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This paper improves unsupervised person reidentification by removing the camera bias and dynamically updating the memory model.

Public summary

m We design a channel attention module to separate camera-related features from global ones and obtain intra-class shared
features.

m We propose a mechanism to dynamically update the memory dictionary according to the distance between the instance
and cluster features.

m Extensive experiments on mainstream datasets Market1501 and DukeMTMC-Re-ID prove that our method outperforms
state-of-the-art methods.
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Abstract: In recent years, unsupervised person reidentification technology has made great strides. The technology re-
trieves images of interested persons under different cameras from massive repositories of unlabeled images. However, in
the current research, there are some existing problems, such as the influence of pedestrians appearing across cameras and
pseudo-label noise. To solve these problems, we conduct research in two ways: removing the camera bias and dynamic-
ally updating the memory model. In removing the camera bias, based on a learnable channel attention module, the features
that are only related to cameras can be extracted from the feature map, thereby removing the camera bias in the global fea-
tures and obtaining the features that can represent the pedestrians. In regards to dynamically updating the memory model,
since the instance features do not necessarily belong to the identity represented by the pseudo-label, we adopt a method to
update the memory dynamically according to the distance between the instance features and the category features so that
the category features tend to be true. We combine the removal of the camera bias and the dynamic updating of the memory
model to better solve problems in this field. Extensive experimentation demonstrates the superiority of our method over the
state-of-the-art approaches on fully unsupervised Re-ID tasks.

Keywords: person reidentification; unsupervised learning; camera bias; dynamic update
CLC number: TP391 Document code: A

1 Introduction most works pretrain a model on a labeled source dataset and
then adapt it to an unlabeled target dataset, which is called un-
supervised domain adaptation (UDA) person re-identification.
Another unsupervised person Re-ID method directly ad-
dresses unlabeled datasets where no additional labels are
used. This subject is called fully unsupervised person re-iden-

Currently, with the vigorous development of the Internet of
Things and advancements in the present data-saturated era,
video surveillance technology has reached an intelligence-
based surveillance stage. Person re-identification (Re-ID) has

been a hot research topic in the field of intelligent surveil- tification (USL), which is also the main research focus of this
lance video analysis in recent years. Re-ID identifies and loc- paper.
ates specific pedestrians in surveillance videos, which is very In the current work, unsupervised domain adaptation per-
useful for criminal investigations, search and rescue, etc. It is son re-identification mainly utilizes image datasets. These
the main task in many surveillance and security applications. studies!">* can be roughly divided into three methods: fea-
Therefore, person re-identification has recently attracted in- ture alignment methods, domain transformation methods and
creased attention from academia and industry. With the devel- pseudo-label-based methods. However, the performance of
opment of deep learning, current supervised person re-identi- UDA method is affected by the source dataset, and it is not
fication methods have achieved notable performances on sev- practical to pull the features of the source dataset and the tar-
eral benchmarks, even surpassing the discerning abilities of get domain dataset closer.
human eyes. However, the learning in supervised scenarios is In contrast, fully unsupervised methods™* do not use any
not conducive to the generalization of the person re-identific- labeled data. For these methods, the first step is to generate
ation model to other scenarios. With the increasing demands pseudo-labels for the unlabeled images, which is also the cur-
for intelligent monitoring and the huge cost of labeling, re- rent mainstream technical approach. This kind of method is
searchers have begun to focus attention on unsupervised per- simple and clear and has good performance. In particular,
son re-identification *. some pseudo-label generation methods based on clustering
Currently, there are two experimental settings for unsuper- can achieve performances that are close to those of super-
vised person Re-ID, which differ in whether or not an extra vised learning methods.
labeled dataset is used. It is generally believed that it is diffi- However, there are two main drawbacks in such USL
cult to learn robust pedestrian features that are invariant to methods. First, in the person re-identification dataset, a pedes-
cameras without the corresponding identity labels. Therefore, trian is captured by different cameras. Due to the differences
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in camera equipment, the shooting environment and lighting
conditions will be different. These factors are called the cam-
era bias. The images of the same person can differ greatly un-
der different cameras, resulting in model recognition errors.
As a remedy to the appearance difference technical problems
across cameras in unsupervised person re-identifications, the
previous methods™" either roughly corrected the distance
between the cross-camera images or adopted an indirect
method of training on the datasets divided by the cameras™*?.
This was done without bothering with the matching of the
person features across the cameras after removing the camera
bias. The positive effect of utilizing camera labels to generate
more accurate image pseudo-labels is underestimated.
Second, although these memory-based contrastive learning
methods achieve good performance, there is still a large per-
formance gap between the USL and the supervised methods.
To bridge the gap, we reinvestigate the USL pipeline and
argue that the memory dictionary storage mechanism, includ-
ing the initialization, update and loss computation, is crucial
for model optimization. According to previous methods® ™,
the cluster feature stored in the memory dictionary is updated
by the instance feature with a constant momentum. However,
the instance feature may not actually belong to the identity
represented by the pseudo-label since these pseudo-labels are
obtained by clustering. Due to the insufficient expressive abil-
ities of feature representations and the imperfect clustering
results, dealing with an unknown proportion of false pseudo-
labels is an unavoidable problem. They will adversely affect
the feature learning when the cluster center is used as the pos-
itive anchor of the query image. If the instance is a false-pos-
itive instance for its pseudo label, it may update the cluster
feature in the wrong way, which could degrade the model
performance.

