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Abstract: Currently, deep learning is the mainstream method to solve the problem of person reidenti-
fication. With the rapid development of neural networks in recent years, a number of neural network
frameworks have emerged for it, so it is becoming more important to explore a simple and efficient
baseline algorithm. In fact, the performance of the same module varies greatly in different positions
of the network architecture. After exploring how modules can play a maximum role in the network
and studying and summarizing existing algorithms, we designed an adaptive multiple loss baseline
(AML) with a simple structure but powerful functions. In this network, we use an adaptive mining
sample loss (AMS) and other modules, which can mine more information from input samples at the
same time. Based on triplet loss, AMS loss can optimize the distance between the input sample and
its positive and negative samples and protect structural information within the sample. During the
experiment, we conducted several group tests and confirmed the high performance of AML baseline
via the results. AML baseline has outstanding performance in three commonly used datasets. The
two indicators of AML baseline on CUHK-03 are 25.7% and 26.8% higher than BagTricks.

Keywords: deep learning; person reidentification; baseline

1. Introduction

With the development of deep neural networks and the demand for application
scenarios, person reidentification (Re-ID) technology has better development prospects.
What this research usually needs to solve is occlusion, similar appearance, and illumination
change. Several novel and effective Re-ID models [1,2] based on deep learning have
been proposed. In addition, Re-ID models [3-5] based on attention mechanisms have
also achieved many encouraging results. A popular method is to capture the global and
local features of pedestrians by attention mechanism. Yang et al. found that the semantic
information obtained by global features also included interference information (background
interference information, etc.). To solve this problem, Chen et al. designed a hybrid higher-
order attention network to utilize complex higher-order statistical information through the
attention mechanism. Chen et al. proposed an attention but diversity network (ABD-Net)
to apply a complementary mechanism to the attention mechanism.

However, researchers often focus on achieving a more robust model and ignore the
baseline research. The current baseline research is insufficient to support high-precision
model research. Specifically, BagTricks [6] is a baseline with high performance. We show
the visualization results of BagTricks in Figure 1. We observed that in Figure 1a,c, the target
pedestrian is blocked by another pedestrian, which brings the wrong retrieval to the search
results. In Figure 1b, the clothes of the target pedestrian are very similar to another person,
which makes BagTricks [6] retrieve some wrong visualization results.

After studying and summarizing the existing algorithms, we designed an adaptive
multiple loss baseline with a simple structure but powerful functions for Re-ID.

There are two reasons why we design a simple but powerful baseline. Firstly, to extract
rich and representative global and local features, most researchers work on constructing
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deep convolutional neural networks [7-9]. Zhang et al. [7] designed a second-order nonlocal
attention model (SONA), which effectively represents the local information of the target
pedestrian through second-order features. In addition, Zheng et al. [8] posed a pyramid
network to integrate global with local information of input pictures. Alemu et al. [9]
proposed the idea of limiting samples, which can alleviate the problem of appearance
similarity to a certain extent. Zhang et al. [10] designed a semantic dense arrangement
framework (DSA) to effectively alleviate the occlusion phenomenon encountered in the
process of pedestrian recognition. Zhang et al. [11] designed global relational awareness
(RAG) to extract contextual semantic information through research. Usually, researchers
apply the new method to a strong baseline to achieve a high retrieval readiness network.
Through comparative experiments, we found that the performance of the network is very
different when the same module is applied to different baselines.

Query Top 1 --- 7 in ranking list

Figure 1. Ranking performance of BagTricks on DukeMTMC-ReID. The green box represents the
correct target pedestrian image retrieval, and the red box represents the wrong retrieval results.
(a) Sample 1; (b) Sample 2; (c) Sample 3.

