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ABSTRACT

Current video object detection (VOD) models often encounter is-
sues with over-aggregation due to redundant aggregation strategies,
which perform feature aggregation on every frame. This results in
suboptimal performance and increased computational complexity.
In this work, we propose an image-level Object Detection Difficulty
(ODD) metric to quantify the difficulty of detecting objects in a
given image. The derived ODD scores can be used in the VOD pro-
cess to mitigate over-aggregation. Specifically, we train an ODD
predictor as an auxiliary head of a still-image object detector to
compute the ODD score for each image based on the discrepan-
cies between detection results and ground-truth bounding boxes.
The ODD score enhances the VOD system in two ways: 1) it en-
ables the VOD system to select superior global reference frames,
thereby improving overall accuracy; and 2) it serves as an indicator
in the newly designed ODD Scheduler to eliminate the aggrega-
tion of frames that are easy to detect, thus accelerating the VOD
process. Comprehensive experiments demonstrate that, when uti-
lized for selecting global reference frames, ODD-VOD consistently
enhances the accuracy of Global-frame-based VOD models. When
employed for acceleration, ODD-VOD consistently improves the
frames per second (FPS) by an average of 73.3% across 8 differ-
ent VOD models without sacrificing accuracy. When combined,
ODD-VOD attains state-of-the-art performance when competing
with many VOD methods in both accuracy and speed. Our work
represents a significant advancement towards making VOD more
practical for real-world applications. The code will be released at
https://github.com/bingqingzhang/odd-vod.
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1 INTRODUCTION

Video Object Detection (VOD) [28, 46, 52] focuses on identifying
objects within videos by utilizing rich spatial and temporal data.
This task holds significant importance in the field of multimedia.
VOD models typically build upon the success of modern Still Im-
age Object Detectors (SIODs) [3, 34, 35, 51], sampling a series of
reference frames and aggregating them to support the frame being
processed. This approach has proven effective for enhancing frame
feature representation and improving object detection performance.
Consequently, many state-of-the-art models focus on designing
aggregation modules, such as SELSA [46] and LRM in MEGA [4].
However, feature aggregation operations applied to every frame can
introduce high computational costs and decrease detection speed,
which ultimately limits the practical applicability of VODs in real-
life applications. We refer to this as the over-aggregation problem.
Moreover, low-quality reference frames may not provide any bene-
fits in the VOD aggregation step due to their limited information
content, resulting in suboptimal performance.

Methods for addressing the speed-accuracy trade-off in VODs
have been proposed and can be categorized into two types: plug-in
and unified methods. Plug-in methods [7] are employed alongside
existing VOD models, while unified methods [22, 31, 50] combine
two distinct strategies, aggregation and propagation, within the
VOD algorithm. In key frames, unified methods use feature aggre-
gation to improve detection accuracy, while in non-key frames, a
propagation module updates motion information. Although unified
methods alleviate the over-aggregation problem, their key-frame
selection strategy or scheduler is overly simplistic, relying on ei-
ther interval-based [50] or heuristic sampling [31]. Meanwhile, the
quality of reference frames remains largely unexplored in VOD
literature.
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Figure 1: An overview of ODD-VOD. The dotted lines repre-
sent optional operations. There are five ODD-based compo-
nents: ODD Metric, ODD Predictor for predicting ODD scores
of testing frames. ODD Scheduler (ODD-A) switches between
VOD and SIOD to accelerate the inference speed. ODD-based
Global Reference Frame Selector (OGRFS) selects low-ODD-
score frames (easy to detect) as global reference frames in
the training stage (ODD-C) and inference stage (ODD-B) for
better accuracy. The ODD-" labels are created for easier ref-
erence in the rest of the paper.
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In this paper, we present an efficient VOD framework called
Object Detection Difficulty-based VOD (ODD-VOD) to address the
over-aggregation problem and enhance detection accuracy. The
underlying intuition is twofold: first, feature aggregation is only
necessary for frames that pose difficulties for SIODs; second, feature
aggregation yields the most significant improvements over SIODs
when the aggregated images are of high quality and easily detected
by SIODs. To quantify the difficulty of an image for SIODs, we
propose the ODD metric, which measures a ground-truth ODD
score given a training image, its annotations, and its detection
results from a pre-trained image detector. We then train an ODD
Predictor that supports the ODD-VOD pipeline (Figure 1). The main
technical contributions of our proposed framework are as follows:

(1) ODD Metric: We formulate a non-trivial metric to quantify
the ODD score for an image.

(2) ODD Predictor: We first train an ODD Predictor module us-
ing quantified ODD scores to measure the detection difficulty
of testing frames.

(3) ODD-A: We then propose an ODD Scheduler that switches
between VOD and SIOD for a given input frame to increase
inference speed.

(4) ODD-B/C: We present ODD-based Global Reference Frame
Selector (OGREFS). As a plug-in method, OGRFS utilizes ODD
scores to guide the selection of global reference frames,
thereby improving the quality of aggregated features.

OGRES can be utilized in two ways. It can be directly applied during
inference without retraining the VOD model, resulting in improved
detection accuracy (ODD-B). To further enhance detection accuracy,
OGREFS can be employed during both training and inference stages
(ODD-B+C).

