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Abstract
The scale of rural power grids continues to grow, and substation inspection work has become an

CESIH: ek, RX0E, TR, AT, KRR, T AR R0 AR B Sl A A R A B R B AT S SR, HEREALR RS
i, 2023, 13(12): 2355-2363. DOI: 10.12677/csa.2023.1312235


https://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2023.1312235
https://doi.org/10.12677/csa.2023.1312235
https://www.hanspub.org/

E A

important component of power grid operation management. However, due to the wide distribu-
tion of rural power grid substations and weak supervision mechanisms, some rural power grid
substations have frequent problems of inspection cheating, such as forging inspection records or
outsourcing inspection, which affects the operation, production, and daily life of rural enterprises
and residents. Hence, this paper focuses on the research of low-cost digital inspection and super-
vision terminal, which uses ESP32 and 0V2640 to build a lightweight face recognition algorithm,
and adopts a teleportation EG810M module integrating LTE CAT.1 and GNSS to achieve paperless
recording and remote delivery with help of a human-machine interaction system. The experiment
shows that the inspection and supervision terminal proposed in this paper has high cost-effec-
tiveness and is suitable for mass promotion in the application scenarios of rural power grid subs-
tations.

Keywords
ESP32, 0V2640, EG810M, Multi-Core Collaborative Algorithm, Face Recognition

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

BEE TR E 2 MRS FR e, 2 AT AL DK 1], 2 N BN EEE, ST
25 1R B S 5 R RFRFEN[2] [3] [4] [5]- 28T, SZBR T4 AR sl ) AR T 3 5 M B L 8 s AN A2
o> A AR L IE SR N 1B Z FTAT A, PhIE R e S B M SR R S, HET S B2 A F
H PR Bl I o A% (] RUATT L, ™ SR B 2 A AL RD i B4 AR A R H ARV 6] [7]. DR, R
A HL VA RS B D B, I DR B & B FEORT R B e S I R AL SR, 2 & 0 HL I AR s S AR 1) SR B S 4
(8]

DRI o e A, o R A SRR M B i AR SR AR PR A s PR SAS E BE TAE = S 4R 9] [10]
SRIMT, T 5 B2 & O FFA R A FLIKRE 77, A B REAHR TR aE , H RS
SN R B AL SR S TAE. ik, #6702 AT HbIX B 22t T AR N DK 80O % B 2% 454 [ = 4T
R, tbAh, I AR B s A A Rk E e, HASCRRR AR SR SR 7T, ME DL
JE AR P75 Pl SRR M B T A A R A R o A 3 8 FH 75 2K

NI, AR SO 7T 3E FH T4 IR AR F S R SRS B 2 S R O 6, B A N RIAT SR A3 i o 49 A S it 1L
PETFAR AR H 3k MR B AR B A K o AR SCRIT BT B 240t LA ESP32 il OV2640 A% 041 AR
WL, Wi LTECAT.1 A1 GNSS %1t EG810M f4l, LLSeilk (s BT Baicss, Ak
P A% B Sl IS A B A e BRI S . SRIGER I, AR SR S 1 e B 4 ity EL A ER AR R R S R T
AR A, IS A TEAR AR Hsh N 37 s R R

2. BERSE LM
2.1 HERGEN

DN REERAR A Rl 8 Ay A A B L, a0, B i N L 8 B S U RE 0, WA SR T ARl A
23 A NI TR . B R BRI L IRk I PR A R RS MR S R BB RE . RIS, A A

DOI: 10.12677/csa.2023.1312235 2356 H LR 15


https://doi.org/10.12677/csa.2023.1312235
http://creativecommons.org/licenses/by/4.0/

Ui AR ANIAC 7 2 G0, SKENRRB SR L, DRI TARSRAE P g . Dk, AScdk
% GNSS HLLH R A B A B AF SR MBS, SeBL kR B 2 oo A R M 28 0. Ak, AT
T LTE CAT.1 SEHUMEE A%, fff ORaCORS M B 2 i e R A AT 2 S %, 38 s PR et A A7 fis
PR BAARSCBUAE T & 1 B

SPI
I)D— Eigrms B ——FLASH + SRAM
SPI
— SDF
P S
TFT+R#IR | SPL| ESP32 | pp i~
(320x240) [~ ~—— PRI ICECEEEE |
2 AGHzWiFi
BaIE —
BHiRTHas g‘ uart| LTE Cat.1+GNSS l
(TPS5430) — (BIXEG810M)

Figure 1. Circuit system architecture
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Figure 2. MTMN model architecture
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Figure 3. Implementation flowchart of inspection and supervision terminal
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Table 1. Reading time of different resolutions

% 1. RES Pz

] A% X Eg oy E R BEECT 50 ] (ms)
1 UXVGA 1600 x 1200 120.12
2 SXVGA 1280 x 1024 90.41
3 XGA 1024 x 768 40.24
4 SVGA 800 x 600 39.25
5 VGA 640 x 480 42.10
6 QVGA 320 x 240 19.14
7 HQVGA 240 x 176 35.79
8 QQVGA 160 x 120 23.47
9 CIF 400 x 296 40.84

