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Abstract: What causes object detection in video to be less accurate than it is in still images? Because some video frames have degraded in appearance from fast movement, out-of-focus camera shots, and changes in posture. These reasons have made video object detection (VID) a growing area of research in recent years. Video object detection can be used for various healthcare applications, such as detecting and tracking tumors in medical imaging, monitoring the movement of patients in hospitals and long-term care facilities, and analyzing videos of surgeries to improve technique and training. Additionally, it can be used in telemedicine to help diagnose and monitor patients remotely. Existing VID techniques are based on recurrent neural networks or optical flow for feature aggregation to produce reliable features which can be used for detection. Some of those methods aggregate features on the full-sequence level or from nearby frames. To create feature maps, existing VID techniques frequently use Convolutional Neural Networks (CNNs) as the backbone network. On the other hand, Vision Transformers have outperformed CNNs in various vision tasks, including object detection in still images and image classification. We propose in this research to use Swin-Transformer, a state-of-the-art Vision Transformer, as an alternative to CNN-based backbone networks for object detection in videos. The proposed architecture enhances the accuracy of existing VID methods. The ImageNet VID and EPIC KITCHENS datasets are used to evaluate the suggested methodology. We have demonstrated that our proposed method is efficient by achieving 84.3% mean average precision (mAP) on ImageNet VID using less memory in comparison to other leading VID techniques. The source code is available on the website https://github.com/amaharek/SwinVid.
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1  Introduction

Deep Convolutional Neural Networks (CNNs) have been employed to perform a variety of computer vision tasks, such as classifying and recognizing objects in still images and have significantly improved these techniques. These networks have also found applications in the field of medical image analysis, including the diagnosis of retinal disorders [1] and cancer [2]. In addition, CNNs have been used for finger vein recognition [3], which has potential applications in biometric identification systems. The state-of-the-art object detection systems employ a two-stage approach known as the region proposal-based detection approach. The system initially produces regions of interest (RoI) using a Region Proposal Network (RPN), and afterwards classifies the objects found in those regions of Interest using a backbone network. The architectural advances of CNN-based backbone networks have led to a great performance improvement on the two-stage object detectors.

On the other hand, modeling in Natural Language Processing (NLP) has witnessed a great improvement led by using the Transformer [4]. The transformer architecture, which is optimized for sequence modeling, has made significant advancements in natural language processing because of its ability to use attention mechanisms to capture long-range dependencies. Given its outstanding performance in natural language processing, researchers are investigating how it may be adapted to computer vision tasks. Recently, the vision community has witnessed a modeling shift towards using transformer-based backbone architectures for classification and object detection. Vision Transformers [5,6] have shown a great improvement on the performance of classification and detection tasks of still images.

When compared to identifying objects in still images, video object detection (VID) is a challenging task. Although videos can be treated as a sequence of frames, the use of still-image object detectors on the frames of a video leads to poor object detection due to fast movements within the video [7]. Fast-moving objects can lead to problems such as blurring, out-of-focus shots, and altered postures that negatively impact the appearance of the objects, as illustrated in Fig. 1.
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Figure 1: The degradation of appearance caused by fast-moving objects, which can include motion blur, changes in posture, and out-of-focus shots

Another limitation is the computational complexity of existing video object detection techniques. Some algorithms require extensive computing resources, making them unsuitable for real-time applications. Furthermore, as video resolutions and frame rates increase, the computational requirements of these algorithms also increase, making them even more challenging to implement in real-world scenarios.

The lack of annotated data is another significant challenge in video object detection. It is often expensive and time-consuming to obtain high-quality annotated data for training these algorithms. As a result, many existing video object detection techniques rely on pre-trained models that may not generalize well to new and unseen data.

Despite these challenges, videos contain far richer temporal information about the same object from other nearby frames. Consequently, the primary challenge in enhancing detection performance is effectively utilizing information from other video frames to detect instances of the same object. An effective video detector should be able to recognize the semantically similar objects from notable views in order to enhance detection accuracy on degraded views.

In fact, many previous works are attempting to exploit the information from salient views to develop the accuracy of degraded views. SELSA [8] aggregates the high-level proposal features from multiple frames of the video to ensure that each proposal feature in the current frame includes information from other frames in the video. The final detection results are then obtained by the detection head using the aggregated features.