Figure 2 illustrates how the proposed ODD score captures the
difficulty levels for an SIOD and how this subsequently reflects
the benefits of VOD/feature aggregation. We display the quantified
ODD scores and the outputs of two detectors on a test video snippet.
There is a strong inverse correlation between the predicted ODD
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Figure 2: The predicted ODD scores have an inverse corre-
lation with detection quality on two detectors. If the ODD
score of a frame is low, the SIOD (Faster R-CNN) will have
the same detection results as the video detector (SELSA). As
the ODD score increases (making detection more difficult),
the VOD will have significantly better results.

scores and the accuracy of detection results from Faster R-CNN [35]
(a typical SIOD). When the ODD scores are low (easy to detect),
there is little difference between Faster R-CNN and SELSA [46]
(VOD). As the ODD score increases (becoming harder to detect due
to occlusion, blurriness and so on), Faster R-CNN starts to produce
inaccurate object localization (blue box) and eventually misclassifies
the object (red boxes) or even misses detections (purple box) (see
more cases in Section 4.8). In our ODD-VOD, detection accuracy
and speed can be simultaneously optimized using ODD scores.
When a frame has a low ODD score, an SIOD can quickly process it
without sacrificing accuracy and bypass VOD/feature aggregation.
When the ODD score is higher, we can switch to VOD to detect
these frames, maximizing aggregation benefits; furthermore, in the
aggregation process, we use reference frames with low ODD scores
for improved results.

In the Experiments section, we present extensive empirical re-
sults demonstrating that our proposed method can achieve signifi-
cant speed improvements and enhanced accuracy across a range of
widely-used VOD models.

2 RELATED WORK

Object Detection in Still Images As one of the most critical
computer vision tasks, object detection has been extensively studied
in academia and industry. Detectors in still images can be classified
into two types: two-stage and one-stage. Two-stage detectors first
extract objects from background areas and then determine their
categories and positions [2, 9, 15, 35, 47]. On the other hand, one-
stage detectors [14, 27, 30, 34, 44] can be faster than the two-stage
ones. These detectors regard the detection task as a regression
problem to obtain the types and positions of bounding boxes. Recent
years, applying the transformer [43] to object detection is becoming
a new research hotspot [3, 29, 32, 48].

Object Detection in Videos Unlike object detection in still images,
video object detectors utilize spatial and temporal information in
frames. Based on the different types of reference frames, existing
methods can be classified into three categories: local-frame-based,
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Figure 3: Training Pipeline for ODD Predictor. It takes four
steps: 1) training an SIOD; 2) obtaining detection results of
training images; 3) quantifying ODD scores; 4) using training
images and ODD scores to train the ODD Predictor.
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global-frame-based, and both-frame-based. Local-frame-based meth-
ods aggregate temporal information of nearby frames [1, 11, 26, 52,
53]. Global-frame-based methods select a range of reference frames
in the whole videos and seek to enhance the features with semantic
information [8, 16, 19, 28, 33, 38, 46]. Apart from the cite reference
frames from the local or global position, MEGA [4] samples frames
from both positions to obtain semantic information and motion
information. However, aggregating on each frame may cause the
over-aggregation problem, which brings high computational costs.

Therefore, efficient VODs are designed to reduce aggregation
costs. Plug-in efficient methods [7] can be attached to other VODs
for decreasing reference frames. Unifed-based efficient methods [17,
22,31, 42,50] combine dense (aggregation) and sparse (propagation)
detectors to achieve faster speed. However, propagation between
frames is vulnerable and sensitive to changes in objects’ appearance
and positions. Our method replaces the sparse detector with an
SIOD to avoid the object motion problem.

3 METHOD

We first formally define the concept of ODD, and describe the
process to quantify the ODD scores from the training set. We then
present the details of ODD-VOD and its components.

3.1 Definition of Object Detection Difficulty

The most prevalent metric for evaluating the performance of vari-
ous object detectors is the Mean Average Precision (mAP). However,
mAP is a dataset-level metric, which makes it unsuitable for directly
assessing the detection results on individual images. To address this
limitation, we introduce the concept of Object Detection Difficulty
(ODD), an image-level metric for object detection performance.

We propose an image-level metric for object detection difficulty,
derived from the results of a SIOD model and the ground-truth
bounding boxes in the training set. This image-level metric serves
as the ground-truth signal for training an ODD Predictor, which can
then estimate an ODD score for each image, making it a valuable
tool for training or inference.

After obtaining the detection results from the SIOD model and
the ground-truth bounding boxes for an image in the training set,
we classify each predicted bounding box into four categories: posi-
tive, negative, near-positive, and multi-positive. If a bounding box
has the maximum Intersection over Union (IoU) with a ground-truth
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bounding box, and the IoU exceeds the positive threshold (1), we
label this result as positive. If a bounding box’s IoU is greater than
t; but not the maximum, we classify this result as multi-positive. If
a bounding box’s IoU does not reach the positive threshold but is
numerically close (e.g., t; is 0.5 and the IoU is 0.49), we designate
this result as a near-positive sample. The concept of near-positive
samples is inspired by the sampling strategy of Region Proposal
Network (RPN) [35], which assigns positive samples in the second
stage. Furthermore, the IoU of a near-positive sample should be
larger than the near-positive threshold (tz). Finally, if the IoU of
a predicted bounding box is smaller than t;, we categorize this
result as negative. Among these categories, positive, near-positive,
and multi-positive results contribute positively to the ground-truth
ODD score.