RYEZ 1A%, EAR OV2640 it I EHE 4 2 W]k 1600 x 1200, {H 75262 120 ms I [A], R
Kigrimizey 8 miufb. thah, 24 Ov2640 it oy QVGA #% kT, EUEREEFTHER AN 20 ms
Feti, MFZ UXVGA & 6 5P b BT ARSCRH TFT AR BE 7 HE% 0 320 x 240, fE4REiafERL
RFAIER b, ittt i B 80t OV2640 K 43 5% 320%240 1 QVGA #% 3K,

IeAh, 28 BTl AT MTMN S8R IERE, R pe NS VR BB AP AT B[R] o A ST 0 AN R R
A MTMN BEAGEERT (R EAT T K, AHCSRIG 4 Rundk 2 Fios.

Table 2. Calculation time of different MTMN versions
5= 2. IE MTMN RR A B0 IE BT E

Fr BRI Kg o e P-4 [ (ms)
1 MTMN & 8L R 320 x 240 148.25
2 MTMN #2577 s 320 x 240 183.46
3 MTMN = R &R 320 x 240 247.43

MHEL 2 AT%k1, MTMN BE BSOS R ARA, NERTHRAMRACER AL EE MTMN B S
RISEHN IR, FFxS FiR S HOAT 7 ARSI RGN ARSI, A 18RS M 24 i P 2 1200 50 em,
SR ARG M B 2 T S A K B B, BRI R HH A R IR R I . ARSI A R AR ] 4 By
IR
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Figure 4. Face recognition effect
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Figure 5. Relationship between recognition accuracy, average time, and angle

5. IRRIEEEMEHEE S kAKX R

DOI: 10.12677/csa.2023.1312235 2361 TFENUER S N A


https://doi.org/10.12677/csa.2023.1312235

E A

WIS AR, WO R ERE 5N M RE R REAR G, B AN S UG AR IERES I A IR, NIRRT
FEHERE N R, 2 AHLIE AL F) 907, [RIOUHR ] BE ARG AE XE AR ERAR S Bl 3K, ki S BSOS #E B L&A
JE 20%. IbAh, HREEIE 5 WA, 78 15736 Bl N ARSI D 1.7 0, S5ERRRIAEE A 5 WA fE
ERCR 2SR, SEUEIR B2 K NS AESAG L AT ME LAORIF 0T (AR 2, AR T MTMN SRR IEAAAE
—E L. N, TESRBRRN A, BRI SRR A A KT 45° HERFFHEXFRE, AR
IR TR P A 1

4.2. BEFREMES

N T BAEA ST A B A R G VERE, AT C# S 1B B AL . iz Sk
WE 2 om e T TCP AL Bt i, SCHLANRARA AR WREE . S8 A B RS T FE 0 ,

AR B S an ] 6 Fras o
ol Form1 — [m] %
BEEE
PRSSETe: | MY | SO (5570 | HNZERL:[TCP Server | 21 iy
HiERT

12:00:08 1TC, ELEE0: 28, 64065, 121, 26295, BB LS
12:01:06 UTC, ZEEEAF. 23] 64365, 121, 26205, ﬁ%m*aq._. Pk EEE
1203106 UTC, ZIEFF .28, 64965, 121, 26205, ﬁ- e
12:03:37 UTC, 25%5fF 28, 64065, 121. 26295, Ji]l%“)\ﬁuser ne—Ei AR AL
12:04:37 UTC, 2525 .23, 64065, 121, 26205, ﬁ IEE

)<1

H
>«
o

"L
120537 UG, ZSIEfE 08 64965, 121, 26205, %E*
12:05:48 UTC, 555 :28. 64065, 121. 26295 flllzlidie A 2, FELAR
12:06:48 1TC, ZE25[E 08, 64065, 121, 26295, BE L2
12:07:45 UTC, 4R 25, 64955, 121, 26295, ﬁ%E*?

FEARER

B
=——

Figure 6. Data acquisition software

El 6. BIERERNH

ML 6 AA, AT TR LTETask H1, LTE CAT.1 BLHu% 1 40 ok i HIA: R 55 2% A% O k60 25
FIT LIRS I o S8R AR 55 s B B B v A Y, ASCEE T LTE CAT.L S M 28 S b PR
R LR A, B a0 B A S A 0 1) 45 SR (R DUAT ) SE IS (K A2 B AR 55 4, RIS L BEKE AR E U 5
(TEBRN )15 DAL Bz ol 5545 (55 )\ AT) o BEAL, Hiobi 0 b 241 GNSS ARHLIRAT Y i [ BT Hh 1 B 15
B — TR R S o, AT DUONIRIE R A5 B BRI . 25 b, ASCHr iRl e B & dim 4R il
P52 BRIA IR AR P A2 Lt 8 AG 37 55 R I, RERS AT U IS ZE N D3 SR AN IR TE S Py it 58 1] AL,
P i LB AT BRACR IR 55 i, (Rt 1 2 A Al AT B 228 2 R R A e