The aim of this study is to enhance the performance and efficiency of current video object detectors by proposing the use of Vision Transformer as the backbone network for video object detection. First, the feature maps are generated using the standard Swin-Transfomer block [6]. The feature maps produced by the backbone have the same resolution as those produced by ResNet [9]. The object proposals are then obtained using the Region Proposal Network (RPN). The RPN generates proposals from different video frames which are handed together with the feature map to the final classification layer. The ImageNet VID [10] and EPIC KITCHENS [11] datasets are used to evaluate the suggested methodology. We have demonstrated that our proposed method is efficient by achieving 84.3% mean average precision (mAP) on ImageNet VID using less memory in comparison to other state-of-the-art VID techniques. The proposed architecture enhances the accuracy of existing VID methods. Our experiments have demonstrated that using the suggested backbone network leads to a 1.2% increase in mean Average Precision (mAP) for the SELSA [8] method with less memory usage.

This paper is organized into six sections. Section 2 presents a related work on video object detection. Section 3 discusses the proposed SwinVid model. Section 4 presents the implementation details and discusses the experimental results on the ImageNet VID dataset. Additional experiments on the Epic Kitchens dataset and applying the proposed model to Video Instance Segmentation (VIS) are discussed in Section 5. Section 6 presents the paper’s conclusion.

2  Related Work

2.1 Object Detection in Still Images

Object detection networks have made significant strides in the past decade thanks to the evolution of deep Convolutional Neural Networks (CNNs). The most effective object detection networks can be grouped into two main architectural frameworks:

(a)   Region proposal-based object detection networks (two-stage). Initially, the RPN generates a collection of region proposals that are subsequently processed by feature extraction modules such as RoIPooling [12] and RoIAlign [13]. Subsequently, the detection head employs the extracted features to perform bounding box regression and classification in the second stage.

(b)   Regression/classification-based object detection networks (one-stage). These networks approach the detection problem as a regression or classification problem by considering every position in the image as a potential object and then classifying each region of interest (RoI) to its corresponding class.

The typical two-stage network R-CNN [14] detects objects in still images using multiple stages: Initially, selective search [15] is devised to obtain the set of object proposals. Afterwards, the regional features are extracted using a CNN-based backbone network. Finally, the bounding boxes are classified and adjusted in a localization stage. Fast R-CNN [12] suggests extracting proposal features using an embedded Region of Interest (RoI) pooling layer between the final CONV layer and the first FC layer. Typically, region proposals are obtained by using selective search [15]. An extra Region Proposal Network (RPN) was developed by Faster R-CNN [9,16] framework. Instead of re-calculating the CONV features, the RPN operates nearly cost-freely because it shares the full image CONV features with the detection Network. To extract features for a proposal within a still image, these methods adopt RoI Pooling [12] or RoI Align [13]. As a result, the features obtained by RoI Align lack the temporal information in videos when applied to Video Object Detection (VID).

Unlike the two-stage object detectors, one-stage object detectors like the YOLO series [17–19], SSD [20], and RetinaNet [21], are also widely used for object detection tasks. One-stage detectors differ from two-stage detectors by making dense predictions on feature maps generated by a CNN, without the need for region proposals. In addition, they deliver both position and class probabilities. The one-stage method is faster as it can be optimized as a whole, rather than in individual stages. One-stage detectors, however, can hardly be extended for other vision tasks like key point detection, instance segmentation, or video object detection (VID). The two-stage approach is therefore adopted by the current proposed model.

2.2 Video Object Detection

Video object detection is the process of detecting and identifying objects within a video stream. This typically involves analyzing each frame of the video and using computer vision techniques to identify and track objects within the frame, such as people, cars, or animals. The aim of video object detection is to detect and classify objects within a video accurately and in real time, which has various applications like surveillance, self-driving cars, intelligent healthcare, and video analysis.

Deep Convolutional Neural Networks (CNNs) have played a vital role in the advancement of object detection and other computer vision fields. Many researchers have attempted to adapt CNN-based object detectors for use on video data. How to efficiently employ the temporal information from the video to enhance the performance of the detector on individual frames on individual frames is a significant challenge in object detection in videos [22].

One approach used to identify objects from a video stream is to apply post-processing methods [23,24] on the output of a still image detector that utilizes temporal information. Through the creation of object tubelets and the careful adjustment of the final classification and bounding box, that method aims to enhance the predictions of the still image detector over subsequent video frames.

