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Abstract: Object detection is an essential computer vision task that aims to detect target objects from
an image. The traditional models are insufficient to generate a high-quality anchor box. To solve the
problem, we propose a novel joint model called guided anchoring Region proposal networks and
Cascading Grid Region Convolutional Neural Networks (RCGrid R-CNN), enhancing the ability
of object detection. Our proposed model design is a joint object detection algorithm containing
an anchor-based and an anchor-free branch in parallel and symmetry. In the anchor-based, we
use nine-point spatial information fusion to obtain better anchor box location and introduce the
shape prediction method of Guided Anchoring Region Proposal Networks (GA-RPN) to enhance the
accuracy of the predicted anchor box. In the anchor-free branch, we introduce the Feature Selective
Anchor-Free module (FSAF) to reduce the overlapping anchor boxes to obtain a more accurate
anchor box. Furthermore, inspired by cascading theory, we cascade the new-designed detectors to
improve the ability of object detection by setting a gradually increasing Intersection over Union (IoU)
threshold. Compared with typical baseline models, we comprehensively evaluated our model by
conducting experiments on two open datasets: Pascal VOC2007 and COCO2017. The experimental
results demonstrate the effectiveness of RCGrid R-CNN in producing a high-quality anchor box.

Keywords: object detection; anchor box; grid R-CNN; shape prediction; cascading detectors

1. Introduction

Object detection [1] is an essential mission in the field of artificial intelligence computer
vision. Its main tasks are object location and classification. In recent years, with the
development and application of deep neural networks [2], object detection has been further
developed in many fields, such as image recognition [3], automatic driving [4], and target
tracking [5].

Object detection methods can be split into two types: anchor-based object detection [6]
and anchor-free object detection [7]. The anchor-based method presets numerous anchor
points and further refine these anchor points for prediction in the image. The accuracy of
the anchor-based method is improved through the extraction of the region proposal [8].
However, those numerous anchor boxes generated by an anchor-based method can easily
cause the overlapping problem, which influences the accuracy of the predicted anchor box.
The anchor-free method uses the center point or the center region of the object to determine
the location without anchor boxes. Therefore, the anchor-free method has a higher speed
and a lower accuracy than the anchor-based method. However, the anchor-free method
can be useful in assisting the anchor-based method to reduce the useless anchor boxes.

Faster Region Convolutional Neural Networks (Faster R-CNN) [9] is a classic object
detection method with the deep neural network. Faster R-CNN creatively comes up with
using the Region Proposal Network (RPN) [10] to replace the region proposal generated
by the original selective search [11] method, which reduces the amount and improves
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the quality of the anchor boxes. Thus, the end-to-end training [12] is realized, and object
detection performance is much improved. However, Faster R-CNN and its extended work
have limitations for detecting relatively small objects, which results in its anchor box not
being accurate enough.

Later, Xin Lu proposed the Grid Region-Convolutional Neural Networks (Grid R-
CNN) [13] method, which can guide the location of anchor boxes and generate appropriate
anchor boxes according to the spatial information of objects. Grid R-CNN uses a heatmap
produced by the convolutional layer to determine the initial grid points and fuses these
grid point features [14] to generate the shape and location of the anchor box. Thus, Grid
R-CNN leads to high quality object localization, but it lacks preciseness in anchor shape
because its predicted grid points are often smaller than that of the ground truth and can
not cover the ground truth exactly.

Moreover, most object detection models use a single IoU threshold [15] detector, which
makes the detector easily produce noisy bounding boxes and decrease the accuracy of the
predicted anchor boxes.

In the paper, to predict a more accurate anchor box, we bring forward a more efficient
and accurate object detection algorithm called RCGrid R-CNN. To solve the problem of
determining the anchor box shape, we use the shape prediction method in GA-RPN [8]
to improve the anchor prediction of Grid R-CNN to obtain a more proper anchor box
shape, which is the anchor-based branch of our algorithm. Next, to solve the problem of
overlapping anchor selection, we adopt the FSAF [16] anchor-free branch to perform non-
maximum suppression [17] parallel to the anchor-based branch to select a more appropriate
anchor box. Afterward, referring to the idea of the cascading detectors, we cascade multiple
detector modules and obtain a more accurate detection effect using the continuously
increasing IoU threshold.

