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The Method of Abandoned Object Recognition
based on Neural Networks
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Abstract

This paper proposes a method of recognition abandoned objects using convolutional neural networks. The method first
detects an area for an abandoned object in image and, if there is a detected area, applies convolutional neural networks
to that area to recognize which object is represented. Experiments were conducted through an application system that
detects illegal trash dumping. The experiments result showed the area of abandoned object was detected efficiently. The
detected areas enter the input of convolutional neural networks and are classified into whether it is a trash or not. To
do this, I trained convolutional neural networks with my own trash dataset and open database. As a training result, I
achieved high accuracy for the test set not included in the training set.
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Table 1. The algorithm of Background estimation.
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Fig. 2. The example of box area decision.
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Table 2. The algorithm of updating box list.
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Table 3. The algorithm of background decision.
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Line Operation
1 ob_is_nb = False
2 final_boxes = [ ]
3 nb_is_old = [False, ..., False]
4 FOR ob IN old_boxes:
5 i=0
6 FOR nb IN new_boxes:
7 ob_is_nb = IoU(ob, nb) > thresh_iou
8 IF ob_is_nb:
9 final_boxes. APPEND(
[nb(x,y,w,h), ob(ab)+1, 0)
10 nb_is_old[i] = True
11 BREAK
12 i+=1
13 IF NOT ob_is_nb:
14 IF ob(oc) ==
15 IF ob(ab) > thresh_ab:
16 final_boxes. APPEND(
[ob(x,y,w,h), ob(ab), 1])
17 ELSE:
18 IF ob(oc) < thresh_oc:
19 final_boxes. APPEND(
[ob(x,y,w,h), ob(ab), ob(oc)+11])
20 i=0
21 FOR nb IN new_boxes:
22 IF NOT nb_is_old[il:
23 final_boxes. APPEND([nb(x,y,w,h), 1, 0])
24 i+=1
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Line Operation

1 final_bgs = [ ]

2 do_append_bg = [True, ..., Truel

3 FOR fb IN final_boxes:

4 (%, v, w, h, ab, oc) = fb

5 IF ab > thresh_ab_handle:

6 is_bg = False

7 Cropped_Frame = Framelx,y,w,h]
8 Cropped_M = MIx,y,w,h]

9 i=0

10 FOR ob IN old_bgs:

11 IF IoU(fb, ob) > thresh_bg_iou:
12 similarity = SSIM(

Cropped_Frame, Cropped_M)

13 IF similarity > thresh_sim:
14 do_append_bgli] = False
15 is_bg = True

16 i+=1

17 IF NOT is_bg:

18 final_bgs. APPEND(

[x, v, w, h, Cropped_M])

19 i=0

20 FOR ob IN old_bgs:

21 IF do_append_bglil:

22 final_bgs. APPEND(ob)

23 i+=1
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Fig. 6. The result of fixed area detection.
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Fig. 10. The result of abandoned object recognition 2.
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Table 4. Data number per label.
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Class Label Train Data Num | Test Data Num
Trashbag 2,953 1,000
Trashcan 701 209
0 Box 393 100
ETC 299,842 14,147
) Person 232,261 9,490
Vehicle 79,243 5484
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Table 5. Augmentation pipeline.

£ 5 ololeizch so|=ajel
Sequential

1. Flip left and right (50%)
2. Piecewise Affine (50%)
3. Elastic Transform (10%)
4. Shear (30%)
5. Crop (100%)
6. Rotation (100%)
7. Contrast Normalization (30%)
8. Add (10%)
9. Sharpen (10%)
10. Blur (10%)
11. Gray Scale (10%)
12. Hue Add (10%)

End Sequential
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Fig. 11. The result of data augmentation.
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Table 6. The result of training.

£ 6 = 2n
Accuracy
Class Label
MobileNet-v2 | ResNet-50 | Inception-v3
Trashbag 0.982 0.980 0.991
Trashcan 1.0 0.9% 1.0
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ETC 0.949 0.926 0.951
Person 0943 0.926 0.949
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