Second, we conducted a detailed survey of current articles on Re-ID baselines [6,12,13].
Specifically, BagTricks [6] is a high-performance baseline that combines six tricks.
Xiong et al. [12] put batch normalization behind global pooling to improve network per-
formance. In particular, Sun et al. [13] designed a baseline to extract pedestrian features
based on partial convolution. Ye et al. [14] posed a robust AGW baseline, which uses the
nonlocal attention [15] module based on renet-50 [16]. In addition, we find that the great
difference between these baselines is that the loss functions are different. The retrieval
accuracy of the model on small datasets is not satisfactory, and the network performance is
relatively poor. Researchers usually use ID loss and triplet loss [17] to build models, as the
triplet loss can increase the distance between the input image and the negative sample. Wu
et al. [18] posed a view that loss of the triplet state would disrupt the internal information
of the sample, and the existence of hard negative samples may lead to model collapse. We
also introduced an adaptive mining sample loss (AMS) based on the triplet loss. AMS loss
can automatically give the appropriate distance to the sample group, which can effectively
avoid the misjudgment of samples (negative samples are misjudged as positive samples).
We use triplet loss and AMS in the designed baseline, and the trained model has high
retrieval accuracy.

In summary, the manuscript has the following contributions:
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e  Based on the triplet loss, the designed AMS loss can greatly improve the performance
of the model. The simple but robust characteristics make the network have not only
high accuracy but also strong practicability.

e  We posed a robust and simple baseline, which achieves 82.3% mAP and 85.6% Rank-1
on the dataset of CUHK-03. This result is 25.7% and 26.8% higher than the current
strong baseline BagTricks [6], respectively.

e  We also carried out comparative and ablation experiments, such as embedding some
novel methods or replacing the backbone, to prove that the baseline proposed is valid
for Re-ID tasks.

2. Related Work

In this part, we mainly investigate the loss function used in the current Re-ID model.
It is certain that the loss function plays an obvious role in model optimization, and the
performance gap of models trained by different loss functions is obvious. Therefore, we
must first use the appropriate loss function to design an excellent Re-ID model.

In Re-ID, ID loss and triplet loss [17] are often used because ID loss can accurately
assign input samples to their classes. The model can narrow the distance between the
input and the positive sample under the effect of triplet loss, and it can also increase the
distance between the input and the negative sample. However, the performance of the
trained network using only ID loss is not enough. Therefore, we introduce a metric learning
method, which can adaptively learn the metric distance of the target sample. According
to the similarity between input samples, they can classify the input images into image
categories with high similarity. Most researchers combine ID with triplet loss, and they
find that this strategy can train a good network model. However, the triplet loss function
only pays attention to the positive samples, but it is easy to ignore the internal structure of
the samples. Wu et al. [18] believed that triplet loss might destroy the internal information
of samples, and the existence of hard negative samples may lead to model collapse. At the
same time, the purpose of the recognition task is to retrieve the most similar images to the
input sample from the gallery.

A triplet loss has the following three parts, namely, negative samples, positive samples,
and target samples. Target samples and positive samples belong to the same identity; on
the contrary, target samples and negative samples do not belong to the same identity,
and triplet loss can reduce the distance between target samples and positive samples and
increase the distance between target samples and negative samples. The AMS loss can
automatically give the appropriate distance to the sample group, which can effectively
avoid the misjudgment of samples (negative samples are misjudged as positive samples).
AMS loss provides a safe distance for the sample group by learning a hypersphere for each
class. We use triplet and AMS loss in the designed baseline, and the trained model has high
retrieval accuracy.

In addition, a simple and high-accuracy model is more popular in practical appli-
cations. However, many models studied by the academic community are complex, and
researchers often pile up some modules to extract more features of the target pedestrian.
These models are not practical because of their high complexity. It is worth mentioning that
for Tricks [19], Luo et al. summarized and applied some practical skills, which improved
the accuracy without increasing or adding small network complexity. Therefore, we applied
these training tricks to the proposed strong baseline.

3. The Proposed Baseline

In this part, we present a concrete framework of the designed baseline and the adaptive
multiple loss.

