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An AGC method for interconnected power grid with two-channel random delays

ZHAO Xilin, HE Jingjing, FU Bo, SHAN Zhilei, XU Guanghui
(School of Electrical & Electronic Engineering, Hubei University of Technology, Wuhan 430068, China)

Abstract: It exists time delays in information transmission in double channels, i.e. from controller to actuator and sensor
to controller, during automatic generation control (AGC) for interconnected power grid. This paper bases on Model
Predictive Control (MPC) method, uses its predictive characteristic, and stores and deals with the information in control
process to mitigate the negative control effects caused by two-channel random time delays. Firstly, the AGC system model
of two regional interconnected power grid is constructed with consideration of two-channel random time delays, and the
influence of time delays on control effect is analyzed. Then, the realization method of Centralized Model Predictive
Control (CMPC) is discussed in allusion to the control mode of interconnected grid AGC system, and the processing
mode of two-channel time delays under CMPC framework is also analyzed. Furthermore, the frequency and Area Control
Error (ACE) control deviation curves of the interconnected power grid are obtained by taking the step curve and random
load curve as disturbance variables respectively. The simulation results show that the system has a good dynamic response
performance by use of the proposed method with the consideration of two-channel random time delays, thereby the
feasibility and effectiveness of the proposed method is verified.
This work is supported by National Natural Science Foundation of China (No. 61473116 and No. 61603127).
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Fig. 1 Two-area interconnected power grid AGC dynamic model considering two-channel random delays



-52- @A &R B R

Bl L Ty P TRAS IR H 4G Ty S R F AL
) B Koy VLR IR B T, 0 PR AT ) 4
RiAMARZERE: B W RGWERE: M, LA
Wi, D, A ATRLE REG AP R b
Db te; AP, PR FOBLA B AT S
AXy J AL BB AP, NPl e Pl & APy
e ARG A BRI APy, AR
LRAATHR I AN Ty WIRER LI F)0 R H

M4k AGC RGBT SN
szAXM+4XQ—5hBUU—m+FW0)1
{Y(t):CX(t)+CTX(t—Tz) L
Ath: XER", UER". WER', YER 5 HIREZR
GURAAR R, PR R, SRR AR A,
Aww B\ F. C. Cor 5l Rt N4 S E0E b 3L
W 2)—=(11),
X :I:Afl AF, AF, AXgl AR, Af, AR, AF, Ang]T 2

U:[APC1 APcz]T (3)
W =[AP, AP,T 4)
Y =[ACE, ACE, Af, Af, AP,T' (5)
T
L o000 0 000
Ml
F = . (6)
0 0000 — 000
2
T
00 X 1 500 0 o
B Ty T, )
K, 1
00 0 0 000 =2 —
I, T,
OLO 0 ;]000 0
Ml 1
-1 1
0o — — 0 O 0 0 o0 0
T, T,
OOI[IK”JOOOO 0
T, \1, T,
0O 0 O ;1 o 0 0 O 0
T,
A=/0 0 O 0 O 0 0 o0 0
0O 0 O 0 _—IOLO 0
2 MZ
0O 0 O 0 OOLO 0
T,
600 o oo o 4[1Kq
T, \1, T,
0O 0 O 0 0O 0 0 O _—1

00001 0O0O0 O
0000 -100U0 0
CcC=/0 000 0 0O0O0O0 9)
00000 O0O0O 0O
0000 1 000 0
B, 00 00 0 0 0 0]

0 000O0B 000
C.=[1 0000 0 000 (10)
000001 000
|0 0000 0 00 0
Dv o000 0o 000

Ml
0 0000 O 000
i 9000 0o 00 0
Rngl
_—100000000
Rngl
22T, 0 0 0 0 —2x7, O O O
AT:TEIZ _nDlZ (11)
0 000 0 2.0 0 0
M2
0 0000 =L 000
T,
0 0000 =22 090
Rzng
0 0000 ——— 00 0
i RTp ]

2 XBIERTIE AR

2.1 Tl
AR AT SR P TR, 020X R ) B
RGURETTHE, B kRIS Z, s 2R ME
LA FHI W (12).
U(k)=[U(k) U(k+1) - Uk +N,-1)] (12)
FARBCIRAAZ BT 51) X Ry = 0 T
75 Yo X (13). (14).

X=[X(k+11k) X(k+21k) - X(k+N,|k)]

(13)

Y(k +N, |k)]'

(14)

Aot Np WS N WP, T Ne=N..

