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(Recyclable Objects Detection via Bounding Box CutMix and
Standardized Distance-based IoU)

of of &=, & 3§ H*
(Haejin Lee, Heechul Jung)

Abstract :

In this paper, we developed a deep learning-based recyclable object detection model. The model is

developed based on YOLOvS that is a one-stage detector. The deep learning model detects and classifies the
recyclable object into 7 categories: paper, carton, can, glass, pet, plastic, and vinyl. We propose two methods for

recyclable object detection models to solve problems during training. Bounding Box CutMix solved the no-objects

training images problem of Mosaic, a data augmentation used in YOLOv5. Standardized Distance-based IoU replaced

DIoU using a normalization factor that is not affected by the center point distance of the bounding boxes. The
recyclable object detection model showed a final mAP performance of 091978 with Bounding Box CutMix and 0.91149

with Standardized Distance-based IoU.

Keywords : Deep learning, Convolutional neural network (CNN), Object detection, Recyclable object, Data augmentation, IoU
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Train images

Mosaic
No objects

2! 1. Mosaic AR A| Llish= &5 O|D|X[of ZHX[7} Si= =X OllA]
Fig. 1. Example of no-object problem with train images
when using Mosaic
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Fig. 2. Example of One Image Data Augmentation
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21 3. Two Images Data Augmentation GilA|
Fig. 3. Example of Two Images Data Augmentation
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(a) Padding exists (b} No edge info

T2l 4, A EX|of £XEES H0lE S 7H GA]
Fig. 4. Example of inappropriate data augmentation for object
detection
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Fig. 5. Reason why there are no objects in train images
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12! 6. Bounding Box CutMix & 2t&
Fig. 6. Procedure of Bounding Box CutMix
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(a) Train dataset (b} Test dataset
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Fig. 7. Size distribution of bounding boxes in Recyclable
objects dataset
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Table 1. mAP comparison for data augmentation methods

Method mAP@0.5 mAP@(.5:0.95
No Mosaic 0.89508 0.77857
Base(Mosaic) 0.91090 0.79401
+ Mixup 0.91700 0.80490
+ copy-paste 0.91668 0.79978
+ Mixup + copy-paste 0.91291 0.79952
+ BboxCutMix 0.91967 0.80758
+ BboxCutMix + Mixup 0.91890 0.80798
+ BboxCutMix + copy-paste 0.91978 0.80622
+ All 0.90412 0.79141
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Fig. 11. Example of copy-paste and Bounding Box Cutmix

H 2. loU X|Z0| IE mAP H|w
Table 2. mAP comparison for loU metrics

Method mAP@0.5 mAP@0.5:0.95
Base (CloU) 0.91090 0.79401
DIoU 0.90234 0.78660
SDIoU (mean) 0.91149 0.79759
SDIoU (RMS) 0.90825 0.79313

E 3. loU X|Z0f| = mAP H|m (PASCAL VOC)
Table 3. mAP comparison for loU metrics (PACSCAL VOC)

Method mAP@0.5 mAP@0.5:0.95
DIoU 0.88758 0.68262
SDIoU (mean) 0.88900 0.68573
SDIoU (RMS) 0.89029 0.68335

2.2 ®73k Al 716ke] ToU
H%}%% glo]gj el thdt IoU A 28 Axs i 2900
A ek = glty DIoUE ARE3H 7Z-$- CloUel ]3|
mAP@05E 0902348 e A5S HYow B =FoA
Alket Wl ZFEs A 7k UE AHES A4
mAP@059 4] 091149% CIoURT} ] & A%S W4
F7I2 RMSE A3 ¥#3} A ]Hu IoUs CIOUE
t} AW DLoURTH & 4%5S Hyth
PASCAL VOC dlelgjAlel] tjst 23 Avp=
ghelgk & itk AZEFE diolgAlel vl&] FEeAE A4

=



olf

Aol glxwk RMSE A}ﬁa}b ﬁ% mAP@O,S%
0.89029% DIoUXrt} 0003 =2 A%
3 ®&3F A 7INke ToUe ®A

oZ: 0
o o
s HI
l‘
_Q

V.2 E

AAA o2 FH ALEF voly A 194 HE7
gel YOLOVSE‘ ARgste] A EEFS "HAS L T7HA
22 BFse A ¥x ndS et 2 =79
= =g Q.L’k ol A FAES ddsta V€ VIHE
o 28 458 1Y 7 7 WEE ARt

A WA 2 Bounding Box CutMix® MosaicE AM&-sHH
Al AEE B olmAdA AATE §lE TAE A
t}. £3] Bounding Box CutMix:= 7] copy-paste®} 2
BE AAe HFE ARE U2 BESFT TR FE
&2l
2

7]

w2 b

MA o]u Ao margin offsets F7Hel vhEd HAE
FZ2d A Hed
g5 7Hn

2! 15k IoU= DIoUolA EAE vled Hhx
A AL BAE A 2 o] ks A
143} =3} AgEs AHEsdth 53

Z5 ey ghao] 99 A7]e] W regulator % W
- S

ESSERAL S R A A
T O dlolHE Frshe

pal

M

SN
)
&
N
N

O

24
fr
>~
2 o

rir
=5

=1

= B3 A 719k IoU7F vle-d dkxs 9 Ao Aaglol
=93 3+& zt=r) =712 PASCAL VOC dlolgAle] o
3 AES ) Aoty oU A Ee] RANS 2y}

unding Box CutMix® ZFF3} A7 7|9
FolA BAE EAES ddstn /)& 3

References

[1] P. Kim, D. B. Im, “Understanding Hybrid Governance:
The Case of Waste Recycle Management,” The Korean
Governance Review, Vol. 27, No. 2, pp. 29-56, 2020 (in
Korean).

