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Abstract

Noisy correspondence that refers to mismatches in
cross-modal data pairs, is prevalent on human-annotated
or web-crawled datasets. Prior approaches to leverage
such data mainly consider the application of uni-modal
noisy label learning without amending the impact on both
cross-modal and intra-modal geometrical structures in mul-
timodal learning. Actually, we find that both structures
are effective to discriminate noisy correspondence through
structural differences when being well-established. Inspired
by this observation, we introduce a Geometrical Struc-
ture Consistency (GSC) method to infer the true correspon-
dence. Specifically, GSC ensures the preservation of geo-
metrical structures within and between modalities, allowing
for the accurate discrimination of noisy samples based on
structural differences. Utilizing these inferred true corre-
spondence labels, GSC refines the learning of geometrical
structures by filtering out the noisy samples. Experiments
across four cross-modal datasets confirm that GSC effec-
tively identifies noisy samples and significantly outperforms
the current leading methods. Source code is available at:
https://github.com/MediaBrain-SJTU/GSC.

1. Introduction

Cross-modal retrieval [21, 27, 28] that focuses on query-
ing the most relevant samples across modalities, has gar-
nered considerable interest in multimodal scenarios [3, 36].
Most current methods presuppose large quantity of well-
annotated data is available. However, real-world datasets [4,
16, 34] which own non-expert annotation or collected by
web crawling are prone to noisy correspondence. Such dis-
crepancy between modalities can cause severe degradation
to retrieval models if without proper handling [15, 31].

Recently, learning with noisy correspondence has gath-
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Figure 1. Noisy correspondence impacts both cross-modal and
intra-modal geometrical structures. Left: Cross-modal distance
between mismatched text and image is initially distant but wrongly
reduced. Right: Intra-modal structures of mismatched image
(above) and text (below) are initially distinct but wrongly aligned,
thus similar samples within the modality are pulled apart.

ered increasing attention. The majority of these efforts
share a common target of accurately learning the true soft
correspondence labels that can reliably indicate the match-
ing degree between data pairs. For example, NCR [15] pi-
oneered this area by employing a co-teaching approach to
classify samples with higher losses as noisy. Such method,
which has been further refined by [10, 37] by introducing
meta-learning and leveraging clean data subsets, however
fundamentally remains a variation of the uni-modal sample
selection philosophy [23]. They may not be very effective
to identify the accurate correspondence and finally overfit
on noise in face of the intricacies of multimodal learning.
Noisy correspondence affects multimodal representa-
tions in a more complicated way than uni-modal noisy label
problem. As illustrated in Fig. 1, in the perspective of the
cross-modal geometrical structure that refers to the similari-
ties between representations across modalities, the presence
of noisy correspondence can disrupt this structure by er-
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roneously reducing the distance between mismatched data
pairs. On the other hand, in the perspective of the intra-
modal geometrical structure that refers to the similarities
within the modality, as different samples exhibit asymmet-
ric intra-modal structures, attempting to align the distinct
structures across mismatched modalities can lead to intra-
model collapse. Fortunately, we have observed significant
differences between clean and noisy samples within well-
established cross-modal and intra-modal geometrical struc-
tures where clean samples tend to show better alignments,
as detailed in Sec. 3.2. These differences conversely offer

a promising strategy for discriminating noisy samples and

accurately predicting true correspondence labels.

Inspired by the distinct structural characteristics, we
introduce the Geometrical Structure Consistency (GSC)
method to mitigate the issue of noisy correspondence.
Specifically, GSC maintains the integrity of geometrical
structures by optimizing a contrastive loss that aligns the
intra-modal geometrical structures along with the tradi-
tional loss for cross-modal alignment. Benefiting from the
memorization effect of DNNs [1, 35], geometrical struc-
ture can be well-established in the early stage. During this
phase, GSC assesses the true soft correspondence labels
based on the differences in geometrical structure within and
across modalities. For the cross-modal aspect, GSC identi-
fies potential noise by recognizing data pairs with low cross-
modal similarities, while in the case of intra-modal aspect,
the similarity between the queried sample and other sam-
ples are calculated to determine the intra-modal geometrical
structure, and data pairs with inconsistent structures across
modalities are considered as noisy. These assessed labels
are then used to clarify the learning of the geometrical struc-
ture, creating a positive feedback loop. To conclude, the
contributions of this work are summarized as follows:

* We identify the impact of noisy correspondence on both
cross-modal and intra-modal geometrical structures, and
find the significant difference between clean samples and
noisy samples within a well-established overall structure.