Especially, we combine the anchor-based and anchor-free branches with symmetric
structure. Compared with a single branch, the symmetry is applied to integrate information
extracted from two branches. Furthermore, the parallel anchor-based branch and anchor-
free branch run in symmetry to select the best feature and anchor box.

Among the current object detection algorithms, the Grid RCNN performs well in
predicting anchor box location, but its shape prediction needs to be improved. The GA-
RPN is useful in predicting anchor box shape but insufficient in anchor box position
prediction. Moreover, they can easily generate overlapping anchor boxes, which can be
reduced by the anchor-free algorithm FSAF. Therefore, we design this joint integration
algorithm, which uses the Grid R-CNN location prediction module and the GA-RPN shape
prediction module to locate the anchor box and predict the anchor box shape. Finally, we
solve the selection problem of overlapping anchor boxes by the parallel anchor-free FSAF
branch. Furthermore, we consider introducing the cascading detector modules designed in
Section 3.1 and continuously improving the IoU threshold of training to enhance the ability
of object detection.

During the experiments, we verified our algorithm on two public datasets
(COCO2017 [18] and Pascal VOC2007 [19]) in contrast to typical baseline models,
for instance, Faster R-CNN, Grid R-CNN and Cascade Region Convolutional Neural Net-
works (Cascade R-CNN). The detection results of our proposed algorithm were evaluated
with the standard COCO and VOC metrics, which are Average Precision (AP) and different
AP values with various IoU thresholds or region size.

The main contributions of the work are as follows:

*  We propose a new object detection algorithm called RCGrid R-CNN, which comprises
cascading detector modules with parallel anchor-based branch and anchor-free branch.
Thus, it improves the prediction of the anchor box and object classification efficiently.

e We design a new model with the anchor-based and anchor-free branches in parallel,
which improves the accuracy of the anchor box and objects classification of Grid
R-CNN comprehensively. In the anchor-based branch, GA-RPN is employed to obtain
a more accurate anchor shape. In the anchor-free branch, the FSAF branch in parallel
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with the anchor-based branch is added to obtain a more precise anchor box prediction.
Finally, we combine the object features extracted from two branches to improve the
ability of object classification.

e  Using the above new model with two branches as the detector module, we cascade
multiple detector modules in regression and classification analysis and improve the
anchor box and classification effect using a gradually increasing IoU threshold.

2. Related Work

Recently, new approaches of object detection based on deep neural networks have
outperformed the classical methods in many areas. Object detection can be split into the
anchor-based method and anchor-free method. The anchor-free method, taking Center-
Net [20] as an example, predicts the location of objects directly, which enhances the speed
of object detection and reduces the ineffective anchor boxes, but decreases accuracy of
detection. The anchor-based methods can be further divided into the one-stage method [21]
and the two-stage method [22]. Single Shot MultiBox Detector (SSD) [23] is a classic one-
stage method, which integrates the anchor idea of Faster R-CNN into its network to meet
the multi-scale object detection task. Although the one-stage method runs faster, it is not
as precise as the two-stage method. Therefore, the two-stage method is used more widely
at present. Two-stage methods include Fast R-CNN [24], Faster R-CNN, Grid R-CNN,
GA-RPN, and so on. The two-stage anchor method can achieve higher performance, so this
paper employs the two-stage method.

Influencing factors related to the accuracy of anchor box prediction include object
localization, anchor box shape prediction and the selection of overlapping anchor boxes,
and so on.

Grid R-CNN has an advanced region proposal extraction network and high qual-
ity object localization, it outperforms many traditional two-stage methods in the accu-
racy of anchor box prediction. However, it can not solve its problems of insufficient
anchor box shape prediction and anchor boxes overlapping. Therefore, we introduce the
shape prediction module of GA-RPN and FSAF to improve the Grid R-CNN in the region
proposal extraction.