[2] J. Redmon, S. K. Divvala, R. B. Girshick, A. Farhadi,

Unified, Real-time Object

In Proceedings of the IEEE Conference on

“You only look once:
Detection,”
Computer Vision and Pattern Recognition, pp. 779-788,
2016.

[3] S. Ren, K. He, R. B. Girshick, J. Sun, “Faster R-CNN:
Towards Real-time Object Detection with Region
Proposal Networks,” Advances in Neural Information
Processing Systems, Vol. 28, 2015.

[4] K. He, G. Gkioxari, P. Dollar, R. B. Girshick, “Mask
R-CNN, ” In Proceedings of the IEEE International
Conference on Computer Vision, pp. 2961-2969, 2017.

[5] Ultralytics, “YOLOV5,” https://github.com/ultra—

H 174 M 5% 20224 10¥ 295

lytics/yolovb, 2022.

[6] A. Bochkovskiy, C. Wang, H. M. Liao, “Yolov4: Optimal
Speed and Accuracy of Object Detection,” arXiv
preprint, arXiv:2004.10934, 2020.

[71 H. J. Lee, H. C. Jung, “Implementation of Recyclable
Trash Object Detection Model Based on YOLOvV5,” In
Proceedings of the Institute of Electronics and
Information Engineers, pp. 1066-1069, 2021 (in Korean).

[8] T. Devries, G. W. Taylor, “Improved Regularization of
Convolutional Neural Networks with Cutout,” arXiv
preprint, arXiv:1708.04552, 2017.

[9] G. Kang, X. Dong, L. Zheng, Y. Yang, “Patchshuffle
Regularization, ” arXiv preprint, arXiv:1707.07103, 2017.
[10] H. Zhang, M. Cissé¢, Y. N. Dauphin, D. Lopez-Paz,
“Mixup: Beyond Empirical risk Minimization,” arXiv

preprint, arXiv:1710.09412, 2017.

[11] S. Yun, D. Han, S. J. Oh, S. Chun, J. Choe, Y. Yoo,
“Cutmix: Regularization Strategy to Train Strong

Classifiers with Localizable Features,” In Proceedings
of the IEEE/CVF International Conference on Computer
Vision, pp. 6023-6032, 2019.

[12] G. Ghiasi, Y. Cui, A. Srinivas, R. Qian, T. Lin, E. D.
Cubuk, Q. V. Le, B. Zoph,
Strong Data Augmentation Method for Instance
Segmentation,” In Proceedings of the IEEE/CVF
Conference on  Computer Vision and
Recognition, pp. 2918-2928, 2021.

[13] N. Bodla, B. Singh, R. Chellappa, L. S. Davis,
“Improving Object Detection with one line of code,”
arXiv preprint, arXiv:1704.04503, 2017.

[14] H. Rezatofighi, N. Tsoi, J. Y. Gwak, A. Sadeghian, 1.

Reid, S. Savarese,

“Simple Copy-paste is a

Pattern

“Generalized Intersection Over
Union: A Metric and A loss for Bounding box
IEEE/CVF

Pattern

Regression,” In Proceedings of the
Conference on  Computer Vision and
Recognition, pp. 658-666, 2019.

[15] Z. Zheng, P. Wang, W. Liu, J. Li, R. Ye, D. Ren,
“Distance-iou Loss: Faster and Better Learning for
Bounding box Regression,” In Proceedings of the AAAI
Conference on Artificial Intelligence, Vol. 34, No. 07,
pp. 12993-13000, 2020.

[16] IITP, “2020 Al Grand
https://ai—challenge kr, 2020.

[17] M. Everingham, L. Gool, C. K. Williams, J. Winn, A.

Zisserman,

Challenge,”

“The Pascal Visual Object Classes (voc)

Challenge,” International Journal of Computer Vision,
Vol. 88, No. 2, pp. 303-338, 2010.

[18] Ultralytics, “YOLOV5 pre-trained weights of COCO dat
aset,” https://github.com/ultralytics/yolovb/releases/tag/v

6.1, 2022.



296 Bounding Box CutMixet &3} He| 7|gte| oUE S5t MEs

Haejin Lee (°] # %)

2020 Computer and Science Engineering from
Kyungpook National University (B.S.)

- o 2022 Artificial Intelligence from Kyungpook

- / National University (MS.)

Career:
2022 Captos, Al Research Engineer

Field of Interests: Deep Learning & Computer Vision
Email: seareale@gmail.com

Heechul Jung (3 8 %)

2007 Intemet from Sejong University (B.S.)

2010 Information and Commumication Engineering
from the Gwangju Institute of Science and
Technology (MS)

218 Electrical Engineering from the Korea
Advanced Institute of Science and
Technology (Ph.D.)

019~ Artificial Intelligence from Kyungpook National University

(Assistant Professor)
Career:

2019 Senior Researcher, Hyundai Motor Company

2019 Assistant Professor, Kyungpook National University
Field of Interests: Deep Learning & Computer Vision
Email: heechul@knu.ac kr



