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ABSTRACT

Semi-supervised visible-infrared person re-identification (SSVI-
RelD) aims to match pedestrian images of the same identity from
different modalities (visible and infrared) while only annotating vis-
ible images, which is highly related to multimedia and multi-modal
processing. Existing works primarily focus on assigning accurate
pseudo-labels to infrared images, but overlook the two key chal-
lenges: erroneous pseudo-labels and large modality discrepancy.
To alleviate these issues, this paper proposes a novel Modality-
Unified and Confidence-Guided (MUCG) semi-supervised learning
framework. Specifically, we first propose a Dynamic Intermediate
Modality Generation (DIMG) module, which transfers knowledge
from labeled visible images to unlabeled infrared images, enhanc-
ing the pseudo-label quality and bridging the modality discrepancy.
Meanwhile, we propose a Weighted Identification Loss (WIL) that
can reduce the model’s dependence on erroneous labels by using
confidence weighting. Moreover, an effective Modality Consistency
Loss (MCL) is proposed to narrow the distribution of visible and
infrared features, further narrowing the modality discrepancy and
enabling the learning of modality-unified features. Extensive exper-
iments show that the proposed MUCG has significant advantages
in improving the performance of the SSVI-RelD task, surpassing
the current state-of-the-art methods by a significant margin. The
code will be available.
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1 INTRODUCTION

Traditional person re-identification (ReID) [15, 17, 63] refers to
matching pedestrian images with the same identity captured from
non-overlapping visible cameras. Existing cameras include two
modalities: visible and infrared. In low-light scenarios, cameras
will automatically switch from visible modality to infrared modal-
ity. However, in nighttime or low-light environments, the pedes-
trian images captured by visible cameras cannot obtain effective
appearance information, which hinders the applicability of ReID
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Figure 1: Illustration of two critical factors affecting the per-
formance of SSVI-RelD: erroneous pseudo-labels and large
modality discrepancy.

in practice. Therefore, [40] propose a challenging cross-modality
visible-infrared RelID (VI-RelD) task.

The cross-modality VI-ReID task [10, 23, 50] solves the problem
of person ReID under poor lighting conditions, aiming to match
nighttime infrared person images captured by infrared cameras
with visible person images. At present, significant progress has been
made in VI-RelID. Some widely used VI-RelD techniques [35, 40]
strive to identify distinct embedding spaces that minimize the gap
between different modalities at the embedding level. Nevertheless,
the significant modality gap poses a challenge for these methods
in locating appropriate embedding spaces. Alternatively, there are
image-level approaches [9, 56] that aim to transform images from
one modality to another, effectively bridging the modality gap
between visible and infrared images. Despite their success in re-
ducing the modality gaps, the generated cross-modality images
are usually accompanied by some noises. An important factor for
the above methods to achieve good results is their well-annotated
cross-modality training sets. However, annotating cross-modality
RelD data is extremely time-consuming and requires extremely
high costs. Additionally, the lack of color information in infrared
images makes it more difficult to annotate cross-modality images
manually. These problems motivate us to train a cross-modality
RelID model using labeled visible data and unlabeled infrared data.

Therefore, the investigation of the semi-supervised VI-ReID
(SSVI-RelD) task holds significant importance. It aims to learn
modality-invariant knowledge from labeled visible data and unla-
beled infrared data, thereby achieving cross-modality pedestrian
image retrieval. However, existing single-modality UDA-ReID meth-
ods (using labeled visible images as the source domain and un-
labeled infrared images as the target domain) suffer from cross-
modality discrepancy, making it difficult to directly learn modality
invariant features. Besides, the current semi-supervised VI-ReID
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methods [33, 37] primarily focus on how to correctly assign pseudo-
labels. OTLA [37] focuses on the assignment of infrared pseudo-
labels. DIPS [33] generates pseudo labels dependently on multi-
model collaboration, which might lead to reduced efficiency. They
often neglect the negative impact of noisy pseudo-labels and modal-
ity discrepancy. Therefore, as shown in Figure 1, how to eliminate
the negative impact of noisy pseudo-labels and transfer the learned
knowledge from visible modality to infrared modality under semi-
supervised settings is the key to the SSVI-RelD task.

In this paper, we propose a new Modality-Unified and Confidence-
Guided (MUCG) semi-supervised method for VI-ReID without the
labels of infrared images. To address the issue of noisy labels and
the modality discrepancy between the labeled visible and unlabeled
infrared images, we propose the following three modules. Firstly,
we propose a Dynamic Intermediate Modality Generation (DIMG)
module that generates intermediate modality features by mixing
the features of visible and infrared modalities. Using intermediate
modality features to improve the discriminative ability of the model
for unlabeled infrared images. Secondly, to reduce the negative im-
pact of noisy pseudo-labels, we propose a Weighted Identification
Loss (WIL) to calculate the confidence of pseudo-labels. By assign-
ing different weights to different pseudo-labels, the WIL can ensure
that the model pays more attention to reliable labels during the
training process, while reducing dependence on unreliable labels.
Finally, to address the issue of cross-modalities discrepancy, we
propose an effective Modality Consistency Loss (MCL) to minimize
the distances between visible and infrared modalities. The three
modules, DIMG, WIL, and MCL focus on enhancing the model’s
adaptability to modality differences, reducing the impact of noisy
labels, and enhancing feature alignment, respectively, thus solving
the issues of noisy labels and modality discrepancies. The proposed
method significantly improves the overall performance of the model
in the SSVI-RelD task. Specifically, the MUCG method achieves a
Rank-1 accuracy of 68.8% on the SYSU-MMO1 dataset, 86.9% on
the RegDB dataset, and 51.9% on the LLCM dataset, surpassing the
current state-of-the-art semi-supervised methods.

