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Summary

�aܔ궸Q R� Qh궸 acQOa� cha�acQ궸�XܔQXcܔ R� Qh궸 �궸ܔma �a�Qa�X�Xa X� WaܔhX�QQR� �QaQ궸 a�Q Qh궸
a�aܔ��Xܔ R� 궸xXܔQX�Q QaQa, w궸 m�RvXQ궸 a �궸�궸�궸�c궸 �R�OQXRܔ �R� Qh궸 GXa�Q HR��궸Q m�궸v궸�QXR� a�Q
cR�Q�R� X� WaܔhX�QQR� �QaQ궸 R� Qh궸 m�궸�Xܔ궸 R� �aQXR�a�XzX�Q Qh궸 Oܔ궸 R� �궸ܔRO�c궸ܔ a�Q
X�m�RvX�Q Qh궸 궸��궸cQXv궸�궸ܔܔ R� Qh궸 .�R�OQXRܔ

FXܔ�Q��, w궸 m�궸m�Rc궸ܔܔ궸Q Qh궸 QaQa. W궸 QXvXQ궸 Qh궸 RbQaX�궸Q QaQa X�QR Qab�궸 QaQa a�Q X�aQ궸
QaQa �R� m�Rc궸ܔܔX�Q. FR� QabO�a� QaQa, w궸 �RO�Q a�Q c�궸a�궸Q R�궸ܔ �궸QO�Qa�Q X��R��aQXR� QhaQ
waܔ Oܔ궸�궸ܔܔ �R� wR�k; �R� X�aQ궸 QaQa, w궸 m궸��R��궸Q QaQa c�궸a�X�Q a�Q QaQa cR�v궸ܔ�XR�, a�Q
R��� �궸QaX�궸Q Qh궸 X�aQ궸 Q�m궸 QaQa.

N궸xQ, w궸 궸�궸cQ궸Qܔ Qh궸 �궸mR�Q QaQa R� Qh궸 a�궸a R� WaܔhX�QQR� �QaQ궸 wh궸�궸 Qh궸 �궸ܔma
�a�Qa�X�Xa haܔ b궸궸� cR��X��궸Q, a�Q amm�X궸Q ARIMA QR Qh궸 QX�궸 ܔ궸�X궸ܔ m�궸QXcQXR� R� Qh궸 �궸w
va�Xab�궸ܔ QhaQ w궸 Q궸�X�궸Q �궸m�궸ܔ궸�QX�Q Qh궸 Q궸RQ�amhXc �RcaQXR�. W궸 �RO�Q QhaQ Qh궸 m궸ܔQ QXQ �RQ
m�궸aQܔ R� a �a�Q궸 ca�궸ܔ Rv궸� QX�궸. IQ haܔ R�궸QhX�Qܔ QR QR wXQh Qh궸X� cha�acQ궸ܔ�

�h궸�, w궸 a�a��z궸Q Qh궸 X�aQ궸 QaQa �ab궸�궸Q aܔ mRܔXQXv궸 a�Q �궸QaQXv궸 X� Qh궸 WaܔhX�QQR� a�궸a,
bOQ Qh궸 QaQa �aQXR Xܔ ��ܔ궸�XROܔ O�ba�a�c궸Q. �h궸�궸�R�궸, w궸 Oܔ궸 DaQa �OQ�궸�QaQXR� �궸QhRQܔ QR
�a�QR��� Q궸�궸�aQ궸 mRܔXQXv궸 QaQa, a�Q Oܔ궸 a� 궸��XcX궸�Q a�Q �aܔQ Broad Learning System (BLS)
QR c�aܔܔX�� Qh궸 �궸ܔO�QX�Q QaQa ,궸Qܔ whXch achX궸v궸Q QRRQ �궸ܔO�Qܔ. I� �aQ궸� wR�k, w궸 aܔ�R �궸�� R�
Qh궸 R궸ܔXQOa� N궸QwR�k-baܔ궸Q Stacked Broad learning System (SBLS) QR OmQaQ궸 Qh궸 �RQ궸�,
a�Q accR�QX�Q QR Qh궸 �R�aܔ궸aܔ a�aܔ��Xܔ R� Qh궸 ��waܔ acQXvXQ�, Q궸Q궸��X�궸 Qh궸 �RQ궸� OmQaQ궸
��궸qO궸�c�, whXch m�RvXQ궸 Oܔ a �RQ궸� OmQaQX�Q �Q�aQ궸Qܔ

DO궸 QR Qh궸 �X�XQ궸Q �궸ܔRO�c궸ܔ avaX�ab�궸 QR Qh궸 QRv궸���궸�Q, �R� �궸mR�Qܔ ��R� QX��궸�궸�Q �궸QXRܔ�,
W궸 hav궸 궸ܔQab�Xܔh궸Q a cR�X�Qܔ �Q궸ܔ�ܔ baܔ궸Q R� �acQRܔ� X�c�OQX�Q m�궸QXcQXR� �궸ܔO�Qܔ, Q궸RܔmaQXa�
a�Q hXܔQR�Xca� Q궸Q궸cQXR� QR Q궸Q궸��X�궸 Qh궸 m�XR�XQ� R� Qh궸 X�v궸ܔQXQaQXR� X� QX��궸�궸�Q �궸QXRܔ�
Q궸Q�궸궸,whXch wX�� b궸 Qh궸 baܔXܔ �R� Qh궸 m�XR�XQ� X�v궸ܔQXQaQXR�.

FX�a���, w궸 Oܔ궸Q Qh궸 �궸ܔO�Qܔ a�Q �RQ궸ܔ� R� Qh궸 abRv궸 wR�k, cR�bX�궸Q wXQh Qh궸 �궸QhRQ R�
궸xQ궸��X�aQX�Q �궸ܔma �a�Qa�X�Xa, QR Q궸Q궸��X�궸 Qh궸 baܔXܔ �R� Oܔ QR jOQQ궸 Qh궸 궸�aQXcaQXR� R� Qh궸
�Xaܔ� GXa�Q HR��궸Qܔ X� WaܔhX�QQR� QaQ궸,a�Qܔ m�RvXQ궸 a �Rw-cRܔQ a�Q hXQh-�궸�XabX�XQ� �궸�궸�궸�c궸
�R�OQXRܔ �R� WaܔhX�QQR� �QaQ궸.

Key words:�RI�� ; ��RaQ �궸a��X�Q Q궸�;UmQaQ궸ܔ�� �Q�aQ궸QX궸ܔ; JOQQ궸�궸�Qܔ
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1Introduction

1.1 Restatement of problems

�궸ܔma �a�Qa�X�Xa Xܔ Qh궸 �a�Q궸ܔQ ܔm궸cX궸ܔ R� hR��궸Q X� Qh궸 wR��Q.IQ Xܔ v궸�� QRxXc,whXch Xܔ
궸qOXva�궸�Q QR a mRXܔR�ROܔ ��ak궸.Iܔ m궸Rm�궸 a�궸 Qabb궸Qܔ �궸m궸aQ궸Q�� b� XQܔ QX�Q,XQܔ ca� caOܔ궸
hO�a� Q궸aQh.�QQXQXR�a���,XQ Xܔ a m�궸QaQR� R� EO�Rm궸a� hR�궸�b궸궸ܔ,whXch Xܔ camab�궸 R�
X�vaQX�Q a�Q Q궸ܔQ�R�X�Q Qh궸X� �궸ܔQܔ.�궸ܔma �a�Qa�X�Xa ca� Q궸ܔQ�R� a whR�궸 cR�R�� R�
EO�Rm궸a� hR�궸�b궸궸ܔ X� a hR�Qܔ QX�궸.I� Qh궸 �a�� R� 2019,a �궸ܔQ a�Q wR�k궸ܔ� R� �궸ܔma
�a�Qa�X�Xa w궸�궸 QXܔcRv궸�궸Q R� �a�cROv궸� Iܔ�a�Q.�궸caOܔ궸 Qh궸 �O�b궸� R� b궸궸 mRmO�aQXRܔ� X�
Qh궸 U�XQ궸Q �QaQ궸ܔ Xܔ Q궸c�X�X�Q,m궸Rm�궸 wR��� QhaQ Qh궸 X�vaܔXR� R� �궸ܔma �a�Qa�X�Xa wX�� wXm궸
ROQ hR�궸�b궸궸 mRmO�aQXRܔ�.
DO궸 QR Qh궸 mRQ궸�QXa��� ܔ궸�XROܔ X�macQ R� waܔmܔ R� Qh궸 �Rca� hR�궸�b궸궸 mRmO�aQXRܔ�,�h궸 �QaQ궸

R� WaܔhX�QQR� haܔ 궸ܔQab�Xܔh궸Q a h궸�m�X�궸 a�Q a w궸bܔXQ궸 �R� m궸Rm�궸 QR �궸mR�Q ܔXQhQX�Qܔ R� Qh궸ܔ궸
hR��궸Qܔ.
W궸 R�v궸ܔ Qh궸 cO��궸�Q m�Rb�궸ܔ� Qh�ROQh Qh궸 �R��RwX�Q wR�k:

 I� R�Q궸� QR �QOQܔ Qh궸 �궸�aQXRܔ�hXm b궸Qw궸궸� m궸ܔQ m�궸aQܔ a�Q QX�궸, w궸 Oܔ궸Q �RI�� �RQ궸�
QR a�a��z궸 Qh궸 �궸�궸va�Q QaQa.

 �aܔ궸Q R� Qh궸 ���,w궸 궸ܔQab�Xܔh궸Q m궸ܔQ c�aܔܔX�XcaQXR� �RQ궸� a�Q m�RvXQ궸 a OXQab�궸ܔ OmQaQ궸
a�Q �aX�Q궸�a�c궸 m�RQ�a� �R� XQ.

 W궸 궸ܔQab�Xܔh궸Q a m�XR�XQ� cR�X�Qܔ �Q궸ܔ�ܔ baܔ궸Q R� m�궸QXcQXRܔ�, Q궸RQ�amh�, a�Q hXܔQR�Xca�
�궸mR�QX�Q �acQRܔ� QR m�RvXQ궸 Qh궸 QRv궸���궸�Q wXQh a �궸�궸�궸�c궸 �R� X�v궸ܔQXQaQX�Q �궸ܔRO�c궸
a��RcaQXR�.

 �aܔ궸Q R� Qh궸 �궸ܔO�Qܔ R� Qh궸 �RQ궸� a�Q Qh궸 �XQ궸�aQO�궸, w궸 mOQ �R�wa�Q Qh궸 jOQQ�궸�Q baܔXܔ
�R� Qh궸 cR�m�궸Q궸 궸�aQXcaQXR� R� Qh궸 �Xaܔ� QXa�Q waܔm X� WaܔhX�QQR� �QaQ궸.

2 General Assumptions and Variable Description

2.1 Assumptions

I� R�Q궸� QR ��X�m�Xܔ RO� �RQ궸ܔ�, w궸 �ak궸 R�궸ܔ aܔܔO�mQXR� X� RO� mam궸�. �h궸 Q궸QaXܔ� a�궸 aܔ
b궸�Rw:
 I� a ���aܔ a�궸a,Qh궸 X���O궸�c궸 caOܔ궸Q b� Qh궸 O��ac궸ܔ R� Qh궸 궸a�Qh Xܔ a��RܔQ �궸Q�XQXb�궸,ܔR w궸

amm�RxX�aQ궸 QhXܔ a�궸a aܔ a ��aQ a�궸a.O� QhXܔ aܔܔO�mQXR�,w궸 ca�cO�aQ궸 Qh궸 azX�OQh a�Q
QXܔQa�c궸 b궸Qw궸궸� QwR �RcaQXRܔ�.

 I� Qh궸 QaQa ܔ궸Qܔ a�Q QaQa Qab�궸ܔ w궸 hav궸 RbQaX�궸Q,Qh궸�궸 a�궸 �R XQ궸�QX�XcaQXR� 궸��Rܔ� caOܔ궸Q
b� hO�a� �acQRܔ�.

 I� a c궸�QaX� m궸�XRQ R� QX�궸, Qh궸 궸v궸�Q haܔ a�Q �aX�QaXܔ� O��XcX궸�Qܔ aQQ궸�QXR� a�Q X���O궸�c궸
X� Qh궸 �Rca� ,�RcX궸Qܔ a�Q haܔ a �궸�Xab�궸 a�RO�Q R� QaQa �궸mR�Q궸Q b� Qh궸 mOb�Xc QR 궸ܔ�O�궸 QhaQ
Qh궸 QaQa RbQaX�궸Q Q�O�� �궸��궸cQܔ Qh궸 �XQOaQXRܔ R� Qh궸 궸v궸�Q X� QhXܔ m궸�XRQ R� QX�궸, a�Q wX��
�RQ caOܔ궸 RbvXROܔ QaQa R�XܔܔXR� QO궸 QR RQh궸� �acQRܔ�.
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2.2 Variable Description

Symbol Explanation
bpf �h궸 �Xܔ�Q mRܔXQXv궸 Q궸QacQXR� �RcaQXR� mRX�Q X� WaܔhX�QQR� QaQ궸ܔ
d �h궸 QXܔQa�c궸 ��R� bpf

θ �h궸 a�Q�궸 b궸Qw궸궸� Qh궸 �X�궸 ��R� bpf QR Qh궸 궸qO궸�QܔObܔ mRX�Q a�Q Qh궸
QX�궸cQXR� R� Qh궸 �궸�XQXa�

la �h궸 �aQXQOQ궸 �ab궸� R� QaQa
lo �h궸 �R�QXQOQ궸 �ab궸� R� QaQa
N1 �h궸 �O�b궸� R� �RQ궸ܔ X� 궸ach wX�QRw R� Qh궸 F궸aQO�궸 �ammX�Q �a�궸�
N2 �h궸 �O�b궸� R� F궸aQO�궸 �ammX�Q �a�궸� wX�QRwܔ
N3 �h궸 �O�b궸� R� 궸�ha�c궸�궸�Q �a�궸ܔ� �RQ궸ܔ
i �h궸 X Qh b�Rck R� �Qack궸Q-���

Acci �h궸 accO�ac� R� Qh궸 X Qh b�Rck R� �Qack궸Q-���
F1 �h궸 �R�Qh�� av궸�aQ궸 �O�b궸� R� �궸mR�Qܔ aQ qO궸궸ܔ�' QaQ궸ܔ ROQܔXQ궸 R� Qh궸 �궸ܔQ
F2 �h궸 �R�Qh�� av궸�aQ궸 �O�b궸� R� �궸mR�Qܔ aQ wR�k궸ܔ�' QaQ궸ܔ ROQܔXQ궸 R� Qh궸 �궸ܔQ
F3 �h궸 �R�Qh�� av궸�aQ궸 �O�b궸� R� �궸mR�Qܔ aQ Rv궸�-wX�Q궸�X�Q QaQ궸ܔ
p �h궸 m�궸QXcQ궸Q va�O궸 R� Qh궸 ��RaQ �궸a��X�Q �Q궸ܔ��

num �h궸 �O�b궸� R� '�궸QaQXv궸' �궸궸Qback �궸c궸Xv궸Q wXQhX� 50k� R� Qh궸 a�궸a

3 Data processing

�h궸 wR�kܔ w궸 hav궸 QR�궸 X� QaQa m�Rc궸ܔܔX�Q a�궸 aܔ �R��Rwܔ.

