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Study on the Performance Evaluation and Optimization Strategy of the Data
Acquisition Module in the Electricity Consumption Inspection
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Abstract :

With the deep development of smart grid construction, the electricity consumption inspection system

puts forward higher requirements for the real-time and reliability of data collection. The multi-

dimensional performance evaluation system and dynamic optimization strategy are proposed. Based

on the construction of high concurrent communication protocol stack, adaptive sampling algorithm and

hybrid anti-interference filtering architecture, combined with the hardware resource elastic scheduling

mechanism, the collaborative improvement of data acquisition efficiency and accuracy in complex

electromagnetic environment is realized. Key technologies such as low delay transmission, dynamic

spectrum perception and heterogeneous computing resource management will be breakthrough to

provide theoretical and technical support for fine monitoring of smart grid.

Keywords :

data acquisition; protocol optimization; dynamic sampling

515

EOEREEYTERI A, TR G A5 T ISR INAER S (5 5 R 3R P, 12 T O i S R i
WERME . ASCHISEHER I RMERE S SO ETTOTSE, ST SRR OE AU, (@ I RE . AIERRAER
W SRS SRR A RIS, eI R R B AL CHEDE . BFSE Bk B2 TV IRGT T AR AR AINGE — GEHE - FEEZ H

FRCALIRIEL, ) ] RS A ROR B REAL | T 57 sk o

—. FAERESHERERKIARK

LT RGBSR INRBUT N 2 4RO, PSR
HEMAART AT SR A IR . A 5tE B Iz IR T
e, eIt s T 5 AR 28 SHER, XELL s
BRGERTR; BRI (T I S BUE S T sl , W
FRYEETT TR S F HIIHICRAT R, SMI BRI s [N,
NGB R R IRAIA, AEBf T R ALST AN 5 51 KA 55
R, FERGMMAES R, hoh, BRI &AM

LE-a FI

TR AR AR A L Re Rl . sl &L, HE—
IR T Bt R S S P S e = (B P XER. B TR TT 26
ZRAHESHICE, SZ 30 ME TR HERIETRE, MELL
RS 25 R IR

—. BUEREZEIRMEEITG

(—) MEEiTEElT
PR 2 AT SR B TR R AZ O A 0 43 B 75 38R 8 R A i

E# (1990.8.24- ) , F, Rik: X, #¥H: THAE, FFH: L, FRFH: whRERIEHW;

BRk (1994.9.4- ), B, Rik: X, #¥: IHAGE, #

Ji: PRE, R E: RART R,

046 | WATER CONSERVANCY AND ELECTRIC POWER SCIENCE AND TECHNOLOGY



ROWERTE . REUE N R G e R, eI RIS
T P A P 5 7 N 9 2 Tk 2R 0 9 LA S
QELAET, T IS Bl A SR A AL i B BB (SR
(SNR) TEAREFIESE, TSP LA A [ H
MR TS5 ORILE ; B E W EERET A LT MQTT
CoAP., LoRaWANSEMMUAEM RS . ETMIE, WA mEm
| SR P (2 S
(Z) SHABLHEN
FER A R R IR A E N, TR
Bt Pk el DI IE SR SRR (0 B R 2 pe 0. MR R G
K o A= Ty e A 2t i RE UL A AR, DA =0dk 3 SR g
AR T 22 T7 J Bk, WA i TCP/IP 4% 2 54
R HSS AP T R R A M N I AR SR OB Y TR
i e W 0 S R IR R OCTE I, AN 0T R e R e
FPGA B B ZR A SR R FRRLIN A5 | i o I e A 2 e e
45 CRCAIR R MR T, LI Tx A e 5 KR
HTTP/35 MQTT PHUAEMRCRE R, BREURIE T T4
SR PRSI .
(=) SR D ERITRS
1 AR A A SR AR 7 S S W L A3 Al v, SRR B A&
HOL f R B ASLALL 3R 48 DA A M 7 TR 5 5 R A s Wi .
DRI gmRE M R R A e TN I L i B L BE AL BT TR,
R VR B B 5 43 T S0 SE I T LA R 0 T S G (SNR)
B [ (8, JF AR 98 A8 4 4 A S AE R 43 A (SNR=40dB) | B
(20dB < SNR<40dB) . C (SNR<20dB) Z=ZgiffbIX[A], ik
W% DX TR P A ) iR T SR e B S PP AR AR, BN AE C s
T TR ERE R M40 5 AD RFEHEASR IS . TR £
e TTE, A AT/ B L0 5 R B RN FE R
SNR X [AJRIRIL R GEZE o
(M) WIS
TEH R A S B S AR LU gE /i, R AIRSEAS
PN 5 e T IR (& T 25 50 A 2 20 20 18 TPl
MEZR, ST MQTT. CoAP, LoRaWAN K FAH WS A 14 43
EHL RHRCE ST IR T MR . SERANER LR
F1: BRI

kA MQTT CoAP LoRaWAN
(&S HE s B
Sding:d 5 QoS 554 fxdiae 7
PUTHEES | VRS TCPEM | (RN HEER e
BEIRIRE B BAR A