The main contributions can be summarized as follows:

(1) We propose a novel modality-unified and confidence-guided
semi-supervised VI-ReID framework that exclusively relies on the
annotation of visible images, offering a cost-effective solution.

(2) We design a dynamic intermediate modality generation mod-
ule, which can effectively enhance the model’s discriminative ability
of unlabeled infrared images.

(3) We propose a weighted identification loss and a modality
consistency loss, alleviating the negative impact of noisy pseudo-
labels and narrowing the modality gap between visible and infrared.

(4) The proposed method outperforms other state-of-the-art
methods for the semi-supervised VI-ReID task on three challenging
datasets, as demonstrated by extensive experiments.

2 RELATED WORK

2.1 Supervised Visible-Infrared Person ReID

Supervised visible-infrared person ReID (SVI-RelID) aims to match
infrared images with visible images of pedestrians under non-
overlapping cameras. Recently, some works [21, 42, 57] try to mine
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modality-invariant information by using complex network struc-
tures or generation methods to alleviate modality discrepancy. [40]
starts the first attempt by proposing a zero-padding one-stream
network toward automatically evolving modality-specific nodes.
[11] utilize the modality-sharing layer to develop shared knowl-
edge and improve the modality invariance of deep representation.
Additionally, a channel enhancement (CA) method is introduced in
[47] to uniformly generate color-independent images by randomly
swapping color channels.

Although the supervised VI-ReID methods mentioned above
have achieved good results, they require a large amount of cross-
modality identity annotations, which hinders the rapid deployment
of new scenes. Manual annotation requires a high cost, especially for
infrared images. In this work, we investigate the semi-supervised
visible-infrared person RelD task, which does not require infrared
identity annotation and is of great significance for deploying VI-
RelD in the real world.

2.2 Unsupervised Domain Adaptation Person
RelD

The goal of unsupervised domain adaptation (UDA) is to enhance
learning of the unlabeled target domain through labeled source
domains. It can be roughly divided into three categories, i.e. fine-
tuning [2, 5], GAN transferring [8, 18, 39], and joint training [6,
13, 60]. Fine-tuning methods first train the model using labeled
source data and then fine-tune the pre-trained model on the target
data using pseudo-labels [58]. GAN transfer methods disentangle
features into id-related and id-unrelated features [64] or use GAN
to transfer the style of images [8]. Joint training methods combine
the source data and target data and use the ImageNet network to
train from scratch [20]. However, these methods ignore the bridging
between two domains, that is, using the similarity between the two
domains to learn domain invariant information.

The task of this paper is similar to unsupervised domain adap-
tive RelD [37, 43]. Labeled visible images are the source domain
and unlabeled infrared images are the target domain. UDA-VI-ReID
aims to transfer learned knowledge from labeled visible images to
unlabeled visible infrared images and match images of the same
person captured by both visible and infrared cameras. In addition,
the unsupervised domain adaptation RelD task is a homogeneous
retrieval task, while the semi-supervised VI-RelD task is a hetero-
geneous retrieval task. The domain difference between visible and
infrared images is greater than that in the UDA RelD task, making
it a significant challenge.

2.3 Pseudo-labels in Semi-supervised Learning

The pseudo-labeling method is a supervised paradigm that learns
from both unlabeled and labeled data simultaneously which uses
the class with the highest prediction probability as the pseudo-
label. According to the assumption of semi-supervised learning
[1, 24, 25], the decision boundary should pass through areas with
sparse data to avoid dividing dense sample data points on both
sides of the decision boundary. This means that the model needs to
make low entropy predictions on unlabeled data, i.e. minimizing
entropy. Pseudo-labels can effectively reduce class overlap, leading
to clearer class boundaries and more compact learned classes.