To alleviate these problems, we investigate the issues from
two perspectives to facilitate the learning of the discriminat-
ive person feature representations. ( i ) This paper proposes a
method to directly remove the camera bias from images.
Based on a learnable channel attention module, the camera-
related features can be extracted from the feature map to re-
move the camera bias in the global features. After removing
the camera bias, the person features are transported to the
next training process. The model can better match those cross-
camera person images. Finally, we obtain the robust features
that can represent the pedestrians. (ii) We propose a new
mechanism to update the cluster feature in the memory. We
assign different weights to the instances based on their dis-
tances from the cluster centroids. Then, we utilize the in-
stance features to update the corresponding cluster features
with their unique weights, which makes the cluster feature
move toward the real feature space. In summary, the experi-
mental results show that the two methods proposed in this
paper obtain a better re-identification performance when com-
pared to the unsupervised Re-ID state-of-the-art methods!* '\,

2 Related work

In this section, recent works related to ours are briefly re-
viewed from the following perspectives: ( 1) deep unsuper-
vised person Re-ID, which includes both fully unsupervised
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person Re-ID and unsupervised domain adaptation person Re-
ID; (i) research on camera bias in USL; and (iii) memory
dictionary-based deep learning.

Deep unsupervised person Re-ID methods can be divided
into fully USL person Re-ID and UDA Re-ID. Generally, ef-
fective fully USL person Re-ID methods are clustering-based
methods. These methods generate hard/soft pseudo-labels and
then train the deep models based on the pseudo-labels. The
pseudo-labels can be obtained by clustering the sample fea-
tures or measuring the similarities among the instance fea-
tures. The representatives of such pseudo-label-based meth-
ods include Refs. [2, 12, 13], which achieve good perform-
ances. In BUC", a bottom-up clustering method aggregates
similar samples and finds relationships between the identities
or within an identity. HCT!" generates pseudo-labels by hier-
archical clustering and selects samples for triplet loss compu-
tation. Based on contrastive learning, SPCL™ builds a
memory to compare samples with other samples in the data-
set, shortening the distance between images of the same
pseudo-label and pushing away features of different labels.
Because the proposed unified contrast loss function will make
the samples tend to the cluster center and stay away from oth-
er cluster centers, it can achieve a good intraclass aggrega-
tion effect and a uniform distribution between the classes.
However, such pseudo-label-based methods heavily depend
on the quality of the estimated pseudo-labels, since noisy la-
bels could degrade the model performance. To improve the
quality of the estimated pseudo-labels and mitigate the negat-
ive effects of incorrect labels, many improved pseudo-label
estimation methods have been proposed. SSG'"*! adopts hu-
man local features to assign multiscale pseudo-labels.
PAST!" utilizes multiple regularizations to overcome this
problem, and Ref. [5] proposes some reliability evaluation
criteria to further modify the generated pseudo-labels. In ad-
dition to estimating the hard pseudo-labels, some researchers
propose soft-label and multilabel-based USL methods for per-
son Re-ID. Soft pseudo-labels are assigned to samples for
training by mining the K-nearest neighbors of each training
sample in SSL". Yu et al.'” proposed a soft-label-based
method by measuring the similarities between person images
and reference images. Wang et al."" treated the USL person
Re-ID as a multilabel classification problem. They gradually
found the true labels with the help of some label estimation
strategies and consistency regularization, which can improve
the precision of the estimated pseudo-labels. Recently, some
methods have introduced mutual learning among two/three
collaborative networks to mutually exploit refined soft pseudo-
labels with peer networks as supervision”. The abovemen-
tioned two types of pseudo-label-based methods are widely
used in both fully USL and UDA person Re-ID.