3.1. The Pipeline of Baseline

AML baseline is an uncomplicated but effective Re-ID network. At present, most
researchers choose the resnet-50 [16] as the backbone model; this is because the backbone
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network can effectively prevent gradient explosion and make the network converge rapidly.
The baseline we designed still uses the resnet-50 backbone network, which is convenient
for comparison with other advanced algorithms. Figure 2 shows the main frame of the
baseline presented in this manuscript. There are four key parts in the baseline: ResNet-50,
GeM, BN layers, and ID + Triplet + AMSL (loss function part).

2048%1 51241
= Reduce ID+Triplet+ AMSL
= BN — =

Resnet50

Figure 2. Basic structure of the proposed baseline.

In addition, we used some small but very useful techniques on the baseline model. The
performance of the baseline is effectively improved without changing the network structure
and model complexity. Training tricks include: last stride [13], random erasing [19], data
augmentation [20], warmup learning rate [21], and label smoothing [22]. Specifically, we
use the strategy of decreasing the learning rate. In other words, with the increase in epoch,
we regularly reduce the learning rate to obtain a convergent model. The specific settings
are shown in Table 1.

Table 1. The setting of learning rate.

Epoch Lr Epoch Lr
1-10 50x 1074 x 0.1t

11-50 50 x 107 161-210 4.0 % 107°
51-90 1.0 x 1074 211-250 8.0 x 1077

91-160 2.0 x 107> 251-300 1.6 x 1077

3.2. Adaptive Mining Sample Loss

In this part, we mainly introduce the adaptive multivariate loss function used for
the baseline. Among them, we focus on AMS loss because it can concentrate the positive
and negative samples on the same hypersphere to effectively improve the performance
of the model. AML loss adaptively weights negative sample loss to distinguish hard
negative samples, which can alleviate the problem of appearance similarity to a certain
extent. Specifically, if the negative samples are particularly similar to the input image
features, AMSL will assign greater weight to the loss values of these negative samples. If
the positive samples are particularly similar to the input image features, AMSL assigns a
smaller weight to the loss values of these negative samples, which enables the model to
identify hard positive samples and extract sample features.

We first explain some formulaic symbols and what they represent to understand AML

loss. X = {(x,¥i) }Il\il is the training set. (x;, y;) represents the sample and label with se-
Ne

quence number i. The total number of training samplesis Cand y; € [1,2,...,C]. {(x§) }.5,

i
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represents a collection of all samples. P*; represents positive samples and N; represents
the negative samples. The safe distance between samples is «.

L (x1, %5 f) = yigdif® + (1 — yy) | — dyg|® @

where the cosine distance between the samples and another is d;; = |f(xi) — f (x]-)| .
Ly (xi, xj; f) loss can keep the negative sample points away from the input image.

Given an input image X;, our purpose is to make the input sample closer to the
positive sample point and obtain a hypersphere with radius a-m. We also need to train all
the positive sample points related to input samples.

Lamst (xi/ xj;f) = (D‘ + Yij (dij - m) + (]/ij - 1)dij) @

where y;; € {0, 1}. When y; = y;, y;; = 1; otherwise, y;; = 0.

The basic equation of the baseline algorithm in this section is L, in Equation (3).
Positive sample loss can concentrate all positive samples of the input image in a sphere with
radius a-m. In addition, we extract the positive sample information by calculating the Eu-
clidean distance d;;" between the positive sample and the input sample, and, finally, assign
weights to the positive sample loss by softmax. Below is the specific calculation formula:

exp(di]-”)
’ « exp(d;;
wepy, Dery, P (dy

Ly(x5if) =

n) Lomst (xir xj}f) 3)

Our purpose is to keep the x; away from the negative sample, so the negative sample
loss can achieve a minimum safety distance «. In addition, there is a lot of hard sample
information that is difficult to extract from the dataset. Therefore, we adaptively assign
weights to negative sample loss by the softmin function. The specific calculation formula is

as follows:
exp(—djj")

. _d.n
xjeNc*,i Zx]?e|Ncri\ exp( dl]

L”(xzq;f) = ) Lﬂmsl(xf; xjc‘;f) (4)

We find that the partial derivative of L, is always 1. This shows that we apply the
weighted strategy to model training. The specific calculation formula is as follows:

()
- e <]>|‘ !

