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Power quality data compression method based on lightning
search algorithm and atomic decomposition

Yuan Lifen Liu Tao He Yigang Zhang Heming Shu Haixing

(School of Electrical and Automation Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Power quality data compression is an important step in the detection and identification of power quality problems. lts essence
is the process of exploring power quality sparse features. Aiming at the problem that the matching pursuit algorithm commonly used in
sparse decomposition cannot meet the real-time requirement of power signal analysis because of its high computational complexity and
long time-consuming in matching the best atom, a lightning search matching and tracing algorithm is proposed by applying the lightning
search algorithm with high convergence precision, fast convergence speed and strong global search ability to search the best atom. The
proposed algorithm is used to decompose the power quality signal into atoms and extract the characteristic parameters of power quality,
and the extracted parameters are used as the compressed power quality data, realization of power quality data compression. The
experimental results show that the time of the proposed algorithm to match the best atom is reduced to 1/98 of the original algorithm, and
the power quality data compression method based on the proposed algorithm meets the real-time requirement of power signal analysis
when the best atom is matched, with high compression ratio and low reconstruction error, the performance of data compression is
improved.
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Fig. 1 Flowchart of matching pursuit algorithm
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Fig.2 Compress the basic technical flowchart

2.1 HpEREEXETFENEE

TEPRE X BT RE BRI S MU ARAL T sh
A 1 2R TR 45 B AR AIE , T e #) 2 v B J5 AR OG5
T AR T S RE A R T 9 Bl R IR AR
JEF I kb5 R DL B e R

WIRLRTR S f(1) RSN £ AR S KER N, ik
MR TG .

1) I s

IR R P T B B o R T P A k)
P AR S s Rk

gy,(t) =Kylsin(2'1Tf]t +¢,) (2)
A K, HH—AE T of, B, 2351 Ry BB R AR AH
AL, e R A EEE =t (3) L(4)

fi=foi € (O] € 2 (3)
2

o, ="y € [0.N] < Z (4)

WETEH v, = (i) .

2) KL T

PRI PR R S U e BT & R 5 T A L R
R H R TR R T 3l H s RA A0k
g,(1) =K,sin(2mfit + ¢,) Lu(t=t,) —u(t—t,)]
(5)
s w(e) RO TERREL, ¢, Bl ¢, 435I TSN
2 6 I 200 020k i 20, B T R R R B R X
m=X(6).

Ny n,

ly Zthuz :f’n.\z’ncz e [O,N] e Z (6)
MFEFES y, = (n,,n,) -
3) kg

Jik i i 2 P ke R B B i 155 v A R AR I A
PRI s, H R a0

(1) = Ky[ult = 1,) = u(t = 1,)] (7)
s ey Tl e, 5350 A Ik i 410 2l 1) B s B 2200 R 2% 0k i 2
TATTRE R Y B IR = (8)
Z,td —Z,nﬁ,ne} e [O,N] e Z (8)

WEFEG v, = (ng,n,) o

4) 3 B Bl AN TN AE 51 PR

FL, 30 0 R DA 728 D P SR S UL B T i 55 T Y
HL R I Sl RN A2 3 8y, He i 3RA 2 0h

g,.(1) = K sin(27fyt + ¢,)sin(27ft + ¢,) (9)
K. £, F @, 43501 Ay RS I 80 R DR A8 A 3 A AR AT A
A7, BT R B O A an= (10) L (11)

ts} =

ﬂ=%ﬂQEWWJeZ (10)
2

oy = Visis € [0.N] € Z (11)

WETFEE y, = (iyj) -

S) U BT

IR D T R £ HOH RE B A 5 T Y A IR ¥



513

FF LSA-MP Btk JF 4317 A9 HEL B S0 4500 e 4 ik - 101 -

W SR 9 S A sl HE - RIA R
g,s(t) = Kﬁe_psu_"‘s)sin(ZqTfst +o ) [u(t-t,) -
u(t = t,s) ] (12)
s fy @5t ts T pg 43 IR YR G 08 AR PIAH
B AR I 2 28 1k I 220 B il 2R B AT Y S HEOE
A (13) ~(16),

1}

fo=fvis € [ON] € Z (13)
20, .