* We introduce the novel Geometrical Structure Consis-
tency (GSC) approach, which utilizes the structural differ-
ences to accurately predict true correspondence labels and
counteract the adverse effects of noisy correspondences.

* QOur proposed GSC method is compatible with existing
approaches for handling noisy correspondences. Through
extensive experiments on four benchmark datasets, we
have proven the consistent superiority of GSC over cur-
rent state-of-the-art methods.

2. Related Works
2.1. Cross-modal Retrieval

Cross-modal retrieval [7, 14, 26, 30], which focuses on
using information from one modality to query the most rele-

vant data in other modalities, has been a key area of research
in multi-modal learning [2, 8, 13, 33]. Due to the restriction
of large-scale annotated multi-modal corpus [18, 20, 29],
the unsupervised guided framework that directly aligns rep-
resentations across modalities has always been the main-
stream. SGRAF [6] introduces Graph Neural Network to
establish graph correspondences and an attention mecha-
nism to select the most representative alignments, enhanc-
ing the precision of cross-modal similarity assessments.
However, these cross-modal retrieval methods highly rely
on well-aligned data while amending the existence of noisy
correspondence.

2.2. Noisy Correspondence Learning

Noisy correspondence (NC) is first aroused in [15],
which is a novel paradigm in the field of noise learn-
ing [12, 38—40], referring to the mismatched pairs within
the multi-modal dataset. To tackle this problem, NCR [15]
utilizes DivideMix [23] to distinguish clean pairs from
noisy ones and rectify correspondence based on the mem-
orization effect of DNNs. Yang et al. [37] further im-
proves NCR by switching to Beta Mixture Model and es-
timates soft correspondence labels by sample-wise compar-
ison. Han et al. [10] proposes a meta-similarity correction
network that reinterprets binary classification of correspon-
dence as a meta-process, enhancing the process of data pu-
rification. Despite NCR-based models, other attempts like
robust loss based methods have also been undertaken. Qin
et al. [31] combines the idea of evidential learning with NC
and puts forward a confidence-based method. Chuang et al.
[5] introduces one effective robust symmetric contrastive
loss [11, 42, 43]. Although these models have showcased
promising performances, they only cast their spotlight on
interactions across modalities, which is insufficient in uti-
lizing the semantic-abundant cross-modal data, further mo-
tivating us to take not only cross-modal but also intra-modal
together into consideration to help mitigate NC.

3. Proposed Method
3.1. Preliminary

We start by defining notations for cross-modal retrieval
in the presence of noisy correspondences, employing the
widely studied image-text retrieval task as a generalized ex-
emplar. Consider a multimodal dataset D = {I;, T}, y; } ¥ ;,
where each {I;, T; } represents the i-th image-text pair, stan-
dard retrieval models project these data pairs into a shared
representation space using separate encoders f for images
and g for texts. Then similarity scores between the rep-
resentations are computed through cosine similarity or an
inference model, denoting as S(f(I),g(T)), or (I,T) in
brief. The associated label y; indicates whether the pair is
positively correlated (y; = 1) or not (y; = 0). Note that
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these labels may contain noise, as pairs in the dataset are
often presumed to be matched.

3.2. Geometrical Structure Consistency Learning

Motivation. The core concept of GSC is to preserve the
consistency of geometrical structures and distinguish sam-
ples with noisy correspondence through structural differ-
ences. Initially, we demonstrate these differences through
a straightforward experiment. As shown in Fig. 2, a re-
trieval model is optimized on a clean dataset to maintain
consistent cross-modal and intra-modal structures, which
is then assessed on a dataset with simulated noise. Dur-
ing the experiment, significant discrepancy between clean
and noisy samples can be observed in both cross-modal
and intra-modal structures. Specifically, for cross-modal
structure, clean samples typically possess higher similarity
scores than those noisy ones, exhibiting a disparity in distri-
bution. For intra-modal structure, the calculated similarities
between intra-modal structures of clean and noisy samples
manifest a bimodal distribution with most values of noisy
samples lower than 0.5 threshold, suggesting noisy samples
tend to have asymmetric intra-modal structures.
Geometrical Structure Consistency. Here, we give def-
initions to both cross-modal and intra-modal geometrical
structures and the corresponding training objectives. From
the cross-modal aspect, the geometrical structure is defined
by the similarities between representations across different
modalities. Considering an example of a given query image
I;, the cross-modal geometrical structure can be represented
as Géy = {(I;; Tj)};L,. GSC preserves the consistency
of this structure by minimizing the expected risk for cross-
modal objective, as expressed in the following equation,

Reew(f,9) = I?ignE(l,T,y)wD [Lem((L,T),y)] (1)

where Lcy is the cross-modal loss function, typically a
contrastive or triplet loss in line with conventional retrieval
models. The goal is to align the cross-modal representations
according to the correspondence label ¥, thus the similarity
between matching data pairs can be maximized, contrasting
to other data pairs.