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

232



233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276

278
279
280
281
282
283
284
285
286
287
288
289

290

Semi-supervised Visible-Infrared Person Re-identification via Modality Unification and Confidence Guidance

Labeled Visible Images — —  —

@) N— N
| < v
" = = ~
a a a
Z 2. Z
(=% (= (=%
E 5 g
= = = DIMG N
o o o i
3 3 =3 Module F
] <) <]
~ ~ ~
Unlabeled Infrared Images A = [S] w
g
i \Cd
- F

oy T e
e
- Stage-0 Stage-1~3
Assign Pseudo-labels

ACM MM, 2024, Melbourne, Australia

Features
=
a
o
g
Bl |§
o) ~ L Lpase
5 WIL L
e MCL
z
Stage-4

DIMG Module

Figure 2: Framework of the proposed MUCG. MUCG adopts independent blocks in stage-0 to extract low-level visible and
infrared features and the remaining stages are utilized as modality-shared ResBlocks. The DIMG module is used to generate
intermediate modality features, serving as an intermediate bridge between visible and infrared features, and improving the
model’s recognition ability for infrared images. The proposed method utilizes the original visible and infrared features as well
as intermediate features during training, and incorporates them into our objective function consisting of Lgasg, Ly L, and
Lyicr- “DConv” means depth-wise convolution. “GAP” means global average pooling. “MLP” refers to multilayer perceptron.

UPS [32] proposal of high confidence pseudo-labels may not nec-
essarily be correct, while low confidence pseudo-labels are basically
incorrect. Based on the above content, when selecting a subset of
pseudo-label predictions, we choose high-confidence predictions
as positive examples and low-confidence predictions as negative
examples. Self-tuning method [38] proposes using a pseudo-label
group comparison mechanism to mitigate the impact of noisy la-
bels. FixMatch [34], ConMatch [22], and FlexMatch [52] all use
thresholds to select high-confidence pseudo-labels for training.

In addition, [37] formulates the label assignment task as an op-
timal transportation (OT) problem, treating unlabeled samples as
suppliers and pseudo-labels as demands. Through the optimal trans-
portation plan, the supplier samples are transported to the demand
side at the lowest cost. In this paper, we apply OT to the infrared data
label allocation problem. This method can force infrared samples
to be assigned to equally sized subsets, avoiding grouping samples
together. Furthermore, the quality of pseudo-labels is closely related
to the calibration error (i.e. the predictive ability) of the model. This
paper proposes an effective WIL to reduce the impact of erroneous
pseudo-labels on the model.

3 METHODOLOGY

In this section, we first introduce the model architecture of the
proposed Modality-Unified and Confidence-Guided (MUCG) semi-
supervised VI-ReID. Then, we elaborate on the design of the Dy-
namic Intermediate Modality Generation (DIMG) Module, Weighted
Identification Loss (WIL), and Modality Consistency Loss (MCL) in
detail. Finally, we adopt a multi-loss strategy to jointly optimize
the proposed semi-supervised VI-ReID method.

3.1 Model Architecture

Figure 2 provides an overview of the proposed MUCG method. The
inputs of MUCG are labeled visible images and unlabeled infrared

images, which are fed into the DIMG module to generate interme-
diate modality features. Under the semi-supervision setting, we can
only access the labels Y of visible images. For unlabeled infrared
images, we initially randomly generate pseudo-labels for them.
Then, we introduce the optimal transport assignments [37, 58] to
update pseudo-labels,

P* = diag(a)PYdiag(p), (1)

where diag(-) denotes the square diagonal matrix with the elements
of vector on the main diagonal, P is the softmax output of the in-
frared image classifier, y is a parameter that controls the smoothness
of the mapping, « and f§ represent class prior uniform distribution
vector and sample prior uniform distribution vector respectively.
Through them, it is possible to force the assignment of infrared
samples to equally sized subsets. The infrared pseudo-labels Y are
as follows,

Y = argmax(P*), 2)
where argmax(+) is used to find the index of the maximum value in
each row of P*, determine the most likely category of each sample,
thereby generating an infrared pseudo-label Y".

Inspired by the work of PCB [36] in extracting discriminative
features, we horizontally divide the feature map Fy into three parts
{Fpl, Fpa, Fpg}, each of which is fed into the classifier to learn lo-
cal knowledge. In addition, to reduce the modality discrepancy
and eliminate the negative impact of noisy pseudo-labels, we pro-
pose a novel Weighted Identification Loss (WIL) and a Modality
Consistency Loss (MCL).

3.2 Dynamically Intermediate Modality
Generation Module
Unlike unsupervised visible ReID problems, visible and infrared

images have significant appearance discrepancies in the SSVI-ReID
task. We draw inspiration from works [6, 62], which show that

291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348



362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406

ACM MM, 2024, Melbourne, Australia

adding an intermediate domain as the bridge can better transfer
knowledge from the source domain to the target domain. There-
fore, we introduce an intermediate modality as a bridge to transfer
labeled visible modality knowledge to the unlabeled infrared modal-
ity, improving the model’s ability to distinguish infrared images.

As shown in Figure 2, we generate intermediate modality fea-
tures by mixing visible and infrared features. The DIMG module
we proposed can be inserted after the hidden stage in the backbone
network . This module takes the output features (F’, F") of visible
and infrared images (X% X") in stage-3 as input and generates
two weight factors (W%, W"). We can mix visible and infrared fea-
tures with these two weighting factors to dynamically generate
intermediate modality features.