Ps =W]5’]5 € [O,NJ e”Z (14)
N Ns

ls =7’tes =79n<5’n35 e [O,N] e Z (15)
k

pszﬁ‘fwke[o’N] e Z (16)

JFIIJJE?%Q%I 75 = (li ’jS ’n.vS 9"’»5 ’k) o
2.2 ETF LSA Buf MP WEFHMBE %
MP 5535 55 R 3B A48 R B AL VU L R T s, 75 2230 7

BANFE TP HRIREIGE S (B 2EES) SR T E DA
—ANEFHNEE, SOz EITE R, SCER[ 1648
th MP B A R R AROR i S AR DR C e i i 2, 7T LU
e (17) s B A Ak Il

| (R} .gy) | =sup | (Rf,g,) | (17)
L R RIREREAFS 5 g, FoRIBETFEPIIET

LSA JZH Shareef Z57F 2015 482 H 19— Fp 35 T [N Hy
HLEE AL TR & L Bk A A AR B T A7
b N AR S S AL BB AL ) B FL 43 SURRAE | SR A5 H 1
R R e B Ak M T B AR e T, B A% . LSA Bk
FR i Ff R i R 5 e R i RS A, A AN A=
AR SRR & R4 T SR AR A A, nT A DR R SR
AR figp ik B b kot SV SRS R RO TR, 25 O T Mp
BARITFE R AR R T B 48 2R, W] FE 0 DR A5 5 2 ik YA
PRI EIAS, 3 THE 5 i s B, bk, 48 ARG LSA
BYEE MP B LSA-MP % £E 7 1 VT B i B Bk, 3
WEEIIE 3 fiR .,

ImﬁwﬁQM%an|
W{Ei)‘ﬁ(iﬁﬁiﬁéi
EH G SRR R E
lm

el Y

N
Eg’%ﬁf g % [EF T A R P P2 e R T |
[ 22 AR A (F2) R 51 SRR (F3) |

PEALT A AR B

5 LR ERS
BRULHL R T

|
SEHIHIRE

B R HR S

LSAB ¥ F R R VLAl 7

3 LSA-MP Bkt
Fig. 3 Flowchart of LSA-MP

PR — A AR 7 6], U B LSA-MP 53 oK fi
S ZEUN S RIEERY I3 (I

1) ¥R S R E

FREERLEL Num B KB AR EL Max _iteration | J3(FE 1A
BA R RD A ERME up=N RO F FIRIE low=0;
FE PN A5 CRAR IR B B 9 e AR AR B R B AN T

Dpoint, = (%, ,* %, 4 ) = (rand + (up —low) +low,
«o,rand + (up — low) + low) (18)
AV R BUGTE S KL ; dim 245 T P TR 5
MR, d =1,2,3,-- ,Num;rand R 0 ~ 1 IBENLEL

T RE PRECREE AN

Sfobj(x,) =l <Rf’gy> I, = [x(u ""yx,l,di,m] (19)



- 102 - LSRR R e o

36 45

2) kA ETFIR

WA U 25 OB AR ) A6 BB 4 e S e o RE UG
N7 JRE RSO ARLRE IO L, K SR A 14 45 T3 P AR 198 3 7 32 (L
HEATREFHES B B AR TR 25

3) FW I A3k B e K I JE I ]

T IE L] ch_time PIURIE R O, BEIEIR 1 YK ch_time Tl
1,538 B H KO A8 B (8] max_time , WPRE 24 5 Fp R b B4
A B G e T R v R e IR 4 e 25 SR, T ]
LN