9L gmsi (xf? x]C';f>
of (xi)

et dj yl]ﬁ
N af x;)

©)

Then we calculate both positive and negative sample losses by the AMSL function
and optimize them together.

Lamsl(xf;f) = Lp(xf;f) + Ln(xf;f) (6)

Finally, we use the AML loss function based on ID loss and triplet loss, and the specific
strategies are as follows:

Lami = Lig + w1Lapss + w2Ltriplet @)

where L, is the final adaptive multiple loss function of the proposed baseline, L;; is the
cross-entropy loss function, and Ly is the triplet loss function. We need to fine-tune the
coefficients wy and wy.

4. Results and Discussion

The experimental framework is Pytorch1.3, and the server is Tesla V100 GPUs. This
manuscript evaluates AML baselines on three large public datasets: Market-1501 [23],
DukeMTMC-RelD [24], and CUHK-03 (detected) [25]. Firstly, this paper compares the
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performance of AML baseline with the latest method. Then, this paper shows the related
hyperparameter processing experiments and ablation experiments.

4.1. Datasets and Evaluation Metrics

Datasets: Through collection and investigation, the authors of this manuscript decided
to evaluate AML baseline through three public datasets. This paper is detailed in Table 2.
Specifically, Market-1501 contains 32,668 images of 1501 tagged samples with six cameras.
As a large dataset, DukeMTMC-RelD has 36,411 images with 1404 identities from eight
countries. The training set has 16,522 images with 702 identities, and the test set has
19,889 images with 702 identities. CUHK-03 is a Re-ID dataset with 14,088 images of
1467 identities.

Table 2. The specific introduction of the dataset.

Datasets Train ID Images Test ID Images Sum Cameras
Market-1501 751 12,936 750 19,732 32,668 6
DukeMIMC- 702 16,522 702 19889 36411 8

RelD
CUHK-03 767 7356 700 6732 14,088 2

Evaluation Metrics: Person Re-ID tasks often use mAP and the cumulative matching
function (CMC) to evaluate the designed model. The CMC curve can determine whether
the candidate image is included in the first k items of the list (the retrieval results that
belong to the same identity as the input image), and it can calculate the correct matching
rate of the same pedestrian in the first k items of the list. However, the CMC curve only
focuses on whether the first k items in the ranking list have correct retrieval results; it does
not take the recall rate into account. To solve this problem, some researchers proposed
mAP as a supplement. mAP can intuitively show the average accuracy of correct retrieval.

4.2. Hyperparameter Optimization

It is important to note that our baseline has the characteristics of low complexity
and short training time. This paper analyzes the parameters of the loss function section.
Because there are four parameters, this paper adopts the following strategy. Firstly, we use
ID loss and the AMSL loss function to determine the appropriate values of & and m through
comparative experiments. Then we use the triplet loss function and analyze w; and w, .
Finally, this paper combines the triplet loss and AMS loss to analyze « and m again.

For example, we fix the parameter w; = 0.5. Then, the value of w; is changed, and
the best experimental results are selected through many experiments. In this paper, the
approximate value of w, is found by changing 0.1 at a time. After that, this paper changes
0.05 at a time to obtain the final value of w,. Finally, the parameter w; is fixed, and the
optimum value of w, is found. Figure 3 shows the specific optimization results. It can be
intuitively found that the coefficients w; and w, in Figure 3 have a significant influence
on the baseline model. We notice that when w; = 1.0 and w, = 0.5, AML baseline has the
best performance.

Coefficient w; and w, : In the loss function part, it is found that different combi-
nations of coefficients have a great influence on the experimental results. Therefore, we
need to adjust the coefficient of triplet loss and AML loss appropriately. We set the initial
values to w; = 0.5 and wp = 0.5 and obtain the final parameter values by using this control
variable method [26].