For the UDA person Re-ID, some domain translation meth-
ods are first proposed because the source domain labeled data
can be used in this task. The representative works include the
style-GAN-based!"” translation methods, which transform the
images from the source domain to match the image styles in
the target domain while keeping the person identities un-
changed. These methods transfer the purely USL task to the
semi-supervised task, and then the previously mentioned
purely USL methods can be fully used. In addition, some oth-
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er methods™-*" exploit the valuable information across the
source and target domains, then explore some of the underly-
ing relationships among them and finally construct the joint
learning framework by using the training data in both the
source and target domains.

In person re-identification dataset, a pedestrian is captured
by different cameras. Due to the difference in camera equip-
ment, the shooting environment and lighting conditions will
be different. Therefore, the images of the same identity will
have differences under different cameras. The appearance of
different pedestrians may be more similar than the appear-
ance of the same person. In the field of person re-identifica-
tion, some researchers have explored removing camera bias.
SSL™ introduced a regular term when calculating the dis-
tance between two features. If the cameras of the two images
are the same, this method increases the dissimilarity between
the two images. The CIDC™ method converts images from
different cameras to images of the same camera style via Star-
GAN™I., Other methods divide the dataset into different data
subsets according to the camera ID. They trained the model
on each data subset separately and on the entire dataset. This
kind of method avoids the bias caused by the camera through
training on a subset of data. In this way, it is difficult to mis-
judge the person images of different cameras to be matched.

IICS™ uses the images in each camera to train the corres-
ponding classifier and requires that the predicted probability
of the same image obtained on different classifiers be consist-
ent. CAPY learns from images under different cameras separ-
ately to ensure that the model is not easily affected by hard
negative samples. MetaCam"™ introduces meta learning to en-
hance the model’s ability to adapt to camera bias. However,
they did not remove the camera bias from the image itself,
and the effect of using camera labels to generate more accur-
ate pseudo-labels is underestimated. Different from the afore-

mentioned methods, our method separates the camera-related
features and camera-unrelated features in an explicit way.

The memory dictionary-based deep learning methods
present promising results on unsupervised visual representa-
tion tasks. In addition, state-of-the-art unsupervised person Re-
ID methods also build memory dictionaries for contrastive
learning. Many strategies have been proposed to consistently
update the memory dictionary, which makes deep metric
learning very effective, especially for USL/UDA person Re-
ID. Ge et al.” proposed self-paced contrastive learning for
UDA person Re-ID tasks. Zheng et al."’ also proposed ex-
ploiting the sample uncertainty for UDA person Re-ID task
while affiliating with memory-based contrastive learning.
These methods can leverage the memory bank to measure the
similarity between a sample and the instances stored in the
memory, which helps to mine the hard negative examples
across batches, increases the contrastive power with more
negatives, and finally, better trains the model. However, they
neglect the unfavorable effect the false-positive instance
brings to its corresponding pseudo-label class. We propose a
new mechanism to update the cluster feature. Different
weights are assigned to the instances on the basis of their dis-
tances from the cluster centers. In this way, the cluster fea-
ture is likely to be updated in a correct way and is less af-
fected by the false-positive instances. Finally, we can better
train the model and achieve superior performance on the un-
supervised person Re-ID task.