4) B AR 7 10 R g

B0 B8 2) 1% 3 Y B 0B 4 0 T R i BE BN
Dpoint,,, = (x,,*+,x,,), = Dpoint,, = Dpoint,, , %
Dpoint,,, " B8 B HEAT HORT .

x', =x, +direct(1) - 0.005 « (up - low)

%' gy = % + direct(dim) + 0.005 « (up — low)
(20)

Horp 7 I direct 24 14T dim SWAIBEDL + 1 FiFE
K B A8 SR ARG N7 B o 515 BT 10 3 107 EE AL, AT Y
32 IV (I LU SE T IO B DR U2 J5 T 1) A AN A, 75
P MBS - direct o

5) AT )RR AR | P A Y

HERRSE FHE S Dpoint,,, 22 {E 0 BiCAE Dist |
FIWT Dist S 75 92 ) i, 37 72 DU B [

Dpoint,,, (e) = Dpoint,(e) + direct(e) *
abs(normrnd(0,Energy) ) (21)
FH . normrnd & IEZ 4340 PR EUE U FENLEL, e = 1,2,
-+ dimy Energy TWHEUIT .

Energy = 2.05 — 2 « EXP( - 5 - (Max_iter —
Now_iter)/Max_iter) (22)
KA. Now_iter Y ATERKEL, & Dist(e) > 0,0
BrE T

Dpoint,,, (e) = Dpoint,(e) — exprnd(dist(e)) (23)
KA exprad Fo7m T 48 500 A vREUAE I BEMLEL, %5
Dist(e) < O,EHaeE .

Dpoint,,, (e) = Dpoint,(e) — exprnd(abs(dist(e)))

(24)

TR IS  RE R AR NI R A B R A
R UL LN

Dpoint,,, (e) =rand + (up — low) + low (25)

6) HEURIE

H AT B B B OB PR STE T BB B A 1 B o B A
PR AOIL I BEAEL, 52088 2) 13 U B AL A e e, 4
RFWEEALRT) , BWEEALLES)

7) ¥ Dpoint,,, = Dpoint,,,

R AR A A5 23 30, HARAE IR AR — 4> 0~ 1

Z R BERLEL , 2% BEDL S <0. 01, WA i i 1k % A 4y
N, A5 ) — SRR | % AR I R A
RN B 22 Fnys 25 J 3 3 R i S AR AR AR AR
o7 PR, 5 R 7 B (R K I S, DR AR A R RS A
A BT R Ay SO K T A [ B AR A B
PRI, B 4638 IO R (B4 R )3 3, PR FPRE R AN AE I
WEAE TR FEALTR9)

8) - 4F Dpoint,,, AL AL IR9)

9) K & 15 IR BN L AL A1

3R 3 d R AR U IR R A2 AR I 2k A A, U
Bk AR U, 3R AT B AR VL R T A5 W5 =45
B2 Bk AR KBRS i i [A], 4k R — U8R
2.3 M LSA-MP EiRH B R EHEE SR

BB T {5 5 () SR B A0 o] AR 2.1 5 85
VM 52 45 I T BT 2.2 Y LSA-MP 350k Al 5¢
AL RE R (R S i AV e R T A4 2R, I DA I R A, 41
LR T {5 5 R AIE 5 B H BB T B 58 P 4, vl LA tEA T
e AL L R R R R R (5 5 . AR FL g
AR R 4 3 R K L RE R R AR AR S B B T
mr,

1) FIFH LSA-MP Bk 2E A4 2 (138 0 I 7 P2 b %o R
{5 S AT IR b 0 i, B BCE IR R AR A

2) SR T S P A 1) B 0 MR A8 10 k™) 3 3
PR E A TE I, LLHERR B B8 5 & 15 5 AT BEAAAE 1Y 2%
SEVEHR B BE U 5yt MRAE 5200

3) FIIA LSA-MP Sk A4 0 28 S i P21 o 5
25 T AT IR TR o, BRI SL B 8h i ke 1k i %]
TR IR B A IR