GA-RPN is a guided anchor region recommendation network comprising location
prediction, shape prediction, and feature adaptation. It can predict the location and shape
of the anchor box from the feature map simultaneously. First, the GA-RPN ascertains
the possible location of the object according to the probability map generated by the
location prediction. Then, it determines the shape by the IoU threshold. Furthermore,
it determines the most probable shape at the possible locations in combination with the
location prediction. Finally, it uses the feature adaptation module to capture different
shapes of the anchor boxes. The GA-RPN adopts a learnable anchoring regional proposal
network. Unlike the traditional anchor determination method, the anchor box size of
GA-RPN can be changed and not fixed, which enables the GA-RPN network to handle
some extensive objects in an image.

Simultaneously, to solve the selection of overlapping anchor boxes, we employ an
FSAF module to work jointly with the anchor-based branch by outputting better prediction
of anchor boxes in parallel.

Most two-stage methods use a single IoU threshold detector in the detector module,
but the IoU is different in various proposals. A single IoU threshold detector can easily lead
to noisy (low-quality) detection. Therefore, this paper uses the cascading detection method
of Cascade R-CNN [25] for reference and obtains better detection results by continuously
increasing the IoU threshold.

In brief, we propose a novel joint object detection algorithm called RCGrid R-CNN,
which composes of cascading detector modules with a parallel anchor-based branch and
anchor-free branch. In the detector module, combing the high quality object localization of
Grid R-CNN, we introduce the GA-RPN to predict anchor shape more accurately in the
anchor-based branch, and employ FSAF to solve the selection problem of overlapping an-
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chor boxes in the anchor-free branch. Next, we use the cascading detector modules with the
continuously increasing IoU threshold, which further improves object detection accuracy.

3. Model

The architecture of RCGrid R-CNN is shown in Figure 1. The RCGrid R-CNN al-
gorithm proposed in this paper composes of cascading detector modules with a parallel
anchor-based branch and anchor-free branch:

e In the anchor-based branch, combining the location prediction of Grid R-CNN,
the shape prediction of GA-RPN is introduced to improve the prediction of the anchor
box shape. Thus we can get more accurate anchor boxes;

e  Simultaneously, the FSAF branch (anchor-free branch) parallel with the anchor-based
branch is employed to select more appropriate anchor boxes and object features;

®  The detector modules are cascaded to address anchor boxes and image features,
achieving a more accurate detection effect by gradually increasing the IoU threshold
in training.

Image » Conv
Anchor-based -

(Ab) branch Ab-Class non-maximum Aréchor
Feature suppression oxX

Anchor-free )}/

F (Af) branch
Af-Class
Feature
Detector network structure

Figure 1. Region proposal networks and Cascading Grid Region Convolutional Neural Networks
(RCGrid R-CNN) architecture.

3.1. Anchor Box Prediction And Selection

As mentioned above, to construct the detector module, we design a new anchor-based
branch using GA-RPN to achieve better shape prediction. Meanwhile, we design an anchor-
free branch using FSAF to obtain appropriate selection from overlapping anchor boxes.
The two branches extract image features and predict anchor boxes in parallel. To obtain
a better anchor box, we employ the non-maximum suppression to select the anchor box
from two branches together.

The region proposal extracts all possible location regions of potential target objects
from the input image. Then among the extracted region proposals, the anchor box is
marked as accurately as possible, which is the bounding box determined by the pixel
coordinates combined with width and height with different aspect ratios and sizes around
each pixel.
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As displayed in Figure 2, first, we use the grid guided location method in Grid R-CNN
to determine the anchor box location. Next, we employ the shape prediction method of
GA-RPN to replace the anchor box prediction method of Grid R-CNN to obtain a more
accurate anchor shape.

‘ = E—
> Conv Fusion |—*

Grid RCNN
Location

| Anchor
/ g Box

GA RPN Shape

A 4

Conv

Offset Field

GA RPN
Classification
Deformable »| Class
-] Conv Featrue

Anchor-based GA RPN branch

Figure 2. Anchor location and shape prediction.