IS MR 5 TR WU R R, I B L
ISR, (RN BHIICR S AE R B R R, D[]
RIS S5 M55 T T B LU AR LIS S0

=. HEREERMCRRRIZIT

(—) {RESREHIALLIL
A FH R 537 SR (RS S B SO A e, 5 T 1 PR ) B

RRNEG RIS 7L, A B SO P B R AR R R0 BT
SR FH 25 T2 BT 10 Sk P 45 095, 5% MQT'T W 3¢ il s Sk i B
BT AR, B 2GR 5 E R B BCA R AL, T CONNECT 4%
SCRFM 12 W R T 47

VI E R DT, AT AT S ALK B L], AR RS
WAE ML (SNR) S F S 1 0 SRS K B2, 76 f B it [ 25 e )
=99 9% AT HE T, ¥4 LoRaWAN i S5 i 44 f Bif K M 18. 4ms 45 5k 45
5. 2ms,

R R T 5 NIR A H B AL R (HARQ) L5 I 45 4 i ) il &
B, AR E RN, AR Galois B Lk Mk M 4 4
% (INC) , AEptda ™, wm (D .

P =@, a,P, (D

redundant

A, Poudan NERMTUAREARA, @ HNTE Galoisi LM
LMEHEENE, KNS SRUNIEGEIE SR, o NENLRE,

PN kARG A o SR AE A R] Y o506 R AR H s 0 1R AT 2R P 4
A, FIHBA TR 2N EIGENELYERE R o 3
A EE RIS CFIUAM) W, mlE e E I e R K 2
AFR R EIRE, IR IR EA IR E 2 A E R .

(=) hiSEEEX

TEH A I 7 S s B R R, TR S SRR K
N NCRFEZER, AR T RS SR AL S A S B S
B OC R BT R Bl B Bh B 2N BRI I B oA, s A
FEIRAS SER RN AR TR FR 5L st (2)

Ji(t)=fbase'[1+a'MJ

e}

max

(2)

Forb f(0), FIEIERFESS, f AFERERAE S, o TR a5 R
e, CONNIBESHZE, o NTERE, o N KRFTE.
SRS 3 T4 W A R 5% BB AS SRR, i FPGA TR A rv b
SRR R T2 10kS/s LA b, FE & 3 SRAE R AR 914 ik nh 41 30
YU o SRS R A, BT BT TIR [k AR 1 3h
SUURBIEN AH, FUEAURNE £() B2 R, (R B
FEilfE +£0. 2dB AP .

RN Z T, AR STM32H7 £ 51 MCU f HRTIM & 20 3% 52
I B D ASTL B ADC b A I 5 7, 45 4 DMA L b B 445 44 7 48
DI R 2, TR 42 7 CORDIC el #5 S i H 5/ ik &
K, RAERAESREER

(=) BHEREENS &

E FH o RS T 24 0y P REE AP B U8 1 0 L 43 TR AL BT, R R
BT 2 A SURUB N (K B A T BE SR, AR O AE T B AT 55 e
P TR AL I ST DD RS Y o i s SR I e A S 4 o s
DS TSR BRI A A, sl (3D .

-n(D;~1)
w(0=1r5 li'lTR =)l
JjeH J 2 ('g)

Horr, A, WSS i SJEN T, DA EIERE], n i
IR FREL, RN FPGA/MCU AL SRR TR R 1A, S(r) Jaiiff:
VRS 1A e MW BTE 55 R I, B2 &8 5 B

2024.6 | 047



E3JT#2 | POWER ENGINEERING

(DPR) F#4£1.8ws M FPGA 7481 DSP Slice FL#4 N HA4T
FETHLER, [RSEH MCU FUASME A,  DARHR S Th#E.
PFEER A /PR DMABIE S Z4e P ganh R, (@i
TR HEFR TN ADC SRR 5 PR EE (MQTT/CoAP) 1)
T WL, Tof LRU-K R/ B0 s AR R S8 1 77 3%
DU o Y B BT A a3 728 P AR R IR T 30k, AR T 45 BAA
RETHBROOEE, &6 1T RG2S RsE i, 2L
AT AR AR T Y S PR

