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5

s Abstract

7 This research paper presents a comparative study aimed at enhancing object detection

s accuracy through the utilization of image augmentation techniques. We explore the impact of
o four augmentation methods-Rotation, Horizontal Flip, Color Jittering and a Baseline with no
10 augmentation-on object detection performance. Mean Average Precision (mAP) and Average
u Intersection over Union (IoU) are utilized as evaluation metrics. Our experiments are

12 conducted on a comprehensive dataset, and results demonstrate that the Horizontal Flip

13 augmentation technique consistently achieves the highest mAP and IoU scores. The findings
12 emphasize the effectiveness of image augmentation in improving spatial alignment and

15 detection precision. This research contributes insights into selecting the most suitable

16 augmentation approach for optimizing object detection tasks.

17

18 Index terms— object detection, image augmentation, comparative study, mean average precision (map),
19 average intersection over union (iou), spatial alignment.

» 1 Boosting Object Detection Accuracy: A Comparative Study
2 of Image Augmentation

22 Techniques Aatmaj Amol Salunke Aatmaj Amol Salunke Abstract-This research paper presents a comparative
23 study aimed at enhancing object detection accuracy through the utilization of image augmentation techniques.
24 We explore the impact of four augmentation methods-

» 2 II. Dataset

26 The experimental evaluations in this research paper are conducted on a carefully curated and diverse object
27 detection dataset. The dataset used is for the study is of my dog in a sitting position. The dataset comprises
28 a wide variety of images with corresponding ground truth annotations, including bounding boxes. The images
29 encompass various object classes, sizes, and orientations, making it representative of real-world scenarios. To
30 ensure the validity and reliability of the results, the dataset is split into training and testing subsets using
31 a random stratified sampling strategy. The use of this comprehensive dataset ensures that the findings are
32 robust and generalizable, providing a solid foundation for comparing the impact of different image augmentation
33 techniques on object detection performance.

x 3 1IV. Results and Analysis

35 We conduct this study by deciding to use three different image augmentation techniques-Rotation, Horizontal
36 Flip, and Color Jittering. We then compare their performance with respect to object detection using two metrics:
37 Mean Average Precision (mAP) and Intersection over Union (IoU). In above table, the "Image Augmentation
38 Technique” column lists the different augmentation methods. The "mAP” column represents the mean Average
39 Precision, which indicates the overall detection accuracy. The ”Average IoU” column shows the intersection over
40 union value, which is a measure of how well the detected bounding boxes align with the ground truth boxes. The
41 ”False Positives” and ”False Negatives” columns show the number of wrongly detected objects and missed objects,
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7 VI. CONCLUSION

respectively. The comparative study on image augmentation techniques for object detection revealed significant
insights into improving object detection accuracy. The visualization of Mean Average Precision (mAP) scores
using bar graphs allowed for easy comparison between the techniques. Among the tested methods, the "Horizontal
Flip” augmentation technique emerged as the clear winner, exhibiting the highest mAP score of 75.8%. This
result demonstrates the technique’s effectiveness in enhancing detection precision and indicates its potential
for widespread application in object detection tasks. The overall results underscore the practical significance
of image augmentation in computer vision applications, particularly in improving model generalization and
robustness. By enabling models to effectively handle variations in object appearance, position, and orientation,
image augmentation proves to be a valuable technique for optimizing object detection tasks. This research
highlights the advantages of employing the "Horizontal Flip” augmentation technique for boosting object detection
accuracy.

4 V. Discussion

The results of our comparative study on image augmentation techniques for object detection reveal
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© 2023 Global Journals intriguing insights. The ”Horizontal Flip” augmentation technique consistently
outperforms other methods, demonstrating higher Mean Average Precision (mAP) and Average Intersection over
Union (IoU) scores. This indicates that the flipped images contribute to better spatial alignment and enhanced
detection precision. However, "Rotation” and ”Color Jittering” also exhibit improved performance compared to
the baseline, albeit to a lesser extent. We observe that image augmentation plays a pivotal role in enhancing
object detection accuracy, allowing models to generalize better to various object orientations and environmental
conditions. The findings underscore the practical significance of image augmentation in computer vision tasks and
recommend the "Horizontal Flip” technique as an effective choice for optimizing object detection models. Future
research could explore the combination of multiple augmentation techniques to further improve performance and
explore their impact on different object classes.

7 VI. Conclusion

In this research paper, we conducted a comprehensive comparative study to assess the impact of image
augmentation techniques on object detection accuracy. Through extensive experiments on a diverse dataset,
we found that image augmentation plays a vital role in enhancing object detection performance. The "Horizontal
Flip” technique demonstrated superior results, consistently outperforming other methods in terms of Mean
Average Precision (mAP) and Average Intersection over Union (IoU) scores. These findings highlight the practical
significance of employing image augmentation to improve the generalization of object detection models. The
study contributes valuable insights for researchers and practitioners seeking to optimize object detection tasks.
As future work, investigating the combination of multiple augmentation techniques and their effectiveness on
specialized datasets could offer further improvements in object detection accuracy across various domains.