3 Method

3.1 Clusterwise contrastive learning

As shown in Fig. 1, we propose a different framework for un-
supervised person Re-ID. The overall process of our method
mainly includes three stages: feature extraction, two-branch

Feature
map

Chaninet
Attention

[ | ResNet50 }—D

LCCLT)’I

Input Images
update process
(]
o) Helnnd
X) ?
Pooling
update 1
o JEmmmmm— MR e
Pooling — ™~ _ — Lice
cluster feature
query feature

Fig. 1. Illustration of our pipeline. We first apply the channel attention module after the backbone network to explicitly separate the camera-related in-
formation from the feature maps. Then, we utilize a new mechanism of dynamically updating the memory dictionary according to the distance between

the instance feature and the cluster feature.
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camera bias removal, and contrastive learning.

In the feature extraction stage, we use ResNet50 to extract
the feature vectors of all the images in the dataset
X ={x,x,,---,xy}, where N is the total number of images.
Specifically, for each image x,, the corresponding feature map
F, e R""™¢ is extracted through the backbone network,
where H, W and C represent the height, width and channel
number of the feature map, respectively. The feature is global.
In the stage of camera bias removal, we employ the feature to
calculate a learnable channel attention vector. This attention
module is also pretrained on ImageNet and has the ability to
initially strengthen the feature channel related to the object
categories and use this module to extract the features only re-
lated to persons. Then, it is multiplied by the feature vector F
in the corresponding channel dimension to obtain the feature
part only related to pedestrians. The complementary part of
the attention module is multiplied by the feature vector F in
the corresponding channel dimension to obtain the feature
part only related to cameras. The camera-related feature is
constrained by the proposed camera prediction loss L, that
will drive the camera-related attention module to pay more at-
tention to the camera features of the image so that the camera-
unrelated channel attention vector can better extract the per-
son’s features and remove the camera bias. Person features
can be assigned pseudo-labels by clustering and entering the
next training step.

At the beginning of each epoch, the pseudo-labels
Y ={y,,y,,---,yv} of the images are obtained by DBSCAN
clustering of all instance features in the dataset. Furthermore,
we select reliable clusters by leaving out isolated instances. In
this way, we obtain a labeled dataset. Generally, the pseudo-
label is obtained from an initial pretrained model. Since the
pretrained model has relatively good discerning abilities and
the images of the same identity have similarities in appear-
ance, the initial pseudo-label has a certain value. Some im-
ages are actually correctly labeled, and inevitably, some are
incorrectly labeled. On the basis of the pseudo-labels, our
method can obtain the common InfoNCE loss*" £, using the
following equation:

exp(f;-P./€)

-Encc = K . 2
o8 Zk:() exp(f; - @./€)

(D

where ¢, is the unique representation vector of the k-th cluster
and € is a temperature factor. This loss brings the features
closer to their corresponding cluster features and keeps them
away from the other cluster features. By mining the relation-

ships between classes and within a class, the features that can
represent the identity are gradually learned. The extracted in-
stance features are generally used to update the correspond-
ing cluster features in the memory so that the class features
are consistent with the model’s capabilities. Let M
(M e R¥) represent the memory bank, where d is the fea-
ture dimension. After each iteration, extracted instance fea-
tures f; will update the cluster feature in the memory bank M
with the momentum mechanism.

During the training stage, the model loss consists of two
parts:

-Clola] = anc +4- Lcam’ (2)

where A is a coefficient to balance two components. In the
test stage, the extracted embedding f is used for final
matching.

3.2 Camera bias removal based on channel attention
module

Due to differences in the camera equipment, the camera bias
will lead to differences in shooting environments, lighting
conditions, etc. Consequently, images of the same identity un-
der different cameras have a large dissimilarity. To solve this
problem, we utilize the channel attention (CA) module to re-
move the camera bias directly from the extracted feature
maps. Enlightened by how DAAM!" detaches the domain-
related information in UDA, we propose a new way to separ-
ate the camera-related information in our USL pipeline. There
is no person identity information under the USL settings, but
the camera ID information can be exploited. As shownin Fig. 1,
the attention module has two branches, one path to extract the
camera-unrelated features, and the complementary module to
extract the camera-related features. Specifically, for each im-
age x,, the corresponding feature map F, € R"" ¢ is extrac-
ted through the backbone network. This feature is global. In
the camera bias removal stage, this feature is used to calcu-
late a learnable channel attention vector
a=la,,a,- - ,a.] €R, which can be obtained by the formula

a = g(F) = o (W, (W, pool(F))). 3)