5. &R IE

ARSI AR WAL RSt 0AG TAR FR AR I, B T — s AS A 1 eI B 280 7 56 I3k
T ESP32 AT 1 AIATPEANAT RV ESGAIE . AR T T I B N B e, %07 REVA S B G TN S HodE

DOI: 10.12677/csa.2023.1312235 2362 THEAURF 5 R


https://doi.org/10.12677/csa.2023.1312235

ALY, BENEAT U DA X AR ALt A AR B SR (Rl L, BT R ROHE RN T AT 5t . 4T ESP32 M
B PR, AR I HL B R A e L -2 S, RETTRE M B FOEPATRCR,, AR5 FPGA I
HMNEEPFDRE, D5t m NRR A AEE R R E .

E&WmE

] ] 3 30 7 M £ T S R B D A I B R R i B W ) R G N T RETT I -1 & R SGBE B

W &MY B H %, 45 YR-DLL-BJ-RIKF-221014-03219.

&E 3k

(1]
[2]

(3]
(4]
(5]

(6]
[7]

(8]
[°]

[10]

[11]
[12]
[13]
[14]
[15]

[16]

Han, T., Gao, Z., Du, W, et al. (2022) Multi-Dimensional Evaluation Method for New Power System. Energy Reports,
8, 618-635. https://doi.org/10.1016/j.eqyr.2022.03.150

TR, BONGE, BAE, & ETHAURBEAAFE B ETE B R0 7T DAERE AR A B 0% B 9 il [].
TEIRALE, 2023, 41(9): 173-182.

X, TP R RAE 2 A AR fE LS SHIFR R[], &5t 9L, 2023(11): 112-115.
TRFIE, PR, REGRREE 2 AR (EFRVLE . BISmIR S 9tk An]. Rl &sr 583, 2023(3): 71-78.

Sun, D., Yu, B. and Ma, J. (2023) Research on the Impact of Digital Empowerment on China’s Human Capital Accu-
mulation and Human Capital Gap between Urban and Rural Areas. Sustainability, 15, Article 1D: 5458.
https://doi.org/10.3390/su15065458

AN, SRERE, HEZE H AR e AT i A RS RGN T AR [I]. DA F TR, 2023,46(3): 156-160.

Sun, D.-D., Gong, T.-R., Liu, R., et al. (2017) The Design of VLC-PLC System for Substation Inspection. Energy and
Power Engineering, 9, 581-588. https://doi.org/10.4236/epe.2017.94B064

T, TR, B DR E R PR FE AR N E 5T R B EIRR D] B &5, 2023(11): 86-89.

Shrivastava, A., Suji Prasad, S.J., Yeruva, A.R., et al. (2023) 10T Based RFID Attendance Monitoring System of Stu-
dents Using Arduino ESP8266 & Adafruit. io on Defined Area. Cybernetics and Systems, 1-12.
https://d0i.org/10.1080/01969722.2023.2166243

HOCAL, BEERS, 9KEE, . BT Linux BORREIIE fE & TR RGN BH S SEBL). AT R TR, 2023,
31(4):11-15. https://doi.org/10.14022/}.issn1674-6236.2023.04.003

2, e, AR AREEEE RGN HE & TR, 2022(S2): 274-275.

F#e. HT Adaboost HiERI A BURIEZEIRTI[I]. BB R 52 B 224k, 2023, 22(1): 10-13.

KEM, MZH, BN, F. BT AR ELY RSN MEEMEAR, 2023, 13(1): 14-16.

XTI, ¥AKE. FET OpenCV Al Haar FHIE /> 8485 1 EBR AT II]. 38 T RHER 22274k, 2011, 34(4): 384-388.

PERRF, 45, BWE, 5 —MIET Haar MK G BIHIERARATII[I]. Seds ke TRk, 2021, 42(1):
254-258.

IR, BREE, M — P R RE A TS R B VR THEANLR SN F, 2014, 23(9): 65-71.

DOI: 10.12677/csa.2023.1312235 2363 THEAURF 5 R


https://doi.org/10.12677/csa.2023.1312235
https://doi.org/10.1016/j.egyr.2022.03.150
https://doi.org/10.3390/su15065458
https://doi.org/10.4236/epe.2017.94B064
https://doi.org/10.1080/01969722.2023.2166243
https://doi.org/10.14022/j.issn1674-6236.2023.04.003

	面向农网变电站低成本巡检监督终端研究与实现
	摘  要
	关键词
	Research and Implementation of Low-Cost Inspection and Supervision Terminal for Rural Substations
	Abstract
	Keywords
	1. 引言
	2. 电路与算法架构
	2.1. 电路系统架构
	2.2. 人脸识别算法
	2.3. 多核任务调度算法

	3. 系统实现
	4. 系统测试
	4.1. 人脸识别效率分析
	4.2. 数据采集性能分析

	5. 结束语
	基金项目
	参考文献

