on the
Cars-196 dataset, leading to the state-of-the-art on the four deep
metric learning datasets.

6. Conclusion

In this paper, we have presented a dictionary-based attention
method named DIABLO which consistently improves DML
models. An ablation study is undertaken to evaluate the benefits
of the feature-wise and the dimension-wise selections for two
attention strategies named pre-attention and post-attention. We
show that DIABLO consistently outperforms the baseline for
three different loss functions on four datasets (Cub-200-2011,
Cars-196, Stanford Online Products, and Inshop Clothes Re-
trieval). Moreover, it outperforms the current state-of-the-art
methods on the four datasets.
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