Specifically, we use the grid guided location module of Grid R-CNN to determine the
location of the anchor box in our model. Grid R-CNN uses the full convolutional network
to predict the locations of the predefined grid points and selects the point with the highest
probability value among the generated grid points as the predicted anchor’s location. Here,
the feature ROIAlign is extracted from each image, and the extracted feature pixels are
convoluted and deconvoluted. Then, the image heatmaps are output. Next, the probability
of each heatmap is obtained through the sigmoid function. Afterward, the binary cross-
entropy loss [26] is used for optimization, and the heatmap with the highest pixel credibility
is selected. Finally, the corresponding coordinates on the original image are calculated.
The coordinate calculation formula is as follows:

H
(Ix =P+ %‘wp, I, =P, + hoyh”> 1)
where (Hy, Hy) are the pixel coordinates on the heatmap, (I, I)) are the coordinates on
the original image, (Px, P;) are the coordinates of the upper left corner of the input image,
wy is the width of the anchor box, k) is the height, and wy is the width, kg is the height of
the output in the heatmap. Thus the coordinates of the anchor are determined.

Then, we use the method of location prediction proposed by Grid R-CNN to obtain
anchor box location. The feature fusion is carried out for the nine points obtained, and the
features of the nine points are fused into a location point through 2-hop feature fusion,
which is employed to determine the anchor box location. The structure of feature fusion is
illustrated in Figure 3 and calculated as follows:

Fl/oc = Foc + Z Convz%loc(Fz) ()

ZEZ]OC

where loc are location points (Point 5 in Figure 3), Fj, are the features of location points, z
are loc neighbor points, Conv,_,,. are the fusion convolution of extraction features from
neighbor points to location points.
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Figure 3. The structure of feature fusion.

Because the anchor determination method of Grid R-CNN is insufficient to locate the
boundary of the target object accurately, we propose to use shape prediction to determine
the shape of the anchor boxes. Shape prediction is not a predefined fixed-size anchor
box, but a dynamic variable one, that is, a dynamic anchor box exists at a particular
location. The anchor boxes with dynamic size can better predict extraordinarily high
objects. After determining the possible location of the target object through the grid guided
location module of Grid R-CNN, we use the shape prediction method of GA-RPN to
determine the shape of each location. The shape prediction method of GA-RPN does
not change the location of the anchor boxes and can ensure the accuracy of the anchor
box location to the greatest extent, which is different from the traditional boundary box
regression. Shape prediction is to predict the width w and height h of the anchor boxes.
Because the value range of w and / is relatively broad, it is difficult to directly predict the
two values. Thus, the conversion of w and h is carried out, which is calculated as follows:

w=0-s-e™ (3)

h=0-s-e 4)

where s is the step size, ¢ is the empirical scaling factor, and dw and dh are the mappings
of (w, h). Through Formulas (3) and (4), the value [0,1000] can be converted to [-1,1],
which reduces the value range and makes the learning goal easier.

The shape prediction of GA-RPN of the anchor box uses a sub-network N, , which is
a double channel 1 x 1 convolutional layer containing dw and dh values, and an element
conversion layer using Formulas (3) and (4). The width and height of the anchor boxes are
predicted indirectly by predicting dw and dh, and the shape prediction of the anchor box is
determined by combining the previously predicted location of the anchor box. Moreover,
we use a deformable convolutional network to extract object features and finally output a
class feature vector corresponding to each object.

After shape prediction, numerous overlapping anchor boxes are selected. To solve the
selection problem of overlapping anchor boxes, we use FSAF anchor-free branch parallel
to the above anchor-based branch (Grid R-CNN and GA-RPN) to perform non-maximum
suppression to choose better anchor boxes from the overlapping anchor boxes. The two
branches work together to select the best feature and anchor box automatically.

The FSAF branch is parallel with the anchor-based branch. It adds two extra anchor-
free convolution layers, which are responsible for branch classification and regression
prediction, respectively. As illustrated in Figure 4, in this way, the anchor-based branch
and anchor-free branch can work together.
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Figure 4. The structure of Feature Selective Anchor-Free (FSAF) anchor-free branch.