Then, we can use a unified formula to define the weighted sample
(ws). It can be written as:

W)= Y Carp Y. Y SCRG)

leL max(IoU;) leL IoU; €[ t5,t1)

Y Y amery Y

leL IoU;€[t,1] leL IoU;€[0,t,)

Criln(p), (1)

where L is the label of different objects, C is the confidence score
of the detection result, t; is the positive threshold and ¢, is the
near-positive threshold which is mentioned above. 1p, 1Ngr, 1M and
1y are indicator functions, which are used to determine whether
the current result belongs to the corresponding sample (positive,
near-positive, multi-positive and negative sample correspondingly).
The output of this function has two values, 0 and 1. In addition,
there is a parameter p in equation 1. When p is equal to 1, 1p, INR
and 1p will work to find all positive samples. And when p is 0, ws
will calculate weighted negative samples. The weighted sample is
an important measurement to calculate the output of a detector
on one image. Borrowing the idea of the F1-score, we also use
harmonic means to balance different samples.
First, the weighted precision (wp) can be defined as:

ws(p=1)
ws(p=1)+ws(p=0)
wp = 2

1,if no gt bbox

Here the denominator cannot be 0 due to the structure of object
detectors. And the weighted recall (wr) can be defined as:
ws(p=1)

max (total_gt_sample,ws(p=1))
wr = s (3)

1,if no gt bbox

where total_gt_sample is the total number of ground truth pro-
posals in one image. Finally, we can define the ODD with wp and
wr:

wp X wr

ODD=1-2- (4)

wp +wr+¢
where ¢ is a tiny value to prevent the denominator from being 0.
The value range of ODD is between 0 and 1. If the ODD score is
high, it means the current image is hard to detect for the object
detector and vice versa.
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Figure 4: ODD Scheduler for faster detection. The input is
predicted ODD scores from ODD Predictor. Then, the ODD
Scheduler will use the ODD score to determine which detector
to detect the current frame (Dispatching). After generating
results, ODD Scheduler will collect them together (Collect-
ing). In addition, ODD-B (OGREFS in inference) can be used to
improve detection accuracy.

3.2 ODD-VOD Framework

An overview of the ODD-VOD framework is presented in Figure
1. The basic input of the framework is the quantified ODD scores
(ODD ground truth scores), which can be calculated from an SIOD
and the training dataset. ODD Predictor is used to predict ODD
scores of testing frames, which is an important input for the ODD
Scheduler. The ODD Scheduler (ODD-A) is deployed in a hybrid de-
tection pipeline for faster speed. OGRFS can be used in the training
stage (ODD-C) and inference stage (ODD-B), which select lowest k
ODD score global reference images for better detection accuracy.
We now introduce the ODD-based components in detail.

Training the ODD Predictor

The ODD Predictor is a novel head attached to an SIOD model,
and its training serves as the initial stage for the ODD-VOD frame-
work. The primary goal of the ODD Predictor is to estimate the
ODD score for a given input frame.

Four steps are involved in training an ODD Predictor, as illus-
trated in Figure 3. First, an SIOD model is trained on the training
dataset, or a pre-trained detector can be used. Second, the trained
SIOD model is executed to produce detection results. Then, with the
detection and ground-truth results collected, the method described
in Section 3.1 is employed to generate the ODD score set, which
serves as the supervision signal for ODD Predictor training. Finally,
the ODD Predictor is trained with the backbone frozen, ensuring
that the training process does not affect the object detection (DET)
head.

The ODD Predictor is a lightweight auxiliary head with four
layers: one layer of convolutional network with 3 by 3 kernel, one
layer of adaptive average pooling with 7 by 7 kernel, and two fully
connected layers. For a video frame x;, the ODD score y; can be
calculated as:

yi = ODD(f (xi)), ©)

where f is the detector’s backbone and x; is the training image. y;
ranges from 0 to 1. And we use the smooth L1 loss [15] to optimize
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Figure 5: OGRFS for Better Detection. Frames with lower
ODD scores tend to yield more accurate detection outcomes
and can serve as reliable reference frame for other hard-to-
detect frames during feature aggregation, thus improving
overall performance.

the ODD Predictor:

0.522,if |z;] < 1
ODDloss(z;) = (6)
|zi| = 0.5, otherwise

Here, z; = gt; — 10y;. gt; is the ground truth ODD score of frame x;,
which can be obtained in step 3. Note that we magnify the value of
y; by 10 times to increase the convergence speed when calculating
the ODD loss.

ODD Scheduler for Faster Detection (ODD-A)

Figure 4 illustrates the working process of the ODD Scheduler,
which functions as a hybrid detection pipeline. It comprises two
object detectors: a Still Image Object Detector (SIOD) and a Video
Object Detector (VOD). While the SIOD can detect objects more
rapidly but with reduced detection accuracy, the VOD can achieve
superior detection results, albeit at a slower speed.

During the inference stage, the ODD Predictor first assigns scores
to the frames. If the predicted ODD score for the current frame is
below the ODD threshold (indicating an easy-to-detect frame), the
SIOD detection head will directly process it. Otherwise, the ODD
Scheduler will delegate this frame (considered hard-to-detect) to
the Video Object Detector, representing the dispatching process.
The ODD Scheduler subsequently collects all detected results in
their original order.

Thus, the ODD-VOD framework processes a video in two rounds.
In the first round, the SIOD equipped with the ODD Predictor
evaluates the entire video and performs detection when necessary.
In the second round, the VOD detects the remaining frames.

OGREFS for Better Detection (ODD-B/C)

For global-frame-based VODs, selecting global frames from the
entire video as reference frames for aggregation is essential. How-
ever, existing sampling strategies are typically naive. The most
common strategy involves randomly selecting several frames as
global frames. In ODD-VOD, we propose the ODD-based Global
Reference Frame Selection (OGRFS) method as a more sophisticated
selection strategy, as illustrated in Figure 5. Given a number k as a
parameter for the reference frames to be aggregated, OGREFS selects
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Table 1: Main results for the full ODD-VOD framework (ODD-Full, i.e. ODD-A+[B+C], all ODD components used when applicable
to the VOD model). We use ResNet-50 backbone for all models. The bold numbers mean settings on which acceleration is
achieved without sacrificing accuracy, and the biggest lossless acceleration rate is shown in the rightmost column. On the
other hand, when the ODD Threshold is set to near 0, we can get maximum accuracy improvement in this table, and the
corresponding mAP gains over the original VOD models are given in the second rightmost column.

