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ABSTRACT

This research paper benchmarks object detection models, a form of machine learning, to determine which al-
gorithm would be most beneficial for the visually impaired to locate objects that are used in everyday life. As
most benchmarking experiments test object detection models with a variety of objects, it is essential to test the
models using images of more relevant objects to find the most suitable algorithm. The models are tested using
still images from the COCO database. Pretrained models employing five of the most popular object detection
algorithms are used to process the images and find each model’s detection accuracy. To simulate real life sce-
narios, these objects may be partially hidden or at a distance. For each image, the models return a list of detec-
tions providing the names, confidence rating, and location of each object detected. These results will be filtered
to remove detections with low confidence ratings as well as detections of irrelevant objects. The remaining
results are compared to the dataset of object names and locations provided by the COCO database to calculate
the distance between the predicted object locations and the true location. The algorithms will be ranked based
on the number of failed detections, the time taken to analyze each image, and the accuracy of each object’s
determined location.

Background

Machine learning emphasizes a computer’s ability to use data to learn how to complete specific tasks based on
examples rather than instructions. Instead of requiring specific instructions for millions of possibilities, the
program can find patterns in a few sample cases that can be applied to other instances as well. Machine learning
has proven its effectiveness time and time again with prime examples being chess bots such as Deep Blue and
self-driving technology. Machine learning technology is progressing at a rapid pace, with new, more advanced
models being released quite often. This makes it imperative to benchmark different models to determine which
is most reliable for different use cases. This paper will benchmark five object detection algorithms to determine
which is most effective when developing programming applications to help the blind.

In order to understand why different object detection models produce different outputs, it is important
to understand how they function. Most newer object detection models use a convolutional neural network as
their backbone. A convolutional neural network is a set of convolution layers and pooling layers (layers to
simplify the image) connected in series so that the output of one layer feeds into the next.

Convolution layers treat the input image differently if it is black and white compared to if it contains
colors. Pixels in black-and-white images can be represented by a single value, so a black-and-white image can
be treated as a 2-D array. As pixels in color images must be represented by three scales — red, blue, and yellow
— color images are fed into the neural network as a 3-D array.

When fed into a convolution layer, a 3-D array of weights, known as a kernel or filter, will detect
patterns in the image. Weights can be both positive and negative and are usually close to 0. During each appli-
cation of the filter to the image, it multiplies the image values with the corresponding kernel values and adds
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the results to create a single value called a dot product. The filter is intentionally smaller than the image so that
it can be applied to the image multiple times. When the filter is applied, it is overlapped so the same portion of
the image is multiplied with different portions of the weight set. Each convolution layer can employ multiple
filters to check for different patterns in the image. The resulting dot products for each filter are organized into
a 3-D array known as a feature map. This map highlights different portions of the image depending on the
weights of the filter.

The use of more convolution layers will result in a model being able to detect patterns more accurately
by detecting more basic features. As convolution layers process not only raw image input but feature maps as
well, input from one layer can be sent directly to the next. Subsequent convolution layers can be used to detect
more intricate features. Feature maps where the weights revealed a pattern can be combined and sent to the next
convolution layer which can use smaller filters to segment the image further.

The convolutional neural network is used both during model training and prediction. During training,
objects in the images are highlighted, providing what are known as ground truth bounding boxes, so the model
can learn to associate different patterns with different object classes. The features detected during the training
are combined to form a single feature map associated with an object class to be used during prediction. During
prediction, different models send the image through the neural network differently. Some send the image in as
a whole while others use a method known as a scanning window. In this method, the model creates a 2D array.
This array is sent through the neural network as it “slides” across the image allowing the network to view objects
with greater clarity.