From the intra-modal aspect, the geometrical structure
refers to the similarities within the modality. The intra-
model structure for the i-th sample then denotes as Gy, =
{IL;, 1;),(T;, Ty) ;V:p where (I;, I;) and (T}, T;) represent
the pairwise similarities among images and texts, respec-
tively. To uphold the consistency of such structure, GSC
incorporates the intra-modal objective as following,

R.CIM(f; g) = I?lgn E([,T,y)N'D [ﬁlM(<Iﬂ I>7 <T7 T>a y)] (2

In this equation, Ly denotes the intra-modal loss func-
tion. The intra-modal objective ensures that the intra-modal
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Figure 2. Geometrical Structure Consistency helps discriminate
samples with noisy correspondence. The model is first trained
on clean Flickr30K dataset, then evaluated on the same dataset
with 40% simulated noise. Left: Calculated cross-modal simi-
larity scores of both clean and noisy samples. Right: Calculated
intra-modal similarity scores of both clean and noisy samples.

structures of matching samples are constrained to be similar
across modalities. Notably, optimizing without maintaining
intra-modal structure is considered sub-optimal for incon-
sistent reasoning [9, 17]. Thus the introduction of intra-
modal structure consistency can also directly benefit mul-
timodal representation learning. As illustrated in Fig. 3(a),
GSC simultaneously optimizes both objectives to establish
stable cross-modal and intra-modal structures.

3.3. Noise Discrimination & Purification

Deep neural networks typically exhibit the memoriza-

tion effect that tends to initially learn the clean patterns
within the dataset before over-fitting on noise. Leveraging
this, GSC is able to learn a well-established structure in the
early stage, which can be further utilized to predict accurate
correspondence indicator.
Cross-modal Discrimination. As illustrated in Fig. 3(b),
based on the well-established cross-modal structure in the
early stage, clean data pairs are expected to exhibit more
closely aligned cross-modal representations compared to
noisy pairs. GSC leverages this structural discrepancy and
introduces a function to signify a cross-modal bidirectional
correspondence indicator.

exp (<IZ,T1>/T1) exp (<L,,T7,>/T1)

Siiexp (I, Ty)/m) 0L, exp (I, Tz‘>/ﬁ()3)
where 71 is the temperature coefficient. Take the former
half as an example, it measures the proportion of similarity
between the current data pairs I; and 7; against the sum-
mation of similarity between the I; and all text data. For
a clean sample, the similarity between current I; and T;
should dominate the proportion, thus the value of indica-
tor should approach 1. Conversely, for a noisy sample, the
similarity between current I; and 7; would be close to 0,
resulting in the indicator’s value trending toward 0.

Intra-modal Discrimination. For the intra-modal as-
pect, as illustrated in Fig. 3(c), matched image-text pairs
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Figure 3. An overview of GSC. Left: The framework of GSC. GSC first extracts image and text representations through separate encoders,
then simultaneously optimizes cross-modal and intra-modal objectives to preserve geometrical structure consistency. GSC leverages both
structures to discriminate noisy samples and estimate the true correspondence indicator y, which can be further utilized to purify the overall
learning. Right: GSC discriminates noisy samples by structural differences from both cross-modal and intra-modal aspects.

should have similar intra-modal structures that mirror each
other, whereas mismatched pairs would possess distinct
structures that reflect their divergent positions. Specif-
ically, we employ cosine similarity to measure the re-
semblance between intra-modal structures as Sjy =
cos({{L;, I;), (T, T;) }¥ j=1)- During experiments, the co-
sine similarity scores of clean samples are observed con-
sistently higher than those of noisy samples during experi-
ments, presenting a bimodal distribution of scores across the
dataset (demonstrated in Fig. 5(b)). This distribution can be
accurately modeled using a two-component Gaussian Mix-
ture Model (GMM) [23], described by the equation:

K

Qg (SliMlkl)
p(Sm) =Y cuwd(Smlk), yim = ’—
; Zk L kd(S, M|k)

“)
Specifically, ay, denotes the k-th coefficient and ¢(spv|k)
is the probability density for that component. The sec-
ond equation is the estimation of the intra-modal correspon-
dence indicator yi. It calculates the probability of an ob-
served sample belonging to the cleaner component, denoted
by k = k;. This probability approaches 1 for clean samples
and O for noisy samples, thereby enabling the distinction of
samples with noisy correspondence.