VOD Model ODD- ODD Theshold Original | Lossless
Strategy 09 08 07 06 05 04 03 025 02 015 0.1 0.05| Results | Acc. Rate
FGFA ODD- mAP | 72.1 728 731 734 738 712 745 74.7 747 747 747 74.7 74.7 1104.2%
[52] A FPS | 29.6 275 259 238 194 172 153 145 13.6 13.1 122 114 7.1 ’
SELSA ODD- mAP | 733 744 750 758 767 776 787 792 795 79.7 79.8 80.0 78.4 1 72.4%
[46] A+B+C FPS | 341 337 307 303 256 227 200 19.1 18.1 16.6 154 14.2 11.6 '
TROIA ODD- mAP | 73.9 755 763 767 777 788 79.7 79.9 80.1 80.2 80.4 80.6 79.8 1 66.7%
[16] A+B+C FPS | 28.7 246 225 19.7 159 13.0 108 10.0 9.1 8.4 7.6 6.9 6.0 '
RDN(local) ODD- mAP | 72.0 725 727 730 737 742 748 751 753 755 756 75.7 75.7 113.9%
[11] A FPS | 26.6 231 214 190 157 136 114 108 98 95 89 8.2 7.2 )
RDN(global) ODD- mAP | 73.1 741 749 756 765 77.6 78.9 79.2 794 79.7 79.9 80.1 77.6 1703%
[4] A+B+C FPS | 36.2 345 330 315 279 247 227 217 195 187 17.6 16.0 14.5 ’
MEGA ODD- | mAP | 723 73.0 734 742 752 761 772 77.6 779 782 784 785 77.0 1112.5%
[4] A+B+C FPS | 255 219 195 182 143 124 10.2 9.6 8.7 8.2 7.7 6.9 4.8 ’

Table 2: Main results for ODD-VOD. We use ResNet-101 back-
bone for all models.

Model ODD Threshold Original | Acc
0.8 0.4 02 015 01 0.05 | Results Rate
mAP | 769 771 776 778 77.8 77.8 77.8
FGFA FPS 257 167 125 121 11.1 10.6 6.3 T98.4%
mAP | 784 80.2 817 82.1 825 827 81.5
SELSA FPS 283 179 158 15.0 139 128 10.5 T505%
mAP | 80.6 815 82.7 829 83.6 83.9 82.6
TROIA FPS 205 11.7 8.3 7.5 6.8 6.2 5.1 T62.7%
RDN mAP | 77.2 789 805 81.2 815 817 81.7 118.0%
(Local) | FPS | 216 123 89 83 78 7.2 6.1 e
RDN mAP | 804 815 82.3 828 823 836 81.7 1 45.6%
(Global) | FPS | 29.6 182 16.6 16.1 157 152 | 114 o
mAP | 80.8 81.7 828 83.2 839 84.1 82.9
MEGA FPS 19.6 109 74 6.7 5.9 5.3 3.6 T86.1%

the frames with the k lowest ODD scores to create a global frame
pool.

OGREFS can be employed in two distinct ways. One approach is
to directly incorporate OGRFS into the VOD inference stage (ODD-
B), which enhances detection accuracy without re-training the
models. Alternatively, OGRFS can be further utilized to train global-
frame-based VOD models (ODD-C), resulting in superior detection
accuracy compared to the inference-only version. In summary,
OGREFS helps avoid selecting deteriorated frames as global reference
frames during both training and inference stages.

4 EXPERIMENTS
4.1 Experiment Setup

Dataset and Evaluation.We conduct our experiments on the Ima-
geNet VID dataset [36], which is the most widely used benchmark
for video object detection [4, 46, 52]. The dataset consists of 3,862
video snippets for training and 555 video snippets for validation. All

video frames are fully annotated with bounding boxes and object
categories, covering over 30 categories.

To evaluate the performance of detection results, we follow the
common practice in VOD [37, 49] and report mean Average Preci-
sion (mAP) at 0.50 IoU on the validation set as the accuracy metric
and runtime as the speed metric. It is worth noting that runtime
may vary due to system factors. Therefore, we typically take the
average of multiple measurements. Moreover, two types of runtime
are widely used in previous work: runtime (ms) and runtime (FPS).
We choose runtime (FPS) because we believe that FPS provides a
more intuitive understanding of a model’s inference speed.

Training and Inference Details. We implemented our code us-
ing PyTorch 1.12.0. For the main experiments, we employed the
MMTracking toolbox [6], a widely-used open-source platform for
video object detection, to implement the methods and compare their
performance. We utilized Faster R-CNN with ResNet-50 and ResNet-
101 [23] backbones, initialized with ImageNet pre-trained weights,
as the still image object detector. In the generalizability experiments
(Section 4.3), we implemented our ODD-VOD framework using the
corresponding official codebases [37, 49]. It is important to note that
image preprocessing varies across different methods. For YOLOV
experiments, we resized input frames to 576 X 576. In contrast, for
other experiments, we resized input frames to 1000 X 600.