After images are processed during training, the model assigns an accuracy value to each prediction
using bounding box regression and cross-entropy. When comparing the predicted bounding boxes and the
ground truth bounding boxes, the easiest way to express the accuracy as a value is by calculating the IoU, which
is the area of intersection over the area of union. This method makes it difficult to train models as it cannot
determine the accuracy if there is no overlap. Instead, bounding box regression utilizes MSE(mean-squared
error). Instead of finding overlap, MSE finds the distance between the bounding box coordinates themselves
using the following equation where p is the ground truth bounding box and q is the predicted bounding box:

MSE(P, Q): ((p1-q1)"2+(p2-q2)"2+(p3-93)"2+(p4-q4)"2)/4
There are also multiple ways to compare confidence ratings in predictions. The easiest method would be to
subtract the confidence from 100% or simply use the confidence rating as given, however, this operates on too
small of a scale and the change in value is constant with the change in confidence rating making it difficult to
use for training. Cross-entropy uses a logarithmic equation to extend the range of values and create an expo-
nential increase in the value as confidence decreases. Cross-entropy uses the following equation where p is the
ground truth bounding box and q is the predicted bounding box:

CE(p, q): -p*log(q)
Introduction

This paper benchmarks the following object detection models: Yolov8, EfficientDet, Faster RCNN, SSD, and
Centernet. Pretrained models from the Tensorflow Hub are trained and tested using images from the COCO
database. The results produced by each model are compared to the true values that the COCO database provides
for each image. Prior to benchmarking the models, it is important to understand how they differ.

EfficientDet is a single-shot object detection algorithm meaning that the algorithm only utilizes one
convolutional neural network. It employs the EfficientNet convolutional network which consists of a series of
convolution layers that grow smaller and smaller. This makes the image and patterns more defined near the end
as there is more overlap between the filters. Before processing the image using its neural network, EfficientDet
performs an operation known as maxpooling in which a small frame is slid across the image with a stride (shift
of frame) the same size as the width of the frame. Each application of the frame separates the pixel with the
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highest value, effectively downsizing the image to its most important points. The pre-trained EfficientDet model
that will be used contains the d2 backbone variation.

Faster RCNN is slightly different from EfficientDet as it utilizes multiple convolutional neural net-
works making it a two-stage algorithm. It first passes the image through an RPN (Region Proposal Network)
which determines where objects might be located in the image. It creates a set of anchor boxes which are rec-
tangles that show subsequent neural networks where to search. The feature maps and anchor boxes are then
passed from the RPN to ROI (Region of Interest) layers. These layers accept two inputs, a feature map of the
image as well as a 2-D array containing the object class number and the bounding box top-left and bottom-right
coordinates for each possible detection. The ROI layer cuts the feature map into a predetermined number of
equal portions and extracts the highest value from each section. This allows the ROI layer to convert every
detection to the same format making it easier to use. The ROI output is sent to the model backbone (the main
convolutional network), which in this case is the inception_resnet_v2 neural network. This method allows the
model to limit the area that the Fast R-CNN model has to search. Faster R-CNN also has several maxpooling
layers in the backbone as well as ROI (Region of Interest) layers. In this paper, the pretrained Faster RCNN
model employs the faster-rcnn-resnet101-v1-1024x1024 backbone.

SSD is a single shot object detection algorithm. It utilizes anchor boxes that are set at multiple locations
throughout the image. As SSD does not contain an RPN, these anchor boxes are preset at various locations. The
algorithm then runs different resolutions of the image through the neural network to find which anchor boxes
contain which patterns. Each anchor box is given a confidence score for each pattern found within the box and
keeps the detections above a certain confidence. The pretrained SSD model used in this paper contains the
fpnlite-320x320 backbone.

Yolov8 is another single-shot object detection algorithm that employs anchor boxes and maxpooling.
In order to detect objects, Yolov8 first converts the image into grid format. It then runs each cell in the grid
once through the convolutional neural network. This allows the model to determine which cells an object exists
in and double-check whether the object is a false positive or not. For example, if an object was detected at the
corner of a cell with low accuracy and wasn’t found in any other cell, the prediction would most likely be
discounted. The pretrained Yolov8 model used in this paper contains the I_backbone backbone.

