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Abstract: Abstract: The digital twin power grid digitizes the
physical power grid through virtual-real mapping. The current
virtual real mapping process of power grid facilities, however,
faces challenges in terms of limited accuracy in reconstructing
static models and poor real-time dynamic response. The tradi-
tional manual establishment of static models is inefficient and
challenging, making it unsuitable for construction of model in
complex power grid. The traditional cloud computing model
fails to meet the diverse demands of numerous randomly trans-
mission services during model reconstruction and response pro-
cesses. Therefore, in this paper we propose a new edge net-
work resource allocation method for virtual-real mapping of di-
gital twin power grid facilities. Firstly, a feature matching
method of double threshold nearest neighbor ratio is proposed
based on the fusion of Shi Tomasi and Surf algorithms. Addi-
tionally, the RANSAC algorithm is further integrated to en-
hance the accuracy of camera pose estimation, thereby improv-
ing the accuracy of the three-dimensional reconstruction model
of power grid facilities. The aforementioned foundation serves
as the basis for designing utility functions for different trans-
mission delay and accuracy requirements, while also presents a
method for subchannel and power resource allocation so as to
achieve on-demand allocation of communication resources. In
addition, a cloud-edge-end data interaction architecture is built

to support the above process. Compared with Shen algorithm
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and channel average allocation algorithm, our algorithm can
improve data transmission timeliness by 9.03% and 31.30% re-
spectively, while ensuring data transmission accuracy.
Moreover, the algorithm effectively facilitates the accurate and

efficient virtual-real mapping process of power grid facilities.

Keywords: digital twin power grid; virtual-real mapping;

heterogeneous service; mobile edge network; communica-

tion resource allocation; three-dimensional reconstruction
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Fig.1 Architecture of virtual real mapping system for digital twin power grid facilities
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Fig.2 Key technology of digital twin power grid model construction and data interaction
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Fig. 10 Comparison of service transmission delay and accuracy with different number of nodes

4 4k

Dy S5 BHL FEL IR Ay B A A ) P ) = 4 T
PLAL LAy 380 R [0 5 5 0 [ 4 sl A g, 4
RO AR AR, AN SRR T — T i) £
T2 A v i R S RS ) 300 5% I 245 5 R 0 PE D7
ik, RARLSEIE .

1) 25 BB 20 A H o TG R 52 i S i A
e R i ELREPLA L 55 B2 BT SR, FEEE T
SRR L AR R A BEZ ZH R T 1) F R R S5
HAd R -0 -SSR . AR B )2 A LAY
ST EERS b, AR )Z DI 5% N 2 B B A5 2Rl
55 B SIEIF AR, S A R O e A Y L g
W) B S B

2) Sy i B A A IO S BRI o R A
TURTE R, T i) 2802 A v R0 1 P 6y
AEVEFC S S0 7% 5 kT REHLA A —BoE kil
AP AT s, DA =4 d n R
Zha Z SR R E AR =, R
= AR AR AT SOCR o BRI T ) B AR
Az F B Y = AE SR R T T A, SR
B M AR 1 e B A

3) Dyl T AR A R S S e A
Rl 55 B A L R, AR IR Al 55 B R 6
WFFE ARG R, A8 S T 1] 45 Ml 551 i s SR i 28
F K FEARUENY 55 (R R R A RTHR T, Rk
RGN I S S R RO, T AU R
SIS 2 PRI A ARG IR N R 255

A, A7,2022,38(x)  http://xddl.ncepu.edu.cn  E-mail:xddl@vip.163.com



12 K B A

2022 4 x H

JRARF 5 BGA VE B Sk S B TR e, JFA
KL AT TEE RN, BT 852
A= v T 5T R S5 IR A 2o e 0 5 I 245 £ B TR Y
HHIIC

SZ 3k

(1] BEXAR, 05, MR, 55, T T AL ) RGBT

1B A RHEHOR B HUR i # 0], mH R R, 2023,
49(05): 1765-1778.
SHENG Gehao, QIAN Yong, LUO Lingen, et al. Key tech-
nologies and development trends of digital power equip-
ment for new type power system[J]. High Voltage Engin-
eering, 2023, 49(05): 1765—1778(in Chinese).