T RS Rs, LU 12 bl H
FR, AT SCHIR K L bRBR AL

Y=[Y(k+1|k) Y(k+2|k)



BRRERIG, 25 B NUEIE BEHLI SE i X 48 B I L Y AGC Ty vk - 53 -
J=(R-Y) (R,-Y) (15) ol
ik H bR B AL, AT EREUR R 5 00} i
U =[u'(k) u'(k+1) -~ o (k+N,-1)] (16) E| e
A PRI Sl 0 BT SRR E A A A 42 ) 2 o)

AR AN A AT I 2005 B A 2 S B A, B 006 —nE
PRI A 55— AMEAE A RN . jg-fz' | =
70 10 15 20 25

2.2 BHEANES SIS 4T

B M 254G DR LRI AGC (32, AT
G T SN I Z BN ARSI
—EREENE L I, AR5 AGC TikYERF it
PR RS E M o BRIl R AL B, A7) T
KR SR b I AR B T 3, AR SORE % FE XL
M (P e B PAT A« A S B2 2 N A7 A
I 2R G4 2 il

TGRS S, A BRI S 5 ATk
AL EE, IEAR S KT R T, S0 RS
w MR AW, il 1 RSN TR T
REEFI TN, X RGCRW, Sl 0o SENE S
AL AL PR R ] 2 P, 2eid e e b Ak
Jei s MIBEHLU SERE e Ak — AN BEHLA 2R W] Rk

SUN

A
27
/I :\'\
| |
| |
T /\ Lt
T —
| | [ ! l 1
| | (I | 1 |
| | Lol [ 1 1 R
I
| | [ | 1 |
| [ | : : 1 |
I 1 | | I
A
I 1 [ ! 1 |
2F 1 | | |
| I I l |
I l | I I
| | I I |
| ’_‘
0 4

2 MEESEHL

Fig. 2 Discretization of time delay signal

ARG e BRI ERT, f£48 AGC TG
IRYEFF A R B RCEYE . BEX AGC REUE
SRR P JCIAE . OB IE N T XUEE N S
JURMEDL, 73 M LATGIS SE 2 i 2R A T ATLAL) Foy o
W7, ALEIS BRI AE 7, o ZIE B THL
RE PR IR AEE 7 J A% S i BI85 1) IR AE o, [R] I A7 7
T DU OO A, U AT 2 0 5 H G A b g 2 ]
3—& 6 .

ACE,/p.u.

tls

3 MFEEIE R T ACE, Nio Rz ghk

Fig. 3 ACE, response curve under four kinds of delays

0.06 —
AT
0.04} Mg,
——- W3k, flr,
002} l_ -
U e
-0.02t y
—0.04F N\
*0.06 |\'/ L 1
0 10 15 20 25

s

4 MFHEFIEIEFR T ACE, Wb th 2k

Fig. 4 ACE,; response curve under four kinds of delays

X103
3

_________

— T
--- i,
[, ﬁﬁgfz
= W, g,

15

20 25

5 MFEHETERT A MOk 2k

Fig. 5 Afi response curve under four kinds of delays

X103
3 10

— FrzE
---#iET,

- BfSET,
-—- Wk, Ar,

BN
s .

20 25

6 POFESIEIRR T AL ERT # 2

Fig. 6 Af;response curve under four kinds of delays



_54- ® & AEY B

H I 3—I& 6 ATHASE A 2, P LT e B
ROEE I SEAFERT, R B AMERER R, L
R REFERGEAW R ik e, DTG E
AR RIS . DR, S A AE O I AN 2 A0
2.3 EHITEMNERETE

RGBS BRI FE P A AE R SR, PAT
ESRHAERA MG 5, Sl My 255t
LRI RIS 5, FEMEAE O T AR AL e
PACTRS, 5 R Mg il 2% 14 SR I R e
giAYERE. A MPC BTyl shag, vt ¥
JERN IS S AT P, . 2 FE X BB LI 2B,
TEPAT A B o o R B4, A7
fitg JEL 4 T e F A N 2% A1 o S BE )k AR,
A GAT 2 AT () LIS 200923 61 P S ME R 45 A T
a EHIER A, WKl 7 PR,

k=TI 2095 117510
u(lk=1) | u(2[k=1) | u(3]k-1) ‘ . ‘u(m‘;1|k71)|
HRTHAT )

K Z) & 51
u(lk=1) | u(llk=1) | u(3|k-1) | u(x\’c—l\k—l)|

i F T
B 7 =R EERETEE

Fig. 7 Schematic diagram of control variables selection

B 7 AL kTR A S BT
A T UM L R 3 A 2 e e
GAF R k-1 NI AR ESRE Y, b
1 0 A I 2 AR S0 (A AT 5
SRR

T R PR T, e TR )
SR, AR R K R, 7 E
RIS, BB I 2 T o S
SO B R A B T R T Iyt
TR PEIIESRIACR . BRI A SRR 4 W 1 R
k.