Centernet finds objects using a 2-part detection system. First, it sends the image through a convolu-
tional neural network that predicts object locations based off of the geometric center of the object and a key
point found during training. After the image is passed through the neural network, Centernet uses a method
known as center pooling. In order to find the center of an image, center pooling finds the maximum value in
the row and column of a pixel and adds them together. This process is repeated with every pixel and the pixel
with the highest value is classified as the center of the object. Centernet also employs cascade corner pooling
which finds key points along the border. First, it searches the border for the pixel with the maximum value.
Next, it searches the interior of the image along the maximum border value for the highest internal pixel value.
These values help pinpoint key points along the corner of an object. Centernet uses the two points identified
through center pooling and cascade corner pooling to accurately calculate bounding box locations for the ob-
jects. The pretrained model that will be used contains the 101v1-fpn—512x512 backbone variation.

Dataset

As stated in the introduction, this paper uses the COCO image dataset for both training and benchmarking the
algorithms. The COCO dataset provides the images and ground truth bounding boxes for the objects. While
most other experiments that benchmark object detection model use randomized images to detect a wide variety
of objects, the images that are used in this paper contain objects of specific types that the visually impaired
commonly search for such as household items. The images are chosen to simulate real life scenarios where
objects may be partially obscured.
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Computing Resources

When using an object detection model, the speed of the model is dependent on not only the algorithm, but the
processor used as well. The hardware components of the computer used to run the object detection models are

listed below.

System Summary
-Hardware Resources
. Conflicts/Sharing
i~Forced Hardware
/o
~IRQs
- Memory
Components
Software Environment

Item

OSs Name

Version

Other OS Description

OS Manufacturer

System Name

System Manufacturer
System Model

System Type

System SKU

Processor

BIOS Version/Date

SMBIOS Version

Embedded Controller Version
BIOS Mode

BaseBoard Manufacturer
BaseBoard Product
BaseBoard Version

Platform Role

Secure Boot State

PCR7 Configuration
Windows Directory

System Directory

Boot Device

Locale

Hardware Abstraction Layer
User Name

Time Zone

Installed Physical Memory (RA...
Total Physical Memory

Value

Microsoft Windows 11 Home
10.0.22621 Build 22621

Not Available

Microsoft Corporation
LAPTOP-MA73TOUA

LENOVO

82AU

x64-based PC
LENOVO_MT_82AU_BU_idea_FM_Legion 5 15IMHO05
Intel(R) Core(TM) i5-10300H CPU @ 2.50GHz, 2496 Mhz, 4 Core(s), 8 Logica...
LENOVO EFCN5TWW, 5/19/2021
3.2

1.51

UEFI

LENOVO

LNVNB161216

SDK0J40700 WIN

Mobile

On

Elevation Required to View
CAWINDOWS
CAWINDOWS\system32
\Device\HarddiskVolume1
United States

Version = "10.0.22621.2506"
LAPTOP-MA73TOUA\aadip
Pacific Standard Time

8.00 GB

791GB

ISSN: 2167-1907

Figure 1. Screenshot showing hardware components of machine used to run object detection model. Processor:
Intel Core ™ 15-10300H CPU, GPU: NVIDIA GeForce GTX 1650

Predicted Data

For each detection made by the model, the Python script will find the object class, confidence rating, and IoU.

Class

The object class is the type of object the model has detected. The COCO dataset has a list of object classes and
corresponding object names ranging from one to eighty.

Confidence

The confidence rating is a percentage of how confident the model is in its prediction.

IoU

IoU is a method of measurement for bounding box accuracy. It calculates the overlap between the predicted
bounding box and the ground truth bounding box. This value is then divided by the area of the union of the two
boxes. The higher the IoU, the greater the accuracy of the model.
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Procedure

The procedure for benchmarking the models is as follows:
e Data Collection
e  Model Training
e Object Detection
e Result Compilation
e Benchmarking

Data Collection

As stated previously, the data used is all obtained from the COCO database. This database provides both pic-
tures and object classes/bounding boxes. A python script is used to download the zipped COCO database file.
The script then extracts relevant pictures using a list of class ids of relevant objects. In order to make it easier
to check for value errors, the script stores the data in two formats in different folders: the raw image and an
annotated version of the image. The raw image will be used to test the models while the annotated images are
used to check for detection errors as well as errors in IoU calculation.