In each mini-batch during the training stage, we combine sam-
ples into n sample pairs based on labels. For each sample pair
(X% X"), both samples have the same label (pseudo-label). After
obtaining their feature maps F%,F" € R*WX¢ we use the large
convolution kernel of depth-wise convolution to extract discrimina-
tive features from the visible and infrared modalities. Following [4],
we set the kernel size to 63. Then, we apply average-pooling to both
features, resulting in 1 X 1 X ¢ dimensional features (Fg,, F;,,), and
their output feature vectors are summed and inputted into MLP
consisting of two fully connected layers to generate two weighting
factors:

[W®, W'] = §(MLP(Fg, +Fgp)), (3)

where §(-) is a softmax function, W% and W” are weighting factors
for visible and infrared features, respectively. Weighting factors are
used to dynamically fuse the features of two modalities. Therefore,
the formula for generating intermediate modality features can be
written as follows:

FF=W°xF +W xF. 4

Then, the intermediate modality features and original features are
fed together into the network.

Our proposed DIMG module can learn in an effective joint train-
ing scheme, rather than undergoing arduous training on GANs or
reconstructed images. By utilizing appropriate intermediate modal-
ities to connect the visible and infrared domains, visible knowledge
can be better transferred to the infrared domain and improve the
discriminative ability of the model in the infrared domain. However,
relying solely on the DIMG module is not enough to fully address
all the challenges in the SSVI-RelD task. Especially in small datasets,
the problem of noisy labels during training has become a challenge
that we must face. To address this challenge, we further propose
weighted identification loss.

3.3 Weighted Identification Loss

Unlike other semi-supervised learning methods [22, 34, 52] that
only select high-confidence samples during the sample selection
stage, we use all samples for training due to the small size of the
VI-RelD datasets. However, the inevitable inclusion of noisy labels
in pseudo-labeled samples can significantly reduce model perfor-
mance. To alleviate this issue, we propose a Weighted Identification
Loss (WIL) that utilizes confidence weighting to mitigate the impact
of incorrect labels. Drawing inspiration from work [44], we utilize
the memory effect of deep neural networks (DNN) to calculate the
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correct labeling confidence for each sample by simulating the loss
distribution. The loss distribution of each sample in all training data
is fitted by a two-component Gaussian mixture model, as shown
below:

K
p(L10) = > mep(L|k), 6)

k=1
where . and (L|k) are the mixture coefficient and probability
density of the k-th component, respectively. L'? is the identification
(cross-entropy) loss. Based on the memory effect of DNN, we can
calculate the correct annotation confidence wX for each sample k:

wi = p(m|L), (©)
where m is the posterior probability over the small mean value com-
ponent. Therefore, the proposed WIL can be expressed as follows:

K
Dwip- = 2 wilog(plul) )
where x. is the input image feature, yj is the corresponding label,
and p(yg|xy) is the prediction probability that x is recognized as
class yi.. However, as pointed out in [32], low-confidence pseudo-
labels are largely incorrect, so we set a certain threshold. When
the confidence is below this threshold, the sample is treated as a
negative sample for learning. So, the proposed WIL is as follows:

K
Lt ==y (wllog(p(yel))+wilog(1-p(yi ). (8)

Kk:l
where
P _ n _
Wy =W, wp = 0, Wi >T , (9)
wf =0, ercl =1, otherwise

7 is a threshold for positive and negative labels, and we set it to
0.1. wi is the positive learning weight, and w}’ is the negative
learning weight. For visible images, since their labels are known
and correct, we set wy. to 1. For infrared images, the proposed WIL
can enable all pseudo-label samples to play a role in the training
process while more accurately evaluating the confidence of pseudo-
labels and weighting the loss function accordingly, reducing the

negative impact of noisy labels on model training.

3.4 Modality Consistency Loss

Despite WIL’s ability to optimize the model’s handling of noisy
labeled samples, the inherent differences between visible and in-
frared modalities continue to hinder the model’s feature extraction
and matching capabilities. Consequently, in this section, we delve
deeper into strategies to mitigate the discrepancies between these
modalities, aiming to enhance the model’s performance in SSVI-
RelD tasks. To alleviate the impact of cross-modality on model
performance, we can reduce the distance between each visible-
infrared image pair with the same identity. Specifically, N identities
are randomly sampled from the dataset, and P visible images and P
infrared images are sampled for each identity to form a mini-batch
with 2 X N X P images. Then, to enhance the similarity between
visible and infrared features, we define the following loss function:

, (10)
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Figure 3: Illustration of the proposed MCL effects. The pro-
posed method effectively reduces the distance between vis-
ible and infrared feature centers of the same identity by
aligning them, thereby alleviating the impact of modality
discrepancy on model performance. Different colors repre-
sent different identities. Different shapes represent different
modality features.

where Fg’p and Fz,P represent the normalized feature of the p-th
visible image and infrared image of n-th identity respectively in
each mini-batch.