Stepl: KU ATIN AT (5 5 IF 40 oM AR . T
SERZERT, KE RS 05 P A R ()
no 7 AT AMEEI, KRN 1 miE
ERAW o 7, “HRAELEN, MR 2.

Step2: M BACE] I RN 15 2 (0/1/2) % 4
PO ST . BRI, AR
B RO ER, EET RO,
RIS MEAE R F AR Bl 5 10, L
AFAE TR I BRI ST RN R0 S E 3 B 1 2
AT AR J AR B S b 2 1, LAAE

A (R BB B WA SO I 2 SR 3 1 Py B AR 265 =
ANTRIMAELAE Dy 42 il A

Step3: LAAFAE sl s BB BT ok S5
A, CUFRA S MEVE Rl AR, e Rk =Rl
BT, TR Step2 R SRHI4% A2 5 X
WHARREUE Jiv Jos J3o EFEPERESRER ALK —
A 2T % S8 P AR B

3 {FESH

£ Matlab/Simulink F'] ] MPC T H45tE%
FEXUBIEBENLI ZEF) AGC RGN EAR, PR
BN 1, FIATATL R CMPC il gs . BE
T 4k Np=10, 2 1HI Ne=4
1 BXEEK AGC REHTEREFESH
Table 1 Simulation parameters of dynamic model of two

regional interconnected AGC system

ZH X 45k 1 X3 2
M, 11 12,5
D 275 20
Bi 36 2
Ri 0.04 0.06
K 03 0.4
Ty 0.15 0.1
Ty 11 9
Ty 02 03
T 0.85 —

BB EKAE AW 0.01's, 2 FERUEIEIIE,
K =R B A AT A B, AT R4
AT . O PR i RAE AT S P A5,
JPHNEE—MEE R il ER ;. © AR S are
ZI GE R W, R ORI 2 P 41 X
FFANELE s m it G fEE@FIRE T, ¥
X NP HIME 5 Bl — R T T H R 4 il
A e AT HARR LA, 8 H bR it
P4 T AR S H o e — v 2 Sl NG ) G AR B
B0 571 Bt = N o VR 1ot = R A e S LY S

TN ERAE S, g XA 1 s B fer
APy M 0.04pu., XK 2 HIPLshfifr AP, N
0.01 pou., MEAa 7 20T 1 DX 38 H e 3 ] 8—
K11 s

K 8—K] 11 E W4 CMPC #5417 R, 24t A&
R JE I RE IS, X4 7 51 AT R LA R0 425 i
FP A EAT I HFEAH LU G ZE AL BRI )R, B
N, HARGHEAETRGE .. 0 TS ) -4
A AT B2 AW, 1 H I BAF IR
TR . A, AEXTREmS AL EE T, e )



AAERIG, 55 HIEXUEIEREHLIN SE R DO I AL AGC J57% - 55 -

BEATIEFEOUACAR A2 1 e 1) R AT 28 et H AR 42 DAKRE A DX 458 L I EE s B 7 i AR A e 0 3],
IR A K12 R 13 o, PIXIRAS . AL Fafilie Y 2
006 —— Sy B 14 FIE 15 .
0.04F a 0.050 : ,
0.02 | ) 0.045 |
= 0r i 0.040
£ I | 0035}
e 00 5 0030
< 004 1 £ 0025
006} /| — AR || S 0020
—008k Vi - AR 0015
-0.10 s s Lo RNER 0.010
0 5 10 15 20 25 0.005 J
1s ' 0 ) ) ;
- o . 0 5 10 15 20 25
8 MER1ES T ACE, N[z B2k s
Fig. 8 ACE, response curve under step signal 12 BEHINGES AP,
0.06 Fig. 12 Random input signal APy ;
0.04f T tans 0.050
0.045
5 00 FO . 0.040
= 0 1 0.035
9] ' / : 5 0030
< 002} 1 £ 0,025
PRV ] & 0.020
004 ’ 0.015
~0.06 . had . L 0.010
0 5 10 15 20 25 0005+ _
s 0 . A . .
9 MER1ES T ACE, WIRE %% ° ’ e,
Fig. 9 ACE, response curve under step signal 13 BEHBINGES AP,
Fig. 13 Random input signal APy,
5 X10°
0.015 ; : ; .
0.010 4 ;ﬂ l
0.003 W 4 {1
: ol MW":W‘“‘
= L 0005 r‘- : v
e g )
= -o0wf ! 1
1 < -0015 \l i 1
— BT 0020 i
-—- EETALERE Ghae fvi
TR AT 23T
>0 >5 ~0.030
-0.035 : : -
0 5 10 15
t's
& 10 MYERIS ST Af, MR gh4k D .
. SA MERIEST o Srﬁ d | 14 BEHLIEST A WIRE B4
. t
' Vi response curve under step signa Fig. 14 Af; response curve under random signal
X107 0.02
3 — EIRALEERIL
-—- AR 001+
....... linihe
ol
& X
= & 0.01
0.02
0.03}
2I0 25 —0.04
s
11 MERIES T AL, M fh 4% 15 BEHLIES T Af, Mo Sz 2%