Hyperparameter m and a: In addition, parameters m and « in the loss function
section also have significant effects on the performance of AML baselines. The size of a-m
determined by the data set represents the radius of the hypersphere. This manuscript makes
appropriate adjustments to ensure the training of high-performance models. Similarly, we
use the control variable method here to adjust these two parameters. The optimized results
are shown in Figures 4-6.
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(b) (o)

Figure 3. Optimization of AML baseline loss functions on three datasets: (a) the Market-1501 dataset;
(b) the DukeMTMC-RelD dataset; (c) the CUHK-03 (detected) dataset.

(a) (b)

Figure 4. Optimization of AML baseline loss functions on Market-1501 datasets. (a) Results of
different hyperparameters on Rank-1; (b) Results of different hyperparameters on MAP.

(a) (b)

Figure 5. Optimization of AML baseline loss functions on DukeMTMC-RelD datasets. (a) Results of
different hyperparameters on Rank-1; (b) Results of different hyperparameters on MAP.
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(@) (b)

Figure 6. Optimization of AML baseline loss functions on CUHK-03 (detected) datasets. (a) Results
of different hyperparameters on Rank-1; (b) Results of different hyperparameters on MAP.

Results on Market-1501 dataset: When the values of hyperparameters & and m are
0.6 and 1.6, respectively, AML has the best baseline performance, namely Rank-1 reaches
95.7%, and mAP reaches 89.5%. Figure 4 shows the optimization results of hyperparameters
o« and m on Market-1501. We can find that no matter whether the distance between
the hyperparameters « and m is too large or too small, the AML baseline performance
will decline.

Results on DukeMTMC-RelD dataset: When the values of hyperparameters & and m
are 1.2 and 2.2, respectively, AML has the best baseline performance, namely Rank-1 reaches
91.1%, and mAP reaches 81.9%. Figure 5 shows the optimization results of hyperparameters
« and m on this bigger dataset. Similarly, we can find that no matter whether the distance
between the hyperparameters a and m is too large or too small, the AML benchmark
accuracy will decline.

Results on CUHK-03 (detected) dataset: When the values of hyperparameters « and
m are 1.0 and 1.7, respectively, AML baseline has the best baseline performance, namely
Rank-1 reaches 91.1%, and mAP reaches 82.3%. Figure 6 shows the optimization results
of hyperparameters « and m on this smaller dataset. Similarly, we can find that no matter
whether the distance between the hyperparameters a and m is too large or too small, the
AML benchmark accuracy will decline.

4.3. Compared with Advanced Baselines and Different Loss Functions

In this section, we compare AML baseline in two cases. The first case is to compare
AML baseline with the current more advanced baseline algorithms; for example, AWTL [27]
baseline uses the triplet loss function to optimize the baseline network, GP [12] and PCB [13]
uses ID loss to train the model, and BagTricks [6] uses ID, triplet, and center loss to optimize
the baseline. AMSL [28] uses ID and AMS loss to optimize the baseline model. The second
case is to compare AML baseline with different loss functions such as ID, triplet, AMS,
circle [29], and contrastive [30] loss. Table 3 shows the specific results.

On Market-1501: Since the current algorithms perform well on this dataset, the im-
provement in the AML baseline on this dataset is not obvious. The AML baseline reaches
89.5% on mAP value and 95.7% on Rank-1 value. The evaluating indicator of AML baseline
is 1.1% and 0.9% higher than BagTricks. In addition, AML baseline is 1.4% in mAP and
0.6% in Rank-1 higher than AMSL baseline. For the results using different loss functions,
the combination of ID, triplet, and AMS loss in AML baseline is 1.1% in mAP and 0.6% in
Rank-1 higher than that of ID, triplet, and circle loss.