However, due to semi-supervised settings, there are incorrect
infrared pseudo-labels. Paired narrowing of the distance between
visible and infrared images will further reduce the distance between
indistinguishable erroneous infrared images and visible images,
affecting model performance. What’s more, although this paired
loss will reduce the modality gap of cross-modality images, it may
lead the network to focus more on some details, such as posture
and accessories, rather than identity features. Based on this, we
calculate the centers of the visible and infrared features of the same
identity,

1< 1<

0 _ - 0 ro_ - r

Chi=13 §1F, Ci=3 §1F, (11)
p= p=

where CY and C}, represent the centers of the visible and infrared
features of the n-th identity respectively. By narrowing the distance
between their centers, the modality gap between visible and in-
frared modalities can be narrowed, while avoiding the negative
impact of a small amount of incorrectly labeled features. Therefore,
the proposed modality consistency loss can be written as follows:

N
Lver = 1 2. 9 -6 (12)
n=1

where ¢(-) is a linear kernel, variables are mapped to vectors in
Hilbert Space through kernel functions. We project features onto
Hilbert Space to measure the distance between them.

As shown in Figure 3, it is obvious that the optimization of MCL
would make two modality features similar by bridging the modality
gap by reducing the distance between the visible-infrared feature
centers of the same identity. The proposed modality consistency
loss not only reduces the modality discrepancy between visible and
infrared images, but also narrows the feature gap within the same
modality, encouraging the compact distribution of features with
the same identity within each modality.

ACM MM, 2024, Melbourne, Australia

3.5 Optimization

The original visible and infrared images are fed together into the
two-stream ResNet50 [14] backbone network, along with the gen-
erated intermediate features, to help optimize the network. In the
proposed MUCG, in addition to the proposed Ly and Lycr, we
also combined the triplet loss Lgy [16] and the adversarial loss Lp
[37] to jointly optimize the network together.

Lpase = Ltrr + Lp, (13)

Ltgy is used in VI-RelD tasks, as it helps to minimize intra-class
similarity and maximize inter-class similarity in metric learning. Lp
is an adversarial loss in domain adaptation, assisting the model in
learning modality-invariant features. The total loss of the proposed
MUCG is defined as:

Lmucc = LBase + AwiLLwiL + AmcLLmcLs (14)

where Ay and Apgcr are two trade-off hyper-parameters. Overall,
the proposed method provides a comprehensive solution for SSVI-
RelD, utilizing multiple loss functions and modalities to enhance
the performance of the model.

4 EXPERIMENTS

4.1 Datasets

The proposed method is evaluated on three challenging VI-ReID
datasets, i.e., SYSU-MMO1 [40], RegDB [30], and LLCM [55]. The
SYSU-MMO1 dataset consists of 491 pedestrians with 287,628 visible
images and 15,792 infrared images, captured by four visible and two
infrared cameras. In addition, there are two search modes: all-search
and indoor-search. The RegDB dataset consists of 412 pedestrian
images captured by binocular cameras, each containing 10 thermal
infrared images and 10 visible images. RegDB includes two testing
settings: thermal to visible (IR to VIR) and visible to thermal (VIR
to IR). The LLCM dataset consists of 1,064 identities captured by
nine cameras deployed in low-light environments. Similar to the
RegDB dataset, both the VIS to IR mode and the IR to VIS mode are
used to evaluate the performance of the VI-ReID models.
Evaluation Metrics. The standard Cumulative Matching Charac-
teristics (CMC) and the mean Average Precision (mAP) are used as
the performance evaluation metrics in our experiments. For SYSU-
MMO1 and LLCM, we strictly follow the existing methods to select
the gallery set for ten experiments [46, 55] and calculate the average
performance value. For RegDB, We report the average result by
randomly splitting of training and testing set 10 times [45].

4.2 Implementation Details

The proposed method is implemented with PyTorch. The model is
trained for 80 epochs in total. We use ResNet-50 [14] pre-trained
on the ImageNet [7] as the backbone to extract image features.
Following [55, 56], for the SYSU-MMO01 dataset, the input images
are resized to 384 x 192. In each mini-batch, we randomly select 4
visible images and 4 infrared images from 6 identities for training.
For the RegDB and LLCM datasets, the input images are resized
to 288 X 144. In each mini-batch, we randomly select 4 visible
images and 4 infrared images from 8 identities for training. In the
training stage, the input images are randomly flipped and erased
with 50% probability [61], while visible images are extra randomly
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Table 1: Comparisons with state-of-the-art methods in different label-efficient VI-ReID on SYSU-MMO01 (single-shot) and RegDB,
i.e, fully-supervised VI-ReID (SVI-ReID), unsupervised domain adaptation ReID (UDA-RelID), and semi-supervised VI-ReID

(SSVI-ReID). All methods are measured by CMC (%) and mAP (%).