For training, we employed three NVIDIA GeForce RTX 3090
GPUs to train the ODD predictor, Faster R-CNN, and the VOD
models with OGRFS (ODD-B) when applicable, in parallel. The
process unfolded as follows: first, we trained Faster R-CNN for
7 epochs and then generated the ODD ground truth scores on
the training dataset, with the near-positive threshold (¢1) set to
0.3 and the positive threshold (#2) set to 0.5. After generating the
ODD ground truth scores, we froze the backbone to train the ODD
Predictor. We set the training iteration to 220k. The initial learning
rate was set to 3.75 X 107> and was divided by 10 at 110k and
165k iterations, respectively. Subsequently, we trained several VOD
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Table 3: Generalisability for ODD Metric in Different ODD-
VOD Combinations

Still Image Video Object ODD Threshold Original
Detector Detector 0.7 0.4 0.2 0.1 0.05 Results
Deformable DETR | TransVOD Lite | mAP | 88.3 89.1 89.9  90.1 90.1 90.1
(Swin-Base) (Swin-Base) FPS | 161 147 130 11.7 11.0 9.9
mAP | 730 748 763 775 779 77.9
YOLOX-s YOLOV-s FPS | 1938 1840 1769 1703 1661 | 1613
mAP | 777 792 812 827 834 834
YOLOX YOLOV-L FPS | 1420 1355 1259 1201 117.3 | 113.0
mAP | 831 843 852 856 856 85.6
YOLOX-x YOLOV=x FPS | 1057 955 901 844 825 | 781
mAP | 745 792 824 836 843 85.6
YOLOX-s YOLOV-x FPS | 1826 1514 1280 1037 911 78.1

models with OGRFS. The training iteration remained the same as
for the ODD Predictor. We followed the dataset protocols widely
used in [4, 24, 37, 52].

In the main experiments, we evaluated ODD-VOD’s performance
on six different VODs to test its effectiveness: FGFA [52], SELSA
[46], MEGA [4], RDN(local) [11], RDN(global), and Temporal Rol
Align (TROIA) [16]. To obtain comparable results for inference
speed, we utilized a single NVIDIA GeForce RTX 3090 GPU to
evaluate the ImageNet VID dataset and set the batch size in Faster
R-CNN and VOD to 1. In the generalizability experiments, we di-
rectly reused ODD predicted scores obtained from the main experi-
ments and combined ODD-VOD with the two latest state-of-the-art
models, namely YOLOV (YOLO series) [37] and TransVOD_Lite
(DETR series) [49], to achieve better performance. The batchsize of
SIODs was aligned with the original models, i.e., 1 for SELSA, 12
for TransVOD_Lite and 32 for YOLOV.

4.2 Main Results

Tables 1 and 2 present the detection accuracy and speed on various
VOD models with different ODD thresholds, employing two dif-
ferent backbones (ResNet-50 and ResNet-101). The ODD strategy
in Table 1 indicates the ODD components (ODD-A, ODD-B, and
ODD-C) included in the models. In Table 2, the corresponding ODD
strategies remain consistent. The right column displays the results
of the original VOD model. Among these VOD models, FGFA and
RDN (local) are local-frame-based methods; SELSA, TROIA, and
RDN (global) are global-frame-based; MEGA is both-frame-based.
These six models represent all types of typical precision-oriented
VODs. The bold numbers in the tables signify the accuracy lossless
ODD settings, which are recommended speed-accuracy trade-offs.

The ODD threshold is used by ODD-A for frame assignment
to either an SIOD or a VOD process. If the predicted ODD score
falls below the ODD threshold, Faster R-CNN will detect the frame.
Otherwise, the frame will be processed by the VOD. Consequently,
as the ODD threshold decreases, detection accuracy increases while
detection speed slows down. The ODD threshold can be flexibly
adjusted to cater to different application requirements. Furthermore,
we find that setting the ODD Threshold to 0.2 allows most SIOD-
VOD combinations to achieve lossless acceleration. Therefore, 0.2 is
a recommended ODD threshold for our ODD-VOD framework.

Furthermore, Table 1 validates the existence of the over-aggregation
phenomenon. When we set the ODD threshold to a specific num-
ber or below, we can achieve the same detection results with a
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Table 4: OGREFS for Global-based VOD Training & Inference.

ODD-B v (4
Model ODD-C (4
Backbone mAP@0.50

RDN(Global) | ResNet-50 | 77.6 79.1 80.1
[4] ResNet-101 | 82.5 83.0 83.6
TROIA ResNet-50 79.8 80.1 80.6
[16] ResNet-101 | 82.6 834 84.0
SELSA ResNet-50 78.4 79.7 80.1
[46] ResNet-101 | 81.5 81.8 82.7

faster inference speed. For instance, in FGFA detection, when we
set the ODD threshold to 0.25 for ResNet-50 and 0.15 for ResNet-
101, ODD-VOD can correspondingly achieve the same mAP as the
initial results with 104% and 98.4% inference speed, respectively. For
global-frame-based and both-frame-based methods (SELSA, TROIA,
RDN (global), and MEGA), OGRFS makes the aggregation opera-
tion more efficient, resulting in better detection accuracy and faster
detection outcomes. For example, when we set the ODD threshold
to 0.3, SELSA can achieve a 79.2 mAP and 20.0 FPS (compared to
the initial results: 78.4 mAP and 11.6 FPS).