On DukeMTMC-RelID: AML baselines also have high retrieval accuracy on this dataset
with more pedestrian identities. The AML baseline reaches 81.7% on mAP and 91.1% on
Rank-1. The mAP and Rank-1 of AML baseline is 6.9% and 4.5% higher than that of
BagTricks. In addition, the evaluating indicator of AML baseline is 3.5% and 1.7% higher
than AMSL baseline. For the results using different loss functions, the combination of ID,
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triplet, and AMS loss in AML baseline is 1.4% in mAP higher than that of ID, triplet, and
circle loss, and 1.1% in Rank-1 higher than that of ID, triplet, and contrastive loss.

Table 3. Comparison of advanced baselines and different loss functions on three datasets.

. Market-1501 DukeMTMC-RelD CUHK-03
Baseline Loss
mAP Rank-1 mAP Rank-1 mAP Rank-1

AWTL [27] Trip 75.7 89.5 63.4 79.8 - -

GP [12] ID 78.8 91.7 68.8 83.4 - -
PCB [13] ID 81.6 93.8 69.2 83.3 57.5 63.7
AMSL [28] ID + AMSL 88.1 95.1 78.2 89.4 75.6 78.4
BagTricks [6] ID + Tri + Center 88.4 94.8 74.8 86.6 56.6 58.8
ID + Circle 86.8 94.5 79.7 88.9 75.2 78.0
ID + Tri + Circle 88.4 95.1 80.3 89.3 77.2 80.1
ID + Tri + Contrastive 87.9 94.4 78.4 90.0 81.8 78.4
Ours ID + Tri + AMSL 89.5 95.7 81.7 91.1 82.3 85.6

On CUHK-03: The improvement in AML baseline on this small dataset is the most
obvious. The AML baseline reaches 82.3% on mAP and 85.6% on Rank-1. The mAP and
Rank-1 of AML baseline is 25.7% and 26.8% higher than that of BagTricks. In addition, the
mAP and Rank-1 of AML baseline are 6.7% and 7.2% higher than AMSL baseline. For the
results using different loss functions, the combination of ID, triplet, and AMS loss in AML
baseline is 0.5% in mAP higher than that of ID, triplet, and contrastive loss, and 5.5% in
Rank-1 higher than that of ID, triplet, and circle loss.

The above experiments confirm that AML baseline is a high-precision model. There-
fore, AML baseline performs better than advanced baseline algorithms have in recent years.

4.4. Compared with the State-of-the-Art

In addition, we also compare AML baseline with the other advanced Re-ID algorithms.
Tables 4-6 show the specific results. In this paper, AML baseline was compared with
the most advanced (SOTA) methods: AGW [14], CAM [3], ABD-Net [5], BagTricks [6],
AANet [1], RAG-SC [11], SGSC [31], GLWR [2], MGN [32], GD-Net [33], IANet [34],
Pyramid [8], SONA [7], SCAL [35], Auto-RelD+ [36], Ms-Mb [37], TransRelD [38], CAL [39],
and PAN [40]. Admittedly, these papers do not take the skill of reranking. The backbone of
most of the above algorithms is ResNet-50. However, the backbone network of Pyramid
and TransRelD are ResNet-101 and ViT [41].

Table 4. Comparison of advanced baselines on Market-1501.

Methods Rank-1 mAP
AANet [1] (CVPR2019) 93.9 83.4
IANet [34] (CVPR2019) 944 83.1
PAN [40] (IEEE TCSVT 2019) 91.45 87.44
SONA [7] (CVPR2019) 95.6 88.8
AGW [14] (arXiv2020) 95.1 87.8
ABD-Net [5] (CVPR2019) 95.6 88.3
MGN [32] (ACM2018) 95.7 86.9
CAM [3] (CVPR2019) 94.7 84.5
GD-Net [33] (CVPR2019) 94.8 86.0
BagTricks [6] (CVPR2019) 94.5 85.9
GLWR [2] (IEEE Access 2020) 95.5 88.5
Pyramid [8] (CVPR2019) 95.7 88.2
SGSC [31] (four stages)
(CVPR2020) 95.7 88.5
CAL [39] (ICCV2021) 95.5 89.5
TransRelD [38] ICCV2021) 95.2 88.9

AML baseline (ours) 95.7 89.5
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Table 5. Comparison of advanced baselines on DukeMTMC-RelD.