So far, we have estimated the true correspondence la-
bels, ycm and ypv, by leveraging the structural differences in
both cross-modal and intra-modal contexts. Our objective
is to optimally utilize these two labels to surmount the re-
spective challenges and accurately identify all samples with
noisy correspondence. Therefore, we define the final corre-
spondence label for each sample as the minimum of the two
labels, which can expressed as below,

y' = min{yéy, vim} (5)

Noise purification. We address the issue of noisy corre-
spondence by refining both cross-modal and intra-modal
objectives. Since the estimated label is a soft label with
values in the range of [0, 1] which can directly reflect the
degree of true correspondence, we can seamlessly apply it
to the loss functions on a sample-wise basis. For the cross-
modal objective, we choose the widely-applied contrastive
loss as the loss function. The purified cross-modal loss can
be denoted as follows,

exp(<]i,Ti>/T1)
] 1 €Xp (<Ii,Tj>/7'1)

g s
; (©6)
w2

exp <Ij,rfj>/7'1)
Zl vexp ((I;, Tj) /1)

where y is directly applied before the sample-wise loss. For
the intra-modal side, in addition to sample-wise purification
for the intra-modal loss, it is crucial to prevent the impact
of noisy correspondences from distorting the calculation of
the geometrical structure. Specifically, the distances from
the queried sample to those samples with noisy correspon-
dences should be excluded. The purified intra-model loss
denotes as,

eXp Zk 1Y <[h[k>y <Tz7Tk>/7'2

N
L =—— Z

g 1 exp (Zk 1 yk<]“ ]k>yk<Tj7 Tk>/7'2

)
where T, is also a temperature coefficient and y* is mul-
tiplied to both (I;, I,) and (T;,T}) to precisely filter out
the noise. Furthermore, noisy correspondences can also in-
terfere with the discrimination of noisy samples during the
computation of cosine similarity scores for intra-modal dis-
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Algorithm 1 Pipeline of learning with our GSC method.

Input: Multi-modal dataset D = {I;, T}, v; } ¥,

Initialize parameters for networks A and B separately

for each epocht =1,2,...,T do

for network k = A, B do

for each minibatch B from D do

Compute modality representations: f(I), g(T)

Estimate cross-modal indicator ycm|[t]x, by Eq. 3

Estimate intra-modal indicator yp[t], by Eq. 4

Calaulate cross-modal loss by Eq. 6

Calculate intra-modal loss by Eq. 7

Train Net; by optimizing the combination of
two losses using Eq. 9

Update ycm|[t] and ym|t] by Eq. 10

Update the final y[¢] for the other network.

Output: Refined networks Net 4, Netp

crimination. Similar modifications are employed as follows,

. S ¥ T L)y (T T5)
VI W 0 1) 2 (1. )

®)

where 37 is similarly multiplied. Considering the high com-
putational cost for the entire dataset, we employ a Monte
Carlo sampling approach to relax size N to size B of a
mini-batch. The overall loss function of GSC is formulated
as a weighted sum of two loss functions, as expressed in the
following equation,

L= Lem + 7L )

where v is the hyper-parameter keeping the balance be-
tween two losses to reach the best optimization.

3.4. Training Schedule

To integrate the estimation of true correspondence labels
with the enhancement of cross-modal retrieval learning, we
adopt the temporal ensembling technique, drawing inspira-
tion from Liu et al. [25], to iteratively update the estimated
correspondence labels. Specifically, both ycy and ypy are
updated through a momentum-based combination of the es-
timates from the current epoch ¢ and the previous epoch t—1
before taking minimum as shown below,

yem(t] = Bryemlt] + (1 — Br)yemlt — 1],

, _ ‘ (10)
yimlt] = Bayim[t] + (1 = B2)yim[t — 1]

where 5, and 5 are separate momentum. The estimation
of true correspondence labels can be further improved by
utilizing two separate neural networks, where the true cor-
respondence labels for each network are computed from
the output of the other network. The ablation in Section 4

shows that both strategies can significantly improve the per-
formance. In conclusion, the overall procedure of our Ge-
ometrical Structure Consistency (GSC) method is depicted
in the Algorithm 1.

