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Design of an intelligent identification and sorting system used for
classification of multiobjective medical waste

ZHANG Xinyul’z, YANG Zhongliangl, ZHOU Zhehual, ZHANG Song3, MAO Xinhua®

(1. School of Mechanical Engineering, Donghua University, Shanghai 201620, China; 2. Qingdao Virtual Reality Institute Co., Ltd.,
Qingdao 266100, China; 3. Manchester University, Manchester M13 9PL; 4. Beijing Chonglee Machinery Engineering Co., Ltd.,
Beijing 101111, China)

Abstract: Medical waste contains lots of viruses and bacteria. To intelligently sort medical waste from the source, an in-
telligent sorting platform based on machine vision and the Delta mechanism was developed, and a three-stage multiob-
jective recognition-indexes-sorting (MWRIS) algorithm was proposed. In the first stage, the IE-YOLOv4 algorithm of
data enhancement and expansion was proposed to establish a medical waste identification model, which was compared
with five models, including Faster R-CNN, RetinaNet, and CenterNet. In the second stage, the index classification mod-
el was used to manage the classification rules. In the third stage, the positioning sorting algorithm was used to guide tar-
get positioning and grabbing. For the sorting prototype integrated with the MWRIS algorithm, 2217 medical sample im-
ages of 14 kinds were collected, and the medical waste sorting experiment was completed. The results showed that the
MWRIS algorithm using IE-YOLOv4 can significantly improve the accuracy of medical waste identification to 99.30%,
the accuracy rate of target positioning in the sorting experiment reaches 96.17%, and the final classification accuracy
reaches 86.67%, verifying the effectiveness of the proposed medical waste identification and sorting system.

Keywords: machine vision; object detection; Delta sorting system; mechanical design; artificial intelligence; medical

waste; garbage classification; intelligent dustbin
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Table 2 Experimental environment of target detection algorithm
Ak BT M4 MARGHGRMEER Epoch Batch size £ ST
0~50 4 1x10"
FasterR-CNN VGG-16ResNet-101 800x800 i
50~100 2 1x10
0~50 8 5x107*
RFB Net VGG-16 512x512 L
50~100 4 1x10
0~50 8 1x10™*
RetinaNet ResNeXt-100FPN 600x600 s
50~100 2 1x10
0~50 8 1x10°
CenterNet ResNet50 515%512 )
50~100 4 1x10
0~50 8 1x10~°
YOLOv4 CSPDarknet-53 608%x608 L
50~100 2 1x10
0~50 8 1x10°
IE-YOLOv4 CSPDarknet-53 608%x608 4
50~100 2 1x10
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Fig. 11 Mosaic data enhancement effect
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Table 3 Precision statistics of six target detection algorithms %
TSR Faster R-CNN RFB-Net RetinaNet CenterNet YOLOv4 IE-YOLOv4
i 98.48 94.92 100.00 100.00 96.97 98.73
LiizB23 100.00 96.74 98.89 98.82 97.80 100.00
e 96.00 96.81 88.29 99.14 99.16 99.04
i 97.65 100.00 89.13 97.50 97.67 98.91
M 95.35 100.00 98.80 100.00 100.00 100.00
B3k 100.00 96.25 98.72 98.77 98.77 99.07
¥ 92.06 90.24 82.76 100.00 100.00 95.29
JIF 92.06 97.33 96.20 97.65 97.75 100.00
i3 100.00 100.00 100.00 100.00 100.00 98.89
ik 98.25 99.21 96.38 99.21 99.24 100.00
BRI 97.33 94.59 89.16 100.00 94.74 100.00
Ke 97.37 97.33 94.81 98.68 98.68 100.00
/RS 99.12 98.23 98.25 100.00 100.00 100.00

ki 99.21 98.84

94.51 97.62 98.88

100.00
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Table 4 Recall statistics of six target detection algorithms %
T2 R Faster R-CNN RFB-Net RetinaNet CenterNet YOLOv4 IE-YOLOV4
B 95.59 82.35 88.24 91.18 94.12 96.30
FRER 96.63 100.00 100.00 94.38 100.00 100.00
ik 75.59 71.65 77.17 90.55 92.91 96.26
il 97.65 98.82 96.47 91.76 98.82 98.91
H 100.00 100.00 100.00 98.78 100.00 100.00
Bk 27.06 90.59 90.59 94.12 94.12 99.07
San 78.38 50.00 64.86 87.84 93.24 97.59
JI¥ 65.91 82.95 86.36 94.32 98.86 98.80
RS 86.17 96.81 96.81 91.49 97.87 100.00
EZQTiiR 40.88 91.97 97.08 91.24 95.62 98.36
B 97.33 93.33 98.67 93.33 96.00 98.89
$qKa 96.10 94.81 94.81 97.40 97.40 97.30
SRR 99.12 97.37 98.25 98.25 94.74 100.00
Bk 59.14 91.40 92.47 88.17 94.62 97.09

R5 6MBIRRNERF ESit

Table 5 F statistics of six target detection algorithms

T2 Fx Faster R-CNN RFB-Net RetinaNet CenterNet YOLOv4 IE-YOLOv4
g 0.97 0.88 0.94 0.95 0.96 0.97
B2 0.98 0.98 0.99 0.97 0.99 1.00
F%s 0.85 0.82 0.82 0.95 0.96 0.98
i 0.98 0.99 0.93 0.95 0.98 0.99
L 0.98 1.00 0.99 0.99 1.00 1.00
B3k 0.43 0.93 0.94 0.96 0.96 0.99
¥ 0.85 0.64 0.73 0.94 0.97 0.96
JIF 0.77 0.90 0.91 0.96 0.98 0.99
B 0.93 0.98 0.98 0.96 0.99 0.99
QTR i 0.58 0.95 0.97 0.95 0.97 0.99
B 0.97 0.94 0.94 0.97 0.95 0.99

i 0.97 0.96 0.95 0.98 0.98 0.99
LR EN 0.99 0.98 0.98 0.99 0.97 1.00
[P 0.74 0.95 0.93 0.93 0.97 0.99

&6 o MBRRNE L AP ESIT

Table 6 AP statistics of six target detection algorithms %
TR PR Faster R-CNN RFB-Net RetinaNet CenterNet YOLOv4 IE-YOLOv4
B 95.59 93.13 96.82 94.31 95.32 97.47
FER 97.75 99.91 100.00 98.72 100.00 100.00
LiiEss 81.74 92.73 94.86 96.46 96.62 99.60

EAiTl 97.04 98.82 96.76 97.70 97.83 98.87
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T2 K Faster R-CNN RFB-Net RetinaNet CenterNet YOLOv4 IE-YOLOv4
(B 100.00 100.00 100.00 99.99 100.00 100.00
Bk 62.07 96.35 95.69 95.13 96.41 99.97
S 92.06 82.55 86.81 97.34 98.49 97.43
JI¥ 75.65 93.76 95.22 97.25 98.19 100.00
BIEIH 97.87 98.88 98.33 98.37 98.94 99.95
U 72.22 97.46 99.12 98.46 99.19 98.36
B 98.58 95.58 98.17 98.48 98.16 99.96
qa 96.07 98.20 98.70 98.45 98.50 98.65
/RS 99.12 99.08 99.81 99.12 99.11 100.00
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Fig. 23 Scene diagram of sorting experiment
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Table 7 List of waste quantity and types
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Table 8 Experimental results of target grabbing
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