Methods Rank-1 mAP
AANet [1] (CVPR2019) 87.7 74.3
IANet [34] (CVPR2019) 83.1 73.4
PAN [40] (IEEE TCSVT 2019) 75.94 66.74
SONA [7] (CVPR2019) 89.5 78.3
AGW [14] (arXiv2020) 89.0 79.6
ABD-Net [5] (CVPR2019) 89.0 78.6
MGN [32] (ACM2018) 88.7 78.4
CAM [3] (CVPR2019) 85.8 729
GD-Net [33] (CVPR2019) 86.6 74.8
BagTricks [6] (CVPR2019) 86.4 76.4
SCAL (spatial) [35]
(ICCV2019) 89.0 79.6
SCAL (channel) [35]
(ICCV2019) 88.9 79.1
GLWR [2] (IEEE Access 2020) 90.7 81.4
Pyramid [8] (CVPR2019) 89.0 79.0
Auto-RelD+ [36]

(Neurocomputing2021) 901 80.1

SGSC [31] (four stages)
(CVPR2020) 91.0 79.0
CAL [39] (ICCV2021) 90.0 80.5
TransRelD [40] (ICCV2021) 90.7 82.0
AML baseline (ours) 91.1 81.7

Table 6. Comparison of advanced baselines on CUHK-03.

Methods Rank-1 mAP

PAN [40] (IEEE TCSVT 2019) 419 43.8
SONA [7] (CVPR2019) 79.9 77.3

AGW [14] (arXiv2020) 63.6 62.0
RAG-SC [11] (CVPR2020)) 79.6 74.5
MGN [32] (ACM2018) 68.0 66.0

CAM [3] (CVPR2019) 66.6 64.2
BagTricks [6] (CVPR2019) 58.8 56.6
SCAL (channel) [35] (ICCV2019) 71.1 68.6
GLWR [2] (IEEE Access 2020) 82.3 78.9
Pyramid [8] (CVPR2019) 78.9 74.8
Auto-ReID+ [36] (Neurocomputing2021) 78.1 74.2
Ms-Mb [37] (Neurocomputing2020) 75.4 72.9
SGSC [31] (four stages) (CVPR2020) 84.7 81.0
AML baseline (ours) 85.6 82.3

Results on the Market-1501 dataset: The comparison results of algorithms are shown
in Table 4. This paper shows the specific data of the algorithm comparison in Table 4.
In these methods, what needs to be pointed out is that Pyramid uses a more powerful
global feature algorithm to represent the complex features of the trunk and local. SGCS
extracts the potential features of different stages by a cascade strategy and integrates the
features of each stage for final representation. TransRelD processes the partitioned image
by using Transformer [42] to realize feature learning of large-scale and long-distance spatial
structures and proposes a pure Transformer framework for the object Re-ID task. However,
AML baseline, without any improvement in the network part, is more competitive than
many SOTA methods, whether they are based on CNN or Transformer. AML baseline
achieves the same performance as the frontier algorithm. In addition, it should be noted
that the results of AML baselines on the lightweight network ResNet-50 also achieve the
performance of the Pyramid algorithm.
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Results on DukeMTMC-RelD dataset: This paper shows the comparison results in
Table 5. This dataset has various samples that contain many different identities of pedes-
trians, and AML baseline achieves a high evaluation index. Without any improvement
in the network part, the Rank-1 index of AML baseline is higher than many current ad-
vanced algorithms. In addition, the results of this paper on the lightweight network are
2.7 percentage points higher than the performance of the Pyramid algorithm on the mAP.