3.5. Discussion

The improvement of our proposed GSC mainly comes
from preserving the geometrical structure consistency and
better optimizing strategies, which is compatible with most
existing methods. In terms of computational complex-
ity, GSC does not introduce additional computational costs
when integrated with a backbone that calculates similar-
ity scores directly from representations, while it necessi-
tates two extra forward passes when the backbone com-
putes similarity scores using a similarity module. This
requirement is significantly less demanding compared to
MSCN [10], which involves computations for an additional
meta-learning model, or BiCro [37], which compares each
sample against a clean subset. While RINCE [5] shares
similar computational cost as GSC, the robust loss func-
tion without explicitly excluding noisy samples underper-
forms at higher noise levels. Furthermore, methods based
on NCR framework, i.e. NCR [15], MSCN and BiCro, rely
on an inseparable dual-network structure, while GSC is ef-
fective with a single model. This attribute makes GSC more
adaptable to larger models.

4. Experiment
4.1. Datasets and Evaluation Metrics

Datasets. Following the experimental settings and dataset
splits in Huang et al. [15], four widely-used image-text re-
trieval datasets are introduced to evaluate our method:

* Flickr30K [41] contains 31,000 images with five captions
each, collected from the Flickr website. We assign 1,000
image-text pairs for validation, 1,000 image-text pairs for
testing and the rest for training.

* MS-COCO [24] includes 123,287 images with five cap-
tions each. We assign 5,000 image-text pairs for valida-
tion, 5,000 image-text pairs for testing and the rest for
training. MS-COCO can be either evaluated using whole
5,000 test set or average of 5-fold 1,000 test sets [19].

* NUS-WIDE [4] includes 269,648 image-text pairs col-
lected from Flickr, in which we randomly sample 1,000
image-text pairs for validation, 1,000 image-text pairs for
testing and 100,000 image-text pairs for training.

» Conceptual Captions [34] is a large-scale dataset automat-
ically harvested from the Internet, therefore about 3%-
20% image-text pairs in the dataset are mismatched or
weakly-matched [34]. We use a subset named CC152K
in our experiments, in which we assign 1,000 image-text
pairs for validation, 1,000 image-text pairs for testing and
150,000 image-text pairs for training.
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Table 1. The retrieval performance on Flickr30K and MS-COCO datasets under 20%, 40% and 60% noise rates separately. The best results
and the second best results are respectively marked by bold and underline.

Flickr30K MS-COCO
Noise Methods Image — Text Text — Image Image — Text Text — Image

R@] R@5 R@10 R@! R@5 R@I10 Sum |R@l R@5 R@10 R@1 R@5 R@10 Sum
SGR 559 815 889 402 668 753 408.6| 257 588 751 235 589 751 317.1
SGRAF 72.8 908 954 564 821 88.6 486.1| 754 952 979 60.1 885 948 5119
NCR-SGR 73.5 932 96.6 569 824 885 491.1|76.6 956 982 60.8 888 950 5150
20% | DECL-SGRAF | 77.5 938 97.0 56.1 81.8 885 4947|775 959 984 61.7 893 954 5182
RINCE-SGR | 72.1 922 957 549 798 853 480.0| 73.8 956 985 61.7 892 947 5135
MSCN-SGR | 774 949 97.6 596 832 89.2 5019 78.1 972 988 643 904 958 524.6
BiCro-SGRAF | 78.1 944 975 604 844 899 504.7| 788 961 98.6 637 903 957 5232
GSC-SGR 783 946 978 60.1 845 90.5 5058|795 964 989 644 90.6 959 5257

SGR 4.1 166 24.1 41 132 197 818 | 13 3.7 6.3 05 25 4.1 18.4
SGRAF 83 181 314 53 167 213 101.1| 158 234 546 17.8 43,6 541 2093
NCR-SGR 68.1 89.6 948 514 784 848 467.1| 747 946 980 59.6 88.1 947 509.7
40% | DECL-SGRAF | 72.7 923 954 534 794 864 4796|756 955 983 595 883 948 5120
RINCE-SGR | 71.2 90.7 956 527 785 856 4743|712 958 979 59.1 88.6 943 506.9
MSCN-SGR | 71.6  92.8 962 548 80.7 874 4835|753 954 982 603 88.6 948 5126
BiCro-SGRAF | 74.6 927 962 555 81.1 874 4875|770 959 983 618 892 949 517.1
GSC-SGR 765 941 97.6 575 827 889 4973|782 959 982 625 89.7 954 5199