Model Training

In order to simplify the testing process, this paper uses pretrained models from the tensorflow hub. Training a
model using the base algorithm requires a much greater quantity of data as well as more computing power, so
it is more efficient to employ pretrained models that were trained on the same dataset.

Object Detection

The tensorflowhub python library is used to access each model. Next, the python file reader is used to obtain
the training images. These images are converted to numpy arrays before being passed through the model one-
by-one, and the python time library is used to track the amount of time each image takes to be processed. The
bounding boxes, confidence scores, and object classes are then extracted from the results. The script uses the
confidence scores to separate detections with confidence less than 0.5 - and therefore inaccurate - and the object
classes to remove detections of object that are not related to the topic. As the bounding boxes of different
algorithms are formatted differently, the script also converts all bounding boxes to the format [ymin, xmin,
ymax, Xmax].

Result Compilation

For each image tested, the model produces a list of bounding boxes, confidences, and object classes detected.
The script iterates through this list to find which result is most closely matched to each of the true values from
the COCO database. This is used to calculate IoU. If no bounding boxes with an IoU greater than 0.4 are found,
the detection is treated as a fail. For each image, the script stores the average IoU, number of fails, and total

time taken to process. This is then stored in a table for later use.

Benchmarking
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The results produced by each model will be averaged to produce a single value for each category. These values
are used to rank the models in terms of accuracy and speed.

The best model to use when developing an application is usually dependent on the type of application
being made. However, when employing object detection to create an application to aid the visually impaired,
algorithms are often used to process images rather than videos, therefore, this paper will determine the grading
criteria for benchmarking the models using this as the basis. In a scanning app, the ability to detect objects is
more important than the time taken to process the objects, therefore the categories from most important to least
important are as follows:

e Fails

e IoU

e Speed
Methodology

The best model will be determined by a decision rubric out of 10. A perfect score will be set as 0 failed detec-
tions, 0 milliseconds taken to process the image, and an IoU of 1, which is the ideal result. The median of the
values will be treated as a score of 5 to prevent outliers from significantly impacting the scores. The scores and
values will have a linear relationship.

For the fails category, 1.39 is the median value and will be considered a score of 5. The score will
increase by 1 point for every 0.3 decrease in fails. This category will be weighted by a factor of 3 as it is the
most important to consider.

For the IoU category, 0.48 will be considered a score of 5 as it is the median value. As the scores and
values have a linear relationship, the score will increase by one point for every 0.1 increase in value. This
category will be weighted by a factor of 2 as it is more important than speed, but not as important as fails.

For the speed category, 405 milliseconds is the median of the recorded values. The score will increase
by 1 point for every 80 millisecond decrease in time taken. This category will be weighted by a factor of 1 as it
is the least important to consider.

Model Usage Process

The programs to run each model have the same code for majority of the sections, however, the method to obtain
the model and formatting the output is different for each. The SSD model script can be found in the appendix
section as an example of how to run and analyze a model’s output, and the method for loading each model and
formatting the output will be listed below. As the Yolo model was loaded from a different library than the other
models, the process of using the model will also be included in the Yolo section.

Yolo
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from ultralytics import YOLO 12 445 40 A v

P

import os
inport cv2
inport time

Fimporting pretrained model

model = YOLO('yolovBn.pt")

Figure 2. Screenshot of libraries needed and importing the Yolo model.

start = time.time()*1000
print(file)
names_list.append(str(file))
img = cv2.imread("images_train/"+file)
img_height, img_width, c¢ = img.shape
img_name = file.split('.')[0]
img_name_YOLO = "image"+str(num)
results = model.predict(source=img, show=True, conf=0.4, save=True, save_txt=True)
#getting result values
prediction_num = "predict"
if num > O:

prediction_num = "predict"+str(num+1)

file_name_1 = os.path.join("runs”, prediction_num, "labels", img_name_YOLO)+". txt"