Another approach to improve the keyframes involves using features from nearby reference frames to enhance the quality of the keyframes. This can be done through a variety of methods, including those based on optical flow, attention, and tracking. These methods seek to alleviate degradation in the keyframes by using information from nearby frames to fill in missing or degraded information. The three primary groups of these methods are optical flow-based, attention-based, and tracking-based.

Flow-based methods use the movement of pixels between frames, known as optical flow, to identify the transformations that have occurred between the frames. This information is used to improve object detection by providing additional context about the motion of objects in the scene. One advantage of optical flow-based methods is that they are computationally efficient, making them suitable for real-time VID applications. However, they may struggle to handle occlusions, and their accuracy can degrade in the presence of significant camera motion or scene clutter. Deep Feature Flow (DFF) [25] was the first approach to use fine-tuned optical flow computation within a network. It makes use of the optical flow calculated by FlowNet [26] to transfer and align the features of chosen keyframes to surrounding non-keyframes, therefore minimizing extra computations and boosting system performance. By aligning and aggregating features from keyframes using optical flow, the Flow-Guided Feature Aggregation (FGFA) [27] technique, an extension of the Deep Feature Flow (DFF) [25] method, aims to enhance the efficiency.

To reduce the high computational cost of aggregating features at the image level, several attention-based methods have been developed. SELSA [8] introduces a long-range feature aggregation method based on semantic similarity between region-level features. A memory-enhanced global-local aggregation module is used by MEGA [28] to more efficiently capture relationships between the instances of objects in different video frames. Temporal ROI [29] performs ROI alignment for fine-grained feature aggregation, and HVR-Net [30] incorporates intra-video and inter-video proposal relations to achieve additional improvement. Due to the high computational cost associated with video detectors, QueryProp [31] proposes a lightweight module to boost the efficiency of video object detection.

Besides attention-based techniques, D&T [32] solves video object detection by tracking the object using correlation maps of various frame features. Even though these methods can increase detection accuracy, they commonly rely on two-stage detectors, which can result in a decline in inference speed.

While various methods for video object detection exist, most prior works utilize a CNN-based backbone to extract the feature maps. In this study, we propose using the Vision Transformer as the backbone network for video object detectors. As per our experiments, incorporating the Vision Transformer leads to an improvement in the performance of existing VID methods with less memory used to detect objects from video frames.

2.3 Vision Transformer

Due to its capability to leverage attention methods to capture long-range dependencies, the Transformers architecture [4] was initially presented in 2017 for machine translation and sequence modeling. Although Transformers are considered the standard for Natural Language Processing (NLP), their applications to computer vision are still relatively limited.

With the increasing popularity of the Vision Transformer (ViT) [5] and Swin-Transformer [6], there has recently been a modeling shift in the architecture employed for computer vision from Convolutional Neural Networks (CNNs) to Vision Transformers [5,6]. Further research to expand the functionality of vision transformers has been inspired by this innovative work. The Vision Transformer (ViT) must, however, be trained on a large dataset like JFT-300M. DeiT [33] is a method that was developed to make Vision Transformer (ViT) more efficient on smaller datasets, such as ImageNet-1k, by incorporating various training strategies. Despite the promising results of Vision Transformer (ViT) in image classification tasks, its architecture makes it less suitable to be used as a general-purpose backbone for dense vision tasks or when the input image has a high resolution. This is because ViT has low-resolution feature maps and its complexity increases quadratically with the increase in image size. To address this limitation, the Swin-Transformer [6] was developed to incorporate inductive biases such as locality, hierarchy, and translation invariance, making it a suitable general-purpose backbone for different image recognition tasks.

One of the main advantages of ViT over CNNs is the ability to capture long-range dependencies in an image. ViT applies self-attention mechanisms to capture these dependencies, allowing the network to understand the relationships between pixels in the image without relying on local information. This is especially useful for object detection tasks, where the objects of interest can be located in different parts of the image.

Another advantage of ViT is its ability to process input images of arbitrary size. In contrast, CNNs require input images of fixed size, which can be a limitation in some applications. With ViT, input images can be split into smaller patches, and each patch is processed independently. This allows ViT to handle images of varying sizes without requiring resizing or cropping.