SGR 1.5 6.6 9.6 03 23 4.2 245 | 0.1 0.6 1.0 0.1 0.5 1.1 34

SGRAF 23 58 10.9 1.9 6.1 8.2 352 | 02 36 7.9 1.5 59 126 317

NCR-SGR 139 377 505 11.0 301 414 1846 0.1 0.3 0.4 0.1 0.5 1.0 2.4
60% | DECL-SGRAF | 652 884 940 468 740 822 4506|730 942 979 570 866 93.8 5025
RINCE-SGR | 645 86.8 929 465 728 79.7 4432|723 940 979 584 86.6 925 501.7
MSCN-SGR | 68.8 903 944 508 774 844 466.1| 725 936 971 577 870 939 5018
BiCro-SGRAF | 67.6 90.8 944 512 77.6 847 4663|739 944 978 583 872 939 5055
GSC-SGR 708 911 959 536 798 868 478.0| 75.6 951 980 60.0 883 946 511.7

Table 2. Experimental results on NUS-WIDE dataset. Only results
of best SOTASs are presented. Best results are marked by bold.

Noise | Method | Image — Text Text — Image
R@] R@5 R@10 R@1 R@5 R@10 Sum
SGR |393 66.5 740 37.1 642 73.6 3547
clean| NCR [40.0 67.3 74.6 389 659 743 361.0
GSC [429 659 740 398 66.0 74.5 363.1
SGR | 334 60.7 698 31.1 587 682 3219
20% | DECL | 36.1 63.0 72.5 364 60.6 72.0 340.6
GSC | 379 652 734 383 638 731 351.7
SGR |30.8 579 673 284 559 655 3058
40% | DECL | 34.1 595 68.8 345 60.0 69.1 326.0
GSC |37.0 635 713 368 624 711 342.1
SGR | 250 502 59.8 250 493 603 269.6
60% | BiCro | 27.8 53.4 632 279 522 64.1 288.6
GSC |31.6 574 66.1 311 578 663 310.3

Evaluation Protocol. We evaluate the retrieval perfor-
mance with the recall rate at K (R @K) metric. In a nutshell,
R@K measures the proportion of relevant items retrieved
within the top K items closest to the query. In our experi-
ments, we take image and text as queries, respectively, and
report R@1, R@5, R@10 results and their sum for a com-
prehensive evaluation.

4.2. Implementation Details

For all experiments, we apply the Adam optimizer [22]
with the initial learning rate of 2 x 10~* which decays by
0.2 in 15 epochs. We train the model on one NVIDIA A100
GPU and select the model that performs best on the valida-
tion set for testing. The dimension of the common represen-
tation is set to 1024. For experiments besides ablation study,
we set the batch size B as 128. The two temperature coef-
ficients 71 and 75 are set to 0.07 and 1 in default. The hy-
perparameter A serving as the balancing ratio between Lcy
and Ly is set to 0.01, and the two momentum (3; and S5
are set to 0.7 respectively.

4.3. Comparison with the State-of-the-Arts

We conducted extensive evaluations against seven con-
temporary state-of-the-art methods on four benchmark
datasets to validate the effectiveness of our proposed GSC
model. These comparisons include two baseline models,
i.e., SGR and SGRAF [6], and five robust learning methods
designed to handle noisy correspondences, i.e., NCR [15],
DECL [31], RINCE [5], MSCN [10] and BiCro [37]. No-
tably, both DECL and BiCro are built upon a stronger
SGRAF backbone, which is an ensemble of SGR and SAF.
To thoroughly assess the robustness of GSC, we simulate
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Table 3. The retrieval performance on CC152K dataset. The
best results and the second best results are respectively marked
by bold and underline.

Table 4. Comparison with CLIP and NCR on MS-COCO 5K.
CLIP-L and CLIP-B are abbreviations for CLIP (ViT-L/14) and
CLIP (ViT-B/32). The best results are marked by bold.

CC152K
Image — Text Text — Image
R@] R@5 R@10 R@1 R@5 R@10 Sum

SGR 113 297 39.6 13.1 30.1 41.6 1654
SGRAF  [32.5 595 700 325 60.7 68.7 3239
NCR-SGR [39.5 645 735 403 64.6 732 355.6

DECL-SGRAF|39.0 66.1 755 40.7 663 767 3643
RINCE-SCGR [359 63.0 73.8 37.6 650 734 348.7
MSCN-SGR |40.1 65.7 76.6 40.6 674 763 366.7