#getting prediction data from folder where it is stored
f = open("C:/Users/aadip/PycharmProjects/benchmarking/runs/detect/predict/labels/imaged.txt", 'r')
lines = f.readlines()
f.close()
f = open("C:/Users/aadip/PycharmProjects/benchmarking/runs/detect/predict/labels/imaged.txt", 'w').close()
boxes_YOLD = []
classes_YOLO = []
for line in lines:
line_list = Lline.split(" ")
classes_YOLO.append(Lline_1list[@])
line_list.pop(0)
line_1list[3] = line_list[3].split("\n")[0]
boxes_YOLO.append(line_list)

names = results[0].names

Figure 3. Screenshot of code to load image and process image using model. The results appear in a different
file, so the script also needs to open the results file and extract the data.

boxes_YOLO[1i][8] = float(boxes_YOLO[i][0])
boxes_YOLO[i][1] = float(boxes_YOLO[i][1])
boxes_YOLO[1i][2] = float(boxes_YOLO[i][2])
boxes_YOLO[1i][3] = float(boxes_YOLO[i][3])
YOLO_x1 = boxes_YOLO[i][0] - boxes_YOLO[i][2]/2
YOLO_x2 = boxes_YOLO[i][0] + boxes_YOLO[i][2]/2
YOLO_y1l = boxes_YOLO[i][1] - boxes_YOLO[i][3]/2
YOLO_y2 = boxes_YOLO[i][1] + hoxes_YOLO[i][3]/2

Figure 4. Screenshot of Yolo bounding box data being converted to correct form for comparing results to true
values.
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Efficient Det

Fmodel 1mport

detector = hub.load("https://www.kaggle.com/models/tensorflow/efficientdet/frameworks/tensorFlow2/variations/d0/versions/1")

Figure 5. Importing pretrained model for Efficient Det(model url: https://www.kaggle.com/models/tensor-
flow/efficientdet/frameworks/tensorFlow2/variations/d0/versions/1)

xXmin, ymax, Xmax
xmin = (float(cx)-float(width)/2)
xmax = (float(cx)+float(width)/2)
ymin = (float(cy)-float(height)/2)
ymax = (float(cy)+float(height)/2)

bboxes_Eff.append([ymin, xmin, ymax, xmax])

Figure 6. Formatting bounding boxes of Efficient Det results

SSD

Figure 7. Importing pretrained model for SSD(model url: https://www.kaggle.com/models/tensorflow/ssd-mo-
bilenet-v2/frameworks/tensorFlow?2/variations/fpnlite-320x320/versions/1)

xmin, ymax, xmax

xmin = float(xmin)
xmax = float(xmax)
ymin = float(ymin)
ymax = float(ymax)
bhoxes_SSD.append([ymin, xmin, ymax, xmax])

Figure 8. Formatting bounding boxes of SSD results

Faster R-CNN

#imnort model
#import model

detector = hub.load("https://www.kaggle.com/models/tensorflow/faster-rcnn-resnet-vl/frameworks/tensorFlow?/variations/faster-renn-

Figure 9. Importing pretrained model for Faster R-CNN(model url: https://www.kaggle.com/models/tensor-
flow/faster-rcnn-resnet-v1/frameworks/tensorFlow2/variations/faster-rcnn-resnet50-v 1-640x640/versions/1)

#ymin, xmin, ymax, xmax
xmin = float(xmin)
xmax = float(xmax)
ymin = float(ymin)
ymax = float(ymax)
bboxes_FRCNN.append([ymin, xmin, ymax, xmax])

Figure 10. Formatting bounding boxes of Faster R-CNN results
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Centernet

detector = hub.load("https://www.kaggle.com/models/tensorflow/centernet-resnet/frameworks/tensorFlow?2/variations/101v1-fpn-512x51

Figure 11. Importing pretrained model for Centernet(model url: https://www.kaggle.com/models/tensor-
flow/centernet-resnet/frameworks/tensorFlow?2/variations/101v1-fpn-512x512/versions/1)

xmin = float(ex) - fleat(width)/2
xmax = float(cy) + float(width)/2
ymin = float(cy) - float(height)/2
ymax = float(cy) + float(height)/2
bboxes_Center.append([ymin, xmin, ymax, xmax])

Figure 12. Formatting bounding boxes of Centernet

Results

Model Performance

Yolo
Image Number Average IoU Fails per Real Object Time Taken
009 0.51 0 2531
030 0.49 0 148
164 0 1 141
581829 0.56 1 161
Average 0.48 1.20 157

The Yolo algorithm is one of the fastest with a mean of 157 milliseconds taken to process one image. However,
this increase in speed has led to a drop in accuracy as it averages a 0.48 IoU and has 1.20 failed/false detections
for each true object in the images.