Related Work-Papageorgiou et al. in [2] proposed a trainable object detection system using Haar wavelet
transform and support vector machines. Zou et al. in [3] reviewed the evolution of object detection in computer
vision over a quarter-century, covering milestones, datasets, metrics, and state-of-the-art methods. Padilla et al.
in [4] compared object detection metrics and proposed a standardized implementation for benchmarking. Hu et
al. in [5] proposed an object relation module for simultaneous processing of objects, improving object detection
accuracy. Kumar et al. in [10] ! 2@
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I. Introductionbject detection is a fundamental task in computer vision with a
wide range of practical applications, including surveillance, autonomous vehicles,
and image recognition. Improving the accuracy of object detection models is
crucial for ensuring reliable and efficient performance in real-world scenarios. Image
augmentation has emerged as a promising technique to enhance model generalization
by introducing variations in the training data. This study aims to comprehensively
investigate the impact of different image augmentation methods on object detection
accuracy. We compare four augmentation techniques-Rotation, Horizontal Flip,
Color Jittering, and a Baseline with no augmentationusing widely adopted evalua-
tion metrics, such as Mean Average Precision (mAP) and Average Intersection over
Union (IoU). The findings from this research will provide valuable insights for select-
ing the most effective augmentation approach to optimize object detection tasks. O
Author: Bachelor of Technology in Computer Science & Engineering Department of
Computer Science & Engineering, School of Computer Science and Engineering,
Manipal University Jaipur. e-mail: Aatmaj.209301409@Muj.Manipal.Edu July
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Image Augmentation Technique
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Horizontal Flip
Color Jittering

72.3
74.6
75.8
72.0

Figure 7: Table 1 :

Figure 8:

Average IoU  False

(70)

0.65
0.68
0.70
0.66

Posi-
tives
38
32
30
40

False
Nega-
tives
20

18

15

23



84
85
86

87
88
89

90
91
92

93
94

95
96
97

98
99

101

102
103
104

105
106
107

108
109
110

[Singh and Parihar (2020)] ‘A comparative analysis of illumination estimation based Image Enhancement
techniques’. K Singh , A S Parihar . 2020 International Conference on Emerging Trends in Information
Technology and Engineering (ic-ETITE), 2020, February. IEEE. p. .

[Kumar and Choudhary ()] ‘A comparative analysis of image contrast enhancement techniques based on his-
togram equalization for gray scale static images’. V Kumar , R R Choudhary . International Journal of
Computer Applications 2012. 45 (21) p. .

[Padilla et al. (2020)] ‘A survey on performance metrics for objectdetection algorithms’ R Padilla , S L Netto ,
E A Da Silva . 2020 international conference on systems, signals and image processing, 2020, July. IEEE. p.
. (TWSSIP)

[Papageorgiou and Poggio ()] ‘A trainable system for object detection’. C Papageorgiou , T Poggio . International
journal of computer vision 2000. 38 p. .

[Divvala et al. (2009)] ‘An empirical study of context in object detection’. S K Divvala , D Hoiem , J H Hays , A
A Efros , M Hebert . 2009 IEEE Conference on computer vision and Pattern Recognition, 2009. June. IEEE.
p. -

[Zou et al. ()] ‘Object detection in 20 years: A survey’ Z Zou , K Chen , Z Shi, Y Guo , J Ye . Proceedings of
the IEEE, (the IEEE) 2023.

[Amit et al. ()] Object detection. Computer Vision: A Reference Guide, Y Amit , P Felzenszwalb , R Girshick .
2020. p. .

[Hu et al. ()] ‘Relation networks for object detection’. H Hu , J Gu , Z Zhang , J Dai , Y Wei . Proceedings of
the IEEE conference on computer vision and pattern recognition, (the IEEE conference on computer vision
and pattern recognition) 2018. p. .

[Pandey et al. (2017)] ‘Satellite image enhancement techniques-a comparative study’. P Pandey , K K Dewangan
, D K Dewangan . 2017 International Conference on Energy, Communication, Data Analytics and Soft
Computing (ICECDS), 2017. August. IEEE. p. .

[Zhou et al. ()] ‘Scale-transferrable object detection’. P Zhou , B Ni, C Geng , J Hu, Y Xu . proceedings of the
IEEE conference on computer vision and pattern recognition, (the IEEE conference on computer vision and
pattern recognition) 2018. p. .