BiCro-SGRAF [ 40.8 672 76.1 42.1 67.6 764 3702
GSC-SGR | 42.1 684 777 422 67.6 77.1 375.1

Methods

Image — Text Text — Image
R@1 R@5 R@10 R@1 R@5 R@10 Sum

0% | CLIP-L |58.4 815 88.1 37.8 624 722 4004
Zeroshot| CLIP-B | 50.2 74.6 83.6 304 56.0 66.8 361.6

20% |CLIP-B|21.4 49.6 633 14.8 37.6 49.6 2363
Finetune| NCR [569 83.6 91.0 40.6 69.8 80.1 422.0
GSC [589 849 91.7 420 714 81.8 430.8

50% |CLIP-B|10.9 27.8 383 7.8 195 26.8 131.1
Finetune| NCR |[53.1 80.7 88.5 379 66.6 77.8 404.6
GSC [555 81.8 90.1 40.0 69.1 79.7 416.3

Noise |Methods

various levels of noisy correspondences, namely 20%, 40%,
and 60%, by randomly shuffling the captions on MSCOCO
and Flickr30K like [15]. In addition, we extend our ex-
periments to real-world noisy conditions using the CC152K
dataset. Comprehensive comparison results are detailed in
the supplementary material for fully demonstration of GSC.

Results on Flickr30K, MS-COCO and NUS-WIDE. To
evaluate the robustness of all methods under different ex-
tents of noise, we quantify the noise rate to 20%, 40% and
60% on well-annotated datasets, as recorded in Tab. 1 and
Tab. 2. The results demonstrate that GSC significantly out-
performs established noisy correspondence methods such
as NCR, DECL, RINCE, MSCN, and BiCro, achieving an
average increase in recall sum score of 7.5% on Flickr30K,
3.4% on MS-COCO and 12.75% on NUS-WIDE to the sec-
ond best results, which indicates the better robustness of
GSC. Notably, GSC also excels over BiCro and DECL un-
der various conditions, even though they are implemented
on the enhanced SGRAF backbone. Moreover, GSC can
carry about more enhancement at higher noise rates, espe-
cially under 60% noise level, proving that our method re-
mains stable and reliable even in severely noisy conditions.

Results on CC152K. To further validate GSC in handling
with noisy correspondence in real-world scenarios, we addi-
tionally conduct tests on CC152K dataset, detailed in Tab. 3.
According to the results, GSC achieves the best perfor-
mance with an overall score of 375.1%, surpassing the sec-
ond best method BiCro by 4.9%. Moreover, GSC brings
about a larger gain of 209.7% to its backbone SGR, which is
significantly higher than the improvement of 46.3% brought
about by BiCro to its backbone SGRAF. The results affirm
GSC’s capability to manage not only simply simulated but
also complex, real-world noisy correspondences.

Comparison to pre-trained model. In line with Huang
et al. [15], we compare GSC to the pre-trained CLIP
model [32] on the MS-COCO dataset. CLIP is a well-
known large pre-trained model trained on a massive 400
million image-text pair dataset harvested from the Internet,

Table 5. Ablation study on Flicker30K with 40% noise with dif-
ferent components in GSC. The best results are marked by bold.

Image — Text Text — Image

Momen. Dual Liv|p @1 R@5 R@10 R@1 R@5 R@10 Sum

v v 723 92.8 96.5 56.5 82.1 88.8 489.0
v v [73.0 91.5 959 545 804 87.6 4829
vV v 745 925 969 57.0 82.0 883 491.1
v v o v |765 941 97.6 57.5 82.7 88.9 497.3
500 500
498
_ —498
5496 §
z £ 406
£ 494 £
492 494 = B
—- y —— B,
4900.0()1 0.005 0.01 0.05 0.1 05 1.0 492 0.3 0.5 0.7 0.8 0.9

Figure 4. Analysis of different hyper-parameter combinations on
Flicker30K with 40% noise. Left: - is the balancing parameter
between Lcm and Liv. Right: 51 and 2 are separate momentums
for the cross-modal and intra-modal temporal ensembling.

which can inevitably include samples with noisy correspon-
dence. Here, we report the zero-shot and fine-tuning perfor-
mances of different CLIP models, together with NCR. Re-
sults indicate a notable performance decline in CLIP mod-
els when fine-tuning with 20% and 50% noise levels. On
the contrary, GSC not only withstands but excels over zero-
shot CLIP under 50% noise, emphasizing the importance of
addressing data mismatches and the robustness of GSC.