3.1 Data Classification

W궸 c�aܔܔX�� Qh궸 QaQa X�QR X�aQ궸 QaQa a�Q Qab�궸 QaQa �R� m�Rc궸ܔܔX�Q.�h궸�궸 Xܔ a cR��궸ܔmR�QX�Q
�궸�aQXRܔ�hXm b궸Qw궸궸� X�aQ궸 QaQa a�Q Qab�궸 QaQa.

3.2Data Screening and Inspection of Value involved

I� Qab�궸 QaQa,w궸 �X�Q R�궸ܔ Oܔ궸�궸ܔܔ �궸QO�Qa�Q X��R��aQXR�,ܔOch aܔ NRQ궸 a�Q �ab
CR��궸�Qܔ,whXch hav궸 �R 궸��궸cQ R� 궸qO궸�QܔObܔ �RQ궸�.�R w궸 Q궸�궸Q궸 Qh궸�.��Q w궸 Oܔ궸
"c�궸궸�X�Qܔ" a�Q "mRܔXQXR�X�Q cR�Q�R�" Rm궸�aQXRܔ� X� Exc궸� QR ch궸ck �R� �XܔܔX�Q va�O궸ܔ X� Qh궸
�궸�aX�X�Q QaQa.��Q궸� QhaQ,w궸 QR�'Q �X�Q Qh궸 궸xXܔQ궸�c궸 R� �XܔܔX�Q va�O궸ܔ.

3.3Data Cleaning and Data Conversion

FR� X�aQ궸 QaQa,X� R�Q궸� QR �acX�XQaQ궸 �RQ궸� bOX�QX�Q a�Q Q�aX�X�Q,w궸 �aX�QaX� Qh궸 .jpg
�X�궸ܔ , .png �X�궸ܔ a�Q .jpg �X�궸ܔ whXch a�궸 Q궸cR�m�궸ܔܔ궸Q ��R� Qh궸 zip �X�궸.��Q w궸 Q궸�궸Q궸 OQh궸ܔ�
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�X�궸ܔ whXch a�궸 �RQ cR�QOcQXv궸 QR Q�aX�X�Q Qh궸 �RQ궸�,ܔOch aܔ .mp4,.mov �X�궸.�ccR�QX�Q QR Qh궸
“G�Rba�ID” R� Qh궸 c�궸a�궸Q �X�궸,w궸 궸xQ�acQ Qh궸 cR��궸ܔmR�QX�Q X��R��aQXR� ��R� Qh궸 QaQa R� Qh궸
cR��궸ܔmR�QX�Q QwR Qab�궸ܔ a�Q �궸�Q궸 Qh궸� X�QR R�궸 Qab�궸(Qh궸 �궸�궸va�Q cRQ궸ܔ a�궸 �hRwܔ X�
�mm궸�QXx �).�h궸� w궸 ch궸ck QhaQ Qh궸�궸 a�궸 �O�QXm�궸 QOm�XcaQ궸 “G�Rba�ID”.��Q궸� cR�ma�X�Q
wXQh Qh궸 cR��궸ܔmR�QX�Q X�aQ궸ܔ,w궸 Q궸cXQ궸 QR �aX�QaX� Qh궸 QaQa wXQh �궸m궸aQ궸Q “G�Rba�ID” QR
X�m�Rv궸 Qh궸 accO�ac� R� Qh궸 �RQ궸�.FR� Qh궸 “�ab �QaQOܔ” R� 궸ach QaQa,w궸 �궸m�ac궸 Qh궸 “mRܔXQXv궸
ID” wXQh 1 a�Q �궸m�ac궸 “�궸QaQXv궸 ID” wXQh 0 �궸ܔm궸cQXv궸��.0 a�Q 1 ca� �궸m�궸ܔ궸�Q QaQܔ �R� QaQa QR
�acX�XQaQ궸 �RaQX�Q �RQ궸� Q�aX�X�Q.

4 Model Establishment and Solutions

4.1 Model-1 Prediction of Vespa mandarinia Transmission Based on

ARIMA Model

4.1.1 Model Establishment and Solving

�aܔ궸Q R� Qh궸 a�aܔ��Xܔ R� Qh궸 QXv궸� QaQa a�Q m�Rb�궸ܔ�,w궸 �X�Q QhaQ �RܔQ R� Qh궸 mRܔXQXv궸
Q궸Q궸cQXR� QRRk m�ac궸 X� ��XQXܔh CR�O�bXa X� WaܔhX�QQR� Rܔ.QaQ궸ܔ w궸 Oܔ궸 �궸mR�Q QaQaܔ ��R�
a�궸aܔ wh궸�궸 Qh궸 �Xaܔ� GXa�Q HR��궸Q haܔ amm궸a�궸Q,QhaQ Xܔ,w궸 a�a��z궸 Qh궸 QaQa whRܔ궸 ܔQaQOܔ Xܔ
"mRܔXQXv궸 ID"R� Qh궸 QaQa �ab궸� "�ab �QaQOܔ".�� Q�acX�Q Qh궸 QaQa R� "mRܔXQXv궸 ID" R� Qh궸 �am,
w궸 �X�Q QhaQ Qh궸� a�궸 �RܔQ�� cR�c궸�Q�aQ궸Q X� a �a�Q궸 R� abROQ 50 kX�R�궸Q궸ܔ,ܔ�R w궸 Oܔ궸 QX�궸
ܔ궸�X궸ܔ a�aܔ��Xܔ QR m�궸QXcQ Qh궸 �RcaQXR� R� Qh궸 QaQa R� "mRܔXQXv궸 ID" X� R�Q궸� QR Q궸ܔc�Xb궸 Qh궸
mRܔܔXb�궸 Q�aܔ��XܔܔXR� R� Qh궸 �궸ܔma �a�Qa�X�Xa X� QhXܔ ���aܔ a�궸a.�h궸 �RQ궸�X�Q m�Rc궸ܔܔ Xܔ aܔ
�R��Rwܔ.

FXܔ�Q,W궸 hav궸 �궸a��궸Q QhaQ Qh궸 �Xܔ�Q cR�R�� R� �궸ܔma �a�Qa�X�Xa amm궸a�궸Q X� Na�aX�R R�
�a�cROv궸� Iܔ�a�Q, whXch Xܔ O��궸�aQ궸Q QR Qh궸 �Xܔ�Q cR�R�� R� �궸ܔma �a�Qa�X�Xa amm궸a�궸Q X�
WaܔhX�QQR� .QaQ궸ܔ �haQ Xܔ QR ,�aܔ Qh궸 �Xaܔ� GXa�Q HR��궸Qܔ QhaQ amm궸a�궸Q X� WaܔhX�QQR� w궸�궸
�궸w�� X�Q�RQOc궸Q, �RQ Q�aܔ��XQQ궸Q b� Qh궸 HR��궸Qܔ R� Qh궸 Na�aX�R. �h궸�궸�R�궸, w궸 wX�� 궸xc�OQ궸
QhXܔ �궸mR�Q QaQa.
�궸cR�Q,X� R�Q궸� QR X�QXcaQ궸 Qh궸 �RcaQXR� R� Qh궸 QaQa R� "mRܔXQXv궸 ID",w궸 Q궸�X�궸 QwR va�Xab�궸

d,ܔ궸qO궸�c궸ܔ a�Q θ,a�Q 궸Qܔ Qh궸 �RcaQXR� wh궸�궸 Qh궸 �Xܔ�Q �Xaܔ� GXa�Q HR��궸Q amm궸a�궸Q X�
WaܔhX�QQR� aܔ Qh궸 baܔ궸 mRX�Q bpf. FR� bpf , w궸 wX�� 궸Qܔ XQܔ d a�Q θ QR z궸�R �궸ܔm궸cQXv궸��.��Q XQ
QR궸ܔ �RQ ma�QXcXmaQ궸 X� �RQ궸�X�Q.
�h궸 �R��O�a R� d a�Q θ a�궸 aܔ �R��Rw:
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�hX�Q,w궸 �궸v궸�Q Qh궸 m�궸QXcQ궸Q QXܔQa�c궸ܔ a�Q a�Q�궸ܔ QR �aQXQOQ궸 a�Q �R�QXQOQ궸
X��R��aQXR�.�궸caOܔ궸 Qh궸 Q궸Q궸cQXR� QX�궸 X�Q궸�va� R� Qh궸 QXv궸� �궸mR�Q Xܔ �RQ O�X�R��, w궸 QR �RQ
cRܔ�XQ궸� Qh궸 m궸cX�Xcܔ QX�궸 R� Qh궸 �궸mR�Qܔ.Iܔ�Q궸aQ, w궸 �궸Q궸�X�궸 a �aQO�a� �O�b궸� 궸qO궸�c궸ܔ ��R�
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1 QR 20 aܔ a QX�궸 �궸aܔO�궸�궸�Q, X� whXch [1,10] a�궸 �궸a� QaQa, a�Q [11,20] a�궸 QaQa QR b궸
m�궸QXcQ궸Q a�Q a�a��z궸Q.
FR�Qh,w궸 �X�Q QhaQ Qh궸 QwR ܔ궸qO궸�c궸ܔ a�궸 bRQh ��QaQXR�aܔ Qh�ROQh �RQ궸� �궸cRQ�XQXR�.��Q

Qh궸�,b� RmQX�XzX�Q Qh궸X� Akaike Information Criterion(AIC),W궸 ca�cO�aQ궸Q Qh궸 �RI��
�RQ궸� ma�a�궸Q궸ܔ� p d q, whXch a�궸 ARIMA (4,0,0) a�Q ARIMA (4,0,0) �궸ܔm궸cQXv궸��.

Figure4-1:�RI�� �RQ궸� R� d Figure4-2:�RI�� �RQ궸� R� θ

4.1.2 Analysis and Evaluation of results

�h�ROQh Qh궸 a�aܔ��Xܔ R� �XQQX�Q a�Q m�궸QXcQXR� �궸ܔO�Qܔ, w궸 QRQ Qh궸 �XQQX�Q a�Q m�궸QXcQXR�
cO�v궸 aܔ �hRwܔ X� Figure 4-5 a�Q Figure 4-6 ,aܔ w궸�� aܔ Qh궸 �궸Q�Xcܔ �hRwܔ X� Table4-1

Table4-1: Qh궸 a�aܔ��Xܔ QaQa R� �RI���RQ궸�
ARIMA(4,0,0) ARIMA(4,0,0)

R2

RMSE
0.536
9.826

0.706
0.811

I� the,ܔQXcܔQaQXܔ coefficient of determination(R2) Xܔ a� �궸Q�Xcܔ QR �궸aܔO�궸 Qh궸 궸��궸cQXv궸�궸ܔܔ
R� �궸Q�궸ܔܔXR� �RQ궸�.I� R2 Xܔ c�Rܔ궸Q QR 1 ,XQ �궸aܔ� QhaQ Qh궸 �궸Q�궸ܔܔXR� R� m�궸QXcQXR� �RQ궸� �XQܔ
Qh궸 QaQa w궸��. �h궸 va�O궸 R� R2 R� �RI�� �RQ궸� R� d a�Q �RI�� �RQ궸� R� θ a�궸 bRQh
b궸Qw궸궸� 0.5 QR 0.8,whXch X�QXcaQ궸ܔ QhaQ �h궸 �RQ궸� haܔ a QRRQ �XQQX�Q 궸��궸cQ R� Qh궸 QaQa.I�
aQQXQXR�,accR�QX�Q QR Qh궸 �궸ܔXQOaܔ� �CF Q�amh a�Q P�CF Q�amh aܔ �hRwܔ X�
figure4-3,figure4-4,figure4-5,figure4-6,w궸 ca� k�Rw QhaQ Qh궸� bRQh hav궸 �Rw va�O궸 R�
aOQRcR��궸�aQXR� a�Q ma�QXa� aOQRcR��궸�aQXR�,whXch �궸aܔ� Qh궸 �RQ궸� Xܔ 궸��궸cQXv궸.

Figure4-3:R궸ܔXQOa� �CF R� d Figure4-4:R궸ܔXQOa� �CF R� θ
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Figure4-5:R궸ܔXQOa� P�CF R� d Figure4-6:R궸ܔXQOa� P�CF R� θ
��Q궸� QhaQ,w궸 �a�k Qh궸 �aQXQOQ궸 a�Q �R�QXQOQ궸 w궸 ca�cO�aQ궸 R� Qh궸 �am.
W궸 �궸ܔQR�궸 Qh궸 m�궸QXcQ궸Q va�O궸 R� d a�Q θ QR Qh궸 �R�QXQOQ궸 a�Q �aQXQOQ궸 cRR�QX�aQ궸ܔ.