4.3 Generalisability for ODD-VOD (ODD-A).

In the main experiments, we use Faster R-CNN as the SIOD to
verify the effectiveness of ODD-A with the defined ODD metric
in different VODs. We then further explore the generalizability
of ODD-VOD on various combinations of SIODs and VODs. Here
we directly reuse the predicted ODD scores mentioned earlier. We
include Deformable DETR [51] and YOLOX [14] as alternative SIOD
options to Faster R-CNN and test both SIODs on the very recent
and competitive VOD models, TransVOD Lite [49] and YOLOV [37],
to validate the generalizability and flexibility of ODD-VOD. Table
3 displays the detection results at different ODD thresholds. We
observe consistent performance gains for both SIODs combined
with TransVOD Lite and YOLOV. This confirms that the ODD-A
component in ODD-VOD is robust to the choice of SIOD. Therefore,
we argue that the proposed ODD metric is suitable for various
detectors (detector-agnostic) because most detectors share common
challenging detection cases, such as small and blurry objects.

4.4 Evaluation of OGRFS (ODD-B/C)

Table 4 shows the effects of ODD for global-frame-based VOD train-
ing and inference. The results show that the OGRFS can improve
detection accuracy even with only a pre-trained model in the infer-
ence stage (ODD-B). We use SELSA and TROIA (78.4 and 79.8 mAP
correspondingly) with the model and weights directly downloaded
from the Open-MMLab 1. OGRFS achieves better detection accu-
racy (79.7 and 80.1 mAP correspondingly) without retraining. This
means ODD-B can be a low-cost plug-in for better accuracy, for
any pretrained VOD model in this category. Furthermore, if we use
OGRES for both retraining and inference (ODD-B+C), ODD-VOD
outperforms all existing VOD models consistently.

!https://mmtracking.readthedocs.io/en/latest/model_zoo.html
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4.5 Design of the ODD Quantifying Metric.

In Section 3.1, we defined the categorized output bounding boxes
into four kinds of results: positive, negative, near-positive, and
multi-positive. The notion of positive and negative results is widely
used in F1-score and mAP. In this ablation study, we prove the
effectiveness of near-positive and multi-positive results. Table 5
shows the detection results (accuracy and speed) of ODD-based
SELSA with different components with the ODD threshold from 0.7,
0.4 to 0.2. When we use all components, the detection results can
perform best in most cases. If we use two of them, the performance
can be better than only using positive & negative detections.

Table 5: Ablation Study for Object Detection Difficulty Design

positive&negative | ¢/ v v
Component near-positive v v
multi-positive v
07 mAP 748 750 75.1
: FPS 305 314 307
ODD 0.4 mAP 771 713 77.7
Threshold ’ FPS 219 196 227
02 mAP 790 793 79.2
’ FPS 17 145 18.1

4.6 Comparison with Efficient VOD Methods

Comparison with Plug-in Efficient VODs.

Plug-in efficient VOD methods can be attached to other video
object detectors for faster detection speed without significant ac-
curacy losses. The proposed ODD-VOD framework addresses the
issue of over-aggregation by alternating between the SIOD and
VOD, which is a typical plug-in approach. However, only a few
methods are designed in plug-in form. To the best of our knowl-
edge, DFA [7] is also a plug-in efficient method addressing this
challenge by designing a plug-in module to dynamically aggregate
features for off-the-shelf video object detectors. It can reduce the
computational cost and improve the detection speed when attached
to other VOD models. It is worth mentioning that some plug-in
VOD methods [8, 20] also exist which enhance feature aggregation
for better detection accuracy. However, these methods are not con-
sidered efficient approaches because they sacrifice detection speed
to achieve higher precision. In Table 6, we compare ODD-VOD
with DFA (including Vanilla DA and Deformable DA) to show the
detection results changes, including FPS and mAP. Since DFA is
deployed on a different hardware platform, one reasonable way is
to compare the gains of the base VOD models after the enhance-
ment frameworks are applied. Overall, ODD-enhanced methods
can achieve the best results without accuracy losses, while DFA
will lead to a decline in detection accuracy. This indicates that DFA
can partially alleviate the over-aggregation problem for speedups,
but it comes at the cost of the model’s accuracy.

Comparison with Unified Efficient VOD Methods.

Unified methods deeply optimize the process of feature aggrega-
tion to obtain better detection speed. In Table 7, we compare our
ODD (Plug-in trade-off) with some representative state-of-the-art
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Table 6: Comparison with plug-in efficient VODs. Since the
results of Vanilla DA and Deformable DA are reported from
different platforms, we compare relative gains here

Methods Backbone FPS Gains mAP Gains
FGFA + Vanilla DA ResNet-50 172158579 10.47435739
FGFA + Deformable DA ResNet-50 T1.858576 10.2 7435741
FGFA + ODD (ours) ResNet-50 174715145 0.0 74.7—74.7
SELSA + Vanilla DA ResNet-50 T4.450594 1 1.4 7795765
SELSA + Deformable DA ResNet-50 T 3.850-3.8 1047795775

SELSA + ODD (ours) ResNet-50 7841165200 T0.3784-787
TROIA + Vanilla DA ResNet-50 72415539 1 1.2 7905778
TROIA + Deformable DA ResNet-50 T 2.115536 10.2790-788
TROIA + ODD (ours) ResNet-50 T 4.0 6.0-10.0 T0.1798579.9

FGFA + Vanilla DA
FGFA + Deformable DA

ResNet-101 T 2451575
ResNet-101 1 2.0 51571
FGFA + ODD (ours) ResNet-101 T 5.8 6.3-12.1

1047765772
1 0.17765775
0.0 77.8-77.8

SELSA + Vanilla DA ResNet-101  73.0 45575
SELSA + Deformable DA ResNet-101 T 2.6 4.57.1
SELSA + ODD (ours) ResNet-101  T4.5105-15.0 T10.681.5-582.1