Settings SYSU-MMO1 RegDB

All Search | Indoor Search | VIS to IR IR to VIS
Type Method Venue R-1 mAP | R-1 mAP | R-1 mAP | R-1 mAP
DDAG [48] ECCV’20 | 54.8 53.0 | 61.0 68.0 693 635 | 681 61.8

AGW [49] TPAMI'21 | 47.5 47.7 | 54.2 63.0 70.0 664 | 70.5 65.9

NFS [3] CVPR’21 | 569 555 | 62.8 69.8 80.5 721 | 780 69.8
MID [19] AAAT22 | 603 594 | 64.9 70.1 87.5 849 | 843 814

FMCNet [54] CVPR’22 | 66.7 625 | 68.2 74.1 89.1 844 | 884 839

SVI-ReID DCLNet [35] MM’22 70.8 652 | 73.5 76.8 81.2 743 | 780 70.6
PMT [27] AAAT23 | 675 650 | 71.7 76.5 84.8 76.6 | 84.2 75.1

ProtoHPE [53] MM’23 719 70.6 | 77.8 81.3 88.7 837 | 88.7 82.0
DEEN [55] CVPR’23 | 747 718 | 80.3 83.3 91.1 851 | 895 834

CAL [41] ICCcv’23 74.7 71.7 | 79.7 83.7 945 88.7 | 93.6 87.6

SAAI [9] ICCV’23 759 77.0 | 83.2 88.0 91.1 915 | 921  92.0

PartMix [23] CVPR’23 | 77.8 74.6 | 815 84.4 85.7 823 | 849 825

MEB-Net [51] ECCV’20 7.3 6.9 20.4 11.7 5.6 6.9 149 14.0

D-MMD [29] ECCV’20 | 125 104 | 19.0 15.4 2.2 3.7 2.0 3.6

MMT [12] ICLR’20 13.9 8.4 21.0 15.3 5.3 7.1 11.0 121

SpCL (UDA) [13] NIPS20 | 151 65 | 195 121 | 33 43 | 84 95

UDA-ReID GLT [59] CVPR21 | 7.7 95 | 121 180 | 29 45 | 63 76
OTLA (UDA) [37] ECCV’22 | 299 27.1 | 29.8 38.8 329 29.7 | 321 28.6

TAA with ResNet-50 [43] TIP 23 40.6 333 | 415 47.1 58.5 53.2 | 575 52.0

TAA with AGW [43] TIP’23 48.8 424 | 50.1 56.0 62.2 56.0 | 63.8 56.5

MAUM-50 [26] CVPR'22 | 288 361 | - - - R - -

MAUM-100 [26] CVPR’22 | 385 392 | - - - - - -

SSVI-RelD OTLA [37] ECCV’22 | 48.2 439 | 474 56.8 499 418 | 49.6 428
DIPS [33] ICCV’23 584 55.6 | 63.0 70.0 62.3 532 | 615 527
MUCG (ours) - 68.8 659 | 774 81.0 86.9 76.7 | 83.7 74.1

grayscale with 50% probability. The model is optimized by the Adam
optimizer with an initial learning rate of 3.5 x 1073, The learning
rate is incorporated with a warm-up strategy [28] and decayed 10
times at epoch 20 and epoch 50 [37]. The hyper-parameter Ay is
set to 0.1. The hyper-parameter Apcy is set to 5 on the SYSU-MMO01
and LLCM datasets, and to 100 on the RegDB dataset.

4.3 Comparison with State-of-the-Art Methods
under Various Settings

We compare our method with three related VI-ReID settings to
demonstrate its effectiveness, i.e., fully-supervised VI-ReID (SVI-
RelID), unsupervised domain adaptation ReID (UDA-RelD), and
semi-supervised VI-ReID (SSVI-ReID). Following [37], for UDA-
ReID methods [12, 13, 29, 59], we use ground-truth labeled visible
data as the source domain and unlabeled infrared data as the target
domain. Following [43], for visible-infrared UDA-ReID methods
[37, 43], we use other labeled visible data as the source domain and
unlabeled VI-ReID data as the target domain. The experimental
results on the SYSU-MMO01 and RegDB datasets are reported in
Table 1 and the results on the LLCM dataset are reported in Table 2.
Comparison with Fully-supervised Methods: The proposed
MUCG only with ground-truth visible data outperforms several
fully supervised VI-ReID methods on the SYSU-MMO01 and RegDB

Table 2: Comparisons with state-of-the-art methods in dif-
ferent label-efficient VI-ReID on the LLCM dataset, i.e., fully-
supervised VI-RelID (SVI-RelD) and semi-supervised VI-ReID
(SSVI-ReID). All methods are measured by CMC (%) and mAP
(%). Method marked by 1 denotes re-implementations based
on public code.