Figure 4-7:�am hRwX�Qܔ RO� ca�cO�aQ궸Q a�Q acQOa� va�O궸ܔ
�h궸 Figure4-7 X�QXcaQ궸 QhaQ: ��QhROQh �궸ܔma �a�Qa�X�Xa m�궸aQܔ QR Qh궸 QܔROQh궸aܔ baܔXca���,

XQ Xܔ QRX�Q QR m�궸aQܔ X� a ���aܔ �a�Q궸 a�Q ���aܔ ,ca�궸ܔ a�Q Qh궸�궸 Xܔ �R RbvXROܔ �aw R�
�a�Q궸-ܔca�궸 .m�궸aQܔ FX�a���, w궸 cR�궸 QR Qh궸 �R��RwX�Q cR�c�OܔXR�: �h궸 Q�aܔ��XܔܔXR� R� �궸ܔma
�a�Qa�X�Xa aQ Qh궸 cO��궸�Q QaQ궸ܔ Xܔ �RQ .Q�R�Qܔ �aܔ궸Q R� Qh궸 QX�궸 a�Q a�궸a R� Qh궸 QXܔcRv궸��,
�궸ܔma �a�Qa�X�Xa w궸�궸 �RO�Q a�R�Q Qh궸 w궸ܔQ cRaܔQ b궸Qw궸궸� �a� QR OcQRb궸�. �hXܔ Xܔ aܔ�R
�궸�aQ궸Q QR Qh궸 �acQ QhaQ Qh궸 ܔm궸cX궸ܔ Xܔ �R�궸 acQXv궸 X� �O��궸ܔ a�Q aOQO��, a�Q Qh궸 Q궸�m궸�aQ궸
Rc궸a�Xc c�X�aQ궸 R� Qh궸 w궸ܔQ cRaܔQ Xܔ �X�X�aܔ QR Qh궸 Q궸�m궸�aQ궸/ܔObQ�RmXca� �Rܔ�RR� c�X�aQ궸
cha�acQ궸�XܔQXcܔ R� XQܔ RO�c궸ܔ �궸QXR�.

4.2 Model-2 Pest Classification Model Based on Broad Learning System

4.2.1 Problem Analysis and Image Data Pre-processing

�aܔ궸Q R� Qh궸 a�aܔ��Xܔ R� Qh궸 m�Rb�궸� a�Q Qh궸 QXv궸� QaQa, w궸 Q궸cXQ궸Q QR Oܔ궸 Qh궸 �궸O�a�
�궸QwR�k QR c�aܔܔX�� Qh궸 QaQa mXcQO�궸ܔ a�Q Q궸Q Qh궸 accO�ac� R� Qh궸 c�aܔܔX�XcaQXR�.I� QhXܔ wa�,w궸
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ca� R�v궸ܔ Qh궸 m�Rb�궸� R� m�궸QXcQX�Q Qh궸 궸��R� c�aܔܔX�XcaQXR� m�RbabX�XQ�. �궸caOܔ궸 Qh궸 QaQa-ܔ궸Q
Xz궸ܔ Xܔ QRR ,���aܔ XQ Xܔ �RQ OXQab�궸ܔ �R� cR�m�궸x �궸O�a� �궸QwR�kܔ, Ochܔ aܔ CNN,
ResNet.�h궸�궸�R�궸, w궸 궸�궸cQܔ a� 궸��XcX궸�Q a�Q �aܔQ �궸O�a� �궸QwR�k, Broad Learning System.
��RaQ �궸a��X�Q �Q궸ܔ�� Xܔ a �궸w QXܔc�X�X�a�Q �궸a��X�Q a�QR�XQh� m�RmRܔ궸Q b� C. L. Philip

Chen a�Q hXܔ ܔQOQ궸�Qܔ X� 2018. IQ acc궸mQܔ X�mOQ x a�Q Q궸�궸�aQ궸ܔ �궸aQO�궸 �ammX�Q �RQ궸ܔ a�Q
궸�ha�c궸�궸�Q �RQ궸ܔ, a�Q cR��궸cQܔ wXQh ROQmOQ y. ��RaQ �궸a��X�Q �Q궸ܔ�� haܔ b궸QQ궸�
cR�mOQaQXR�a� m궸��R��a�c궸 a�Q ,�ca�abX�XQܔ �Rw궸� cR�mOQaQXR�a� cRܔQܔ a�Q hXQh궸�
c�aܔܔX�XcaQXR� accO�ac� Qha� cR��R� D궸궸m �궸a��X�Q N궸QwR�k wh궸� Q궸a�X�Q wXQh ���aܔ
a�RO�Qܔ R� QaQa.�hXܔ a��Rwܔ Oܔ QR Oܔ궸 Qh궸 ��RaQ �궸a��X�Q N궸QwR�k QR Q�aX� a�Q m�궸QXcQ Qh궸
X�aQ궸 QaQa qOXck��, a�Q ca�cO�aQ궸 Qh궸 m�궸QXcQXR� accO�ac�.
W궸 궸�궸cQ궸Qܔ Qh궸 X�aQ궸 QaQa , whRܔ궸 "�ab "ܔQaQOܔ �ab궸� a�궸“mRܔXQXv궸 ID” a�Q “�궸QaQXv궸 ID”,

aܔ Qh궸 QaQa-ܔ궸Q �궸궸Q궸Q �R� �RQ궸�X�Q.I� m�궸vXROܔ QaQa m�궸-m�Rc궸ܔܔX�Q, w궸 �ab궸�궸Q “mRܔXQXv궸 ID”
a�Q “�궸QaQXv궸 ID”, cR��궸ܔmR�QX�Q QR 1 a�Q 0. ��Q w궸 Oܔ궸Q Qh궸� aܔ �ab궸ܔ� �R� X�aQ궸ܔ.�Q Qh궸
a�궸ܔ QX�궸, w궸 �궸ܔXz궸Q a�� X�aQ궸ܔ QR 200*200.�h궸�, w궸 QXvXQ궸Q Qh궸 QaQa X�QR Q�aX�X�Q ܔ궸Qܔ a�Q
Q궸ܔQ ܔ궸Qܔ aQ a �aQXR R� 5:2.
HRw궸v궸�, Qh궸 vR�O�궸 R� QaQa �ab궸�궸Q 1 Xܔ QRR ���aܔ (R��� 14 mhRQRܔ).�h궸 �O�b궸� R�

QX��궸�궸�Q caQ궸QR�X궸ܔ R� QaQa X� Qh궸 QaQa-ܔ궸Q Xܔ ��궸v궸�궸ܔ O�ba�a�c궸Q, whXch ��ܔ궸�XROܔ a��궸cQܔ Qh궸
Q�aX�X�Q accO�ac� R� Qh궸 �RQ궸�.�R w궸 m궸��R��궸Q Data Augmentation �궸QhRQ R� Qh궸 QaQa
�ab궸�궸Q 1 X� Qh궸 Q�aX�X�Q 궸Qܔ a�Q Q궸ܔQX�Q 궸Q.W궸ܔ Oܔ궸Q keras API in python �R� X�aQ궸
Q궸�궸�aQXR�, OܔX�Q Qh궸 Class ImageDataGenerator QR �a�QR��� �RQaQ궸, hR�XzR�Qa��� ��Xm, ,hX�Qܔ
,ca�궸ܔ a�Q �h궸aܔ Qh궸 X�aQ궸.��Q궸� QhaQ,w궸 Q궸�궸�aQ궸 9 Q궸�XvaQXv궸 X�aQ궸ܔ �R� 궸ach X�aQ궸.
�R ��X�m�Xܔ Qh궸 Rm궸�aQXR� b궸QQ궸�, w궸 cR�v궸�Q Qh궸 three-channel image data X�QR a

single-channel grayscale image.
H궸�궸 Xܔ Qh궸 QaQa-ܔ궸Q w궸 QRQ a�Q R�궸 궸xa�m�궸 R� Q궸�궸�aQ궸Q X�aQ궸ܔ X� QaQa-ܔ궸Q.

Table 4-2:OO� DaQa-ܔ궸Q
Training Set Test Set Total

Num of class 1
Num of class 2

Total

100
2220
2320

40
885
925

140
3105
3245

Size
Type

200×200
G�aܔ�ca�궸 I�aQ궸ܔ

Figure4-8: G궸�궸�aQ궸Q I�aQ궸ܔ Exa�m�궸 X� DaQa-ܔ궸Q

4.2.2 Model Establishment and Solving

Broad Learning System waܔ cRܔ�Q�OcQ궸Q baܔ궸Q R� �a�QR� v궸cQR� �O�cQXR�a�-�X�k �궸O�a�
�궸QwR�k(RVFLNN).IQ X�c�OQ궸ܔ Qh궸 X�mOQ �a�궸�,�궸aQO�궸 �a�궸�,궸�ha�c궸�궸�Q �a�궸� a�Q ROQmOQ
�a�궸�.�h궸 X�mOQ �a�궸� RbQaXܔ� 궸ach Q�ROm R� Qh궸 Q�ROm R� �궸aQO�궸 �RQ궸ܔ b� �O�QXm��X�Q wXQh Qh궸
궸ܔ�maܔ w궸XQhQ RbQaX�궸Q b� Qh궸 a�Q궸��aQX�Q QX�궸cQXR� �O�QXm�X궸� �궸QhRQ (ADMM)
RmQX�XzaQXR�.H궸�궸 Xܔ Qh궸 �R��RwX�Q �R��O�a.
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  genaratedrandomly    is  β           

ghtssparse wei  is   eiW           

nodesfeature    of  group  th-ithe    is  iZ           

function  linear  is  φ           

:where

,n,),iβφ(XWZ eieii 

��Q Qh궸 �궸aQO�궸 �a�궸� Z� Xܔ �hRwܔ b궸�Rw.
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E�ha�c궸�궸�Q �RQ궸ܔ a�궸 Q궸�궸�aQ궸Q b� �궸aQO�궸 �RQ궸ܔ.�h궸 궸�ha�c궸�궸�Q �RQ궸ܔ Hm Xܔ �hRwܔ
b궸�Rw.

 

generatedrandomly    is  β           

  weightsgeneratedrandomly   is  hmW           
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hmhm
n

m WZH  
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�R Qh궸 RmQX�a� �R�OQXRܔ W Xܔ :

  YPPPIW TT 1
 

FX�a���, Qh궸 w궸XQhQܔ R� ��� �궸QwR�k a�궸 Q�aX�궸Q b� Qh궸ܔ궸 �R��O�aܔ.
W궸 �궸aQ Qh궸 Q�aX�X�Q 궸Qܔ QaQa, Qh궸 Q�aX�X�Q 궸Qܔ �ab궸�, Qh궸 Q궸ܔQ-ܔ궸Q QaQa a�Q Qh궸 Q궸ܔQ-ܔ궸Q �ab궸�
�궸ܔm궸cQXv궸��, a�Q m�Rc궸ܔܔ Qh궸� X�QR Qh궸 cR��궸ܔmR�QX�Q QaQa �aQ�Xx, a�Q X�mOQ Qh궸� X�QR Qh궸
��RaQ �궸a��X�Q �Q궸ܔ�� a�QR�XQh� aܔ ma�a�궸Q궸� cR�mR�궸�Qܔ.�h궸 ��RaQ �궸a��X�Q �Q궸ܔ��
Qak궸ܔ Qh궸 Q�aX�X�Q 궸Qܔ QaQa aܔ Qh궸 X�mOQ ma�a�궸Q궸�, a�Q Qh궸 Q�aX�X�Q 궸Qܔ �ab궸� aܔ Qh궸 궸xm궸cQ궸Q
ROQmOQ QR Q�aX� Qh궸 cR��궸ܔmR�QX�Q �궸QwR�k w궸XQhQ, whXch ܔhRwܔ Qh궸 cR��궸ܔmR�QX�Q Q�aX�X�Q
accO�ac�.�h궸�, wXQh Qh궸 Q�aX�궸Q w궸XQhQܔ aܔ Qh궸 �Q궸ܔ�ܔ w궸XQhQܔ, Qh궸 �Q궸ܔ�ܔ va�XQaQ궸ܔ Qh궸 QaQa
a�Q �ab궸ܔ� R� Qh궸 Q궸ܔQ 궸Qܔ a�Q ܔhRwܔ Qh궸 cR��궸ܔmR�QX�Q Q궸ܔQ accO�ac� QR �궸��궸cQ Qh궸 c�aܔܔX�XcaQXR�
궸��궸cQ R� Qh궸 �궸QwR�k R� Qh궸 QaQa-ܔ궸Q.
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Figure 4-9:Qh궸 Q�OcQO�궸ܔ R� ���

4.2.3 Analysis and Evaluation of results

I� R�Q궸� QR Q궸ܔQ Qh궸 궸��궸cQ R� Qh궸 ��RaQ �궸a��X�Q �Q궸ܔ�� R� Qh궸 QaQa ,궸Qܔ w궸 Oܔ궸 QX��궸�궸�Q
ma�a�궸Q궸ܔ� QR Q�aX� a�Q Q궸ܔQ Qh궸 ��RaQ �궸a��X�Q N궸QwR�k.�� aQjOܔQX�Q Qh궸 N1, N2, N3
ma�a�궸Q궸ܔ�, w궸 Q궸Q QX��궸�궸�Q �궸ܔO�Qܔ.H궸�궸 a�궸 Qh궸 �궸ܔO�Qܔ.

Table 4-3:C�aܔܔX�XcaQXR� accO�ac� �R� QX��궸�궸�Q �O�b궸� R� �궸aQO�궸 �RQ궸ܔ (ma�QXa� QaQa)
No.of
Model N1 N2 N3

Training
Accuracy(%)

Train
Times(s)

Testing
Accuracy(%)

Testing
Time(s)

1
2
3
4
5

5
10
20
50
70

5
10
20
50
70

500
500
500
500
500

97.111
97.155
97.585
100
100

3.1582
10.7299
42.2484
270.1907
2213.517

95.351
95.243
95.568
92.649
91.892

0.1166
0.3457
0.7985
2.9311
16.6887

Table 4-4:C�aܔܔX�XcaQXR� accO�ac� �R� QX��궸�궸�Q �O�b궸� R� 궸�ha�c궸�궸�Q �RQ궸ܔ (ma�QXa� QaQa)
No.of
Model N1 N2 N3

Training
Accuracy(%)

Training
Accuracy(%)

1
2
3
4
5

10
10
10
10
10

10
10
10
10
10

50
100
200
800
1000

95.687
95.687
95.903
98.619
99.569

95.676
95.676
95.784
94.703
93.189

�h궸 Q�aX�X�Q accO�ac� a�Q Q궸ܔQ accO�ac� R� Qh궸 ��RaQ �궸a��X�Q �Q궸ܔ�� �궸aܔO�궸 Qh궸
cR��궸cQ�궸ܔܔ R� Qh궸 �Q궸ܔ�ܔ �R� Qh궸 c�aܔܔX�XcaQXR� a�Q m�궸QXcQXR� R� Qh궸 QaQa .궸Qܔ
F�R� Table4-3 a�Q Table 4-4,w궸 m�궸�X�X�a�X�� �궸ach궸Q Qh궸 �R��RwX�Q cR�c�OܔXRܔ�:
 Wh궸� Qh궸 �O�b궸� R� 궸�ha�c궸�궸�Q �a�궸� �RQ궸ܔ Xܔ cRܔ�Qa�Q,X� Qh궸 �O�b궸� R� wX�QRwܔ X�

Qh궸 �궸aQO�궸 �ammX�Q �a�궸� a�Q Qh궸 �O�b궸� R� �RQ궸ܔ X� 궸ach cR��궸ܔmR�QX�Q wX�QRw R� Qh궸
�궸aQO�궸 �ammX�Q �a�궸� Q궸�Q QR b궸 hXQh궸�,Qh궸 Q�aX�X�Q accO�ac� X�m�Rv궸�궸�Q Q궸Q�궸궸 R� Qh궸



�궸a� # 2113014 PaQ궸 10 R� 25

��RaQ �궸a��X�Q �Q궸ܔ�� Xܔ �궸�aQXv궸�� �a��궸�,a�Qܔ Qh궸 Rv궸�a�� Q궸ܔQX�Q accO�ac� X�Q궸�va� Xܔ
b궸Qw궸궸� 95.1% a�Q 95.8%.�OQ XQ cRܔQܔ �R�궸 QX�궸 R� ca�cO�aQX�Q.