4) FIFH LSA-MP S35 A4 5 (14 ok o i PO X 7% 2
55 AT DR TR 5 43 A, 2 SOk b4t sh ) 2 1k st 2 315
Jok It ) B AL,

5) FIH LSA-MP B35 A0 4 5 () 1S I Ji o %) ke 2%
155 PEAT RT3 A, $ EUTRS I8t A0 1035 38t B 20 1) A3 R
FFRAE , T8 ol A L3 0t e sl A I {2

6) FIJH LSA-MP 55327 1 2 14 H 1 38 20 01 DR 28 I
JE b X R 22055 AT IR T B 40 A, B2 IR P 0k 3l R A
AR B EAR R R AR 11 s 220 1 E R 3 sh AN AR
S IEAE

7) FIFH LSA-MP Bk e b4 B IR 357 I 1 i L 3% 22
{55 AT I 3 53 i, B ICHIR 35 Pt 8 A A 36 ARV | 3
U ZR BRI 1k s 2] IR Y A Bl e

8) T A AR LAk A5, 50 AR IE S 4L
RIAEH, BN EE L 3) ~7), HHWEERLK -
%

ARRREGT R A S 2 AR A S R E, 0
e JEA B (55 B8 42 1 /MR U By it 42 B A RRIE S8



513

FF LSA-MP Btk JF 4317 A9 HEL B S0 4500 e 4 ik 103 -

AR 3) ~7) BIIRE TR E I SRk {50
R, R T Perh DL 8 M BT T g, K,
LT, WA

&y = K& (26)
S g A S P U — 2 0 DT A 7 2 3
X, TLIHHEH K, :

1
K=—"F""F" (27)
/ <g(upt) ’g(opt)>
M BIEE A .
A =Ky<Rf’g'y(apt)> (28)

SEHCR B HE o BN P SN 55 BT B (B R A6
YL B PRI 0 i 20 SR T S K RI  FR 44 1 P T T 4
®1 BEREMRNESHEEE

Table 1 Power quality perturbation signal simulation model

B, R e 14 R RE T B /N5 R R 5 O IR TR,
AU AR5 P BT 35 A BP0l B S RA 56, 5 5
(ERCZ 16/ | o oA N N DR s /E =1 ) S S

3 EWAESHFERIESH

3.1 HBEREHEEIINKE

2% 1EEE il W /L ) R G0 LG I R S 80 o
b TR EERR | TR A R A A O SRR, A4 7
o op.— e sl A5 AR 3 AT G A Sl AR AL SR BE AT R
3200 Hz f55 KR 1024 P RAE R,

A=1p.u f=50Hz,0 = 2uf,t = L/f,

- ':‘E‘%jg = AR %%’E N "
e gk B hm et :
1 B R T Asin(wt) {1 + k[u(t —t;) —u(t —ty) ]} k=0.1~08T=<1, -1 <9T
2 RS Asin(wt) {1 = klu(t = t;) —u(t —t,) ]} k=01~09T<1t-1y <97
3 B T Asin(wt) {1 = k[u(t —t;) —u(t —t,) ]} k=09 ~1;T<1t, -1, <9T
. Asin(an) +K[u(t -1,) - u(t ~1,)] (-04<k=<-01)U(0.1<k=<0.4)

5 HL RPN A

6 TR ]

8 FL IR TH+ kb
s+ Wik

9 LR R+ +
ikt 3y

10 HL R T+
FE 5 Bh AN A AR +
St P

Asin(wt) [ 1 + ksin(Bot + ¢,) ]
Asin(wt) + kysin(3wt) + kysin(Swt) +

kysin(Twt) + kysin(mot)

Asin(wt) + keip(Hl)sin(thTBﬁ
+€91)[u(5_51) —u(t _52>J

Asin(wt) {1+ k [u(t —t;) —u(t —t,) ]}
+hylu(t —ty) —u(t—ty)] +
-p(i-t5)