(2] Bk, I, =28 A, . B TR A i B M) e 2

B [1]. 7 ) LR, 2020, 14(08): 18-24-+40.
BAI Hao, ZHOU Changcheng, YUAN Zhiyong, et al. Pro-
spect and thinking of digital power grid based on digital
twin[J]. System Technology, 2020,
14(08): 18—24+40(in Chinese).

(3] BRRA, Wi, 25 Wi, B 254 v 2 3 i [J]. )
HESHEHAR, 2022,20008): 60-65.

SHAO Tianrui, SHANG Tao, LI Xianxu. Security analysis

of digital twin of power systems[J]. Electric Power Inform-

Southern Power

ation and Communication Technology, 2022, 20(08):
60—65(in Chinese).

(4] Z=M8, > 16, SR, 45, B MR RIS . 204 5 OCHEHHL
A [7]. PEEHL TR, 2022, 42(14): 5002-5017.

LI Peng, XI Wei, CAI Tiantian, et al. Concept, architecture
and key technologies of digital power grids[J]. Proceedings
of the CSEE, 2022, 42(14): 5002—5017(in Chinese).

(5] 5%z, W, Ih, 55, — RS i B 22 AR R i i e Al
My [J/OL]. BS54k [2023-10-22]. http:/kns.cnki.
net/kems/detail/23.1202.TH.20221019.1451.012.html.
GUO lJia, XIE Jinghai, SUN Mi, et al. A lightweight con-
struction method for substation digital twin[J/OL]. Electric-
al Measurement & Instrumentation[2023-10-22]. http://kns.
cnki.net/kems/detail/23.1202.TH.20221019.1451.012.html
(in Chinese).

(6] &, TR, N2, 5 BF A L RAE . 548 K
LR [J]. T 515 B2EH, 2022, 44(11): 3721-3733.
WANG Xin, WANG Lin, YU Yun, ef al. Survey on char-
acteristics, architecture and applications of digital twin
power grid[J]. Journal of Electronics & Information Tech-
nology, 2022, 44(11): 3721-3733(in Chinese).

(7] E9, FFaE2%, oku, 55, SR RTHORTE Hy R 2R &
G o (0], BB B2, 2023(02): 78-82.

WA ® Ay ,2022,38(x)

WANG Shuo, XUAN Yingying, ZHANG Ji, et al. The real
scene modeling technology application in the power grid
digital twinning system[J]. Electric Power Survey &
Design, 2023(02): 78—82(in Chinese).

[8] QIAO Yiya, XI Xiaohuan, NIE Sheng, et al. Power pylon
reconstruction from airborne LiDAR data based on com-
ponent segmentation and model matching[J]. Remote sens-
ing, 2022, 14(19): 4905-4911.

[9] GUO Jianlong, FENG Weixia, HAO Tengfei, et al. Denois-
ing of a multi-station point cloud and 3D modeling accur-
acy for substation equipment based on statistical outlier re-
moval[C]//2020 IEEE 4th Conference on Energy Internet
and Energy System Integration (EI2). Wuhan, China: IEEE,
2020: 2793-2797.

[10] MORARIJEE B. Using multiple view geometry for trans-
mission tower reconstruction[D]. Cape Town: University of
Cape Town, 2016.

(11] sk, REREAE, WM, S5, THD 0] H, DO 722 HR i R A0 o = 4

A e i Ay EIHRWEE (], H 3 R, 2022, 25€10):
45-52.
CHEN Yingda, ZENG Qunsheng, CHEN Bin, et al. Re-
search on visual 3D reconstruction and semantic segmenta-
tion technology for power grid substation[J]. Power Sys-
tems and Big Data, 2022, 25(10): 45—52(in Chinese).

(12] W . — i TBUARHER 52 1 A2 H ol — A S Ry ik
[J]. B, 2022, 36(09): 126-128.

