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Fig. 1 Cyber-physical collaborative restoration framework for distribution systems under wildfire disasters
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Fig. 2 Flow chart of cyber-physical collaborative
restoration for distribution systems under
wildfire disasters
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Integrated Satellite-Terrestrial Cyber-Physical Collaborative Restoration Strategy for
Distribution Systems Under Wildfire Disasters

QIU Shiyuan”, ZHOU Quan'*, ZHANG Xuan"*, WANG Han’, ZHOU Tiannian*, SHUAI Zhikang'*
(1. College of Electrical and Information Engineering, Hunan University, Changsha 410082, China; 2. State Key Laboratory of
High-efficiency and High-quality Conversion for Electric Power (Hunan University), Changsha 410082, China;
3. Key Laboratory of Power Transmission and Conversion of Ministry of Education, Shanghai Non-carbon Energy Conversion and
Utilization Institute (Shanghai Jiao Tong University), Shanghai 200240, China;
4. Disaster Prevention and Reduction Center of State Grid Hunan Electric Power Company (State Key Laboratory of Disaster
Prevention &. Reduction for Power Grid), Changsha 410129, China)

Abstract: Following a wildfire disaster, quickly grasping the disaster situation and reasonably dispatching emergency resources can
help shorten the restoration time of the distribution system and achieve the rapid restoration of critical loads. To expedite the post-
disaster restoration process of the distribution system, an integrated satellite-terrestrial network (ISTN) architecture based on low
earth orbit (LEO) satellite internet is introduced to build a three-layer restoration framework, encompassing information
perception, fire response, and load restoration. With the objective of minimizing load loss, perception time and satellite terminal
deployment cost, a cyber-physical collaborative restoration model of the distribution system under wildfire disasters is proposed.
Firstly, a multi-source coupled fire detection model is constructed to evaluate fire levels and propagation trends in the disaster area.
Secondly, the aerial and ground firefighting teams are coordinated to establish a multi-constraint firefighting dispatching model for
optimizing the fire extinguishing paths and time. Then, a load restoration model is proposed that considers node state knowability,
power topology accessibility, and LEO satellite communication terminal deployment strategies. Finally, a linearized two-stage
optimization method is used to improve the solving efficiency. Simulations are conducted on the IEEE 33-bus system and a 10-bus
sensing network, and the results validate the effectiveness and superiority of the proposed method in terms of shortening restoration
time, enhancing total restoration capacity, and optimizing resource allocation.

This work is supported by National Key R&.D Program of China (No. 2024YFB2409100), National Natural Science
Foundation of China (No. 52477091), National Science Fund for Distinguished Young Scholars (No. 52125705), and Science and
Technology Innovation Program of Hunan Province (No. 2024RC1038).

Key words: wildfire disaster; emergency resource; load restoration; integrated satellite-terrestrial network (ISTN); resilience;

cyber-physical system; distribution system
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Table D1 Parameters of sensing network node

#‘Iﬁé E " ™ 4—!“"5‘ x »;k S #llﬁ ) UK“UJ
i€ RE A 47 /km A4 /km TR/ (m/s) TS AP Ks
1 8 7.5 13.5 2
2 7.5 4.8 16 1.6
3 2 7 15.2 2
4 8.8 3 15.3 1.8
5 4.5 9 14 2
6 6 6 15.3 2
7 3.2 1.5 8 0.8
8 9.5 1 12.4 2
9 3 4 15 2
10 1 8.5 13 2
D2 BAMMETRNRRE R
Table D2 Fire risk coefficient of sensing network nodes
RS A5 P YN EL REI=E A5 DN ES A
1 0.138 2 6 0.174 6
2 0.198 0 7 0.401 1
3 0.202 6 8 0.118 6
4 0.187 3 9 0.129 8
5 0.159 4 10 0.145 4
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Table D3 Load weight coefficients of PDN

REE A URLE N YA B far AT 2R A
1 0.4157 18 0.098 3
2 0.317 7 19 0.287 5
3 0.437 6 20 0.3450
4 0.212'1 21 0.700 7
5 0.157 1 22 0.4123
6 0.5134 23 0.192 5
7 0.553 6 24 0.694 7
8 0.343 8 25 0.673 8
9 0.290 4 26 0.179 9
10 0.278 2 27 0.121 3
11 0.410 3 28 0.2410
12 0.594 8 29 0.5391
13 0.256 0 30 0.883 6
14 0.229 5 31 0.269 5
15 0.128 3 32 0.438 5
16 0.107 8 33 0.106 2
17 0.144 5

®D4 IEBFEZXRBDELER BFENFHBERYIKREE

Table D4 Deployment result, access and withdrawal time of satellite communication terminals

W Y S NI DIBRIN [7]
31 3 15
32 2 26
33 1 19
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