1 1.3 81.3580.0
1038135810

TROIA + Vanilla DA ResNet-101 72412536 10.6 824818
TROIA + Deformable DA ResNet-101 T 2.11.2-53.3 10.482.4-82.0
TROIA + ODD (ours) ResNet-101 T2451575 1038265829

Table 7: Comparison with SOTA VOD Methods

Model Backbone FPS mAP@0.5
Precision-Oriented VOD
SELSA [46] ResNet-50 116 78.4
FGFA [52] ResNet-101 6.3 77.8
SELSA [46] ResNet-101 10.5 81.5
TROIA [16] ResNet-101 5.1 82.6
LWDN [25] ResNet-101 20(X) 76.3
MAMBA [41] ResNet-101 11.1(RTX) 80.8
MINet [12] ResNet-101 7.5(V) 80.2
LRTR [39] ResNet-101 10(X) 80.6
DSFNet [28] ResNet-101 - 84.1
EBFA [18] ResNet-101 - 84.8
TransVOD Lite [24, 49] SwinBase 9.9 90.1
Unified Efficient VOD
SparseVOD [21] ResNet-50 14.4(A100) 80.3
DFF [53] ResNet-101  39.8(V100) 73.5
OGEMN [10] ResNet-101  14.9(1080Ti) 76.8
QueryProp [22] ResNet-101 26.8(X) 82.3
THP [50] ResNet-101 13.0(K40) 78.6
DorT [31] ResNet-101 7.8(X) 75.8
PSLA [17] ResNet-101  30.8(V)/18.7(X) 77.1
LSTS [40] ResNet-101 23.0(V) 77.2
EOVOD [42] YOLOX-m 50.5(V100) 74.5
YOLOV [37] YOLOX-s 161.3 77.9
YOLOV [37] YOLOX-x 78.1 85.6
ODD-VOD (ours)
SELSA+ODD ResNet-50 20.0 78.7
FGFA+ODD ResNet-101 12.1 77.8
SELSA+ODD ResNet-101 15.8 81.7
TROIA+ODD ResNet-101 6.6 82.7
TransVOD Lite+ODD SwinBase 11.7 90.1
YOLOV+ODD YOLOX-s 166.1 77.9
YOLOV+ODD YOLOX-x 84.4 85.6
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methods including some latest methods, e.g. [21, 22, 37]. The re-
marks in column FPS mean different GPU platforms. Table 7 has
three parts. The top part lists some precision-oriented VOD models
which are designed to achieve better detection accuracy but may
encounter the over-aggregation problem. The middle part displays
some unified efficient VOD methods focusing on detection speed.
The bottom part shows our methods. Finally, our ODD-VOD is
competitive with all these methods and can achieve state-of-the-
art performance when integrated with the latest methods, such as
TransVOD Lite+ODD and YOLOV+ODD.

Table 8: Proportion of Frames Processed by SIOD Detection
Head.

ODD Thresh 0.9 0.7 0.5 0.3 0.2 0.1
Proportion  90.8% 84.0% 71.5% 52.2% 39.6% 25.0%

4.7 Time Efficiency

In comparison to other efficient VOD approaches, ODD-VOD is
able to accelerate the detection speed directly from the base SIOD
models. Consequently, we investigate the percentage of frames
processed by the SIOD detection head under various ODD threshold
settings (refer to Table 8). It is evident that the ODD metric tends
to assign higher scores to input frames. Remarkably, even when
the ODD threshold is set to 0.1, approximately one-quarter of the
frames are directly processed by the SIOD detection head, resulting
in favorable speed-accuracy trade-offs for the majority of VOD
methods.

We further compute the GFLOPs for each component of our
ODD-VOD method. The GFLOPs of Faster R-CNN (r50) equipped
with an ODD predictor were 131.63, with the detection head con-
tributing 45.09 and the ODD predictor (head) contributing a mere
0.13. Consequently, the ODD head accounted for only 0.1% of the
model complexity, exerting negligible impact on detection speed.
The VODs employed in our primary experiment were considerably
more complex than SIOD; for example, SELSA had a GFLOP of 324.2.
In summary, the ODD predictor can be regarded as a cost-effective
means to bridge the gap between SIOD and VOD.

4.8 Visualization

Figure 6 shows more visualization results on the relationship be-
tween predicted ODD scores and the results for two different detec-
tors (Faster R-CNN for a typical SIOD and SELSA for a typical VOD).
Predicted ODD score could accurately characterize the detection
difficulty for Faster R-CNN in most cases. When the predicted ODD
score is below 0.2, Faster R-CNN mainly outputs correct proposals.
This phenomenon can also be proved by Table 1: when we set the
ODD threshold to 0.2, our ODD-VOD (ODD-Full) can achieve the
same or better detection accuracy and faster detection speed com-
pared with the original video object detector. When the predicted
ODD score is 0.7 or above, these frames will likely be challenging
for Faster R-CNN to detect. Therefore, the feature aggregation mod-
ule can get maximum detection benefit for the frames with ODD
scores of 0.7 or above.

Furthermore, as an interpretation of what the ODD score is really
measuring, we find that many frames with higher ODD scores
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Figure 6: Visualization of the Relationship between Predicted
ODD Scores and Detection Results.

exhibit motion blur, video defocus, part occlusion, rare poses, poor
illumination, small object scales, and other attributes that affect
detection difficulty. A high ODD score could be derived from a
single or a combination of such attributes. Therefore, we argue
that there is no simple heuristic/rule-based method to measure
detection difficulty. Instead, the proposed ODD Predictor manages
to capture that complex signal with the proper supervision from
the ODD Metric, and is able to produce robust ODD predictions
across different scenarios.