Settings VIR to IR IR to VIS
Type Method Venue R-1  mAP | R-1 mAP
DDAG [48] ECCV’20 48.0 523 | 403 484
AGW [49] TPAMI'21 | 515 55.3 | 43.6 51.8
LbA [31] ICCV’21 50.8 55.6 | 43.8 538
SVI-ReID | CAJ[47] ICCV’21 | 565 598 | 488 56.6
MMN [56] MM’21 59.9 62.7 | 525 589
DART [44] CVPR’22 60.4 63.2 | 52.2 59.8
DEEN [55] CVPR’23 62.5 65.8 | 549  62.9
OTLAT [37] | ECCV’22 | 442 482 | 36.2 422
SSVIReID | 150G (ours) - 519 552 | 43.8 498

datasets and achieves comparative results on the LLCM dataset.
The results indicate that the proposed MUCG can effectively utilize
unlabeled infrared image information to improve model perfor-
mance. However, there remains a certain gap between the proposed
MUCG and the state-of-the-art fully supervised results.

639

640

641

642

643

644

645

646

647

648

649

650

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696



697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754

Semi-supervised Visible-Infrared Person Re-identification via Modality Unification and Confidence Guidance

Table 3: Influence of each component on the performance of
the proposed MUCG.

ACM MM, 2024, Melbourne, Australia

Table 5: Effectiveness on which stage of ResNet-50 to plug
DIMG into.

Method SYSU-MMO1 RegDB
Order | DIMG WIL MCL | R-1 mAP | R-1 mAP
1 436 425 | 66.2 59.6
2 v 48.6 470 | 79.1  68.7
3 v v 53.8 508 | 80.8 70.6
4 v 644 615 | 739 67.8
5 v v 649 624 | 84.0 755
6 v v v 68.8 65.9 | 86.9 76.7

Table 4: Influences of different weighted identification loss

and different modality consistency loss.

SYSU-MMo1 | RegDB
Method | — AP TR1 mAP
Twi. | 675 640 | 866 754
Lwi | 688 659 | 869 767
Tmcl. | 670 640 | 740 668
Luc. | 688 659 | 869 767

SYSU-MMO1
Method R-1 R-10 R-20 mAP
DIMG after stage-1 | 66.0 93.0 96.9 62.9
DIMG after stage-2 | 66.2 93.2 97.1 63.1
DIMG after stage-3 | 68.8 94.7 97.8 65.9
DIMG after stage-4 | 68.0 944 97.7 644

701 68.8 Rank-1  mmm
65.9 66.0

mAP

o
>
o
u
'S

Rank-1 = mAP

Comparison with Unsupervised Domain Adaptation Meth-
ods: As we can see, the state-of-the-art UDA-ReID methods [12, 13]
cannot achieve good results under semi-supervised VI-RelD settings
due to the huge modality discrepancy. Although some UDA-ReID
methods use stronger monitoring signals than ours, the accuracy
is far lower than our method. On the other hand, UDA-VI-RelD
[37] and [43] achieve better results than the traditional UDA-RelD
[12] and [13]. This is because the traditional UDA-ReID method
heavily relies on the labeled source domain, making the model less
distinguishable for infrared data. Our MUCG can help the model
alleviate modality gaps and achieve excellent performance. Specif-
ically, compared to TAA [43], mAP gains of 23.5% and 20.7% are
achieved on the SYSU-MMO01 and RegDB datasets, respectively.
Comparison with Semi-supervised Methods: In the same ex-
perimental setting (SSVI-ReID), our method outperforms existing
methods [48, 49]. Both OTLA [37] and DIPS [33] focus on han-
dling infrared pseudo-labels, while neglecting the handling of the
modality gap, and their handling of pseudo-labels is not compre-
hensive enough. OTLA focuses on generating pseudo-labels while
neglecting the calibration of noisy labels. DIPS focuses on the cali-
bration of noisy pseudo-labels. Compared with OTLA, our MUCG
achieved 20.6% and 22.0% gains on the SYSU-MMO01 dataset, 37.0%
and 34.9% gains on the RegDB dataset, and 7.7% and 7.0% gains on
the LLCM dataset, respectively in Rank-1 and mAP. MAUM-50 and
MAUM-100 use 50 and 100 IR identities respectively to train the
VI-ReID model. Our MUCG does not require IR data annotation
and performs better than MAUM.

4.4 Ablation Studies

The Influence of Different Components: To evaluate the con-
tribution of each component to MUCG, we conduct some ablation
studies on the SYSU-MMO01 dataset. The overall settings remain
the same, while only the module under demonstration is added
or removed from MUCG. As shown in Table 3, by incorporating

Accuracy (%)
Accuracy (%)

0.1 0.2 0.3 0.4 0.5 1 5 10 50 100

(a) Hyper-parameter Ay rr, (b) Hyper-parameter Aprcr,

Figure 4: Influence of different Ay, ;1 and Aj;cy, on the SYSU-
MMO1 dataset.

the proposed DIMG module into the backbone network, we can
effectively enhance the ability to extract discriminative features
and alleviate the visible-infrared modality discrepancy(see 15! row
and 2" row, 5" row and 6" row). The weighted processing of
pseudo-labels by the WIL module greatly alleviates the negative
impact of incorrect pseudo-labels on the model (see 15! row and
4'h row). The MCL module can further reduce the modality discrep-
ancy between visible and infrared features, ultimately improving
the performance of the SSVI-RelD task (see 2"¢ row and 3"? row,
4th row and 5" row). Compared with the baseline, the proposed
MUCG achieves gains of 25.2% and 23.4% in Rank-1 and mAP on
the SYSU-MMO1 dataset, respectively.

