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Collaborative acquisition method of distribution system frequency via limited communication
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Abstract: In order to achieve the application of a large number of distributed controllable loads with small capacity to system
frequency regulation, the acquisition of distribution system frequency for all controllable loads is a prerequisite and basis. A
collaborative acquisition method of distribution system frequency based on consensus filtering is proposed, where only
frequency-measuring devices at distribution substations are utilized. Limited communication between neighboring controllable
loads/distribution substations can facilitate consistent, robust and accurate acquisition for system frequency signal for all controllable
loads. Also this method can eliminate noise and reduce device costs. Convergence and robustness of collaborative acquisition method
are proved by the theoretical analysis under the two situations with and without communication time delays. Simulation results based
on Simulink demonstrate both effectiveness and feasibility of the proposed method.
This work is supported by National Natural Science Foundation of China (No. 71331001 and No. 71071025).

Key words: controllable loads; limited communication; consensus filtering; collaborative acquisition; distribution system frequency

PSS TMT76  SCHERARUG: A XFEH T 1674-3415(2014)06-0069-08
0 B|= s, R s R N AR — R B A
(==

B 2o 0 e B RERIL S . BTSSR i
M H sl TTREFEAE, R AR AL,
k) e [ 28 57 R R 3B D) ol BRI i L. X
REAMIR FHAESS R P2 E REEIN 3R, S i R eI
ARG [ R BT B SR, Al PR REYE TR
PERE- S BOER X A ARG AR A HL R N L R R0

HEWMB: BRAARAFEAAL (71331001, 71071025)

Mk, HRAHBCERG T EH R HuIs o)
INFRATETT S5 RGN, &P
RS A E M.

(VIS O SN E 27 1 ) PR O
BRE W UKFE R HUK SRS . By 4 — 7,
TE A RS T E R S L fig s 59— 5T,
BT A Ay it e ) e R S e T R gt
MR EE A S B G, IR E R
EI 1/4 HA V2G Tige, FFH 12 B E#EA



-170 - CE R R R EEL

0 PEREAT A, 58 1 H B VR4 R R OH T 2 ey ik
2 865 GW, ZAAE B K- 6.8 s (Rl
BEEL BMAFSEEZK, WA ERR R
it T A E SRR 10 458 ik BRI b
7 H LDV AEAE N i RE TR %5 5 5 L I AR 1 5 1)
TS BAES. UKE . UK SR T AHS M
AR, FEA I IR AT B RTEE T AR VRIG
BN IR . fEEE, FREHUKER.
ST PR BT 20% K TRk S 5 R G
WP, AR, PUKES RIS FEME RN 10 GWHY,
[FFEAFAES S AR T B . Hir, Fl
M, PHEEMHARIGEER ) RE DS T
AR,

LR G, B AR, —k
AR g O SR, TS RS RN
futr AT RERBOTER Y, FEERET . WE
i HEL 2R 40 s o) w5 n) s A A AR B S A &R B i
590 X7 AT B O AR AR AT 2
(B R AFAEM A, RIS JRpl g, X I Bl f e
v AIPERER R, I SR E R B R A .
Ah, S O R R R AR R, U T T
Al o BRI T, NGES S R4
P, Nk, HErR R RS EAm S5 R
grimn, FECRAEENEEGITE, RIS T
25 A7 A PRI AR T A 25 1 TG 86 PR 23 0 2 5 T
SR AT 5 (R il X 28 SR >fe ST mT 42 47
T, TS BL R s a5y
BRI, 3R A A R 2 FH g 7
REAS AR 1522 L TR 25 5 S A A], 31X
W M T8 7 fup 2 5 L AT R R RCR o RIS
RN R ARSI, T R R R AR
SEELTCES S5 MR XFREL LT T ]
P G b2 AR I 2 1) 43 R SR T 2
W18 B E R &P A, I O T 3 fup 2
5 e AR IS R S, AN TR

FRT, AR e o — M A Bk A0 v,
T WA AT U T 4k ek 3 A I T 5 B R B
BRIl S T SRR A R, R R ek
RAUS IR L, SRR IR B PR BRI R
e S g =S o T DR R A S R s
SO U 5 58 1 55 ) LA % 4 Rt 0 24 00 5 (1) g . s
), $EH T EEMNBEEENY T s R AR
Py R IR, B H T 385 0 e L oA e g A
PPl PR ) RSB INTR . T R R
RO, PEHT IS R R R R R G ) )
SRR BT A R B R SR T

120, DAS Ry AR N 5 ) DN R B A H ), i
Z PP UK SR 22 /b B (BRI Bk e,
AE HL Y2 Y R 1 5 R SEBLUK B Al P A PR £
T UERERE ) 1%

DRI, A g r—FiERf, T SEF1SE R T
RGO, A B R 2 BT m] 42 5 11
BRI, AT Ay w428 i 2 5 TR AR o )
fitte J9ut, ASCHEH T HET - SBUEIERI A L R ST
PR RIRIBO e B AU SR 2RI AR L
IR B L, HBD R RE LI A IR 5
AL A A8 47 A7 A/ PR AR L 2 )T R R R A
ST ARSI R ] P A SR AT 5 (K S VA
BRI, RN IE BIERRME S, Jek /D A0 I A
T BTRAI H 1.

1 AEEBERTEBREINENFE IR

A *

IEAESR, —3 ) # (Consensus problem) 4%
W 25425 2 4% (Networked control system) 1451
BAS I EEILAL. R, Olfati 25 AHEH T 38 T4 b
BB T, DASEIIAR RS I 4 v BT A
2 B R B A T A IR A 5 (T R (P
AT IR BRSO VA e, B — 2ok
JEDE, PR TECH RGAR B FFREU VL, Bl
RIS T 2 g/ PR AR P3G 2 I LA BRGE A i
HES AX RGN IATE R, i &G0
AN TIE 25, B IR SEBLT AT 4% G g/ PR F
i GV 50 MERf. — 3. SRR R SR

A LA PR R T ST (R8T R e
TR HUKES) LR AW 1 s, S 4
EA R RC AR B, AR e B2 ke
A PRI R . R P AR L AR
MRS IERS]

u, (1)=o(t)+o,(¢)dE /dt (i=1,-,1) (1)
AP o NRGWE; u, e F AR F s SR I
fHs ARSI ECH s & ML A B
B3 dE NN 1 ESAES s o, b i
B, 34 B =maxlo? RFEE T2 LR

P R 2R 435 H P P AR RSl R R 48 A 2 ) 1 LA
BB e LR B A T 5 RSB, SR
PARFING . ngE e, wp e R RACH A A8 [ R 3
O AR N7 R i FEL D T 0 PR £ Bt it . A Dy 4k
WCDMA. CDMA2000 F1 TD-SCDMA 2 J )25 )4
ANEER 3G b, WIMAX HAR HAT i Bk (75
Mbps) « 78 G (10~50 km) « MR MERREEA A,



i,

HL 1A R A A RC AR SR P R SRV - 71 -

S AT AR A AT AT 2 G gy A FEL AR R 2 1] KA PR
T B sR OO 5 [ s gl 28 ) RO A7 I L2 )
HIEAE R IET WIMAX AR ML H Je 2 (5 ™
2 FREERT g s SRE T ESR A WIMAX
HiR, SEEUCLIm s M. ST WIMAX HiAR
(R e IC FLIE A R 40 CHE RS B, A S o+
L7 WAV e R A B A O s BoR 2 P,

AL S R
o s
il
@ BT
PG AT A4 D) He 2 Y T P =
= o U8 i

E KRS A

e - T s

1 BTGB R RE
Fig. 1 Distribution system with substations
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