3.2. Cascading Detectors

Grid R-CNN uses a single IoU threshold detector in the detector module, and the ToU
threshold value is not optimal in object detection. Therefore, we consider introducing the
cascading detector modules designed in Section 3.1 and continuously improving the IoU
threshold of training to enhance the ability of object detection.

First, we obtain image features from an image using CNN. Next, we input these image
features into cascading detectors to predict an anchor box with increasing IoU threshold.
Especially, our proposed model follows the method in paper [25] to cascade four stages
detector to achieve the best performance. As shown at the bottom of Figure 1, the four
stages of the model contain the same symmetric structure with parallel anchor-based and
anchor-free branches.

To obtain the predicted anchor box from each stage, we use non-maximum suppression
to select the best prediction anchor box from the two branches. For object classification,
we use the dot product of the class feature vector extracted by two branches to get the final
class feature vector. Using a softmax classifier, we can obtain a predicted object category
from each stage. Furthermore, the features in the detection boxes generated in the previous
stage are conducted by the pooling layer to obtain input features of the detector module in
the next stage. Each cascading detector module is trained to be as close to the IoU threshold
of the anchor box as possible to achieve a better detection effect.

As displayed in Figure 5, the Detector] in the first stage is used to generate the prelim-
inary prediction. In the second stage, the prediction result of the Bbox1 produced by the
Detector1 is inputted into a pooling layer to further extract the features. Then, the Detector2
processes the pooling features of the image and the anchor box of the previous stage to
generate the new anchor box and object classification result. In the third and the fourth
stages, similar to the processing of the second stage, the Detector3 and Detector4 are used,
respectively. The primary purpose of cascading detectors is to enhance the effect of the
positive IoU threshold training for the next stage by adjusting the bounding boxes. With the
IoU threshold increase, the detector can gradually train the prediction anchor box to ap-
proach the real anchor box. Thus, the performance of the cascading detectors is improved.
Finally, we select the category and anchor box with the minimization loss of classification
and anchor box prediction among the four stages as the category and anchor box of object
detection. The loss formula of the detector model in each stage is as follows:

L(x',8) = Las(he(x), ") + Aly" > 1] Ligc(fi (x',0"), 8) (5)

where b' = f;_1(x'71,b'71) is the anchor box with t stage. x! is the final classification
vector obtained by the dot product of the anchor-based branch and anchor-free branch
classification feature vector. g is a basic truth object of x/, A is the weighing coefficient, [-] is
the indicator function, and ' is the label of x’.
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Figure 5. The architecture of the cascading detector modules.

3.3. Implementation Details

We build the proposed model using deep learning framework PyTorch and object
detection framework MMDetection [27]. Our model is trained on 8 Nvidia 2080Ti GPUs
with CUDA 10.2 and CUDNN 7.6, using one image per GPU. As a general approach, we use
the fixed image and resize images to the scale of 1333 x 800. Furthermore, the ResNet-
50 [28] and ResNet-101 [28] are selected as backbone network of our model.

As for the detector module, in the anchor-based branch, we use the grid guided
location module of Grid R-CNN to determine the location of the anchor box. Here, we
fuse nine grid points into an anchor box location point through 2-hop feature fusion by
eight 5 x 5 convolutional layers, with 64 feature channels corresponding to each grid point.
Next, we employ the shape prediction method of GA-RPN to predict the shape of the
anchor box and set the input and output channels of RPN as 256 and 256, respectively.
To adopt a deformable convolutional network, we employ a 1 x 1 convolutional layer to
yield a two-channel map. In the parallel anchor-free branch, the input and output channels
of the FSAF head are both 256. Then, we use non-maximum suppression to select the best
prediction anchor box from the two branches and adopt the dot product of the class feature
vector extracted by two branches to get the final class feature vector with the dimension of
1024. At last, the above same detector modules containing the parallel anchor-based and
anchor-free branches are cascaded into four stages, with the gradually IoU threshold of 0.5,
0.6,0.7, and 0.75.