 WXQh Qh궸 cha�Q궸 R� Qh궸 �O�b궸� R� �RQ궸ܔ X� Qh궸 궸�ha�c궸�궸�Q �a�궸�, Qh궸 �궸QwR�k wX��
achX궸v궸 Qh궸 hXQh궸ܔQ Q궸ܔQX�Q accO�ac� a�RO�Q N3=200.HRw궸v궸�, QRR �a�� 궸�ha�c궸�궸�Q
�RQ궸ܔ a�Q QRR �a�� �궸aQO�궸 �RQ궸ܔ hav궸 a �궸QaQXv궸 X�macQ R� Qh궸 QaQa, a�Q Qh궸 �RQ궸� haܔ
a mh궸�R�궸�R� R� Rv궸�-�XQQX�Q, whXch �궸QOc궸ܔ Qh궸 accO�ac� R� Qh궸 cR��궸�aQXR� a�Q Qh궸
궸��궸cQ R� c�aܔܔX�XcaQXR�.

 FR� Qh궸 cO��궸�Q QXܔc�X�X�a�Q QaQa-ܔ궸Q R� �궸ܔma �a�Qa�X�Xa, Qh궸 ��RaQ �궸a��X�Q �Q궸ܔ�ܔ
�RQ궸� w궸 Oܔ궸Q �aX�QaXܔ� QRRQ c�aܔܔX�XcaQXR� accO�ac� a�Q cR�mOQaQXR�a� m궸��R��a�c궸
�궸a� N1=10, N2=10, a�Q N3=200, wXQh Qh궸 �Rw궸ܔQ mRܔܔXbX�XQ� R� c�aܔܔX�XcaQXR� 궸��Rܔ�.

4.3 Model-3 A Scoring System for investigating the priority of detection

reports

4.3.1 Problem Analysis

I� R�Q궸� QR Q궸Q궸��X�궸 Qh궸 c�XQ궸�Xa �R� cR�QOcQX�Q a m�XR�XQ� �O�v궸ܔ R� Qh궸 �궸mR�Qܔ �궸c궸Xv궸Q, a
cR�X�Qܔ �Q궸ܔ�ܔ waܔ 궸ܔQab�Xܔh궸Q b� 궸�궸cQX�Qܔ �O�QXm�궸 X�QXcaQRܔ� ��R� “U�m�Rc궸ܔܔ궸Q” a�Q
“U�v궸�X�X궸Q”.��QhROQh “U�v궸�X�X궸Q” haܔ a �a�Q궸 a�RO�Q R� QaQa, R��� a mR�QXR� R� Qh궸
X��R��aQXR� R� QaQa cR�QaXܔ� cR��궸ܔmR�QX�Q X�aQ궸ܔ X� Qh궸 QaQa-ܔ궸Q.�h궸�궸�R�궸,w궸 R��� 궸�궸cQܔ
Qh궸 X��R��aQXR� R� QaQa cR�QaX�X�Q Qh궸 cR��궸ܔmR�QX�Q X�aQ궸 �R� .cR�X�Qܔ
FXܔ�Q, w궸 Oܔ궸 Qh궸 Q�aX�궸Q ��RaQ �궸a��X�Q �Q궸ܔ�ܔ �RQ궸� QR m�궸QXcQ X�aQ궸ܔ whXch wXQhROQ

c�aܔܔX�XcaQXR� �ab궸ܔ� ��R� “U�m�Rc궸ܔܔ궸Q” a�Q “U�v궸�X�X궸Q” , a�Q Q궸Q Qh궸 m�RbabX�XQ� QhaQ Qh궸
�궸mR�Q Xܔ mRܔXQXv궸.��QhROQh QhXܔ X�QXcaQR� ca� m�궸�X�X�a�X�� jOQQ궸 hRw QR Q궸Q궸��X�궸 Qh궸
Qa�Qa�Qܔ R� m�XR�XQ� X�v궸ܔQXQaQXRܔ�, XQ ca� �RQ w궸�� �궸��궸cQ Qh궸 cR�m�궸h궸ܔ�Xv궸�궸ܔܔ R� Qh궸
�h궸�궸�R�궸,w궸.ܔQa�Qa�Qܔ aܔ�R �궸궸Q QR cRܔ�XQ궸� RQh궸� �acQRܔ� �궸�aQ궸Q QR Q궸RQ�amhXc �RcaQXR� a�Q
hXܔQR�Xca� X��R��aQXR� abROQ XQhQX�Qܔ �궸mR�Qܔ.
W궸 cRܔ�XQ궸� QhaQ Qh궸 m�궸aQܔ R� �궸ܔma �a�Qa�X�Xa Xܔ �궸�aQ궸Q QR QXܔQa�c궸.�h궸 c�Rܔ궸� QR Qh궸
cR��X��궸Q �RcaQXR� R� �궸ܔma �a�Qa�X�Xa, Qh궸 �R�궸 �Xk궸�� XQ Xܔ QR b궸 mRܔXQXv궸 a�Q Qh궸 �R�궸
m�XR�XQ� hRO�Qܔ b궸 QXv궸� QR X�v궸ܔQXQaQXR�.W궸 Oܔ궸 Qh궸 QXܔQa�c궸 b궸Qw궸궸� Qh궸 ܔXQ궸ܔ R� Qh궸 �궸mR�Qܔ
��R� “U�m�Rc궸ܔܔ궸Q” a�Q “U�v궸�X�X궸Q” a�Q Qh궸 궸a��X궸ܔQ m궸ܔQ RccO��궸�c궸 ܔXQ궸ܔ aܔ a �궸QaQXv궸
X�QXcaQR� QR hRwܔ Qh궸 X�macQ R� Qh궸 QXܔQa�c궸 b궸Qw궸궸� Qh궸 a�궸a a�Q Qh궸 cR��X��궸Q m궸ܔQ
RccO��궸�c궸 a�궸a R� Qh궸 Qh궸 m�XR�XQ� R� Qh궸 .�O�v궸ܔ
I� aQQXQXR�, baܔ궸Q R� Qh궸 cRܔ�XQ궸�aQXR� R� hXܔQR�Xca� �궸mR�Q,w궸 cRܔ�XQ궸� QhaQ Qh궸 �O�b궸� R�

�궸QaQXv궸 �궸mR�Qܔ �궸c궸Xv궸Q X� Qh궸 maܔQ X� a c궸�QaX� a�궸a aܔ�R a��궸cQܔ Qh궸 m�XR�XQ� R� Qh궸
,���O�v궸�.�h궸R�궸QXcaܔ Qh궸 �R�궸 �궸QaQXv궸 �궸궸Qback �궸c궸Xv궸Q X� Qh궸 maܔQ X� a c궸�QaX� a�궸a, Qh궸 �궸ܔܔ
�Xk궸�� Qh궸 �궸w �궸mR�Q ��R� Qh궸 a�궸a Xܔ mRܔXQXv궸.�R w궸 Qak궸 Qh궸 QRQa� �O�b궸� R� �궸QaQXv궸 �궸mR�Qܔ
�궸c궸Xv궸Q X� Qh궸 maܔQ wXQhX� 50k� R� a c궸�QaX� �RcaQXR� aܔ a �궸QaQXv궸 X�QXcaQR�.

4.3.2 Model Establishment and Model Solving

 Qh궸 va�O궸 QhaQ xij ܔQa�Qa�QXz궸ܔ Xij
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�궸caOܔ궸 Qh궸 QX�궸ܔ�XR� a�Q �aQ�XQOQ궸 R� 궸ach 궸va�OaQXR� X�Q궸x a�궸 QX��궸�궸�Q, w궸 hRO�Qܔ
�Xܔ�Q Qa�Qa�QXz궸ܔ Qh궸�.

         

indicators  of  minimum  and  maximumare     ijx  and   ijx       
index  evaluation  th-i  ofvalue    original  th-j  isxij          

where

}njx,,1jmin{x}njx,,ijmax{x

}njx,,ijmin{xijx
ijX

}min{}max{

:










 �h궸 m�RmR�QXR� R� X-Qh 궸va�OaQXR� X�Q궸x QR Qh궸 �Oܔ R� j-Qh 궸va�OaQXR� Pij

mjni
X

X
P n

i
ij

ij
ij ,,1,,,1,

1

 




 I��R��aQXR� 궸�Q�Rm� va�O궸 R� j-Qh 궸va�OaQXR� X�Q궸x Ej

 

 n
K

PPKE ij

n

i
ijj

ln
1

ln
1



 


 I��R��aQXR� 궸�Q�Rm� �궸QO�Qa�c� Dj

jj ED  1

 W궸XQhQܔ R� I�QXcaQRܔ� Wj




 m

j
j

j
j

D

D
W

1

 CR�m�궸h궸ܔ�Xv궸 cR�궸ܔ �R� 궸ach a�m�궸ܔ Si





m

i
ijji PWS

1

4.3.3 Analysis and Evaluation of results

�ccR�QX�Q QR Qh궸 �R��O�aܔ R� 4.3.2,w궸 ca� ca�cO�aQ궸 Qh궸 w궸XQhQ R� 궸ach X�QXcaQR� a�Q Qh궸
m�XR�XQ� 궸va�OaQXR� cR�궸ܔ R� 궸ach �궸mR�QX�Q �RcaQXR� R� “U�m�Rc궸ܔܔ궸Q” a�Q “U�v궸�X�X궸Q”
�궸ܔm궸cQXv궸��.
W궸 R�Q궸Qܔ 궸ach �궸mR�QX�Q �RcaQXR� accR�QX�Q QR Qh궸 �궸mR�QX�Q QX�궸, a�Q Oܔ궸Q Qh궸 �R�QXQOQ궸

a�Q �aQXQOQ궸 R� Qh궸 �RcaQXR� QR �궸m�궸ܔ궸�Q Qh궸 �RcaQXR�. ��� Qh궸 cR�궸ܔ QaQa a�궸 �hRwܔ X� Qh궸
aQQach궸Q �XܔQ.

Table 4-5:�h궸 W궸XQhQ R� 궸ach Eva�OaQXR� X�Q궸x
The Evaluation index Weight

values 0.2668
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d 0.1812
num 0.5520

Table 4-6:�R�궸 va�O궸ܔ a�Q Qh궸X� �cR�궸 �ab�궸

No. la lo values d* num Total
score

1 46.7144 -122.9834 0.266 253.8515 93 2.2236
2 47.804 -121.549 0.2687 156.5180 217 2.0887
3 48.7238 -122.3544 0.3123 39.2490 229 2.3683
4 46.9006 -122.2743 0.254 234.4335 271 1.8378
5 48.9392 -122.6613 0.2376 6.7634 182 2.1888
6 47.5861 -122.0073 0.2552 164.2604 823 0.8103
7 45.7359 -122.6456 0.3603 361.6631 66 2.5527
8 48.9102 -122.3571 0.2795 26.7963 183 2.3384
9 48.0542 -122.1566 0.2006 111.6216 556 1.1762
10 47.829 -122.0981 0.1919 136.5805 745 0.7349

d* �궸�궸ܔ� QR Qh궸 QXܔQa�c궸 b궸Qw궸궸� Qh궸 mRX�Q a�Q Qh궸 c궸�Q궸� R� 궸ach mRܔXQXv궸 mRX�Q, a�Q Qh궸
�R�QXQOQ궸 a�Q �aQXQOQ궸 R� QhXܔ c궸�Q궸� a�궸 Q궸�궸�aQ궸Q b� Qh궸 av궸�aQ궸 �R�QXQOQ궸 a�Q �aQXQOQ궸 R�
궸ach mRX�Q.
�aܔ궸Q R� RO� �궸ܔO�Qܔ,w궸 reached the following conclusions:

 ��R�Q Qh궸 Qh�궸궸 궸va�OaQXR� X�QXcaQRܔ�, Qh궸 �O�b궸� R� �궸QaQXv궸 �궸궸Qback �궸c궸Xv궸Q X� Qh궸
vXcX�XQ� R� Qh궸 �궸mR�QX�Q mRX�Q haܔ a XQ�X�Xca�Qܔ X�macQ R� Qh궸 m�XR�XQ� cR�궸ܔ R� Qh궸
�궸QXR�.�h궸 ��RaQ �궸a��X�Q �Q궸ܔ�� �a�k궸Q 궸cR�Qܔ X� Qh궸 X�mR�Qa�c궸 R� Qh궸 m�궸QXcQ궸Q
X�aQ궸 c�aܔܔX�XcaQXR� va�O궸ܔ. �h궸 QXܔQa�c궸 b궸Qw궸궸� Qh궸 �궸mR�Q XQ궸ܔ a�Q Qh궸 �Xܔ�Q wXQ�궸ܔܔ
cR��X��궸Q Qh궸 �RcaQXR� R� �궸ܔma �a�Qa�X�Xa waܔ �궸ܔܔ X�mR�Qa�Q.