In VID, the Swin-Transformer architecture has demonstrated improvements over traditional CNN-based approaches. Swin-Transformer applies a hierarchical architecture that processes images at multiple scales, allowing it to capture both local and global features. This architecture enables Swin-Transformer to handle objects at different scales and resolutions, making it suitable for VID tasks with varying object sizes.

Swin-Transformer also employs a window-based self-attention mechanism that allows it to capture long-range dependencies in an image. This feature enables Swin-Transformer to recognize complex object interactions and occlusions in a video, leading to improved object detection accuracy. Additionally, Swin-Transformer’s ability to handle input images of arbitrary size makes it suitable for VID tasks that involve video sequences with varying resolutions and frame rates.

This work presents a transformer-based backbone for Video Object Detection (VID) and aims to shift the use of these types of architectures in VID models. Currently, the most commonly employed architecture for Video Object Detection (VID) is Convolutional Neural Network (CNN) and its variants. However, unified modeling between vision and Natural Language Processing (NLP) tasks may be possible with the use of Transformer-based backbones for vision tasks.

3  Method

In this section, the motivation for using a Transformer-based backbone network to improve video object detection is described in Section 3.1. The use of the Swin-Transformer with a state-of-the-art video object detector (VID) and the full architecture is then discussed in Section 3.2. Finally, in Section 3.3, the architecture variants are discussed.

3.1 Motivation

The major challenge to boosting object-detection accuracy and speed in videos is how to use the additional information offered by the video frames to improve the accuracy. Feature aggregation has been shown to be an effective method for addressing the degradation of appearance in video object detection (VID) [8]. Sequence-Level Semantics Aggregation (SELSA) [8] combines the high-level proposal features from multiple frames to ensure that every proposal feature in the current frame includes information from other frames. The final detection results are obtained by passing the aggregated features to the detection head. The detection head uses Faster-RCNN [16] and ResNet-101 [9] as the backbone network to produce feature maps. This study investigates the feasibility of using Transformer-based backbones to generate the feature map for Video Object Detection (VID) by adapting the standard Swin-Transformer [6]. The backbone network produces feature maps using the same feature vector resolutions as standard convolutional networks but using less memory.

3.2 Network Architecture

Fig. 2 depicts the proposed method architecture. The version illustrated in Fig. 2, (SwinVid-T) is the tiny version of the suggested model. It first extracts the feature maps from the input frames using the standard tiny version of the Swin-Transformer block [6]. The feature maps produced by the backbone have the same resolution as those produced by ResNet [9]. The object proposals are then obtained using the Region Proposal Network (RPN).
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Figure 2: The architecture of the proposed model SwinVid. Feature maps are generated using the standard Swin-Transfomer block. Region Proposal Network (RPN) generates proposals from different video frames which are handed together with the feature map to the final classification layer

The architecture of standard Swin-Transformer architecture, specifically the tiny version (Swin-T) is shown in Fig. 3. Using a patch-splitting module similar to ViT [5], it starts by splitting input RGB video frames into non-overlapping patches. Each patch has a size of 4×4 and is considered as a “token”, such that each patch has a feature dimension of 4×4×3=48. A linear embedding layer is then used to project the raw-valued feature to the desired dimension (denoted as C).

[image: images]

Figure 3: The structure of the tiny version of the Swin-Transformer [6] used as the backbone module

A group of modified self-attention Transformer blocks (Swin Transformer blocks) [6] are utilized on these patch tokens. The first stage (denoted as “Stage 1”) incorporates both the linear embedding and Transformer blocks to retain the same number of tokens (H4×W4).

To decrease the tokens number as the network becomes deeper and generate a hierarchical representation, a patch-merging layer is employed. Nearby patches of the size 2×2 as treated as a “group”. Each group is concatenated using the first patch merging layer, resulting attached concatenated feature of size 4C. This process reduces the number of tokens by a factor of 4 and sets the output dimension to 2C. Afterwards, feature transformation is performed using Swin-Transformer blocks, while maintaining a resolution of (H8×W8). The second stage, “Stage 2” consists of the initial patch merging and feature transformation. This initial patch merging and feature transformation block are called “Stage 2”. The same transformation is repeated again for two additional stages, labeled “Stage 3” and “Stage 4”. When combined, these phases result in a hierarchical representation with feature map resolutions comparable to common CNNs.