As shown in Fig. 2, in the channel attention module, the
feature F goes through the global average pooling layer, the
fully connected layer, the ReLU activation layer, the fully
connected layer and the sigmoid function, after which we can
obtain the channel attention vector. This attention module is
also pretrained on ImageNet and has the ability to initially

Channel Attention Module

Pooling

Fig. 2. The CA module.
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make the channel features related to the object categories. We
use this module to extract the camera-unrelated features.
Then, it is multiplied by the feature map F in the correspond-
ing channel dimension to obtain the camera-unrelated feature
F, e R™"¢ At the same time, 1 —a indicates an attention
vector that is only concerned about the camara bias. F, rep-
resents the part related to the camera style after removing the
person feature.

F,(,.k)=a.-F(,,k),

Fei=-a) FC.uk), )

where F(:,:,k) is the k-th channel of the feature map
F e R""<¢ and q, is the k-th element of a, k=1,2,---,C.
Then, the probability of predicting the camera ID is obtained
through the pooling, fully connected layer and the softmax
layer.

P = Softmax(W - (GAP(F,)) + b). 5)
Then, we obtain the camera prediction loss L,
Lew = E[-y""ogP], (6)

where y*" is the camera label. The camera prediction loss will
drive 1 —a to pay more attention to the camera features of the
image so that the channel attention vector a can better extract
the person features and remove the camera bias. F, repres-
ents the person feature to obtain the pseudo-labels by cluster-
ing, thereby entering the next training step.

In this way, we separate the camera-unrelated feature F,
and camera-related feature F, directly from the global feature
map. By optimizing L, the negative effect of the camera
bias is reduced, and the model can extract more robust per-
son features.

3.3 Update the memory bank with dynamic momentum

At the beginning of each epoch, the pseudo-labels are ob-
tained by DBSCAN clustering all of the instance features in
the dataset. Furthermore, we select reliable clusters by leav-
ing out isolated instances. We suppose {C,,C,,---,Cy} is the
cluster feature corresponding to each cluster, where K is the
total number of clusters. These cluster features are stored in
the memory and updated by the instance features.

Due to the imperfect results of the clustering algorithm, the
cluster representation inevitably incorporates information
from different identities. These mislabeled instances will ad-
versely affect the feature learning when the cluster center is
used as the positive anchor of these instances. If the instance
is a false-positive instance for its pseudo-label, it may update
the cluster feature in the wrong way, which could degrade the
model’s performance.

To alleviate the negative effect of false-positive instances,
we propose a new mechanism to update the cluster feature.
We adopt a method to dynamically update the memory bank
according to the distance between the instance and cluster
features. First, we calculate the mean and variance of the in-
stance features in a batch that belongs to the same pseudo-
label. The mean represents the cluster feature after updating;
then, we obtain the distance between the instance and the cor-
responding cluster feature. The distances are partly due to in-
traclass variances. However, some instance features do not
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belong to this identity, so these samples are much farther
from their corresponding cluster features than the other in-
stance features. Accordingly, we decrease the importance of
such instances so that it has a lower impact on the update of
the cluster features, while the influence of others is increased,
which will prevent the cluster features from being misled by
noisy examples and make the cluster features tend toward the
real feature space. The method analyzes a series of features
{q1,95,-- ,q5)} belonging to a cluster. We assume the corres-
ponding cluster feature is C,. B is the total number of samples
in the batch under this pseudo-label. After finding the mean ¢
and variance o of the series, the momentum of feature ¢; can
be updated by:

29 ™)

m;=vy

2

Each instance is assigned its own update momentum. The up-
date factor is variable. y is the scaling factor which is empir-
ically set to 0.3. Therefore, the update factor is within a reas-
onable range. The update momentum is obtained and then the
cluster features are updated:

Ci=m;-Ci+(1-m)-q,, (¥

where C; is the cluster feature in the memory. Based on the
distance between each instance feature and the cluster feature,
each instance is assigned a different importance weight to up-
date the cluster feature in the memory dictionary. This meth-
od allows us to utilize different instances discriminately and
makes the cluster features more inclined toward the real fea-
ture space. Consequently, the optimization of the model is en-
sured in the right direction.