0<t,—t; =<0.5T
k=0.05~01;8=01~0.5¢ =0~2m
kyyky ks, by = 0.05 ~ 0.3
0<m<ll
E=0.1~08B=6~18
0.5T <1, -1, <2.5T
¢ =0 ~2m;25 < p <330
by =0.1~0.8;T<t,~-1t, <9T
(-04<k,<-0.1)U(0.1<k <0.4)
0<t, -t <0.5T
ky = 0.1 ~0.8;8=06~18

kye sin(2mBft + @) [u(t —ts) —u(t —tg) ] 0, =0 ~2m25 <p <330
0.5T <ty —t5 <2.5T
Asin(wt) {1 =k [u(t —t;) —u(t —ty) ]} ky =01 ~0.9T<1t, —t;, <9T
+ kysin(mot) +kylu(t —t3) —u(t —1t,) ] 0<m=<11;0 <ty —t3 <0.5T

Asin(wt) {1 =k [u(t =t;) —u(t —ty) ] + kysin(Bot +¢,) |
kysin(2mB,ft + @) [u(t —t5) —u(t —t,)]

k=09 ~1;T<1t, -t <9T
E=005~0.1;8=0.1~0.5,¢, =0 ~ 2w
@, =0 ~2m;0.57 <1, —13 <2.5T
ky =0.05 ~0.3;8 =1~ 11

3.2 LSA-MP EERIMERE 4T
FIFHHE Y LSA-MP 283k %t BB i i R R e P sh M5
ST, 5 MP SR EMP 200 [, A0 B LSA-

MP 3% 1P RE

JE -3 R SR R BB A R B 3 v, A6 A [
FIFEIREE T, {5 EAERT 22 B nT BB K, AR U BB )
HLIK A Win7 40, b B %84 Intel (R) Xeon( R) CPU E3-
1231@ 3. 40GHz, NfE£M 8 GB,

{5 FLEE LSA SR A AR Num = 50, e KB ARIK

B Max_iteration =80, L BE R AR 3 1 A9 7 Fh o —31¢
YfE5, BRI G 5 KB BEHLAE 100 A4S, I3
30 dB fy T IR, 23 SR LSA-MP 53k MP 5k
F EMP S803: %0 Az iU FLRE B (55 S 001 i sk 5
TV C e A - R RERT RN R 25 R Nk 2 Fow

Yk e A I TR R AR R (5% 22) [R5 R
oS NG AN SR S E 5 U W S S AR L R N
VIR 1 J 1 B A, At DG JC AR B e . ARl 3k 2
F PR BRI AT 0, 6 A A 3N 15 5 248 LSA-MP B



- 104 - LSRR R e o

5536 4%

5 (EMP SR MP S 78 IR 43 A i A5 21 1 N AR (B IR
HREEX S, AR 2 FFERT B AT 0, LSA-MP B3k
I EMP Bk VC Al iR T FERT 5 MP SR AH L, X1
WK, MP B AL BIFERT K22 EMP Bk