To optimize our model, we use the smooth L1 loss and the cross entropy loss function
of Pytorch to calculate box prediction regression loss and object classification loss, respec-
tively. Furthermore, the SGD is employed to optimize the training loss with 0.9 momentum
and 0.0001 weight decay.

4. Experiments

In the experiments, we applied the RCGrid R-CNN algorithm to two object detection
datasets: Pascal VOC2007 and COCQO2017. The size of COCO2017 is significantly larger
than that of VOC2007, so we chose the two datasets of different size for the experiment.

The Pascal VOC2007 dataset contains the label annotations required for detection.
The Pascal VOC2007 dataset comprises 20 categories, divided into two parts: trainval
(training and validation set) and test (testing set). The two parts each account for 50% of
the total data. Trainval is further split into a training set and validation set, each accounting
for 50% of trainval. An image in the Pascal VOC2007 dataset may contain more than one
target object.

The COCO2017 dataset is a classic object detection dataset, which contains 80 object
categories. We trained our model on the union of 80 k train images and 35 k subset of
validation images and tested it on a 5 k val subset (minival) and 20k test-dev.
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In the first two comparisons of RCGrid R-CNN with Grid R-CNN, Faster R-CNN,
and Cascade R-CNN on Pascal VOC2007 and COCQO2017 datasets, we used the train
split for training and obtained the performance of the AP value on the validation set.
In the comparison of RCGrid R-CNN with some other advanced baseline models on the
COCO2017, object detection results are reported on the test-dev split.

4.1. Experimental Procedure

We performed experiments with the RCGrid R-CNN model on two public datasets
(COCO2017 and Pascal VOC2007) and contrasted experiment results with typical baseline
models. To comprehensively evaluate our model, we adopted the AP value as the metrics
to evaluate the results, where APs was used as the evaluation index of small region objects,
APy was used as the evaluation index of medium region objects, and AP; was used as the
evaluation index of large region objects.

Ablation Experiment

Three ablation tests were performed to demonstrate the effect of each part of the
overall model improvement in RCGrid R-CNN on COCO2017 minival. For the fairness of
the investigation, the backbone network used the unified ResNet-50 [28] as the primary
network structure.

Grid R-CNN, as the baseline network configuration, started with a learning rate of 0.02.
At the 17th and the 23rd epochs, the learning rate was decayed twice, and the decay rate
was 0.1 until 25 epoch iterations stopped. The default settings were used unless otherwise
specified below.

Comparison of Grid R-CNN and SGrid R-CNN: After the grid points of Grid R-CNN
were generated, the shape prediction method of GA-RPN was used to determine the
shape of anchor boxes. We called the algorithm Shape Grid Region Convolutional Neural
Networks (SGrid R-CNN) and compared it with Grid R-CNN. Moreover, in SGrid R-CNN,
we adopted the deformable convolutional layer of GA-RPN to extract the shape information
of the object. As listed in Table 1, the results reveal that the AP value increased by 0.6%.
The experimental results indicate that the shape prediction makes the shape of the anchor
box more accurate. The algorithm SGrid R-CNN made certain progress in ordinary images
and can adapt to some exceptional cases.

Table 1. Ablation experiment results.

Method Backbone AP
Grid R-CNN [13] ResNet-50 35.9
SGrid R-CNN ResNet-50 36.5
FGrid R-CNN ResNet-50 36.3
CGrid R-CNN ResNet-50 36.8

Comparison of Grid R-CNN and FGrid R-CNN: In the original grid branch of Grid
R-CNN, an adaptive FSAF branch is added parallel with the original anchor-based grid
guided location to generate the best anchor box. We called this algorithm FSAF Grid
Region Convolutional Neural Networks (FGrid R-CNN) and compared it with Grid R-CNN.
Combining the anchor-free branch and the anchor-based branch in symmetry, our detector
can predict the anchor boxes and classify the objects more effectively by significantly
reducing the overlapping anchor boxes. The results indicate that the AP performance
improved by 0.4 %. The experimental results reveal that the addition of the FSAF branch
can locate anchor boxes closer to the ground truth. Additionally, a certain number of anchor
boxes were reduced.