Fig. 11 Af; response curve under step signal Fig. 15 Af, response curve under random signal



-56 -

@A &R B R

HIF] 14 R 15 Wnf W W 2, AERsh i
BEHLE SIS, A I e A B BTG I S AR P R AR 4%
Rt L.

4 i

AR OB TE BEA LN SEAAAE R 2R, St
TR rh O TR ) s o G R %
IS BT 45 AT IRl B2 TR I AEE F 79 DX Al LG
HIAGC ARG, EAT Pl R N S Ak B
1E JIMPCIRIEHIRAIE, 3R JoI SEARBE . P
G2lbei i N o S 2 B R v /Y S K DA
BAT TSR, D EAURRN], ks (fCMPC
JTERAT A BRI i Sk T AR
FETTERT AT IEA Rk
S 30k
(11 #&, B, 2k, & KEXEIANAZE AGC %

HISE RSB [T]. B R ARY S FEH], 2017, 45(2):

69-74.

XU Chang, WEI Yuan, LI Tao, et al. Research on automatic

generation turbine control strategy of large wind turbine[J].

Power System Protection and Control, 2017, 45(2): 69-74.
(2] ZApzg, WlokR, KM, 55 KB RIREME AR

(K 8 2 A P R SIS AT X ()], W R GL IR S 5 A,

2016, 44(4): 44-50.

LI Zhonghao, HUANG Yijun, ZHANG Peichao, et al. A

study about the automatic generation control strategy of

large scale wind-gas coordinating equivalent power plant[J].

Power System Protection and Control, 2016, 44(4):

44-50.

(3] 3Bs2, TE#, 467, & DUIHEM AGC HLA B
DA 2 S ME B 7T 5 N (0], W) R G AR 5 4 ol
2016, 44(17): 159-164.

GUO Liang, YU Changhai, WU Jiping, et al. Research

and application of AGC generators coordinated optimization

control strategy in Sichuan power grid[J]. Power System

Protection and Control, 2016, 44(17): 159-164.

(4] T4, XISREL MoK, 5. e T RORI i i ik g
ARG AGC PHUNE[T]. W1 RGR L,
2015, 43(8): 81-87.

DING Dong, LIU Zongqi, YANG Shuili, et al. Battery

energy storage aid automatic generation control for load

frequency control based on fuzzy control[J]. Power

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

System Protection and Control, 2015, 43(8): 81-87.

MI Y, FU Y, WANG C, et al. Decentralized sliding mode
load frequency control for multi-area power systems[J].
IEEE Transactions on Power Systems, 2013, 28(4):
4301-4309.

WF, #EE R HIEHM AGC #HIF ). 4R
i 77, 2011, 39(9): 1488-1492.

YANG Ping, DONG Guowei. Research progress on AGC
control of interconnected power grid[J]. East China
Electric Power, 2011, 39(9): 1488-1492.

B, MHDGH. SRR RIEEL AGC TN HI[T].
AEHUE BRSO F R (A R R, 2015, 30(3):
90-94.

LI Li, HENG Qinghai. Robust control for automatic
gauge control in hot strip milling[J]. Journal of Beijing
Information Science & Technology University (Science
Edition), 2015, 30(3): 90-94.

