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Sparse estimation of a distribution network based on PMU measurement

LI Zhihao, CHEN Haoyong
(School of Electric Power, South China University of Technology, Guangzhou 510641, China)

Abstract: The application of synchronous phasor measurement technology provides an important technical basis for
distribution network estimation such as power flow Jacobian matrix estimation and voltage/phase angle-power sensitivity
estimation. Considering the correlation, sparseness and symmetry of the power flow Jacobian matrix, a sparse estimation
method of power flow Jacobian matrix and sensitivity matrix based on the measured data of a synchronous phasor
measurement unit is proposed. It can effectively estimate the Jacobian matrix and the sensitivity matrix with less
measurement. To tackle the problem of bad data appearing in the measurement process, a more robust weighted least
squares method is introduced to improve the robustness of the algorithm. Finally, the feasibility of the method is verified

on an IEEE33 node power distribution system.
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Fig. 2 Row estimation error of Jacobian matrix SCCoSaMP method with fewer measurement groups
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Table 2 Specific estimation of SCCoSaMP algorithm under
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mi 2040 25 41 304 2%
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Jp1 128.95 129.02 129.01 128.96
J,s -459.14 -459.22 -459.21 -459.16
Joss 290.81 290.78 290.77 290.77
Ja2 -233.55 -233.55 -233.55 -233.60
Jiso 508.31 508.30 508.30 508.30
N 107.03 107.03 107.03 107.03
S,1 —2.9428x10* -2.9433x10* -2.9434x107* -2.9432x10™
S,z -0.0019 -0.0019 -0.0019 -0.0019
Sss -0.009 2 -0.009 2 -0.009 2 -0.009 2
Sauz -0.0039 -0.0039 -0.0039 -0.0039
S0 —5.7690x10* -5.7694x10" -5.7694x10" -5.7694x10™
Ssis2 -0.0130 -0.0130 -0.0130 -0.0130
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Table 3 Overall error of the power flow Jacobian matrix sum
with different methods under 30 sets of measurement data
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Fig. 3 Second norm of row estimation errors of CohCoSaMP
and SCCoSaMP Jacobian matrices under 30 sets of
measurements
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Fig. 4 Second norm of CohCoSaMP and SCCoSaMP sensitivity
line estimation error under 30 sets of measurements
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TEOLT, #SREACT Al v H R AT O

e, HOAUE 30 LB MEHE T, UMITIER
RZENENL, WK 5 PR,

5 30 HEMHIE T ARG ENEERIRE
Table 5 Overall error of different methods under 30
sets of measurement data

PR ZE T CoSaMP CohCoSaMP
MES, 4.7354x10 3.1570x10°
MES; © 0.105 0




.18 - ®hEREY BEH

R ZET SCCoSaMP WSCCoSaMP
MES, 4.8194 x10’ 9.8141x10°°
MES, 0.0011 7.2371x107%

& 5 WAL, EAAREEKHELT,
WSCCoSaMP JjiE AN st fiti vt 1 ¥l AUHERT bE
FERERIBTA AT, T HL R A8 R A A A T B
AR AR Z AR N, RAIREAITERE .

£ 30 AL EIMEHE T, LB oA REHE IG5
N WSCCoSaMP 75 % B BARfG TH1E L, 413 6 i

% 6 4553% 5 AT LIE I, WSCCoSaMP J7iZ%
FEEVDIENHITS, LA LA REdE, Mkt
LB R R RS SE R A T 2 SRS LU AR, RS AT
NG EER

Pk —4, 7£ 30 HENEHE T, tETLA R
FFE A RBAIRE LT, Al T AR
CoSaMP J5i%, Hu# CohCoSaMP. SCCoSaMP.
WSCCoSaMP s I A HE AT EERE B A v 1), #E47
Z AT, EERAH RS EE A, k7
J7R o

% 6 AR REIET WSCCoSaMP BEATE 30 4A

ENEE T EAMEITHER
Table 6 Specific estimation of WSCCoSaMP algorithm with or
without bad data under 30 sets of measurement data

R TTHR A REHE A REE el
Jo1 129.03 129.03 128.96
J22 ~459.25 ~459.25 ~459.16
Joss 290.77 290.77 290.77
Jaz -233.68 -233.68 -233.60

150 508.30 508.30 508.30
Jsas2 107.03 107.03 107.03
Sp1 —2.9419x10*  -2.9420x10™*  —2.9432x10*
S,, -0.0019 -0.0019 -0.0019
Sss -0.009 2 -0.009 2 -0.009 2
Suz -0.0039 -0.0039 -0.0039
S50 -5.7708x10*  -5.7700x10™*  -57694x107*
Ssas: -0.0130 -0.0130 -0.0130

= 7 30 HEMHE T AR ERETTEE
Table 7 Estimated time of different methods under 30
sets of measurement data

Al Al /s CohCoSaMP SCCoSaMP WSCCoSaMP
A R Eds 0.055 4 0.166 7 0.249 4
HA R 0.063 3 0.1989 0.450 4

SENTTHIAR, BR T TLVEH, EMAETHE
FEXEIN T KB ML SO T, SCCoSaMP 1]

11 [A] R A S22 CohCoSaMP 1 3 1%, it & Ak
0.1s. flivhif s 2 M R EE, 75 SCCoSaMP H1i
Ny B LA R IR, B DA A2 — e FE R
Pxg N, (BERRRZE BT & LB T
WSCCoSaMP H T3] A T W kit Bk 51 B A B2
W, BT O TR (] 3k — 2B, fEA A R RS
BN, WSOTHEZ, i e R 2,
HIX ST DAEERZ 11

XFF Al v R Th W E T L AR RE, BT
WSCCoSaMP F1 SCCoSaMP 4 & 1 A ZEHIH , HIvi
AR LG P P s 2R AR A B AR A DI A A
B, ELAREIE T, WSCCoSaMP #il SCCoSaMP
H e IEAAFERES B R X2 P e a3 BN R
P&, WSCCoSaMP 1 ft 1E A U C HeL X (4 9 28 40 4

4 LEip

AICET PMU BEESE, -7 — o i
FHE T LR 4R A L T /R A — Dl 2 R U B ) A T T
o WICESSH I EIAE T LUAERE AR B, ST
FURE T LU AR R AR R A TR . FE AU BN ZH 2
OIS OL T, SEIR T X W A P R e A e s A A -
T RGPEFHBERIAN T =PI REME, 18
JEA (4 7592 B 5 NI /N 30 3RS, Bk
D kR T A RE S A4 RS, JRERa
JDREIE fr ot s R0 o] e N ] B = 7 P o 11 RS
A R . FEARSKIC FE Y A B R AR L IR T
A4z &R g0 BB e, Ry HAR i — 5 1 7t
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