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Abstract

Existing methods for image dehazing are focused on increasing the quality of
restored images, so they require huge parameters. Considering that the main
purpose of image dehazing is a preprocessing step for various tasks, it is important
to balance the model complexity by considering the performance of image dehazing
and that of the main tasks. Therefore, in this paper, we analyze the effect of image
dehazing on object detection, a typical task of computer vision. We use nine
dehazing models having different performances and the six object detection methods
for analyzing the relation between the performance of dehazing and its influence on
object detection. Experimental results showed that the performance of the object
detection methods does not increase in proportion to the performance of the image
dehazing and it converges when the performance of the image dehazing exceeds a
certain level. By using the results, it is expected that an efficient dehazing model
can be developed by considering the performance improvement in the main task and
the model complexity.

Key Words : Single Image Dehazing, Object Detection, Feature Fusion Attention
Network, Performance Analysis, Deep Learmning
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Table 1. Comparison of various dehazing methods

Method Class | Network [Multi-scale Attentlp n | SRR Feature
mechanism| (dB)
MSCNNI5] ASM- CNN v 1757 |Multiple neural networks
AODNEet[6] based CNN 18.80 |Light-weight model
DehazeNet|[7] CNN - Nonlinear activation function
GFNI8] Fncoder v 2411 |[Gated fusion
—-decoder
GCANet[9] Fncoder v 2813  [Smoothed dilated convolution
—decoder
PFFNet[1] Encoder v/ 29.22  |Progressive feature fusion
—-decoder
End-to- Encoder
GDNI[10] End v/ 3151 [Multiple interconnected paths
—-decoder
Dehaze-GAN[3] GAN - Cycle GAN
DuRNI[12] CNN v/ 31.92 [Dual residual connection
MSBDN[2] Fncoder v 3379 [Dense feature fusion
—decoder
FFANet[11] CNN v 34.98 |Channel attention and pixel attention
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Dehazing dataset

Dehazing model
training

Real-world task-
driven dataset

Preprocessing

v

Object detection

e SSD, YOLO v3, YOLOX
e Mask R-CNN, DH R-CNN

e DETR

Performance
evaluation

O 1 o0 MA2t 2N 2E M 2l M SEx
Fig. 1. Flowchart for analyzing performance relation
between image dehazing and object detection
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Hazy image I I I I I Clear image

Preprocessing Concatenation Postprocessing

(a)

Convolution block x N

. Convolution group Regular convolution layer

I Channel attention Activation layer

Element-wise sum

(b)

I Pixel attention

2l 2 (a) FFANet X (b) EMEm 15 X
Fig. 2. (a) FFANet architecture (b) Convolution group
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Table 3. Detailed information of object detection

Category Normal Difficult Total methods

Person 7,950 3,416 11,366 Method Backbone mAP

Car 18415 6,902 25,317 .
Bus 1538 ) 2590 YOLOv3 Darknet-53 309
Motorbike 362 370 1,232 YOLOX YOLOX-5 405
Total 29,59 11,604 41,203 Mask R-CNN R-50-FPN 38.2
DH R-CNN R-50-FPN 40.0

DETR R-50 40.1
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Table 4. Results of the object detection according to the performance of the dehazing method
Method Baseline PSNR PSNR PSNR PSNR PSNR PSNR PSNR PSNR PSNR
2468 dB|25.74 dB|26.76 dB|27.64 dB| 2818 dB|29.64 dB|3093 dB| 3157 dB| 3201 dB
SSD 32.87 34.64 34.64 36.39 34.95 3H.44 35.26 35.16 3457 34.95
YOLOvV3 41.77 41.46 41.46 42.02 41.93 42.22 42.13 24 42.02 42.45
YOLOX 53.27 53.84 53.84 .68 54.58 54.67 M8 54.62 54.78 54.54
Mask R-CNN| 56.07 55.14 55.14 56.49 56.46 56.79 56.90 5763 57.22 56.89
DH R-CNN 55.12 54.37 .37 55.97 55.96 55.73 55.87 56.00 55.89 5591
DETR 56.53 56.18 56.18 56.37 56.38 56.95 57.23 5780 57.26 57.29
o7l MA7E 2| AE MSoll 0jxls I 2A | 123



Journal of Korean Institute of Intelligent Systems, Vol. 32, No. 2, April 2022

H 5. 2 HANSOH OE 4% HE 2t (&2
Table 5. Results of the object detection according to the performance of the dehazing method (including difficult
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