4.4. Experimental Analysis

Ablation study. We show the effect of each component of
GSC in Tab. 5. The ablation studies are conducted without
temporal ensembling (Momen. in the table), dual networks
or intra-modal learning separately. Specifically for the ab-
lation study for temporal ensembling, we use a 5-epoch
warm-up stage to replace the technique. According to the

27387



Clean/Noisy Weight

Geometrical Similarity

Cross-Modal Intra-Modal

1.0 clean (0.2) Clean Pairs
08 s clean (0.4) 5 Noisy Pairs
: === clean (0.6) —— Mixture PDF
06 noisy (0.2) 4 - Component A
%o : = noisy (0.4) ? S M Component B
2 noisy (0.6 5 -
204 y (0.6) 2
2
0.2
1 /
X,
0.0 i

Clean Pairs
Noisy Pairs

Sample Num
8] w E W

0 5 10 15 20 0.0 0.2 0.4
Epoch

(a) (b)

Cosine Similarity

0
00 02 04 06 08 10 00 02 04 06 08 10
Weight Value Weight Value

(©) (d)

0.8 1.0

Figure 5. (a) The changing values of clean and noisy sample weight when the noise rate is 20%, 40%, and 60%. (b) Distribution of
intra-modal geometrical similarity, including PDFs of clean and noisy pair similarities and estimated Gaussian distribution components.
(c) Cross-modal weight distributions of GSC on clean and noisy pairs. (d) Intra-modal weight distributions of GSC on clean and noisy
pairs. Experiments from (b) to (d) are conducted on Flickr30K with the noise rate of 0.4.

Table 6. Analysis of different batch sizes on Flicker30K with 40%
noise. The best results are marked by bold.

Image — Text Text — Image

Baich Size| p @1 R@5 R@10 R@1 R@5 R@10 Sum
32 |736 921 954 544 810 874 4839
64 |753 940 967 559 817 882 4918
128 |765 941 97.6 575 827 889 4973
192|767 940 977 57.6 827 89.1 497.8

results, all components are important to achieve advanta-
geous results. Notably, the performance of GSC with sin-
gle model still outperforms most robust methods, including
methods with dual networks like NCR and DECL, which
further proves the effectiveness and high efficiency.
Impacts of hyper-parameters v, 5; and 5. The GSC
method incorporates three main hyper-parameters includ-
ing v, f1 and By with their effects detailed in Fig. 4. ~
strikes a balance between cross-modal and intra-modal op-
timization. According to the results, GSC shows stability
for v € [0.005,0.1], while v = 0.01 is chosen for optimal
performance. 31 and 32 are the momentum coefficients en-
suring steady updates for temporal ensembling. The results
indicate stable performance with parameter values higher
than 0.5. Lower beta values may laten timely updates, po-
tentially causing the model to overfit on noise.

Impact of batch size. We also explore the model perfor-
mance under different batch sizes during training. As shown
in Tab. 6, as the batch size increases, the retrieval perfor-
mance of the model steadily improves. Specifically, when
the batch size is increased from 32 to 128, there is a signifi-
cant enhancement from 483.9% to 497.3% as to the sum of
recall, and further expanding the batch size from 128 to 192
results in only marginal growth, which indicates that larger
batch size helps in consolidating the stableness of model
structure until reaching a proper point.

Experimental visualization. To further offer insights of

GSC against noisy correspondence, we visually present the
value curves and weight distributions of predicted corre-
spondence labels in Fig. 5. Figure (a) shows the stability
of predicted labels across varying noise levels, with mini-
mal fluctuation for clean samples and consistently low val-
ues for noisy ones. Figure (b) depicts a bimodal distribution
of intra-modal cosine similarities, which can be well-fitted
by a two-component GMM. Figures (c) and (d) confirm that
both cross-modal and intra-modal structures effectively dis-
tinguish noisy samples, with discrimination accuracy of ap-
proximately 0.96 for cross-modal and about 0.91 for intra-
modal, culminating in an overall accuracy of about 0.98.
Such visualization explains the reason for the steady and
reliable performance of GSC under different noise rates.

5. Conclusion

In this paper, we propose Geometrical Structure Con-
sistency (GSC) learning framework to mitigate the problem
brought by noisy correspondence. Specifically, we identify
the impact of noisy correspondence on both cross-modal
and intra-modal geometrical structures. Leveraging the
structural differences between noisy and clean pairs within
a well-established structure, our approach infers accurate
correspondence labels for each data pair. The inferred la-
bels are further utilized to refine the consistent learning of
structures. GSC can seamlessly integrate with most exist-
ing retrieval methods. Extensive experiments across vari-
ous cross-modal benchmark datasets showcase the robust-
ness and effectiveness of our proposed GSC method across
diverse settings.
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