Results on CUHK-03 dataset: The comparison results of algorithms are shown in
Table 6. Compared with the above two datasets, CUHK-03 is a more challenging small
dataset because it has fewer samples and serious occlusion problems. However, AML base-
lines can still extract pedestrian features to accurately retrieve the target pedestrian. AML
baselines exceeded Pyramid by 6.7% and 7.5% on these two indicators. Furthermore, the
performance of AML baseline is better than that of the high-performance SGSN algorithm.

Specifically, Pyramid achieved 95.7 % Rank-1 accuracy and 88.2% mAP accuracy on
Market-1501. SGSN achieved 91.0 % Rank-1 accuracy on DukeMTMC-RelD. In addition,
SGSN obtained 84.7% Rank-1 accuracy and 81.0% mAP accuracy on CUHK-03, as shown
in Table 6. However, the results of AML baselines clearly reach or exceed these algorithms.
Especially on the CUHK-03 dataset, AML baselines in Rank-1 and mAP exceed SGSN by
0.9% and 1.3%. Through comprehensive analysis of these experimental results, AML base-
line has the best performance. The mAP values of AML baseline on the three datasets are
89.5%, 81.7%, and 82.3%, respectively, which are higher than those of the above suboptimal
networks. This baseline reaches a new SOTA on these three common public datasets.

4.5. Ablation Experiments

In this section, we analyze the effectiveness of components of the AML baseline by
ablative experiments. The specific results are as Table 7 shows.

Table 7. Ablation experiments of AML baseline.

Market-1501 DukeMTMC-RelID CUHK-03
Methods
Rank-1 mAP Rank-1 mAP Rank-1 mAP
B 93.7 83.9 85.6 74.8 60.2 55.0
+GeM 94.1 84.5 86.8 75.4 62.1 56.4
+Triplet 95.1 87.9 89.9 80.0 63.8 62.7
+AMSL 95.7 89.5 91.1 81.7 85.6 82.3

BagTricks of cross-entropy loss function is used as our comparison algorithm. Then,
this paper adds the generalized mean pooling, triplet, and AMSL loss functions to the
baseline. Generalized mean pooling can eliminate the redundant information of input
samples and also extract the characteristics of specific regions of samples. This paper finds
that these two loss functions can optimize the baseline model effectively. As described
earlier in this manuscript, the network trained by this multivariate loss strategy is robust.
AML baselines are prominent on the three datasets. Our baseline has the highest accuracy
improvement on the CUHK-03 (detected) dataset. Finally, it can be found that AML
baselines combined with all modules have high accuracy.

5. Visualization Results

This manuscript shows the visualization results of BagTricks [6] in Figure 1. Due to
the occlusion and similar appearance of target pedestrians, there are many errors in the
retrieval results of this algorithm. Figure 7 shows the visualization of sorting results for
AML baselines (same input samples). Although the input samples have problems with
occlusion and similar appearance, the AML model can still accurately retrieve images with
the same identity as the input sample. This also confirms that AML baselines can alleviate
occlusion and similar appearance problems to some extent.
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Figure 7. The visualization of sorting results for AML baseline. (a) Sample 1; (b) Sample 2; (c)
Sample 3.

6. Conclusions

In this manuscript, we designed an uncomplicated but effective Re-ID baseline. AML
baseline reached 82.3% mAP value and 85.6% Rank-1 value on CUHK-03. These two in-
dexes are higher than the current popular advanced baseline algorithm. At the same time,
the AML baseline model has low complexity and fast convergence speed. Existing baselines
generally use ID and triplet loss training models. However, we notice that triplet loss will
disrupt the original information within the sample. AML adopts adaptive sample mining
loss based on ID and triplet loss, and this adaptive multivariate loss strategy can realize
the spatial structure of samples. AML baseline model has high accuracy on both large and
small datasets, which effectively alleviates occlusion and appearance similarity problems
in the retrieval process. Finally, we hope our baseline will help Re-ID task research.
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