Comparison of Grid R-CNN and CGrid R-CNN: The detectors of Grid R-CNN were
cascaded in four stages, and the increasing IoU threshold was used to improve the detection
quality. We called this algorithm Cascade Grid Region Convolutional Neural Networks
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(CGrid R-CNN) and compared it with Grid R-CNN. As listed in Table 1, the results indicate
that the AP performance improved by 0.9 %. The results reveal that the cascading detectors
have an outstanding effect on object detection and improve the detection accuracy due to
the benefits of four stages of detector modules with the increasing IoU threshold from 0.5
to 0.75.

4.2. Results of Contrast Experiment with Baseline Models and Analysis

In contrast experiments, RCGrid R-CNN was compared with several widely used
object detection algorithms as baseline models, with two backbone networks ResNet-50
and ResNet-101. To maintain the consistency of experimental conditions, we used the
same Feature Pyramid Networks (FPN) [29] when comparing RCGrid R-CNN with several
baseline models. Furthermore, we comprehensively evaluated our model by conducting
experiments on the Pascal VOC2007 dataset and COCO2017 dataset.

4.2.1. Pascal VOC2007 test Experimental Results

We employed RCGrid R-CNN on the Pascal VOC2007 dataset and compared it with
the baseline models. All algorithms started with a learning rate of 0.02. At the 20th and
25th epochs, the learning rate was decayed twice, and the early stop epoch is 28.

Table 2 lists the experimental results of the RCGrid R-CNN w FPN model and the base-
line models for the Pascal VOC2007 dataset. To maintain the consistency of experimental
conditions, we selected ResNet-50 as the backbone network. Compared with Grid R-CNN
w FPN, RCGrid R-CNN w FPN is enhanced by 0.2 % in AP value, which suggests that
RCGrid R-CNN w FPN has achieved better performance mainly by its improvements on
Grid R-CNN w FPN. Moreover, compared with Cascade R-CNN w FPN, the performance
of RCGrid R-CNN w FPN improved by 0.6% benefitting from the detection ability of our
newly designed detector module. Overall, the experiments reveal that our algorithm has
a particular improvement in object detection accuracy and consistency in the dataset of
small size.

Table 2. Comparison of RCGrid R-CNN with the baseline models on the Pascal VOC2007 dataset.

Method Backbone AP

Grid R-CNN w FPN [13] ResNet-50 55.3
Cascade R-CNN w FPN [25] ResNet-50 54.9
RCGrid R-CNN w FPN ResNet-50 55.5

4.2.2. COCO2017 Dataset Experimental Results

We further used a more challenging COCO2017 dataset for experiments. In this
experiment, the learning rate of RCGrid R-CNN was 0.02. At the 17th and the 23rd
epochs the learning rate was decayed twice, and the decay rate was 0.1 until the 25 epoch
iterations stopped.

We further used the more challenging COCO2017 dataset for experiments. In this
experiment, the learning rate of RCGrid R-CNN was 0.02. The 17th and the 23rd epochs
were decayed twice, and the decay rate was one-tenth until the 25 epoch iterations stopped.

Table 3 lists the experimental results of the RCGrid R-CNN w FPN model and the
baseline models for the COCO2017 minival. Similar to the baseline models, we selected
ResNet-101 as the backbone. Compared with the Faster R-CNN w FPN, the performance
of RCGrid R-CNN has a significant improvement, which suggests that RCGrid R-CNN
is effective in detecting an object. Additionally, the AP value of RCGrid R-CNN w FPN
outperforms Grid R-CNN w FPN by 1.9%. This indicates that we can enhance the ability of
object detection by improving the shape prediction module and introducing cascade theory.
Furthermore, compared with Cascade R-CNN w FPN, the RCGrid R-CNN can achieve a
competitive performance.
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Table 3. Comparison of RCGrid R-CNN with baseline models on COCO2017 minival.