YANG Zihan. A 3D real-scene modeling method for sub-
station based on tilt photography[J]. Electronic Test, 2022,
36(09): 126—128(in Chinese).

(130 B, XUREAR, sk, 25, B0 22 A FLAERSAL K+ AT

D). EHLER R R 58, 2019, 25(01): 1-18,
TAO Fei, LIU Weiran, ZHANG Meng, et al. Five-dimen-
sion digital twin model and its ten applications[J]. Com-
puter Integrated Manufacturing Systems, 2019, 25(01):
1-18(in Chinese).

(14] BREKT, # 0, JRH RS, 45 T ET A ) R GE R/ MIR

5 S IR 1 T 803 B SR VE ST (0], M 5 R, 2022,
59(01): 1-9.
ZHANG Qiuyu, JIANG Yunfeng, ZHANG Changwen, et
al. Research on load distribution algorithm for minimum
service delay in new power system[J]. Electrical Measure-
ment & Instrumentation, 2022, 59(01): 1-9(in Chinese).

(15 ] PMERI, 5K 2%, T TG 5A T W 46 v 8 e 0 R i
53 TE R W W 5T (7], J0 4 HL Gl R BR, 2022, 48(01):
60—67.

SUN Yukun, ZHANG Xing, LEI Bo. Study on intelligent

computing aware route allocation policy in edge computing-

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com


https://doi.org/10.3390/rs14194905
https://doi.org/10.3390/rs14194905
https://doi.org/10.3390/rs14194905

5 38 & 2 x )

W25 T Fi R 2 A R R S RS ) 120 5 I 4% %

IR IC T 13

aware networks[J].
2022, 48(01): 60—67(in Chinese).

(16] E ¥, FFIER, ZE5Es, 45, Ol AR B m (F 4 22 Bk
SYECHTRE (1. ISR, 2021, 58(07): 124-129.
WANG Qing, JING Zhen, LI Congcong, et al. A novel al-

gorithm of physical layer resource allocation for broadband

Radio Communications Technology,

power line carrier communication[J]. Electrical Measure-

ment & Instrumentation, 2021, 58(07): 124-129(in
Chinese).

(170 YN, T8 1) 22 S Aol 555 2R (0 JC AHILAEAY 98 % U5 3 e

ITEERFSE [D]. Jbat: b RTHRHL K2, 2021,
WANG Haizhou. Research on resource allocation al-
gorithm oriented to differentiated service requirements of
the UAVswarm[D]. Beijing: Beijing University of Posts
and Telecommunications, 2021(in Chinese).

(18] B, 5G 58 M 2% h iy G 3T AL 55 BE SR M F

¢ [D]. AbaT: JLatfi BRHERE, 2022.
LU Yangguang. Research on UAV task scheduling strategy
for edge computing in 5G enhanced network[D]. Beijing:
Beijing Information Science and Technology University,
2022(in Chinese).

(19] sk, =R, VPR . w1 2 H P iR sl ot BT

55 43 Gk PRV AR AL [J]. Jb 5T HE R AR AR 4R, 2023,
46(05):72-79.
ZHANG Zewei, LI Taoshen, XU Junzhi. Multi-User-Ori-
ented MEC task hierarchical processing offloading mechan-
ism[J]. Journal of Beijing University of Posts and Telecom-
munications, 2023, 46(05):72-79 (in Chinese).

(20] A1, ps &, EAR B T [ REFEOL A0 AN 57 B4 i 4 2% IR
5 W CERTIE (7], THEALRRE, 2023, 50(S1): 631-635.
FU Xiong, FANG Lei, WANG Junchang. Edge server
placement for energy consumption and load balancing[J].
Computer Science, 2023, 50(S1): 631-635(in Chinese).

[21] X5, 22 E JE. CON kTl 553 R 240 XA TR

&AL ). TF FPLRE A BF 5, 2019, 36(04):
1181-1185.
LIU Guicai, LAN Julong. Hybrid CCN caching scheme
based on service classification and node partition[J]. Ap-
plication Research of Computers, 2019, 36(04):
1181-1185(in Chinese).