4 Experiments

4.1 Datasets and implementation details

4.1.1 Datasets

Datasets. We evaluate our methods on three commonly used
person Re-ID datasets. Market1501"” has a total of 1501 per-
son identities and 32668 images. There are 12936 images in
the training set, 751 pedestrians and 19732 images in the test
set. The images are taken with six cameras. DukeMTMC-Re-
ID"" is a large-scale dataset captured from 8 cameras, con-
taining 36411 images with 1404 identities. It is divided into
16522 images of 702 identities for training, and 19889 im-
ages of 702 identities for testing. MSMT 17" has 4101 iden-
tities and 126411 images in total. There are 30248 images of
1041 identities in the training set, while the remaining 3060
identities are used for testing. The images are taken by 15
cameras. By convention, the cumulative matching character-
istic (CMC) and mean average precision (mAP) are used to
indicate the performance.

4.1.2 implementation details

Implementation details. ResNet-50, pretrained on ImageNet,
is used as the backbone for our encoder. During training, the
input image is resized to 256x 128, and various data aug-
mentations are applied, including random flipping, random

DOI: 10.52396/JUSTC-2022-0015
JUSTC, 2022, 52(12): 7


https://doi.org/10.52396/JUSTC-2022-0015

Zzsrg "

Unsupervised Re-ID by cameral bias removing and memory bank updating

Zhang et al.

cropping, and random erasing. At the start of each epoch, DB-
SCAN clustering is used to generate pseudo-labels. For Mar-
ket1501/DukeMTMC-Re-ID/MSMT17, the eps in DBSCAN
is set to 0.45/0.5/0.4. The scale factor vy is 0.3/0.2/0.3 on Mar-
ket1501/DukeMTMC-Re-ID/MSMT17. In L., the temperat-
ure coefficient 7, is fixed to 0.07, and epochs is set to 80.
The A in L, is empirically set to 0.02. The batch size is set
to 256 with the Adam optimizer. The initial learning rate is
set to 0.00035 and is decayed by 1/10 every 20 epochs.

4.2 Comparison with the state-of-the-art

In this section, we compare our method with state-of-the-art
unsupervised Re-ID methods. The experimental results are
shown in Table 1.

As shown in Table 1, our method achieves better perform-
ance than the previous methods under the fully unsupervised
setting. The introduction of the channel attention module and
the camera loss function proposed in this paper can more dir-
ectly remove the camera bias from the image, and the extrac-
ted pedestrian’s features are more robust. In this paper, after
removing the camera bias, the extracted person’s features can
better explore the intraclass and interclass relations without
the influence of the camera. Methods, such as CAP™ and
ICE" are directly trained on the datasets and divided by the
cameras. This method avoids camera bias by training on data-
sets divided by the cameras. Consequently, it is difficult to
judge the person images of the different cameras that are to be
matched. However, they are not direct and do not bother with
the matching of the person’s features across cameras after re-

Table 1. Performance comparison with recent methods.

moving the camera bias. The method in this paper directly
separates the camera-related features and camera-unrelated
features from the feature map and then trains the person’s fea-
tures after removing the camera bias, which can better match
the cross-camera pedestrian images. This is also the reason
the mAP of the method in this paper is higher than other
methods on Market1501. At this time, it better matches those
cross-camera images with a lower retrieval rank. The reason
rank1 is lower than ICE is that ICE is trained on a single cam-
era dataset, which reduces the adverse effects of those pedes-
trian images judged to match due to the camera bias, and the
rank-1 results are more reliable.

4.3 Ablation study

In this section, we specifically analyze and discuss the effect-
iveness of key components, including the channel attention
module and the dynamic updating of cluster features.

The baseline (Index-1) is the pipeline without our pro-
posed CA module and dynamic update (d-up) method. As
shown in Table 2, compared with the baseline, the CA mod-
ule yields a general improvement on the datasets. mAP/Rank1
is increased by 2.4%, 1.1% on Market1501, and 0.4%, 0.8%
on DukeMTMC-Re-ID. These results demonstrate the effect-
iveness of the CA module in removing the camera bias. The
improvements of d-up (Index-2) over baseline are 1.1%, 0.2%
on Market and 0.8%, 0.3% on Duke. In addition, d-up is com-
plementary to CA. The best performance can be obtained
when combining both CA and d-up (Index-4), with improve-
ments of 2.7%, 1.1% on Market and 0.9%, 0.8% on Duke, re-