Method Backbone AP AP.5 AP_75 APS APM APL

Faster R-CNN w FPN [9] ResNet-101 395 612 431 227 437 5038
Grid R-CNN w FPN [13] ResNet-101 412 603 444 234 458 541
Cascade R-CNN W FPN [25] ResNet-101 427 61.6 46.6 238 462 574
RCGrid R-CNN w FPN ResNet-101 43.1 614 469 239 46.6 58.0

To make a complete comparison, we compared RCGrid R-CNN w FPN with some
other advanced detectors on the COCO2017 test-dev, with ResNet-101 as the backbone net-
work. The results were shown in Table 4. Compared with the traditional models (SSD-513,
DSSD-513, RefineDet-512, Faster R-CNN++, and Faster R-CNN w FPN), RCGrid R-CNN
w FPN has improved significantly in overall AP values. Considering the results of the Grid
R-CNN w FPN, we can find that the AP}, is enhanced by 2.8%. This suggests that we im-
prove the shape prediction by introducing the GA-RPN and reduce the overlapping anchor
boxes by using FSAF anchor-free branch. Moreover, it also shows the effectiveness of the
deformable convolutional network in extracting object shape information, especially in
large region objects. Furthermore, RCGrid R-CNN w FPN outperforms Cascade R-CNN w
FPN in several different AP values (AP, AP 75, APs, APy, and APy ) using the same cascade
structure. This shows that our new-designed detector module that contains an anchor-free
branch and an anchor-based branch performs better than the traditional detector module.
Furthermore, compared with single stage detectors, our model improved significantly on
AP 75 and reached the highest performance 46.8% by setting a gradually increasing loU
threshold from 0.5 to 0.75. In short, the experimental results indicate that RCGrid R-CNN
w FPN achieves a more competitive performance than other models and gets the best
overall performance at an AP of 43.3%. The result examples of RCGrid R-CNN are shown
in Figure 6.

Table 4. Comparison of RCGrid R-CNN with some other advanced detectors on the COCO2017
test-dev.

Method Backbone AP APs5 AP;; APs APy AP
SSD-513 [23] ResNet-101 312 504 333 102 345 4938
DSSD-513 [30] ResNet-101 33.2 533 352 13.0 354 51.1
RefineDet-512 [31] ResNet-101 364 575 395 166 399 514
Faster R-CNN++ [9] ResNet-101 349 557 374 156 387 50.9

Faster R-CNN w FPN [9] ResNet-101 36.2 59.1 39.0 182 39.0 482
Grid R-CNN w FPN [13] ResNet-101 41,5 609 445 233 449 53.1
GA-RPN w FPN [8] ResNet-101 39.8 59.2 435 21.8 40.1 48
Cascade R-CNN w FPN [25] ResNet-101 428 621 463 237 455 552
RCGrid R-CNN w FPN ResNet-101 433 620 468 239 46.0 559

Figure 6. The example results of RCGrid R-CNN on COCO2017 test-dev.
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5. Conclusions

In this paper, we proposed a novel joint object detection algorithm called RCGrid
R-CNN. Combining an anchor-based and an anchor-free branch in parallel, we constructed
a symmetric parallel detector module to improve the accuracy of anchor box predic-
tion. Using the improved shape prediction method GA-RPN in the anchor-based branch,
we enhanced the quality of anchor box shape prediction. Moreover, the overlapping anchor
boxes were reduced by introducing FSAF into the anchor-free branch. Finally, due to intro-
ducing the cascading detector modules, we improved the ability of anchor box prediction
regression and object classification. The experimental results show that the RCGrid R-CNN
has achieved competitive performance on the Pascal VOC2007 and COCO2017 datasets
compared with recent state-of-the-art baseline models.

The main contribution of this paper is to improve the correctness of anchor box
positioning and shape prediction, and there is no obvious improvement in object classifi-
cation. In the future we will improve the algorithm in the aspect of object classification.
Furthermore, we would like to introduce more backbone networks such as the capsule
network [32] to extract the image features more precisely and improve the ability to handle
the affine and projective transformation of the images.
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