As a result, the backbone networks in current video object detection techniques and other vision tasks can be replaced by the Swin-Transformer backbone.

A feature aggregation module is used to reduce appearance degradation in video frames. We employ the standard SELSA [8] module which aggregates features from the semantic neighborhood based on semantic similarities.

Semantic Guidance: For each frame f, the Region Proposal Network (RPN) produces proposals set, denoted as Xf={x1f,x2f,…}. The semantic similarity between any two proposals (xik,xjl), in different frames is calculated using the generalized cosine similarity in Eq. (1).


wijkl=ϕ(xik)Tψ(xjl)(1)

where ϕ(.) and ψ(.) are some global transformation functions. A higher degree of similarity means that two proposals are more likely to be in the same category.

Feature Aggregation: The semantic similarity between proposals has been determined and is being used to guide the creation of a reference proposal by combining features from multiple proposals. This new proposal feature is more comprehensive and resilient to changes in appearance such as pose changes, motion blur, and object deformation. Because the cosine similarity is calculated between proposals rather than the entire frame, the feature aggregation process is more reliable.

The similarities are normalized across all proposals using the SoftMax function to ensure that the magnitude of features is preserved after aggregation. Specifically, given a video with F randomly selected frames and N proposals generated from an individual video frame, the reference proposal’s aggregated feature is calculated as in Eq. (2).


x¯ik=∑l∈Ω∑j=1Nωijklxjl(2)

The SELSA module uses a set of frame indexes, designated as Ω, that are randomly chosen for the aggregation process. This module can be optimized using Stochastic Gradient Descent (SGD since its fully differentiable. Afterwards, the detecting head network is then fed with the improved proposal features. The diagram in Fig. 4 illustrates the functioning of the SELSA module.

[image: images]

Figure 4: The architecture of the SELSA model [8]. Proposals are first extracted from different frames in a video. Semantic similarities are then calculated between these proposals. In order to develop robust features for object detection, the features from the proposals are finally aggregated based on these similarities. This procedure is employed to enhance the accuracy and reliability of object detection by considering multiple proposals and their relationships rather than relying on a single proposal or frame

3.3 Architecture Variants

We present two variations of the SwinVid model, known as SwinVid-T and SwinVid-S, which are based on the SELSA module with Swin-T and Swin-S, respectively. The default window size for both models is M = 7. The query dimension per head in the model is d = 32, and the expansion layer for each MLP is 4 for all experiments. The following are the hyperparameters for the architectural design of these model versions:

•   Swin-T: C = (96), number of layers = {2, 2, 6, 2}

•   Swin-S: C = (96), number of layers = {2, 2, 18, 2}

where C is the first stage’s hidden layer’s channel number.

4  ImageNet-VID Dataset Experiments

Initially, we will go through the datasets and evaluation metrics that were utilized for video object identification (VID) in Section 4.1. Afterward, we will present the implementation details of our method in Sections 4.2 and 4.3. Finally, the performance of our method will be compared against other related methods for video object detection on the ImageNet-VID dataset in the experimental Sections 4.4 and 4.5.

4.1 Dataset and Metrics of Evaluation

The suggested model (Swin-VID) is trained with a dataset consisting of ImageNet VID (30 object categories, 3862 video frames for training, and 555 video frames for validation) and DET datasets using the split specified in FGFA [27]. Each video is subsampled to a maximum of 15 frames, and the VID: DET balance is roughly 1:1. We test the performance of the proposed model on the ImageNet VID dataset [10]. The mean average precision (mAP) at the intersection of union (IoU) of 0.5 (mAP@IoU = 0.5) is reported.

The mean Average Precision (mAP) is a widely used metric to evaluate object detection algorithms, including video object detection (VID) algorithms. It is an extension of the AP metric, which computes the average precision across different object categories. In VID, mAP is computed by averaging the AP scores for each object category across all frames in a video sequence. mAP provides a comprehensive measure of the algorithm’s performance by considering the detection accuracy across different object categories and frames. It is an essential metric for comparing the performance of different VID algorithms and selecting the best performing algorithm.

4.2 Implementation Details

Backbone Module: For the purpose of conducting ablation studies, the tiny version (Swin-T) [6] is used as the basic unit to create the feature map. The small version (Swin-S) [6] is also used to report the final results.