52 £ L) F LSA-MP B 1) 98 4%, % T RIAE R FHA Re etk
Bk MP BV EMP BV LSA-MP Bk R4 It
Mt Fe A R F ARORERT R 2 G &/ 2 %,

x2 3IMEEFRINANREIEFIFER

Table 2 Three kinds of algorithm for inner product and time-consuming

e S MP - EMP - LSA-MP -
¥ ZsH) | AR HME - I AL A Hfi/s I A (A F (/s
| JFIRTES 24.389 9 18.234 3 24.354 5 0.358 0 24.382 7 0.190 7
REGS 3. 4405 18.124 5 3.429 0 1.339 4 3.4296 0.277 7
) JFIR1ES 20.431 6 18.435 6 20.366 3 0.358 7 20.434 0 0.191 4
2GS 3.5275 18.254 8 3.573 0 1.346 3 3.529 0 0.388 6
JFIRTES 18. 460 4 18.595 2 18.440 6 0.358 4 18.457 8 0.194 7
. BT 8.886 0 18.626 4 8.883 7 1.359 0 8.897 0 0.264 9
A JFIR1E S 22.767 7 18.753 1 22.766 7 0.363 1 22.774 5 0.183 7
WEES 1.167 5 5.3915 1.160 7 0.454 2 1.159 2 0.226 3
s JFIRTES 22.6317 18.710 2 22.398 0 0.3599 22.637 0 0.189 5
BZEET 1.086 1 24.801 6 1.087 6 0.916 2 1.079 2 0.439 2
p FIR{ES 22.583 5 18.899 5 22.413 9 0.358 7 22.5853 0.194 2
WEES 5.703 8 74.246 3 6.026 7 2.8489 5.773 8 1.147 0
; JFIRTES 22.616 0 18.696 1 22.591 1 0.357 2 22.629 4 0.193 0
BZES 1.001 2 68.732 1 1.132 8 1.482 4 0.988 2 0.649 5
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(d) Pulse disturbance

(e) Voltage fluctuation and flicker

(f) Dying oscillation
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Table 3 Power quality signal compression and reconstruction performance evaluation index
- s ARSI (M) AN AR (3 1)
" (L34 Lo/ % MSE/ % ERP/% SNR/dB Lo/ % MSE/ % ERP/% SNR/dB
1 TS 99. 41 0.193 8 100.025 1 54.254 1 85.52 0.9119 100. 010 9 40. 800 7
30 dB 99. 41 3.192 1 99.883 2 29.918 3 79.05 3.3372 99. 820 6 29.5352
2 ToMg 99. 41 0.087 8 100.070 7  61.136 0 85. 81 0.899 7 99.999 9 40.917 7
30 dB 99. 41 4.620 1 100.0222  26.706 9 73.33 4.732 6 99. 635 2 26.497 6
3 Tl 99. 41 0.277 6 100.090 2  51.130 4 85. 81 0.8753 99.997 5 41.157 2
30 dB 99. 41 5.189 9 99. 698 6 25.696 8 57. 66 5.248 3 99.642 6 25.999 6
4 TeME 99. 41 0.439 6 99. 847 4 47.138 6 85.71 0.989 9 99.999 6 40. 088 3
30 dB 99. 41 4.470 5 99.658 0 26.992 9 72.38 4.5370 99.610 3 26.864 6
5 TaME s 99. 41 0. 066 6 100. 116 3 63.356 4 86. 19 0.854 3 100. 0014 41.367 5
30 dB 99. 41 4.5520 99.874 6 26.8359 71.24 4.623 5 99. 838 6 26.700 6
6 TeME s 98.53 1.049 1 99. 966 8 39.584 0 55.62 2.619 0 99.934 9 31.637 3
30 dB 98.53 3.960 4 99. 830 2 28.045 3 57.51 4.604 9 99.774 1 26.735 6
7 ToME 99. 12 0.081 4 99.9559 61.792 2 85. 14 0.961 9 99.997 7 40.337 4
30 dB 99. 12 4.344 2 99.778 8 27.241 8 70. 67 4.508 6 100. 049 8 26.919 2
8 ToM 98.53 1.006 0 100.123 6 39.948 0 74. 10 1.016 3 99.989 1 39.859 8
30dB 98.53 4.314 8 100. 144 8  27.300 7 63.52 4.377 2 100. 113 8 27.176 1
9 T 98. 83 2.1353 100.048 7 33.410 8 60. 00 5.943 3 99.647 1 24.519 5
30 dB 98. 83 5.107 8 99.785 0 25.8354 56. 10 7.539 4 99.340 5 22.453 2
10 ToMg 98.53 2.092 1 100.373 9  33.588 4 74.00 1.791 0 99.968 1 34.938 2
30 dB 98. 53 5.087 5 100.093 9  25.869 9 66. 86 4.996 5 99. 738 3 26.026 6
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