Efficient Det
Image Number Average IoU Fails per Real Object Time Taken
009 0.32 0 4204
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030 0.32 0 354
164 0 10 382
581829 0 4 422
Average 0.36 1.56 405

The Efficient Det pretrained model averaged a 0.36 IoU and 1.56 failed detections per true object. It also took
405 milliseconds to process each image making it subpar in accuracy and average in speed.

SSD
Image Number Average IoU Fails per Real Object Time Taken
009 0.43 0.5 2960
030 0 0.5 128
164 0 9 135
581829 0.40 0 139
Average 0.42 1.39 150.26

Like Yolo, SSD is on the faster end of object detection models with a mean speed of 150.26 milliseconds to
process an image. This too has suffered a drop in accuracy averaging 1.39 fails per true object and a 0.42 average

ToU.

Faster R-CNN

Image Number Average IoU Fails per Real Object Time Taken
009 0.46 1 7918
030 0.46 1 1960
164 0 10 1640
581829 0 2 1617

ISSN: 2167-1907
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Average 0.5 1.83 1642

Faster R-CNN is the slowest algorithm averaging 1642 milliseconds to process an image. It also has a 0.5
average IoU and 1.83 failed/false detected per real object.

Centernet
Image Number Average IoU Fails per Real Object Time Taken
009 0.59 0.5 2673
030 0.28 0 956
164 0.84 1.44 824
581829 0 1 760
Average 0.94 1.26 806

With a 0.94 IoU and 1.27 failed/false detections for each true object in the images, Centernet is the most accurate
out of the 5 models. It also takes an average of 806 milliseconds to detect the objects in each image making it
an efficient algorithm.
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Figure 13. Comparison of failed detections, IoU, and processing speed of each model.

Overall, the majority of the models had around a 0.5 IoU average and 1.5 failed/false detections per
true object. This is a drastic difference from the high accuracy commonly seen in these models. The change in
accuracy is most likely due to the nature of the objects in the image. During most other benchmarking test cases
for the models, the objects that are the subject of detection are clearly visible in the image, however, the objects
used in this paper are often partially covered by other items, leading to a decrease in visibility.
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ToU(x2) Fails(x3) Speed(x1) Total
Yolo 5 6 8 36
Centernet 9.5 6 0 37
EfficientDet 35 5 5 27
Faster R-CNN 5 4 0 22
SSD 4 5.5 8 325

Conclusion

Overall, Centernet is the best model to use when developing an application to aid the visually impaired. It
offered high accuracy and moderate speed making it the most ideal model available. Although Yolo was close
in score and provided a much better speed for an equal consistency in failed detections, it was unable to accu-
rately locate detected objects. EfficientDet and SSD also have good consistency for failed detections and speed,
however they were also had too low of an IoU. Faster R-CNN was an outlier in all categories making it the
worst of the five models to use in an application to aid the visually impaired.

Limitations

This paper oversimplifies the process of comparing models as it uses a median value approach to obtain each
value in the decision matrix. This method of comparison is able to rank models when there is a large difference
between the models, however, it becomes more difficult to rank models as the results become more similar as
the weightage of each category becomes more important. There are equations that can be used to find numerical
values that accurately represent aspects of models as listed earlier, however, the values produced make it harder
to compare models when multiple aspects are taken into consideration. This paper also focuses on one way to
use object detection: creating a scanning feature of still images for the visually impaired. This method has
specific constraints that were used to grade the models, and these constraints would differ in other use cases.

Future Work

I aim to make use of this research when developing applications to help the visually impaired locate items. I
am currently working on a program to count spare change by scanning using a smart phone and this work will
enable me choose the best model for that situation.

I also plan on conducting more research to address the limitations of this paper. I want to include real-
time object detection in my analysis of the models and find a more concrete method of comparing the data.
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