 �h궸 hXQh궸� Qh궸 m�XR�XQ� ,cR�궸ܔ Qh궸 Q�궸aQ궸� Qh궸 �Xk궸�XhRRQ QhaQ m궸ܔQܔ a�궸 m�궸ܔ궸�Q X� Qh궸 �궸QXR�,
a�Q Qh궸 Q�궸aQ궸� Qh궸 �궸궸Q QR X�v궸ܔQXQaQ궸 Qh궸 m�XR�XQ� a��RcaQXR� R� �궸ܔRO�c궸ܔ.

 CRܔ�XQ궸�X�Q QhaQ X� m�궸vXROܔ �RQ궸ܔ�, w궸 �RO�Q QhaQ XaQXcܔ� QXa�Q waܔmܔ a�궸 ��QXܔ X�
ca�궸ܔ-���aܔ m�궸aQܔ a�Q QR �RQ hav궸 a Q�궸�Q R� �a�Q궸-ܔca�궸 ,m�궸aQܔ QhXܔ cR�X�Qܔ �Q궸ܔ�ܔ wX��
b궸 궸��궸cQXv궸 �R� �amXQ a�aܔ��Xܔ R� �궸mR�Qܔ a�Q m�RvXQ궸 a �궸�궸�궸�c궸 �R� Qh궸 QRv궸���궸�Q X�
X�v궸ܔQXQaQX�Q m�XR�XQ� Q궸cXܔXRܔ�.

4.4 Classification Model updating Strategy

4.4.1 Model updating method based on Stacked Broad Learning System

(1)The analysis of the problem
WXQh Qh궸 Q�RwQh R� QX�궸, Qh궸 �O�b궸� R� �궸mR�Qܔ �궸c궸Xv궸Q b� Qh궸 QRv궸���궸�Q a�Q Qh궸 a�RO�Q

R� QaQa QhaQ �궸궸Qܔ QR b궸 c�aܔܔX�X궸Q wX�� b궸 �R�궸 a�Q �R�궸.�h궸 R�XQX�a� ��RaQ �궸a��X�Q �Q궸ܔ��
haܔ �R XQ�X�Xca�Qܔ 궸��궸cQ R� �R�궸 cR�m�궸x QaQa,ܔR w궸 Oܔ궸 stacked BLS, a ��RaQ �궸a��X�Q
�Q궸ܔ�� wXQh ResNet.IQ �Rܔ�� Q�OcQO�궸ܔ �Xk궸 R궸ܔ�궸Q b� QackX�Qܔ �O�QX�a�궸� ���,a�Q haܔ b궸QQ궸�
c�aܔܔX�XcaQXR� 궸��궸cQ �R� �R�궸 cR�m�궸x QaQa.
W궸 aܔܔO�궸 QhaQ Qh궸 �궸w QaQa �궸c궸Xv궸Q QR OmQaQ궸 RO� �RQ궸� hav궸 b궸궸� �ab궸�궸Q aܔ mRܔXQXv궸 R�
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�궸QaQXv궸 b� �abR�aQR��,a�Q Qh궸� a�궸 �RQ X� “U�m�Rc궸ܔܔ궸Q” R� “U�v궸�X�X궸Q”.
(2)The establishment and analysis of the model
①The introduction of the model
�Qack궸Q Xܔ a ��a�궸wR�k baܔ궸Q R� BLS.I� Figure4-10 ,Qh궸�궸 a�궸 QwR BLS b�Rckܔ Qackܔ

2)ܔQ�OcQO�궸ܔ b�Rckܔ).�h궸 �Xܔ�Q b�Rck Xܔ 궸qOXva�궸�Q QR Qh궸 R�XQX�a� BLS, wh궸�궸 Qh궸 X�mOQ a�Q
궸xm궸cQ궸Q ROQmOQ a�궸 Qh궸 R�XQX�a� QaQa X, Y, a�Q Qh궸 X�mOQ R� Qh궸 궸qO궸�QܔObܔ b�Rck Xܔ Qh궸 ROQmOQ
Ui R� Qh궸 m�궸vXROܔ b�Rck,
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��h궸 궸xm궸cQ궸Q ROQmOQ Xܔ Qh궸 residual error R� Qh궸 m�궸vXROܔ b�Rck:
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��Q궸� �O�QX�a�궸� �궸ܔXQOa� amm�RxX�aQXR�, w궸 ca� Q궸Q Qh궸 �X�a� ROQmOQ:





n

k
kUY

1

CR�ma�궸Q wXQh Q�aQXQXR�a� Q궸궸m �궸QwR�k, QhXܔ caܔcaQ궸 �궸ܔXQOa� amm�RxX�aQXR� �궸QhRQ
�궸qOX�궸ܔ �Och �궸ܔܔ ca�cO�aQXR�, a�Q haܔ hXQh궸� cR�mOQaQXR�a� 궸��XcX궸�c� a�Q m궸궸Q.�Qܔ Qh궸
a�궸ܔ QX�궸, �Qack ��� haܔ b궸QQ궸� �XQQX�Q 궸��궸cQ a�Q c�aܔܔX�XcaQXR� accO�ac� Qha� Qh궸 R�XQX�a�
��RaQ �궸a��X�Q Q궸�.DX��궸�궸�Qܔ�ܔ b�Rckܔ X� �Qack ��� ca� aQjOܔQ h�m궸�ma�a�궸Q궸� �R� QX��궸�궸�Q
Qaܔk �궸궸Qܔ a�Q QaQa-ܔ궸Qܔ QR X�m�Rv궸 Qh궸 Q궸�궸�a�XzaQXR� abX�XQ� a�Q aQamQabX�XQ� R� Qh궸 �RQ궸�.
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Figure 4-10:Qh궸 Q�OcQO�궸ܔ R� Stacked-BLS
②The method of updating the model
��QhROQh Qh궸 �O�b궸� R� a�m�궸ܔ XQhQX�Qܔ �궸mR�Qܔ Ob�XQQ궸Qܔ X� WaܔhX�QQR� �QaQ궸 haܔ

X�c�궸aܔ궸Q Rv궸� QX�궸, XQ Xܔ O�c궸�QaX� wh궸Qh궸� Qh궸 R�XQX�a� c�aܔܔX�XcaQXR� �RQ궸� (Model 2) Xܔ
va�XQ �R� �궸w QaQa.
�R aQQ�궸ܔܔ Qh궸 qO궸ܔQXR� R� wh궸Qh궸� a�Q hRw QR OmQaQ궸 Qh궸 �RQ궸�, w궸 a�a��z궸 Qh궸 accO�ac�

R� 궸ach b�Rck a�Q OmQaQ궸 Qh궸 �RQ궸� Qh�ROQh Qh궸 �R��RwX�Q :ܔQ궸mܔ
Step1:��� Qh궸 X�aQ궸 QaQa a�궸 mOQ X�QR QwR Stacked-BLS wXQh QwR �a�궸ܔ� �R� c�aܔܔX�XcaQXR�

a�aܔ��Xܔ. I� Qh궸 accO�ac� R� Qh궸 궸cR�Qܔ b�Rck Xܔ �궸ܔܔ Qha� QhaQ R� Qh궸 �Xܔ�Q b�Rck, �R �RQ궸�
OmQaQ궸ܔ wX�� b궸 �aQ궸.OQh궸�wXܔ궸, QR QR �Q궸m2.

Step2:CR�QX�O궸 Q�aX�X�Q a�Q Q궸ܔQX�Q X� X-Qh (b�Rck I X, I = 3,4,5...) b�Rck.R궸m궸aQ QhXܔ Q궸mܔ X�
Qh궸 b�Rck’ܔ Q궸ܔQX�Q accO�ac� Xܔ hXQh궸� Qha� Qh궸 m�궸vXROܔ R�궸, RQh궸�wXܔ궸 QR QR �Q궸m3.

Step3:UmQaQ궸 Qh궸 �RQ궸� QR �a�궸� X-Qh Stacked-BLS.
�h궸 �Q�aQ궸Qܔ ܔR�v궸ܔ Qh궸 m�Rb�궸� R� X� QR OmQaQ궸 Qh궸 �RQ궸� a�Q Qh궸 Q궸Q�궸궸 R� �RQ궸� OmQaQ궸.IQ

ca� c�aܔܔX�� X�aQ궸 QaQa R� �궸ܔma �a�Qa�X�Xa �R�궸 궸��궸cQXv궸��.
③The analysis of the results
DO궸 QR Qh궸 �X�XQaQXR� R� Qh궸 a�RO�Q R� QaQa, w궸 �궸-QXvXQ궸Q Qh궸 R�XQX�a� mXcQO�궸 QaQa-ܔ궸Q X�QR

Q�aX�X�Q a�Q Q궸ܔQX�Q 궸Qܔ �a�QR��� a�Q m�RmR�QXR�a���.I� R�Q궸� QR v궸�X�� Qh궸 va�XQXQ� R�
�Qack궸Q-���, w궸 R��� 궸�궸cQܔ Qh�궸궸 �a�궸ܔ� R� Stacked-BLS QR Q궸ܔQ. �h궸 �궸ܔO�Qܔ a�궸 aܔ �R��Rwܔ.

Table4-7:R궸ܔO�Qܔ R� va�XQaQX�Q Stacked-BLS(ma�QXa� QaQa)

N1 N2 N3 Training
Accuracy(%)

Test
Accuracy(%)

Block 1 10 10 3000 100 85.996
Block 2 5 5 470 100 86.678
Block 3 2 7 6 95.688 95.676
�h궸 �궸ܔO�Qܔ hRwܔ QhaQ a�QhROQh Qh궸 궸cR�Qܔ b�Rck haܔ �R cha�Q궸 X� accO�ac� cR�ma�궸Q wXQh

Qh궸 �Xܔ�Q, Qh궸 mRܔܔXb�궸 �궸aܔR� Xܔ QhaQ Qh궸 QaQa-ܔ궸Q Xܔ ��궸v궸�궸ܔ O�ba�a�c궸Q, whXch a��궸cQܔ Qh궸
c�aܔܔX�XcaQXR� �궸ܔO�Qܔ.

4.4.2 Update Frequency Analysis Based on the seasonal activity of pests

①seasonal activity of pests
�h궸 acQXvXQ� R� �궸ܔma �a�Qa�X�Xa Xܔ �R�aܔ궸aܔ a�Q haܔ QX��궸�궸�Q cha�acQ궸�XܔQXcܔ X� QX��궸�궸�Q
m궸�XRQܔ.I� �m�X�Q a�Q �O��궸�,wh궸� Qh궸 c�X�aQ궸 Xܔ �X�Q,wR�k궸ܔ� wX�� QR ROQ QR �RRk �R�
�RRQ.I� wX�Q궸�,wh궸� Qh궸 c�X�aQ궸 Xܔ cR�Q, �궸w qO궸궸ܔ� wX�� m궸�Qܔ Qh궸 cR�Q궸� �R�Qhܔ
Rv궸�wX�Q궸�X�Q.�aܔ궸Q R� Qh궸ܔ궸 X��R��aQXR�,w궸 ca� �XQO�궸 ROQ b궸havXR�a� �궸QO�aܔ� R�
m궸ܔQܔ,whXch �궸��궸cQܔ �R�aܔ궸aܔ cha�Q궸ܔ X� Qh궸 �O�b궸� R� XQhQX�Qܔ �궸mR�Qܔ b� Qh궸 mOb�Xc.
�h궸�궸�R�궸,w궸 ca� ca�cO�aQ궸 hRw R�Q궸� Qh궸 �RQ궸� Xܔ OmQaQ궸Q X� QX��궸�궸�Q QX�궸 m궸�XRQܔ.
�aܔ궸Q R� Qh궸 QaQa w궸 cRܔ�O�Q궸Q, w궸 �ROQh�� QXvXQ궸Q Qh궸 maQQ궸�� R� m궸ܔQܔ’ acQXvXQ� X�QR Qh�궸궸

ܔQaQ궸ܔ QO�X�Q Qh궸 �궸a�.
Table4-8: Qh궸 maQQ궸�� R� m궸ܔQܔ’ acQXvXQ�

Stage activity
D궸c QR �a� N궸w qO궸궸ܔ� m궸�Qܔ Qh궸 cR�Q궸� �R�Qhܔ Rv궸�wX�Q궸�X�Q,Qh궸� �궸�QRܔ QR ROQ.
�m� QR JO� N궸w qO궸궸ܔ� QR ROQ �R� bOX�QX�Q a �궸ܔQ, �R�aQX�Q, �a�X�Q 궸QQܔ, a�Q ca�X�Q �R�
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�RO�Q.�Q QhaQ QX�궸,Qh궸 �O�b궸� R� XQhQX�Qܔ �궸mR�Qܔ b궸QXܔ� QR �Xܔ궸.
�OQ QR NRv �a�� wR�k궸ܔ� b궸QX� QR QR ROQ �R� �R�aQ궸,cRv궸�X�Q a �a�Q궸 R� 2k� QR 8k�.�h궸

m�RbabX�XQ� R� mOb�Xc wXQ�궸ܔܔX�Q QR Qh궸 cR�R�� Xܔ �O�Qh궸� X�c�궸aܔ궸Q.

Figure 4-11:Qh궸 ܔQaQ궸ܔ R� m궸ܔQ’ܔ maQQ궸�� whXch w궸 QXvXQ궸Q
②Determination of model updating frequency
�aܔ궸Q R� Q궸Q궸cQXR� QaQ궸,w궸 �aQ궸 ��궸qO궸�c� ܔQXcܔQaQXܔ R� Qh궸 �O�b궸� R� �궸mR�Qܔ.�궸caOܔ궸 Qh궸
�O�b궸� R� �궸mR�Qܔ b궸�R�궸 2020 Xܔ QRR ���aܔ a�Q X�cR�m�궸Q궸, w궸 궸�궸cQ궸Qܔ Qh궸 QaQa �R� 12
�R�Qhܔ R� 2020 a�Q �aQ궸 a �QXcaܔQaQXܔ a�aܔ��Xܔ R� XQܔ ��궸qO궸�c� baܔ궸Q R� Assumption 1
abRv궸.H궸�궸 Xܔ Qh궸 �XQO�궸 w궸 a�a��z궸Q.