[22] T, TEAGHE, T4, %5 LT SDN 5 NFV §1) 56 K
O R 22 ARG IR Sy IC O 3 (9], L N S AR, 2021,

WA ® Ay ,2022,38(x)

58(09): 89-95.

YU Hao, WANG Xiaowei, WANG Tao, et al. Differential
resource allocation scheme for electric 5G network slices
based on SDN and NFV/[J]. Electrical Measurement & In-
strumentation, 2021, 58(09): 89—95(in Chinese).

[23] CHEN Mingzhe, YANG Zhaohui, SAAD W, et al, A joint
learning and communications framework for federated
learning over wireless networks[J] IEEE Transactions on
Wireless Communications, 2021, 20(1): 269-283.

[24] PR, ZRRNZE, A, 45 B AKAZE FRIESRIUY 4

A2t SFM =4k #E Rk [7]. M BHE R R 2447, 2021,
38(05): 492—498.
HAO Haojie, LI Zhaokui, FANG Jun, et al. Improved
AKAZE feature extraction global SFM 3D reconstruction
algorithm[J]. Journal of Geomatics Science and Techno-
logy, 2021, 38(05): 492—498(in Chinese).

[25] SRERMS, 5. %N RN 55 800K =2k i A L Ay A
5% [J]. Ot 5ot TR R, 2021, 58(08): 197-203.
ZHANG Qingpeng, CAO Yu. Research on three dimen-
sional reconstruction algorithm of weak textured objects in
indoor scenes[J]. Laser & Optoelectronics Progress, 2021,
58(08): 197-203(in Chinese).

[26] SHEN Zukang, ANDREWS J G, EVANS B L. Adaptive
resource allocation in multiuser OFDM systems with pro-
portional rate constraints[J]. IEEE Press, 2005, 4(06):

2726-2737.

KR HS: 2023-10-24

EE RN :

A (1968), J, #i-l-, [EEATRIN, @EEE, R
Ji A RGN H A3k, E-mail: 1x2429109351@163.
com;

EEERHK (1989), B, i+, TR, BTN E SRS
K H:H Bk, E-mail: jinglinoliver@163.com;

MRk (1971), J, AR, SHTREI, BRI
RS RH AL, E-mail: 18207750059@163.com;
24(1999), &, WA, BRI oL ) R e
B3k, E-mail: 2429109351@qq.com;

HEWESR (1992), B, fid, TR, FRITHIE RS
KA, E-mail: 1317359485@qq.com;

TR (1983), B, fid, S TERIW, WF5RJ5m
Y LH AL, E-mail: 1913330860@qq.com.

T S H:

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com


mailto:lx2429109351@163.com
mailto:lx2429109351@163.com
mailto:jinglinoliver@163.com
mailto:18207750059@163.com
mailto:2429109351@qq.com
mailto:1317359485@qq.com
mailto:1913330860@qq.com

	0 引言
	1 系统架构及原理
	1.1 数字孪生电网设施虚实映射系统架构
	1.2 计算机视觉下电网设施静态模型重建
	1.3 面向数字电网动态数据交互的通信资源分配

	2 数字孪生电网设施虚实映射关键技术
	2.1 基于运动恢复结构的电网设施静态模型重建
	2.1.1 基于改进Shi Tomasi-Surf算法的图像特征提取与匹配
	2.1.2 相机位姿估计与点云稠密化

	2.2 面向数字电网动态信息交互的通信资源分配
	2.2.1 数字孪生电网业务效用函数
	2.2.2 通信模型
	2.2.3 通信资源分配模型
	2.2.4 通信资源分配模型求解方法


	3 实验结果与分析
	3.1 电网设施三维静态模型重建效果及精度分析
	3.1.1 三维静态模型重建方法验证与分析
	3.1.2 三维静态模型重建精度验证与分析

	3.2 通信资源分配效果验证
	3.2.1 通信资源分配方法收敛性验证
	3.2.2 通信资源分配方法的有效性分析


	4 结论
	参考文献