CAGIENARD R, GRIEDER P, KERRIGAN E C, et al.
Move blocking strategies in receding horizon control[J].
Journal of Process Control, 2007, 17(6): 563-570.
O, R, BN, JETEAGE P ID S
AGC FEHI REMTFL[I]. UK S WE, 2015, 43(10):
127-131.

LI Shaoming, XU Longsong, YANG Fan. Research on
hydraulic AGC system based on GA fuzzy PID
algorithm[J]. Machine Tool & Hydraulics, 2015, 43(10):
127-131.

KAR S, PANDA S, PARI T, et al. Design and analysis of
fuzzy PID controller with derivative filter for AGC in
system[J]. IET
Generation Transmission & Distribution, 2016, 10(15):
3764-3776.

KHODABAKHSHIAN A, HOOSHMAND R. A new

multi-area  interconnected power

PID controller design for automatic generation control of

hydro power International Journal of
Electrical Power & Energy Systems, 2010, 32(5):
375-382.

ORI, AN, BN, A5 TORERY FOE MR A
EHEHM AGC TFHINHI]. B RGLIA M
224, 2016, 28(4): 78-84.

HUANG Weifeng, YAO Jiangang, WEI Yilong, et al.

systems[J].

Application of model-free adaptive control algorithm into



BRI, 5

25 FEXEAE B LN SE 1) X B L AGC 57k

- 57 -

[13]

[14]

[15]

[16]

[17]

[18]

AGC control of interconnected power grid[J]. Proceedings
of the CSU-EPSA, 2016, 28(4): 78-84.

JIANG H, LIN J, SONG Y, et al. Explicit model
predictive control applications in power systems: an AGC
study for an isolated industrial system[J]. IET Generation
Transmission & Distribution, 2016, 10(4): 964-971.

JA R, ATIBES, ESRAN, A5, BT RIR TR ]
XILHE M AGC REMF[I]. Bl RGP 5
iill, 2012, 40(22): 46-51.

ZHOU Niancheng, FU Pengwu, WANG Qianggang, et al.
Research on AGC of two area interconnected power
system based on MPC[J]. Power System Protection and
Control, 2012, 40(22): 46-51.

VENKAT A N, HISKENS T A, RAWLINGS J B, et al.
Distributed MPC strategies with application to power
system automatic generation control[J]. IEEE Transactions
on Control Systems Technology, 2008, 16(6): 1192-1206.
YAN Y, ZHANG Y, LIU X. Distributed MPC strategy
with application to AGC in the presence of variable speed
wind turbine[C] // Control Conference: IEEE, July 28,
2015, Hangzhou, China: 4151-4155.

NANG H, LIU X. Nonlinear distributed MPC strategy
with application to AGC of interconnected power
system[C] // Control and Decision Conference, May
25-27,2013, Guiyang, China: 3935-3940.

FRAGE, FREtE. P2 2N N T T 4% AGC

[19

[t

[20]

RL[CY /| AL KEFRFUE AR, 12, 24,
2017, fR5E, HHE: 1-6.

ZHANG Jiechao, ZHANG Jianhua. Application of neural
network predictive control for AGC system over
communication network[C] // North China Electric
Power University Graduate Student Academic Exchange
Annual Meeting, December 24, 2007, Baoding, China:
1-6.

FTBR, F e, R, 5. H T IS 2 B )
FIERIM L4 AGC B[], ML LR E4R, 2014,
29(4): 188-195.

FU Pengwu, ZHOU Niancheng, WANG Qianggang, et al.
Research on networked AGC system based on delay
model predictive control algorithm[J]. Transactions of
China Electrotechnical Society, 2014, 29(4): 188-195.

SHI Y, YU B. Robust mixed H2/HeeoH2/H<> control of
networked control systems with random time delays in
both forward and backward communication links[J].

Automatica, 2011, 47(4): 754-760.

#s HHEA: 2017-04-20;

i&[E B ER: 2017-11-10

EEEN:

REIE(1969—), %, @454, HE, a3k, #R

56 A W A &% B $h4¢; E-mail: zhaoxl@mail.hbut.edu.cn

1Tahdan (1995—), %, MEHRAE, ARFTQOAHLE

5% K. E-mail: 1223312730@qq.com

(%48 2H1m)



	DOI: 10.7667/PSPC170573 
	考虑双通道随机时延的区域互联电网AGC方法 
	An AGC method for interconnected power grid with two-channel random delays 
	[20] SHI Y, YU B. Robust mixed H2/H∞H2/H∞ control of networked control systems with random time delays in both forward and backward communication links[J]. Automatica, 2011, 47(4): 754-760. 