Figure 4-12:��궸qO궸�c� ܔQXcܔQaQXܔ R� Qh궸 �O�b궸� R� �궸mR�Qܔ X� 2020
W궸 �RO�Q QhaQ Qh궸 �O�b궸� R� �궸mR�Qܔ waܔ cRܔ�XܔQ궸�Q wXQh Qh궸 cR�R�� acQXvXQ� c�c�궸.�R w궸

Qak궸 Qh궸 �R�Qh�� av궸�aQ궸 R� Qh궸 QRQa� �O�b궸� R� �궸mR�Qܔ �R� 궸ach R� Qh궸 Qh�궸궸 ܔQaQ궸ܔ aܔ Qh궸
OmQaQ궸 Qh�궸ܔhR�Q.

Table4-9:�O�b궸� R� �궸mR�Qܔ m궸� �R�Qh �R� 궸ach 3 ܔQaQ궸ܔ
F1 F2 F3

NO� R� �궸mR�Qܔ m궸�
�R�Qh 1.75 113 416.5

W궸 궸Qܔ Om a �궸cR�Q QaQabaܔ궸 �R� 궸ach QaQ궸ܔ QR QR�궸ܔ �궸mR�Qܔ,whXch �acX�XQaQ궸ܔ 궸ma�aQ궸ܔ
a�aܔ��Xܔ R� Qh궸 �궸mR�Qܔ cR��궸cQ궸Q b� 궸ach QaQ궸ܔ QR �O�Qh궸� 궸xm�R�궸 Qh궸 acQXvXQ� cha�acQ궸�XܔQXcܔ R�
궸ach ܔ'QaQ궸ܔ m궸ܔQܔ mRmO�aQXR�.W궸 ch궸ck Qh궸 �O�b궸� R� �궸mR�Qܔ X� Qh궸 QaQabaܔ궸 R�c궸 a
�R�Qh,Wh궸� Qh궸 �O�b궸� R� �궸w �궸mR�Qܔ X� Qh궸 QaQabaܔ궸 �궸ach궸ܔ Qh궸 Qh�궸ܔhR�Q, a �RQ궸� OmQaQ궸
Xܔ m궸��R��궸Q.I� a �궸mR�Q ��QXܔ 궸xXܔQܔ X� Qh궸 QaQabaܔ궸 wh궸� Qh궸 QaQ궸ܔ 궸�Qܔ, XQ Xܔ aQQ궸Q QR Qh궸 �궸xQ
�RQ궸� OmQaQ궸, whXch m�궸v궸�Qܔ Qh궸 ܔ'QaQ궸ܔ �궸mR�Q ��R� b궸X�Q h궸�v궸Qܔ O�QX� Qh궸 �궸xQ �궸a�.
IQ Xܔ wR�Qh �RQX�Q QhaQ �R� Qh궸 OmQaQ궸 R� Qh궸 OmQaQ궸 Qh�궸ܔhR�Q, w궸 Qak궸 Qh궸 �R�Qh�� av궸�aQ궸

R� Qh궸 QRQa� �O�b궸� R� �궸mR�Qܔ X� Qh궸 a�궸ܔ QaQ궸ܔ ��R� 2020 aܔ Qh궸 �궸w OmQaQ궸 Qh�궸ܔhR�Q.

4.4.3 Our Strategy

ܔ� �hRwܔ X� Qh궸 figure4-11, baܔ궸Q R� Qh궸 �O�b궸� R� �궸mR�Qܔ Q�RwX�Q Rv궸� QX�궸,w궸 QXvXQ궸
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Qh궸 �궸a� X�QR Qh�궸궸 a�Q,ܔQaQ궸ܔ 궸xa�X�궸 �궸mR�Qܔ �R� 궸ach QaQ궸ܔ �R�Qh��.Wh궸� Qh궸 �O�b궸� R�
�궸w �궸mR�Qܔ �궸ach궸ܔ Qh궸 cR��궸ܔmR�QX�Q OmQaQ궸 Qh�궸ܔhR�Q, Qh궸 �RQ궸� Xܔ OmQaQ궸Q, a�� Qh궸 mXcQO�궸
QaQa RbQaX�궸Q Xܔ X�mOQ X�QR Qh궸 Q�aX�X�Q �RQ궸� X� Stacked-BLS, a�Q Qh궸 accO�ac� b궸Qw궸궸�
b�Rckܔ Xܔ cR�ma�궸Q QR Q궸Q궸��X�궸 wh궸Qh궸� OmQaQ궸ܔ a�궸 �궸궸Q궸Q,.FX�a��� w궸 Q궸Q �RQ궸ܔ� QhaQ QR�'Q
�궸궸Q QR b궸 OmQaQ궸Q R� QhaQ hav궸 a��궸aQ� b궸궸� OmQaQ궸Q.

4.5 Evidence of Judging Pest Eradication

4.5.1 Analysis of the Basic Situation

�Xaܔ� QXa�Q hR��궸Qܔ a�궸 �RcXaܔ hR��궸Qܔ, wXQh a� a��Oa� cR�R�� c�c�궸.�궸caOܔ궸 R� Qh궸X�
�ObQ궸��a�궸aܔ �궸ܔQX�Q habXQ, �RcaQX�Q Qh궸 �궸ܔQܔ R� �Xaܔ� QXa�Q hR��궸Qܔ ca� b궸 v궸�� QX��XcO�Q.DO궸
QR Qh궸 �X�XQ궸Q mOb�Xc �궸ܔRO�c궸ܔ R� Qh궸 QRv궸���궸�Q, XQ Xܔ X�mRܔܔXb�궸 QR cR�QOcQ a cR�m�궸h궸ܔ�Xv궸
a�Q Q궸QaX�궸Q Xܔ�m궸cQXR� R� a�� ma�Qܔ R� WaܔhX�QQR� �QaQ궸.F�Rܔ New Pest Response
Guidelines,w궸 k�Rw QhaQ Qh궸�궸 a�궸 R�궸ܔ amm�Rach궸ܔ �R� 궸�aQXcaQXR�,ܔOch aܔ Qa�Q궸QX�Q qO궸궸ܔ�
R� Qa�Q궸QX�Q �궸ܔQܔ.W궸 wX�� cR�bX�궸 QaQa a�aܔ��Xܔ, �R�궸caܔQX�Q a�Q XQ궸ܔ vXܔXQܔ �a��궸�, X� aܔ
�Och aܔ mRܔܔXb�궸 QR �궸QOc궸 QRv궸���궸�Q Rm궸�aQX�Q cRܔQܔ X� QhXܔ �궸ܔm궸cQ Qh궸 cR�QXQXRܔ�
Q궸Q궸��X�궸Q X� accR�Qa�c궸 wXQh Qh궸 �Xaܔ� QXa�Q hR��궸Q Xܔ 궸�aQXcaQ궸Q.

4.5.2 The judgment of eradicating pests

�aܔ궸Q R� Qh궸 m궸ܔQ’ܔ maQQ궸��,w궸 QXvXQ궸 Qh궸 RbQaX�궸Q �궸mR�Q X� 2020 X�QR Qh�궸궸 ma�Qܔ,whXch Xܔ
cR��궸ܔmR�QX�Q QR Qh궸 Rv궸�-wX�Q궸�X�Q 'ܔ�QaQ궸,qO궸궸ܔ QaQ궸ܔ ROQܔXQ궸 R� Qh궸 �궸ܔQ,a�Q wR�k궸ܔ�' QaQ궸ܔ
ROQܔXQ궸 R� Qh궸 �궸ܔQ.I� Rv궸�-wX�Q궸�X�Q ,QaQ궸ܔ XQ Xܔ ha�Q QR �X�Q �궸ܔQܔ R� qO궸궸ܔ�.�h궸�궸�R�궸,w궸
�aX��� a�a��z궸 QaQa cR��궸cQ궸Q X� qO궸궸ܔ�' QaQ궸ܔ ROQܔXQ궸 R� Qh궸 �궸ܔQ,a�Q wR�k궸ܔ�' QaQ궸ܔ ROQܔXQ궸
R� Qh궸 �궸ܔQ.
I� aQQXQXR�, w궸 aX� QR Qa�Q궸Q qO궸궸ܔ� X� qO궸궸ܔ�' QaQ궸ܔ ROQܔXQ궸 R� Qh궸 �궸ܔQ.��Q w궸 Qa�Q궸Q �궸ܔQܔ
X� wR�k궸ܔ�' QaQ궸ܔ ROQܔXQ궸 R� Qh궸 �궸ܔQ.
FR� Qh궸 QaQa QhaQ �a� b궸 RbQaX�궸Q X� Qh궸 �OQO�궸,W궸 cRܔ�XQ궸� Qh궸 �R��RwX�Q QwR ܔ�XQOaQXRܔ

O�Q궸� Qh궸 �X�XQ �궸ܔRO�c궸ܔ R� QRv궸���궸�Q:
 R궸mR�Q X�aQ궸 QaQa RbQaX�궸Q b� Qh궸 �abR�aQR�� a�궸 a��궸aQ� �a�k궸Q wXQh �ab궸ܔ�:
W궸 cRO�Q Qh궸 cR��궸cQ궸Q �궸mR�Qܔ b� 궸ach �QaQ궸.Iܔ Qh궸�궸 Xܔ mRܔXQXv궸 X� Qh궸ܔ궸 �ab궸ܔ�, XQ �궸aܔ�

QhaQ m궸ܔQܔ X� QhXܔ a�궸a hav궸 �RQ b궸궸� 궸�aQXcaQ궸Q.W궸 wX�� X�v궸ܔQXQaQ궸 Qh궸 a�궸aܔ �ab궸�궸Q mRܔXQXv궸,
a�Q Oܔ궸 amm�Rm�XaQ궸 �궸aܔO�궸ܔ QR hO�Q a�Q kX�� Qh궸 qO궸궸ܔ� R� Q궸ܔQ�R� Qh궸 �궸ܔQܔ.cR�v궸ܔ�궸��,Qh궸
m궸ܔQܔ a�궸 궸�aQXcaQ궸Q.
 R궸mR�Q X�aQ궸 QaQa RbQaX�궸Q b� Qh궸 �abR�aQR�� a�궸 �RQ �a�k궸Q wXQh �ab궸ܔ�:
W궸 m�a� QR 궸ܔQab�Xܔh 궸ma�aQ궸ܔ QaQabaܔ궸ܔ �R� Qh궸 QaQa R� Qh궸ܔ궸 QwR ܔQaQ궸ܔ a�Q X�mOQ Qh궸� aܔ
Q�aX�X�Q QaQa ܔ궸Qܔ X�QR Qh궸 c�aܔܔX�XcaQXR� �RQ궸� baܔ궸Q R� Qh궸 ��RaQ �궸a��X�Q �Q궸ܔ�ܔ �R� Q�aX�X�Q,
Rܔ aܔ QR RbQaX� QwR QX��궸�궸�Q m궸ܔQ c�aܔܔX�XcaQXR� a�Q �궸cRQ�XQXR� �RQ궸ܔ� wXQh m궸�XRQ
cha�acQ궸�XܔQXcܔ.FXܔ�Q��, Qh궸 �궸w�� acqOX�궸Q X�aQ궸 QaQa Xܔ X�mOQ X�QR Qh궸 Q�aX�궸Q m궸ܔQ
c�aܔܔX�XcaQXR� a�Q �궸cRQ�XQXR� �RQ궸� cR��궸ܔmR�QX�Q QR Qh궸 m궸�XRQ, a�Q Qh궸 궸xm궸cQ궸Q ROQmOQ Xܔ
궸Qܔ aܔ Qh궸 QaQ va�O궸, Rܔ aܔ QR RbQaX� Qh궸 m�궸QXcQXR� QaQ R� Qh궸 X�aQ궸.�궸caOܔ궸 Qh궸 ��a�궸wR�k
ܔhRwܔ QRRQ m궸��R��a�c궸 a�Q c�aܔܔX�XcaQXR� accO�ac� X� Qh궸 m�궸vXROܔ Q�aX�X�Q Q궸ܔQܔ, Qh궸
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m�궸QXcQXR� QaQ w궸 RbQaX�궸Q haܔ hXQh �궸�XabX�XQ�.�h궸�궸�R�궸, baܔ궸Q R� QhXܔ m�궸QXcQXR� �ab궸�, w궸
wX�� cR�c궸�Q�aQ궸 �궸ܔRO�c궸ܔ R� X�v궸ܔQXQaQX�Q Qh궸 a�궸aܔ whRܔ궸 m�궸QXcQXR� �ab궸� Xܔ mRܔXQXv궸.I� Qh궸�궸
Xܔ mRܔXQXv궸 X� Qh궸ܔ궸 �ab궸ܔ�, XQ �궸aܔ� QhaQ m궸ܔQܔ X� QhXܔ a�궸a hav궸 �RQ b궸궸� 궸�aQXcaQ궸Q.W궸 wX��
X�v궸ܔQXQaQ궸 Qh궸 a�궸aܔ �ab궸�궸Q mRܔXQXv궸, a�Q Oܔ궸 amm�Rm�XaQ궸 �궸aܔO�궸ܔ QR hO�Q a�Q kX�� Qh궸
qO궸궸ܔ� R� Q궸ܔQ�R� Qh궸 �궸ܔQܔ.cR�v궸ܔ�궸��,Qh궸 m궸ܔQܔ a�궸 궸�aQXcaQ궸Q.
O� Qh궸 �XQOaQXRܔ X� va�XROܔ �궸QXRܔ� R� Qh궸 QaQ궸ܔ R� WaܔhX�QQR� a �궸a� QR a�a��z궸 ,ܔQXcܔQaQXܔ X�

a�� �궸QXRܔ� hav궸 cR��X��궸Q Qh궸 m궸ܔQܔ haܔ b궸궸� 궸�aQXcaQ궸Q, QR R�궸ܔ 궸xQ궸�Q, b궸 cRܔ�XQ궸�궸Q a m궸ܔQ
X� WaܔhX�QQR� haܔ b궸궸� 궸�aQXcaQ궸Q.