Market1501 DukeMTMC-Re-ID MSMT17
Method mAP (%) Rankl1 (%) mAP (%) Rankl1 (%) mAP (%) Rank1 (%)
BUC! 383 66.2 27.5 474 - -
SSL” 37.8 71.7 28.6 52.5 - -
MMCL'"™ 455 80.3 40.2 65.2 11.2 354
HCT™ 56.4 80.0 50.7 69.6 - -
SpCL™ 73.1 88.1 65.3 81.2 19.1 423
1cs” 72.1 88.8 59.1 76.9 18.6 45.7
OPLG™ 78.1 91.1 65.6 79.8 28.4 54.9
CAPY 79.2 91.4 67.3 81.1 36.9 67.4
MCRN®! 80.8 92.5 69.9 83.5 31.2 63.6
MGH"" 81.7 93.2 70.2 83.7 - -
ICE"! 823 93.8 69.9 83.3 389 70.2
Ours 84.3 93.3 73.1 85.2 40.1 72.2
Table 2. Ablation studies on individual components.
Market1501 DukeMTMC-Re-ID
Index Method
mAP (%) Rank1 (%) mAP (%) Rank1 (%)
1 Ours—d-up—Leam 82.1 92.3 72.6 84.9
2 Ours—Leam 83.0 92.5 72.8 85.2
3 Ours—d-up 84.1 93.2 72.9 85.4
4 Ours 843 93.3 73.2 85.6
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Fig. 3. Visualization of the attention map in the CA module.

spectively. This shows that CA and d-up can improve the
model together.

To show the focus of CA module and its complementary
part, we compare the attention maps of camera-related and
camera-unrelated features. Since the location and angle of the
camera are fixed, each camera has its own background. The
background of the image is an important aspect of identify-
ing the camera ID. As shown in Fig. 3, the first line is the ID
of the camera that takes the image. The third row is a visual-
ization of the camera-unrelated features. Red indicates the
part with strong attention, and blue indicates the part with
weak attention. The camera-unrelated feature map attaches
more importance to the person and pays more attention to the
middle part of the image, ignoring the influence of the cam-
era bias. The fourth row is a visualization of camera-related
features. We can see that the camera-related feature map em-
phasizes environmental factors, which are mainly distributed
on both sides of the pedestrians and the upper and lower ends
of the images.

To observe the dynamic update function on the memory,

|i’1

(o

h.-‘ A

we visualize the feature representations of several classes. As
shown in Fig. 4, there are some false-positive examples after
the clustering process. If a previous update strategy on the
memory is used, the cluster feature is inevitably affected by
noisy examples. Our method can gradually remove the negat-
ive effect of noisy examples, making the cluster feature more
accurate. The instances inside a cluster are also more compact.

Here, we further explore the effect of different batch sizes
on network performance. The model is trained with different
batch sizes from 32 to 256. From the experimental results
shown in Fig. 5, it can be seen that larger batches will achieve
better results. When a larger batch is used, each identity con-
tains more instance samples, and updating the cluster center
in the memory with these samples will make the cluster cen-
ter more balanced and robust. Moreover, the instance fea-
tures in the same batch will be regularized. The more samples
there are, the better it is to remove the task-independent bi-
ases and focus on the task-related features.

In general, by using two components together, our method
can extract more robust person features under the USL settings.

Fig. 4. T-SNE visualization of 7 classes in the Market1501 test set between our method with d-up removed (left) and our method (right). We utilize a new
mechanism of dynamically updating the memory dictionary according to the distance between the instance and cluster feature.
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Fig. 5. The effect of batch size.
S Conclusions

In this paper, we propose a channel attention module to dis-
till the camera-unrelated features and a dynamic momentum
update mechanism for the fully unsupervised person Re-ID
tasks. Our mechanisms effectively eliminate the camera bias
from the feature map though our proposed channel attention
module and camera prediction loss. Moreover, we assign dif-
ferent weights to samples based on their distances from the
class centers to obtain the cluster features that are closer to
the real feature space. The experimental results demonstrate
that our method shows superior performance against the ex-
isting state-of-the-art methods.
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