Detection Module: RPN is placed on the output of the feature map to generate proposals. The total number of anchors is 12, comprising of 4 scales {642, 1282, 2562, 5122}, and 3 aspect ratios {1:2, 1:1, 2:1} producing a total of 300 proposals on each image. The RoI pooled features are first passed through two fully connected (FC) layers with 1024 units (also known as neurons or dimensions) each. These layers are used to extract important information from the features and reduce their dimensionality. After this, the output is passed through a classification layer that is used to predict the class of the object in the RoI, and a bounding box regression layer that is employed to predict the location of the object in the image. This pipeline is commonly used in object detection tasks using deep learning.

SELSA Module: This network design is incorporating two SELSA [8] modules after the Fully Connected (FC) layers. These modules are incorporated into the pipeline after the fully-connected layers, with the sequence being (FC → SELSA → FC → SELSA). This arrangement allows the SELSA modules to be integrated into the network architecture and contribute to the overall performance of the network.

4.3 Training and Testing Details

Pre-trained weights from the ImageNet VID dataset are utilized to initialize the backbone network. A batch size of 8 on 8 GPUs is used to train the networks using SGD for a total of 3 epochs. The learning rate is decreased by a factor of 10 at the 110 k and 165 k iterations from the original setting of 2.5 × 10−4. A single frame and two additional randomly chosen frames from the same video are sampled during training (or the DET dataset’s identical frames). During the inference phase, K frames are sampled from the same video as the inference frame, and all images are resized to have a shorter side of 600 pixels. This method is employed to make certain that the networks are effectively trained and capable of performing well in the task of identifying objects in videos.

4.4 The Effectiveness of SwinVid

SwinVid is proposed to improve the existing video object detectors by using a transformer-based backbone network. As shown in Table 1, the vision transformer-based backbone has improved the effectiveness of the standard SELSA module [8] on the ImageNet VID dataset [10] by 3.1% and 1.2% when replaced ResNet-50 and ResNetXt-101, respectively. Table 1 illustrates that the proposed method has enhanced the mAP of SELSA and achieved better results than Temporal ROI [29]. Fig. 5 shows the visual results of our method.
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Figure 5: Visualizations of our method on YouTube VID dataset [34]

4.5 The Performance of SwinVid

SwinVid has shown a better mean Average Precision (mAP) than other Video Object Detectors. Additionally, the memory utilized is less than the memory utilized by Temporal ROI [29] and the standard SELSA module (ResNetXt101) as shown in Table 2.

[image: images]

As shown in Table 2, our method has also used a smaller amount of memory (6.94 GB) compared to Temporal ROI (9.74 GB) and the standard SELSA (9.15 GB) which shows the potential of replacing the CNN-based backbones with the vision transformer.

5  Additional Experiments

5.1 Experiments on Epic Kitchens

EPIC KITCHENS [11] is a large scale egocentric dataset, capturing daily activities happened in the kitchens. The EPIC KITCHENS dataset is more complicated and difficult, as each frame contains an average or maximum of 1.7 or 9 objects. The task of detecting objects in videos is challenging, as there are 454,255 object bounding boxes spanning 290 classes across 32 different kitchens. The dataset includes 272 video sequences captured in 28 kitchens for training and 106 sequences collected from the same 28 kitchens (S1), as well as 54 sequences collected from four other kitchens that were not used during training (S2), for evaluation. The videos are annotated in one-second intervals.

We adopt the same network configuration as in the ImageNet VID dataset and do not use any data augmentation except for random horizontal flipping. We train the model using SGD for 600,000 iterations on four GPUs, starting with an initial learning rate of 2.5 × 10−4 that decreases by a factor of 10 after 300,000 iterations. During both training and testing, we select frames within a range of±10 s for the SELSA module.

Here we present some preliminary results on the EPIC KITCHENS dataset. As shown in Table 3, SwinVid improves over Temporal ROI [29] by 1.3/2.1 mAP for Seen/Unseen splits. Although the hyper parameters selection are far from being optimal, our method still achieves promising results. This shows that SwinVid is applicable to more complex video detection tasks.

[image: images]

5.2 Application to Video Instance Segmentation

Video instance segmentation is a computer vision task that involves identifying and segmenting each instance of an object in a video sequence. Unlike image segmentation, which only focuses on identifying and segmenting objects in a single image, video instance segmentation requires tracking and segmenting objects across multiple frames in a video.