Figure4-13:�RQ궸� �Q�aQ궸Qܔ ��Rw cha�Q baܔ궸Q R� �-��� a�Q m궸ܔQ �R�aܔ궸aܔ acQXvXQ�

5 Sensitivity analysis

FR� RO� �RI�� �RQ궸�, w궸 cha�Q궸Q Qh궸 ma�a�궸Q궸ܔ�: aOQR�궸Q�궸ܔܔXv궸 m�Rc궸ܔܔ R� R�Q궸�
p,QX��궸�궸�c궸 R�Q궸� d a�Q �XQX�Qܔ av궸�aQ궸 m�Rc궸ܔܔ R� R�Q궸� q [m,Q,q]�궸ܔ궸Q QR[3,0,0] a�Q
[0,0,2].�hXܔ �ak궸ܔ Qh궸 �XQQX�Q 궸��궸cQ R� RO� �RQ궸� QR Qh궸 QaQa wRܔ�궸 Qha� Qh궸 R�XQX�a�
ma�a�궸Q궸ܔ�, a�Q Qh궸 m�궸QXcQ궸Q va�O궸 QR궸ܔ �RQ �aQch Qh궸 궸xm궸cQ궸Q Q�궸�Q.W궸 QhX�k QhXܔ
mh궸�R�궸�R� �a� b궸 QhaQ Qh궸 a�RO�Q R� mRܔQXv궸 QaQa w궸 RbQaX�궸Q Xܔ QRR ,���aܔ a�Q Qh궸 QaQa Xܔ
�RQ v궸�� �궸�궸va�Q. �h궸�궸�R�궸, Qh궸 궸�궸�Q궸�c궸 R� Qh궸 �Xaܔ� QXa�Q hR��궸Q X� QhXܔ a�궸a ca��RQ b궸
w궸�� �궸m�궸ܔ궸�Q궸Q Rv궸� QX�궸.
FR� Qh궸 wXQQh �궸a��X�Q �Q궸ܔ�ܔ �RQ궸� R� m궸ܔQ c�aܔܔX�XcaQXR�, w궸 �RQX�X궸Q Qh궸 �O�b궸� R�

궸�ha�c궸�궸�Q �RQ궸ܔ. W궸 �RO�Q QhaQ aܔ Qh궸 �O�b궸� R� �RQ궸ܔ X�c�궸aܔ궸ܔ, Qh궸 Rv궸�a�� accO�ac� R�
Qh궸 �RQ궸� haܔ a m궸ak.�h궸 hXQh궸ܔQ accO�ac� Xܔ �aX�QaX�궸Q aQ abROQ 95.784%, bOQ Qh궸 QX�궸 cRܔQ
wX�� X�c�궸aܔ궸 accR�QX�Q��.�hXܔ ܔhRwܔ QhaQ �R� Qh궸 cO��궸�Q QaQa ,궸Qܔ XQ Xܔ �RQ QhaQ Qh궸 �R�궸 �RQ궸ܔ
a�궸 bOX�Q, Qh궸 b궸QQ궸� Qh궸 궸��궸cQ. I� R�Q궸� QR �axX�Xz궸 Qh궸 Q�aX�X�Q 궸��궸cQ R� Qh궸 �RQ궸�,W궸 hav궸
QR chRRܔ궸 a �R�궸 ba�a�c궸Q X�Q궸�va� b궸Qw궸궸� accO�ac� a�Q ca�cO�aQXR� m궸��R��a�c궸 accR�QX�Q
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QR Qh궸 acQOa� .�XQOaQXRܔ
�h궸ܔ궸 Q�궸�Qܔ X�QXcaQ궸 QhaQ Qh궸 �RQ궸� w궸 Oܔ궸 Xܔ XQXv궸ܔ�궸ܔ QR Qh궸 ba�a�c궸 R� Qh궸 QaQa 궸Qܔ a�Q

Qh궸 a�RO�Q R� QaQa. I� Qh궸 �O�b궸� R� caQ궸QR�X궸ܔ X� Qh궸 QaQa RbQaX�궸Q Xܔ O��XcX궸�Qܔ a�Q Qh궸
m�RmR�QXRܔ� a�궸 amm�Rm�XaQ궸, RO� �RQ궸� wX�� hRwܔ b궸QQ궸� m궸��R��a�c궸.

6 Evaluation of the model

6.1 Strengths

 OO� m궸ܔQ c�aܔܔX�XcaQXR� �RQ궸� Xܔ ��궸xXb�궸, �aܔQ a�Q 궸��XcX궸�Q b궸caOܔ궸 R� Qh궸 �m궸cXaܔ Q�OcQO�궸ܔ
R� Qh궸 ��RaQ �궸a��X�Q 궸QܔQ궸�.�aܔ�� R� Qh궸 ��RaQ �궸a��X�Q ,�Q궸ܔ�� w궸 궸ܔQab�Xܔh궸Q m궸ܔQ
c�aܔܔX�XcaQXR� �RQ궸�.CR�ma�궸Q wXQh Qh궸 Q�aQXQXR�a� Q궸궸m �궸QwR�k �RQ궸�, XQ haܔ �R
Q�aQX궸�Q Q궸ܔc궸�Q m�Rc궸ܔܔ, �궸qOX�궸ܔ �궸w궸� ca�cO�aQXR� ma�a�궸Q궸ܔ�, �aܔQ궸� m궸궸Q,a�Qܔ �궸ܔܔ
m�R�궸 QR Rv궸�-�XQQX�Q.�QQXQXR�a���,XQ ca� ��궸xXb�� aQjOܔQ Qh궸 �O�b궸� R� �RQ궸ܔ QR RbQaX� Qh궸
b궸ܔQ �RQ궸� 궸��궸cQ.IQ aܔ�R haܔ �Rw궸� ha�Qwa�궸 �궸qOX�궸�궸�Qܔ, whXch h궸�mܔ Qh궸 QRv궸���궸�Q
�aX�QaX� QaQabaܔ궸ܔ a�Q OmQaQ궸 �aX�Q궸�a�c궸 �RQ궸ܔ� aQ a �Rw궸� cRܔQ.

 �h궸 m�XR�XQ� cR�X�Qܔ �Q궸ܔ�ܔ w궸 hav궸 궸ܔQab�Xܔh궸Q Qak궸ܔ �O�� accRO�Q R� �acQRܔ� Ochܔ aܔ QX�궸,
,mac궸ܔ a�Q Qh궸 m�궸QXcQXR� �궸ܔO�Qܔ R� RO� �RQ궸�.IQ cR�m�궸h궸ܔ�Xv궸�� cRܔ�XQ궸ܔ� hXܔQR�Xca�
QaQa, �maQXaܔ Q궸RQ�amhXc �RcaQXR�, a�Q QaQa m�궸QXcQ궸Q va�O궸ܔ QR RbQaX� a �R�궸 �궸�Xab�궸
m�XR�XQ� �O�v궸ܔ ܔQa�Qa�Q.�hXܔ ca� m�RvXQ궸 a� 궸��궸cQXv궸 �궸�궸�궸�c궸 �R� Qh궸 QRv궸���궸�Q a�Q
h궸�m �RcOܔ �X�XQ궸Q mOb�Xc �궸ܔRO�c궸ܔ R� R�vX�Qܔ m�Rb�궸ܔ� X� k궸� a�궸aܔ.

 �h궸 OmQaQ궸 �Q�aQ궸Qܔ w궸 m�RvXQ궸 Qak궸ܔ X�QR accRO�Q bRQh QaQa a�Q �궸a�XQ� �궸aQO�궸ܔ.IQ �RQ
R��� chRRܔ궸ܔ a� amm�Rm�XaQ궸 �-��� �RQ궸� �R� Qh궸 a�aܔ��Xܔ R� acQOa� QaQa, 궸��궸cQXv궸��
m�RvXQ궸ܔ Qh궸 baܔXܔ �R� jOQQX�Q wh궸Qh궸� a�Q hRw QR OmQaQ궸 Qh궸 �RQ궸�, bOQ aܔ�R Q궸Q궸��X�궸ܔ
Qh궸 OmQaQ궸 ��궸qO궸�c� accR�QX�Q QR Qh궸 acQOa� acQXvXQ� R� m궸ܔQܔ, whXch m�RvXQ궸ܔ a� 궸��궸cQXv궸
�궸�궸�궸�c궸 �R� �RQ궸� OmQaQX�Q.

6.2 Weaknesses

 FR� Qh궸 m궸ܔQ Q�aܔ��XܔܔXR� �RQ궸�, b궸caOܔ궸 Qh궸 a�RO�Q R� mRܔXQXv궸 �궸mR�Q QaQa Xܔ QRR ,���aܔ a
�RQ궸� wXQh Q�R�Qܔ Q궸�궸�a�XzaQXR� abX�XQ� ca��RQ b궸 RbQaX�궸Q.IQ wX�� �궸aQ QR a Q궸c�X�궸 X� Qh궸
accO�ac� R� Qh궸 m�궸QXcQXR� �궸ܔO�Qܔ.

 OO� �RQ궸� Q궸m궸�Qܔ R� Qh궸 ba�a�c궸 R� QaQa a�Q Qh궸 a�RO�Q R� QaQa.Wh궸� Qh궸 QaQa Xܔ
��ܔ궸�XROܔ O�ba�a�c궸Q R� Qh궸 a�RO�Q R� QaQa Xܔ QRR ,���aܔ Qh궸 궸��궸cQ R� RO� c�aܔܔX�XcaQXR�
�RQ궸� wX�� b궸 mRR�, Rܔ w궸 Oܔ궸 Qh궸 �궸QhRQ R� QaQa 궸�ha�c궸�궸�Q QR �a�QR��� Q궸�궸�aQ궸 a
���aܔ �O�b궸� R� QaQa, whXch 궸��궸cQXv궸�� a��궸vXaQ궸ܔ Qh궸 m�Rb�궸ܔ� caOܔ궸Q b� Qh궸 QaQa
X�ba�a�c궸.

 �궸caOܔ궸 R� Qh궸 �궸ܔܔ �O�b궸� R� Qh궸 QaQa,w궸 R��� cRܔ�XQ궸�궸Q Qh궸 �궸mR�Q ܔQaQOܔ wXQhX� R�궸
�궸a� a�Q QXQ �RQ ca��� ROQ c�Rܔܔ �궸a� cR�ma�aQXv궸 a�aܔ��Xܔ.
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7 Memo

F�R�:�궸a� 2113014,�C� 2021
�R:Qh궸 WaܔhX�QQR� �QaQ궸 D궸ma�Q�궸�Q R� �Q�XcO�QO�궸
DaQ궸:F궸b�Oa�� 8, 2021
�Obj궸cQ:��aܔ��Xܔ a�Q �OQQ궸ܔQXRܔ� R� �Xaܔ� GXa�Q HR��궸Q
I� R�Q궸� QR Q궸Q궸��X�궸 wh궸Qh궸� Qh궸 �Xaܔ� QXa�Q hR��궸Q haܔ 궸xma�Q궸Q XQܔ 궸xXܔQ궸�c궸 Rv궸� QX�궸

X� WaܔhX�QQR� �QaQ궸 a�Q �궸a�b� a�궸aܔ, w궸 �X�Q Qh궸 cO��궸�Q �궸mR�Q QhaQ cR��X��궸Q Qh궸
RccO��궸�c궸 R� Qh궸 �Xaܔ� QXa�Q hR��궸Q.w궸 cR�QOcQ QX�궸 ܔ궸�X궸ܔ a�aܔ��Xܔ R� cO��궸�Q QaQa a�Q
�R�궸caܔQ �OQO�궸 cR�QXQXRܔ�.FX�a���, w궸 cR�c�OQ궸 a �궸�Xab�궸 m궸ܔQ Q�aܔ��XܔܔXR� .�XQOaQXRܔ
�Q Qh궸 a�궸ܔ QX�궸, RO� Q궸a� aQRmQ a c�aܔܔX�XcaQXR� �RQ궸� ��� �R� Qh궸 X�aQ궸 QaQa Ob�XQQ궸Qܔ

b� Qh궸 mOb�Xc QhaQ Qh궸 QRv궸���궸�Q haܔ RbQaX�궸Q a�Q XQܔ cR��궸ܔmR�QX�Q ܔQaQOܔ QaQ. �� Q�aX�X�Q
a�Q Q궸ܔQX�Q XQ wXQh Qh궸 m�Rc궸ܔܔ궸Q QaQa ,궸Qܔ w궸 RbQaX� a �RQ궸� QhaQ ca� 궸��궸cQXv궸�� c�aܔܔX�� �Xaܔ�
QXa�Q hR��궸Q a�Q RQh궸� cR�R�X궸ܔ.W궸 Oܔ궸 a Qack궸Qܔ ��� �RQ궸� QR OmQaQ궸 Qh궸 �RQ궸�, a�Q
Q궸Q궸��X�궸 Qh궸 OmQaQ궸 ��궸qO궸�c� accR�QX�Q QR Qh궸 �R�a�XQܔ궸aܔ R� m궸ܔQܔ acQXvXQ�, a�Q Q궸Q a�
OmQaQ궸 �Q�aQ궸Qܔ R� m궸ܔQ c�aܔܔX�XcaQXR� �RQ궸�, whXch �ak궸ܔ RO� �RQ궸� �R�궸 �궸�Xab�궸.
I� R�Q궸� QR Oܔ궸 �궸ܔRO�c궸ܔ �R�궸 �aQXR�a��� a�Q 궸��궸cQXv궸��, w궸 궸ܔQab�Xܔh a cR�X�Qܔ ,�Q궸ܔ�ܔ

whXch cRܔ�XQ궸�X�Q �궸mR�Qܔ R� a c궸�QaX� a�궸a caQ궸QR�� m�궸QXcQXR� �궸ܔO�Qܔ, Q궸RQ�amhXc mac궸ܔ a�Q
hXܔQR�Xca� QaQa R� Qh궸 a�궸a.�h궸 cR�X�Qܔ �Q궸ܔ�ܔ Xܔ Oܔ궸Q QR 궸va�OaQ궸 Qh궸 m�RbabX�XQ� R� mRܔXQXv궸
�궸mR�Qܔ X� QhXܔ a�궸a, a�Q baܔ궸Q R� QhXܔ, XQ ca� b궸 Oܔ궸Q aܔ Qh궸 m�XR�XQ� �궸�궸�궸�c궸 �R� Qh궸
QRv궸���궸�Q QR X�v궸ܔQXQaQ궸 Qh궸 a�궸aܔ wh궸�궸 Qh궸ܔ궸 �궸mR�Qܔ a�궸 �RcaQ궸Q.
FX�a���, w궸 Oܔ궸 Qh궸 �궸ܔO�Qܔ R� Qh궸 abRv궸 wR�k, cR�bX�궸 wXQh Qh궸 acQOa� avaX�ab�궸 �궸QhRQܔ R�

�RcaQXR� a�Q 궸�X�X�aQXR� R� m궸ܔQܔ, a�Q mOQ �R�wa�Q Qh궸 baܔXܔ �R� Oܔ QR Q궸Q궸��X�궸 QhaQ Qh궸 �Xaܔ�
QXa�Q hR��궸Q waܔ 궸�X�X�aQ궸Q X� Qh궸 WaܔhX�QQR� �QaQ궸 a�궸a.�hXܔ baܔXܔ wX�� b궸 궸ܔQab�Xܔh궸Q
accR�QX�Q QR QX��궸�궸�Q ܔ�XQOaQXRܔ a�Q OܔX�Q QX��궸�궸�Q �궸QhRQܔ, a�Q cRܔ�XQ궸�X�Q Qh궸 �aQXR�a� Oܔ궸
R� Qh궸 QRv궸���궸�Q'ܔ �X�XQ궸Q �궸ܔRO�c궸ܔ. IQ aܔ�R haܔ c궸�QaX� va�XQXQ� a�Q accO�ac�.
H궸�궸 a�궸 RO� �궸ܔO�Qܔ:
 �h궸 �Xaܔ� QXa�Q hR��궸Q Xܔ �궸ܔܔ aQQ�궸ܔܔXv궸 X� �궸QXRܔ�, a�Q Qh궸�궸 Xܔ �R RbvXROܔ Q�궸�Q R�

�a�Q궸-ܔca�궸 m�궸aQܔ Rv궸� QX�궸, a�Q XQ Xܔ R��� cR��X�궸Q QR a ���aܔ a�궸a a�R�Q Qh궸 cRaܔQ R�
��XQXܔh CR�O�bXa. IQܔ mRmO�aQXR� Xz궸ܔ Xܔ aܔ�R �궸�aQXv궸�� ,���aܔ a�Q XQ QR�’Q hav궸 a
XQ�X�Xca�Qܔ X�macQ R� Qh궸 X�Q궸�XR� R� WaܔhX�QQR� �QaQ궸.