5 CONCLUSION

In this paper, we define an image-level metric named Object Detec-
tion Difficulty (ODD) to measure the difficulty of object detection
for a given image. We also design an ODD-VOD framework using
ODD scores to suppress over-aggregation for faster video object
detection speed. In addition, using ODD scores, a module in ODD-
VOD called OGREFS helps the global-frame-based VOD models select
better reference frames for better detection accuracy. Finally, exten-
sive experiments demonstrate that our method can achieve faster
and better video object detection than other VOD methods tested.
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Object Detection Difficulty: Suppressing Over-aggregation for Faster and Better Video Object Detection

A RELATION WITH IMAGE QUALITY
ASSESSMENT

Another existing work similar to our proposed ODD is called Image
Quality Assessment (IQA) [5, 13, 45], which is widely used to as-
sess image quality. However, ODD has enormous differences from
IQA essentially. First, ODD pays attention to the objects in images,
while IQA evaluates both the foreground and background in images,
including the sky and clouds in images. Second, the influences on
detection accuracy are not only about the quality of frames, other
factors like object scales, and rare poses can also make detection
difficult. The ODD score can comprehensively quantitatively mea-
sure all these factors (See Section 4.8). In addition, the definition of
IQA is more subjective, relying on humans’ judgment, while ODD
is defined from the perspective of an SIOD.

B OBJECT DETECTION DIFFICULTY METRIC:
THE ALGORITHM DESCRIPTION

Algorithm 1 Calculate the ODD ground truth score for an image

Input: PredBbox, PredLabel, GtBbox, GtLabel
Parameter: Threshold: near-positive (¢1), positive (2)
Output: ODD

1: PosList, NearList, MultiList, NegList := []

2: for [ in CONCAT(PredLabel, GtLable) do

3:  PredBboxL, GtBboxL := GetBboxWithLabel(l)

4:  PredScoreL := GetScoreWithLabel(l)
5. IoUj := CalculateIoU(PredBboxL, GtBboxL)
6: foriin [0.. NUM(PredBboxL)] do
7: Weight := PredScoreL(i)
8 if IoUj; is max(IoU;) and IoUj; > tp then
9: APPEND(PosList, Weight)
10: else if IoUj; > t; then
1 APPEND(MultiList, Weight)
12: else if t; < IoUj; <t then
13: APPEND(NearList, Weight)
14: else
15: APPEND(NegList, Weight)
16: end if
17: end for
18: end for

19: wp, wr := CalPR(PosList, NearList,MultiList, NegList)
o WPXWV

20: ODD—l—ZW

21: return ODD
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In Section 3.1, we formally define the concept of Object Detection
Difficulty (ODD) metric with equations (1 to 4). Equation 1 is used
to divide the detection results of an SIOD into four categories and
compute the wp. The form of the other three equations is very
similar to that of the F1-Score.

The procedure for calculating the ODD ground truth score is
described in Algorithm 1. Note that the ODD score is an image-level
measurement. Therefore, the algorithm will return the detection
difficulty for one image. The algorithm’s input is the same as calcu-
lating mAP, which includes prediction results (PredBbox, PredLabel

with its confidence) and ground truth (GtBbox and GtLabel). In
addition, the algorithm has two hyperparameters: near-positive

threshold (#1) and positive threshold (¢2). These two parameters
are used to differentiate positive, near-positive, and multi-positive
samples, which have been mentioned in Section 3.1 of our paper.
After running the algorithm, we can obtain the corresponding ODD
score.

C EFFECT OF ODD STRATEGY FOR
GLOBAL-FRAME-BASED VOD

Table 9 shows three VOD models with different ODD strategies.
Recall that ODD-A uses ODD Scheduler with ODD Threshold for
faster detection speed and ODD-B/C uses ODD-based Global Ref-
erence Frame Selector (OGRFS) for better detection accuracy in
both training and inference stages. Note that using ODD-B/C will
not reduce the detection speed. Therefore, the ODD-full version
(ODD-A+B+C) ODD-VOD can get the best speed-accuracy trade-off
but need to retrain the VOD model. ODD-A+B strategy can also get
a good trade-off without retraining VOD models, which provides
an additional option for how ODD-VOD can be used.

Table 9: Results for Global-frame-based VOD with different
ODD strategies. We use ResNet-50 as the backbone for all
models.

Model OoDD ODD Theshold Original | Lossless
Strategy 08 04 03 02 015 0.1 | Results | Acc.Rate
A mAP | 735 763 772 781 782 784 32.8%
SELSA | A+B mAP | 742 774 785 79.2 794 79.6 78.4 72.4%
[46] | A+B+C | mAP | 744 77.6 787 79.5 79.7 79.8 72.4%
FPS | 337 227 20.0 181 166 154 11.6 -
A mAP | 738 775 782 79 794  79.6 15%
TROIA | A+B mAP | 754 783 790 797 79.9 80 79.8 40%
[16] A+B+C mAP | 755 788 79.7 80.1 80.2 80.4 51.7%
FPS 246 13.0 108 9.1 8.4 7.6 6.0 -
A mAP | 725 754 762 76.8 77 77 70.8%
MEGA | A+B mAP | 729 76 77.0 77.8 78 78.2 77.0 112.5%
[4] A+B+C mAP | 73 761 77.2 779 782 784 112.5%
FPS 219 124 102 87 8.2 7.7 4.8 -
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