Video instance segmentation is a challenging task because it requires not only accurate object detection and segmentation but also the ability to track objects over time, even when they move out of frame or are occluded by other objects.

We investigate SwinVid on Video Instance Segmentation (VIS). The dataset of VIS is YouTube-VIS [34] which contains 40 object categories. The dataset comprises of 2238 videos for training, 302 videos for validation and 343 videos for testing. The training process utilizes the training set, while the validation set is used for evaluation since the test set is not currently available.

MaskTrack R-CNN [34] is a variant of Mask R-CNN [13] that incorporates a track head to associate object instances across frames. MaskTrack R-CNN uses the ResNet-101 as the backbone network to extract the feature maps, and we replace ResNet-101 backbone with the Swin-Transformer [6] backbone. The results are shown in Table 4. We can see that the SwinVid consistently improves ResNet-50 and ResNeXt-101 baselines on all metrics involving AP, AP50 and AP75, which further demonstrates the flexibility of proposed SwinVid.

[image: images]

6  Conclusion

Video object detection, as opposed to conventional object detection, aims to detect objects in video data rather than static images. Numerous applications, such as video surveillance, healthcare monitoring and autonomous driving, have played a significant role in the advancement of video object detection research.

This paper presents SwinViD, a technique that utilizes the standard Swin Transformer as the backbone module to enhance the efficiency of Video Object Detection (VID). The Swin-Transformer backbone utilized in SwinViD generates a hierarchical representation that shares the same feature vector resolutions as conventional CNNs, and it can be easily implemented to replace CNN-based backbones in existing video object detectors, resulting in enhanced performance and reduced memory consumption. We test our method on ImageNet-VID, EPIC KITCHENS and YouTube VIS datasets to demonstrate its effectiveness. The experimental results demonstrated that our proposed method is efficient by achieving 84.3% mean average precision (mAP) on ImageNet VID using less memory in comparison to other leading VID techniques. These results shows the potential of our proposed method and the potential of using the ViT as a backbone network for video object detectors.

Going forward, we plan to test the transformer-based backbone on other video detection techniques and aim to enhance the efficiency of video object detectors by fully utilizing the temporal dimension through an end-to-end transformer model. We plan to explore the potential of using SwinVid for real-time video object detection and tracking.
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Table 1: The performance of different video object detectors and our detector on ImageNet-VID

Method Backbone mAP (%)
SELSA [1] ResNet-50 78.4
Temporal ROI [2] ResNet-50 79.8
SELSA [1] ResNet-101 81.5
Temporal ROI ResNet-101 82.6
SELSA ResNeXt-101 83.1
Temporal ROI ResNeXt-101 84.1
SwinVid (ours) Swin-T 80.1

SwinVid (ours) Swin-S 84.3
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Table 3: Performance comparison on EPIC KITCHENS validation set. S1 and S2 indicate seen and

unseen splits

Method mAP@0.5(S1)  mAP@0.5 (S2)
SELSA [8] 38.0 34.8
SELSA + TROI [29]  42.2 39.6
SwinVid (ours) 43.5 41.7
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Table 4: Applying the Swin-Transformer to MaskTrack R-CNN in VIS. AP denotes mask AP which
follows the COCO evaluation metric to use 10 IoU thresholds from 50% to 95% at step 5%

Method Backbone AP APy, AP
MaskTrack R-CNN [34] ResNet-50 30.3 51.1 32.6
MaskTrack R-CNN + TROI [29] ResNet-50 33.5 57.0 36.6
MaskTrack R-CNN [34] ResNeXt-101 34.9 58.8 36.5
MaskTrack R-CNN + TROI [29] ResNeXt-101 38.0 63.3 40.3
SwinVid (ours) Swin-T 36 60 40.3

SwinVid (ours) Swin-S 38.3 60.7 41.4
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Table 2: The memory usage of different video object detectors and our detector on ImageNet VID

Method Backbone Memory (GB)
SELSA [1] ResNet-50 3.49
Temporal ROI [2] ResNet-50 4.14
SELSA [1] ResNet-101 5.18
Temporal ROI ResNet-101 5.83
SELSA ResNeXt-101 9.15
Temporal ROI ResNeXt-101 9.74
SwinVid (ours) Swin-T 4.12

SwinVid (ours) Swin-S 6.94
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