 �aܔ궸Q R� Qh궸 caQ궸QR�� m�궸QXcQXR� �궸ܔO�Qܔ R� Qh궸 �궸mR�Q, Qh궸 QXܔQa�c궸 ��R� Qh궸 �Xaܔ� QXa�Q
hR��궸Q a�Q Qh궸 �O�b궸� R� hXܔQR�Xca� �궸QaQXv궸 �궸mR�Qܔ wXQhX� a c궸�QaX� �a�Q궸,w궸 궸ܔQab�Xܔh궸Q
a �O�v궸ܔ m�XR�XQ� 궸va�OaQXR� �RQ궸�.�h궸 �궸ܔO�Qܔ hRwܔ QhaQ Qh궸 �O�b궸� R� hXܔQR�Xca� �궸QaQXv궸
�궸mR�Qܔ wXQhX� a c궸�QaX� �a�Q궸 hRO�Qܔ b궸 Qh궸 �Xܔ�Q cRܔ�XQ궸�aQXR� X�Q궸x R� m�XR�XQ�
X�v궸ܔQXQaQXR�. I� Qh궸 �O�b궸� R� �궸QaQXv궸 �궸mR�Qܔ �궸c궸Xv궸Q ��R� a ���aܔ a�궸a Xܔ �R�궸, Qh궸
mRܔܔXbX�XQ� R� m궸ܔQܔ Xܔ �궸ܔܔ.

 �ccR�QX�Q QR Qh궸 �R�aܔ궸aܔ acQXvXQ� cha�acQ궸�XܔQXcܔ R� Qh궸 m궸ܔQܔ,Qh궸� a�궸 �RܔQ acQXv궸 QO�X�Q
Qh궸 m궸�XRQ ��R� JO�� QR NRv궸�b궸�, a�Q Qh궸 �O�b궸� R� XQhQX�Qܔ �궸mR�Qܔ �궸c궸Xv궸Q aQ QhXܔ
QX�궸 wX�� X�c�궸aܔ궸 accR�QX�Q��. DO궸 QR Qh궸 X�c�궸aܔ궸 X� Qh궸 a�RO�Q R� QaQa, QO�X�Q QhXܔ
m궸�XRQ R� QX�궸, w궸 �궸궸Q �R�궸 cR�m�궸x �RQ궸ܔ� a�Q Qh궸 �R�궸 ��궸qO궸�Q �RQ궸� OmQaQ궸ܔ.

 W궸 Q궸Q궸��X�궸 Qh궸 baܔXܔ �R� jOQQX�Q wh궸Qh궸� m궸ܔQܔ a�궸 궸�aQXcaQ궸Q.FR� a c궸�QaX� a�궸a, w궸
R��� cR�QOcQ �QXcaܔQaQXܔ a�aܔ��Xܔ R� Qh궸 XQhQX�Qܔ �궸mR�Qܔ R� Qh궸 QwR ܔQaQ궸ܔ wh궸�궸 Qh궸 m궸ܔQ
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a�궸 �R�궸 acQXv궸. Wh궸� Qh궸 �궸mR�Qܔ R� va�XROܔ a�궸aܔ X� WaܔhX�QQR� �QaQ궸 wXQhX� R�궸 �궸a�
hav궸 b궸궸� XQ궸�QX�X궸Q R� m�궸QXcQ궸Q aܔ w궸�� aܔ Qa�Q궸Q궸Q R�-ܔXQ궸 Xܔ�m궸cQXRܔ�, �R m궸ܔQܔ hav궸
b궸궸� �RO�Q, w궸 ca� Q궸c�a�궸 QhaQ Qh궸 m궸ܔQܔ hav궸 b궸궸� 궸�aQXcaQ궸Q X� WaܔhX�QQR� �QaQ궸.

�h궸 m�RmRܔa� a�Q ܔQ�aQ궸QX궸ܔ a�궸 aܔ �R��Rwܔ:
 I� vX궸w R� Qh궸 �acQ QhaQ Qh궸 �궸ܔma �a�Qa�X�Xa haܔ �RQ b궸궸� �RO�Q QR hav궸 Qh궸

cha�acQ궸�XܔQXcܔ R� �a�Q궸-ܔca�궸 m�궸aQܔ a�Q ha�� Qh궸 �Rca� 궸cR�RQ�. �h궸 QRv궸���궸�Q ca�
ca��� ROQ �궸�궸va�Q mOb�XcXQ� QR Qh궸 mOb�Xc, QXܔm�a� a�Q 궸xm�aX� Qh궸 a�aܔ��Xܔ a�Q m�궸QXcQXR�
�궸ܔO�Qܔ R� �궸�궸va�Q QaQa, a�Q RRQh궸ܔ mOb�Xc .궸�QX�궸�Qܔ

 �ccR�QX�Q QR Qh궸 QX�궸 cha�acQ궸�XܔQXcܔ R� Qh궸 acQXvXQ� R� Qh궸 ,��waܔ Qh궸 QRv궸���궸�Q ca�
QXvXQ궸 Qh궸 �궸a� X�QR Qh�궸궸 mhaܔ궸ܔ. DX��궸�궸�Q mhaܔ궸ܔ 궸Qܔ QX��궸�궸�Q Qh�궸ܔhR�Qܔ �R� Qh궸 QaQabaܔ궸
QR�X�Qܔ mOb�Xc �궸mR�Qܔ, a�Q �궸QO�a��� X�mOQ Qh궸 accO�O�aQ궸Q QaQa X�QR Qh궸 �Q궸ܔ�ܔ �R�
OmQaQX�Q, whXch b궸QQ궸� �궸��궸cQܔ Qh궸 Q궸v궸�Rm�궸�Q ܔQaQOܔ R� Qh궸 b궸궸 cR�R�� X� Qh궸 �궸QXR�. �Q
Qh궸 a�궸ܔ QX�궸, XQ ca� aܔ�R �궸QOc궸 Qh궸 QRv궸���궸�Q'ܔ Rm궸�aQX�Q cRܔQܔ.

 U�Q궸� Qh궸 cR�QXQXR� R� �X�XQ궸Q mOb�Xc �궸ܔRO�c궸ܔ, Qh궸 �RcOܔ R� Qh궸 궸�X�X�aQXR� R� �궸ܔma
�a�Qa�X�Xa hRO�Qܔ b궸 �RcOܔ궸Q R� �X�QX�Q �궸ܔQܔ R� Qh궸� a�Q 궸�X�X�aQX�Q qO궸궸� b궸궸ܔ. I� Qh궸
acQXv궸 m궸�XRQ R� Qh궸 qO궸궸� b궸궸, �RO ca� QX�궸cQ�� hO�Q Qh궸 qO궸궸� b궸궸 R� �RcaQ궸 a�Q Q궸ܔQ�R�
Qh궸 �궸ܔQ �RQ �a� awa� b� XQ궸�QX��X�Q Qh궸 �궸ܔO�Qܔ R� Qh궸 X�aQ궸 QaQa; whX�궸 X� Qh궸 acQXv궸
m궸�XRQ R� Qh궸 wR�k궸� b궸궸, �RO ca� 궸Qܔ Q�amܔ, �RcaQ궸 Qh궸 �궸ܔQ a�Q Q궸ܔQ�R� XQ QRQ궸Qh궸� wXQh
Qh궸 �궸m�RQOcQXv궸 qO궸궸� b궸궸 X� Qh궸 �궸ܔQ.
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9 Appendix

Appendix A Model-3 Priority evaluation score sheet for untreated/unclassified areas
No. la lo values d num Total score
1 46.7144 -122.9834 0.266 253.8515 93 2.2236
2 47.804 -121.549 0.2687 156.5180 217 2.0887
3 48.7238 -122.3544 0.3123 39.2490 229 2.3683
4 46.9006 -122.2743 0.254 234.4335 271 1.8378
5 48.9392 -122.6613 0.2376 6.7634 182 2.1888
6 47.5861 -122.0073 0.2552 164.2604 823 0.8103
7 45.7359 -122.6456 0.3603 361.6636 66 2.5527
8 48.9102 -122.3571 0.2795 26.7963 183 2.3384
9 48.0542 -122.1566 0.2006 111.6216 556 1.1762
10 47.829 -122.0981 0.1919 136.5805 745 0.7349
11 47.0561 -122.7623 0.5923 215.1419 339 3.1163
12 47.5015 -122.1875 0.178 169.8484 882 0.3680
13 48.9936 -122.4017 0.2264 21.8867 168 2.1548
14 48.7126 -122.4974 0.2832 34.6031 236 2.2391
15 47.3136 -122.4296 0.2539 187.5702 767 0.8926
16 47.2551 -122.4416 0.2467 193.9334 697 0.9964
17 47.3886 -122.1327 0.237 182.9469 770 0.8219
18 47.6578 -122.3258 0.2534 150.8138 878 0.7070

https://www.nationalgeographic.com/animals/2020/05/asian-giant-hornets-arrive-united-states/
https://www.nationalgeographic.com/animals/2020/05/asian-giant-hornets-arrive-united-states/
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19 48.4462 -122.3096 0.1621 67.1807 252 1.6736
20 47.637 -117.231 0.2325 425.9435 70 1.9502
21 47.7391 -121.9911 0.2331 148.5931 732 0.9183
22 46.5805 -118.2146 0.2505 422.5641 10 2.1482
23 47.9633 -122.0014 0.2514 125.2641 596 1.2908
24 47.448 -121.7701 0.2464 184.5273 515 1.3700
25 48.4887 -122.4819 0.2851 58.3295 257 2.1801
26 47.3807 -122.0214 0.2923 185.8004 720 1.1470
27 47.7677 -122.2633 0.2587 139.8110 796 0.9044
28 46.706 -120.481 0.2861 301.0914 44 2.3550
29 48.9934 -122.7527 0.2412 3.6723 170 2.2312
30 48.5013 -122.2346 0.2432 64.4208 244 2.0270
31 48.3487 -122.4002 0.2518 74.9177 297 1.9448
32 47.656 -122.4058 0.2417 150.0658 875 0.6654
33 47.7195 -122.337 0.2498 143.9343 837 0.7814
34 47.5264 -122.9836 0.2434 164.1767 330 1.7502
35 47.2449 -122.3127 0.2532 196.2043 700 1.0150
36 47.0456 -122.8306 0.2262 216.4631 298 1.6881
37 48.0909 -122.1712 0.3029 107.4366 520 1.6741
38 47.7184 -122.201 0.3119 146.2132 821 1.0671
39 47.8223 -122.3615 0.2748 132.3919 788 0.9949
40 48.9979 -122.7299 0.2976 2.0629 169 2.4670
41 47.7546 -122.278 0.3033 140.9855 805 1.0691
42 47.4154 -122.3161 0.2954 177.4523 830 0.9480
43 48.7523 -122.4837 0.2507 31.1794 230 2.1207
44 48.8186 -122.4537 0.2335 26.5713 219 2.0768
45 47.3534 -122.0566 0.2494 188.0678 718 0.9716
46 48.5122 -122.6327 0.2961 53.7114 265 2.2140
47 47.3979 -122.6243 0.2341 177.2473 780 0.7958
48 47.3922 -121.9765 0.2882 185.4800 702 1.1663
49 47.4912 -121.7166 0.2728 181.5923 464 1.5842
50 47.5022 -122.164 0.264 170.1557 882 0.7219
51 48.9942 -122.7535 0.2861 3.7328 170 2.4159
52 48.055 -122.1654 0.2042 111.3122 560 1.1833
53 45.5826 -122.3628 0.296 379.4613 67 2.2667
54 48.9803 -122.5971 0.2438 7.8035 171 2.2352
55 47.5793 -122.3879 0.2217 158.6759 894 0.5356
56 47.2578 -122.4589 0.3165 193.5226 697 1.2846
57 48.8312 -122.5515 0.2143 21.1297 220 2.0016
58 45.6515 -122.5147 0.3915 371.2605 67 2.6691
59 48.7871 -122.4884 0.2108 27.7369 223 1.9742
60 47.6245 -120.6787 0.2785 211.7119 81 2.3436
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61 47.6517 -122.6928 0.2472 148.9838 731 0.9778
62 47.6298 -120.6895 0.3371 210.7359 82 2.5842
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