The Influence of Different Weighted Identification Loss and
Modality Consistency Loss: To demonstrate that using low-
confidence samples as negative samples can improve the WIL mod-
ule, we conduct experiments to compare the results of using Ly —
and Lyr. As shown in Table 4, it can be observed that when
optimizing by Ly, the network achieves the best performance,
surpassing the Ly .- by 1.3% and 1.9% on the SYSU-MMO1 dataset,
respectively in Rank-1 and mAP. To demonstrate that using feature
centers of the same identity to measure the distribution of visible
and infrared modalities is more effective than using one-to-one
corresponding visible-infrared features to measure the distribution,
we conduct experiments to compare the results of using Lyjcr—
and Lygcr. As shown in Table 4, it can be observed that the net-
work achieves the best performance when optimizing by Lacy,
surpassing the Lyjcr— by 1.8% and 1.9% on the SYSU-MMO01 dataset,
respectively in Rank-1 and mAP.

4.5 Further Analysis

The Influence of Plugging DIMG Module at Different Stages
of ResNet-50: The proposed DIMG can be integrated into any stage
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Figure 5: The frequency of intra-class and inter-class distances between the cross-modality features of SYSU-MMO1. The
intra-class and inter-class distances are indicated in orange and blue colors, respectively.
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Figure 6: Comparison of pseudo-label accuracy between the
proposed MUCG and OTLA on the SYSU-MMO01 dataset under
the semi-supervised setting.

of the backbone network. In our experiments, we use ResNet-50 as
the backbone. We plug DIMG after different stages of the ResNet-50
to investigate how it affects the overall performance. As shown
in Table 5, DIMG after stage-3 can achieve the best performance,
which indicates that after stage-3, the proposed DIMG can better
transfer visible knowledge to the infrared domain.

The Influence of the Hyper-parameters Ay and Apcr: To
evaluate the influence of the two hyper-parameters, we give quan-
titative comparisons and report the results in Figure 4. As we can
see, the best performance is achieved when Ay is set to 0.1 and
AmcL is set to 5, respectively.

Pseudo-label Analysis: We conduct an analysis experiment to
evaluate the accuracy of pseudo-labels. As shown in Figure 6,
as the training continues, the pseudo-label accuracy of the semi-
supervised setting is iteratively improved. It can achieve an accu-
racy of 83.6% on the SYSU-MMO1 dataset, surpassing OTLA’s [37]
54.8%. Compared with OTLA, we penalize noisy labels while im-
proving the model’s discrimination ability for infrared images. As
pseudo-labels are generated through model prediction, enhancing
the performance of the model will significantly boost the accuracy
of these labels.

4.6 Visualization

To investigate the reasons for the effectiveness of MUCG, we visual-
ize inter-class and intra-class distances on the SYSU-MMO01 dataset,
as shown in Figure 5. Comparing Figure 5 (b-d) with (a), the means
of inter-class and intra-class distances (i.e., vertical lines) are pushed
away by DIMG, MCL, and WIL, where §; < d2 < 3 < 4. Figure

(a) Baseline Distribution (b) MUCG Distribution
Figure 7: The distribution of feature embeddings in the 2D
feature. A total of 20 persons are selected from the test set.
The samples with the same color are from the same person.
The circle represents the visible modality and the triangle
represents the infrared modality.

5 shows that the intra-class distances of MUCG are significantly
smaller compared to the distances of baseline features. Therefore,
MUCG can effectively reduce the distances between visible and in-
frared images. To further validate the effectiveness of the proposed
MUCG, we plot the t-SNE distribution of the MUCG feature repre-
sentations in the 2D feature space for visualization. As shown in
Figure 7 (a) and 7 (b), the proposed MUCG method can significantly
shorten the distance between images corresponding to the same
identity in visible and infrared modalities, and effectively reduce
modality discrepancy.

5 CONCLUSION

In this paper, we investigate the semi-supervised visible-infrared
re-identification (SSVI-RelD) task, which can reduce the cost of
cross-modality annotation. We propose a novel modality-unified
and confidence-guided semi-supervised VI-Reid learning frame-
work. We have also proposed three modules: DIMG, WIL, and MCL.
DIMG can dynamically generate appropriate intermediate modality
features, which helps improve the model’s discrimination ability in
the infrared domain and reduce modality discrepancies between vis-
ible and infrared modalities. In addition, we use the WIL to reduce
the negative impact of incorrect labels on the model, and we use the
MCL to narrow the distance between visible and infrared modality
features. Extensive experiments have shown that MUCG outper-
forms the state-of-the-art semi-supervised methods and some fully
supervised methods.
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