(M) BEMTIIER

T RS2 2 R A DT TR A T, AT S
FRSAEIR S A 3h A YR YL R R . WREEA SR ] FPGA+MCU 5344
Ji g, I Xilinx Zyng=7020 [ PL 3 38 & I 17 4b B 7t Ak 28,
PSS 3m AR MU 538 8, AXI-Stream S 4 SEHIA 2245 I
fLtfro PRI T, IE R LMS R G W AR AR
FIH FPGA SR 128 Bk [ 8 U Al I IR A S i B, 255
JET BRI UG R SL R AL, B A 20 U 28 S A BR B i
W, 224 ws WA AMEE S, S8 10kHz~2MHz 9 B 4 ik
WA = 46dB. TR ] IR A9 #s 55 Adaline 4%
W4 IR A5, BT A O Hh B PR AN 18 B e
Adaline BT CORDIC IR FRSCBAUE A = 5HT, 45613—1k
I/ NG TT LR B 509R /ms HJRHT =, 50HZ I I w5 A
% —65dB, FH{EE AR 1 RAM SRR L5, RIEm
ARG N AR B, S Ak e ik 318 5.6Gops, T EXT
100k Hz~30MHz FE1 14 7 Al sk 77,

- RRISIE

FEAER T H B E RN LA R, IR E T ET
RT-LAB S5 H pasanezmasRE LS
& L SR -~
GMRIERR, &R o
LIS RN

AR B ZE PR
3 &, >R A Spirent
TestCenter 14 & 2000
TR RS, AR
TR, IR

— it

%

SERERAL S5, Sel mans

MQTT Hr 3 3k #F & 45 >E RAAEEIEN R G R S HE IR FHUR
Sl B e AE A 82ms [ 5 23ms, HARQIR AT AHLHIAE
30% FIZ AT AR BT 2 IR 2.7 (%,

B ASRAREEIGIE T, J8iT Fluke 6100A FRAESRHILEN &
ARZEET N 125, S 2 iR

FEF Ui Bl 7 S /N R R I Y IS NSRRI A £ 5% H
FEUE Bl S RAFEARGR TN I (A < 1.8 ws, & 2 HH DY &
2kHz LA B3 4 A -68dB, 2 GB/T 19862-2016 1 A
IR

— ISHEMEE (E8S5HZ X))

#85% o)

> [E2 BIER RE R RR T 2R s R

TR 1 38 B4 BLBE FTIR R, 78 STM32HT+Artix—7 &
M- G N4 150% 5 K 4 0, Lyapunov i 528 CPU 5
FRAELET2 £ 3% X0, DAMERSNAHEDIFE, SR FLN N AER
<24pso

IRATT e AET T EM Test NX5—-CSIM 3 A\ 255 %
UE, FESIN50dB w V/m 1 IMHz i BETRES, ZHBeg s 2 (f
TARIRENERZE < 0.05%, IS HREEEIL 98.6%, BT
Q/GDW 120752021 f\bbzfi sk 010,

h. Zig

AR T AR B AR RS S 00T R, R GeiEi
HAPERETF AT i S ORI R o RN HE PSR R 208 (2 4 T
B BASREERE T U S R . IR AT T s
ARG Bl REAR IR PG R LA, BT TR S
MILEiee. IS NT SIRIIER T, TR RS AR AT b
IR BRT AR,y R I 2 AR S
BT TR S

25k

(10 BRI G ft R EROR N TR EHE PRI AR &
7 ,2023(6): 224-226.

[21VFS IR e | 45 (ke T AR 2 SR S R A SRS (). IR G
Hefe 2022(2):112-114.

(3] %6 B ) 4 R
A ,2020(46):151-151.

(4R AR A SRR AL AT (7). SR BRI L 2022, 39(9): 268269
(Bl | FRA VPV, S R i AR R R B S E B R IE A (). R A
L ,2023(9): 241-243.

[6) 58 . i A S A SR S (). TR L 2022, 29(11):67-69.

[7) A AL BT I MR DOHUEA NS 1), AR 522957 L 2023(7):98-100.
(814 . IR F PR 2 SRR AR A 5T 1)), e A IB R |, 2020(5): 32-32.

[V IL RO | P8R & SE TR U R AR 4k LR RIS B R ST 1) 0L
AR ,2020,39(2):7.

1101 5K . i AR TP ER B AR ORI T (7). Sl FLER BT L2023, 40(2): 240-241.

5 RS MR e U1 [ R R %

048 | WATER CONSERVANCY AND ELECTRIC POWER SCIENCE AND TECHNOLOGY



