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Abstract; For MMC— HVDC (modular multilevel converter
high voltage direct current, MMC-HVDC) controller opti-
mization, such problems as multiple control objectives, the
relative influence among multiple PI controllers and the dif-
ficulty of PI parameter optimization are obvious. In this pa-
per. layered parameter optimization of MMC — HVDC PI
controller is proposed based on improved MOPSO method.
In order to increase the diversity of the particles to avoid the
population sinking into the local optimal solution, a muta-
tion operation is introduced to the particles in the external
memory. In order to improve the convergence of the algo-
rithm and obtain a good Pareto frontier, a leading particle

selection method is proposed based on membership function.
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Meanwhile, a layered parameter optimization method is
proposed to fit with the structure of MMC-HVDC controller.
The combined invocation and data interaction between MATLAB
and PSCAD/EMTDC are implemented in this paper. Algorithm
performance analysis and electromagnetic transient simulation re-
sults show that the proposed method converges fast and can obtain
the uniform Pareto frontier. It can also improve the dynamic per-

formance of the system effectively.

Keywords: modular multilevel converter(MMC) ; parameter
optimization of controllers; multi objective particle swarm
optimization (MOPSO); membership f{unction; mutation;

layered optimization

0

(modular multilevel con-
verter, MMC) 0
MMC N

(modular multilevel con-

verter-high voltage direct current, MMC-HVDC)
[1]

o

o

Vol 35 Na 4
Aug. 2018




88 2018
(proportional-integral, PI) . ,
MMC , )
) dq ,
, ) dq
PI o MMC-HVDC
(multi objective particle ,
swarm optimization, MOPSO) (PQ) (Upc Q)
. . . d Koo +Ki/s
Kri Ky d
. MOPSO PI : q Koy +Ki/s»
o [2] KPq KIq q
. [3] MOP- o s MMC
SO dq Cua uy)
“ - - - R [4] dq (et gres Uogret Y Ug =X
MOPSO Udvet s Ug DUy ret » dq
. [5] MOP- PI , s ,
SO ° Ke+Ki/s» K» K, d q
[6] MOPSO , o , MMC
, 6 PI . Kpav Kun
. [7] MOPSO K. K, Koo K1,
’ & SRS | AR
MOPSO Prer
° [9] P Koot K e Kok |
MOPSO : Uoe=s ]
MMC U i NS
. . . MOPSO o—, abdq
MMC-HVDC PI Gt
. Q;L‘\—{ 1<Pq+1<1q/s}l*_f (Ko Kis
Upe= e
’ Uncret
’ 1
’ ° Fig 1 Vector control strategy
1 MMC-HVDC 2 MOPSO
MMC-HVDC 21 MOPSO
e abc 2004 , Coello
dq ,
MMC o (5]
, dq ,

[13] , 1



4 : MOPSO

MMC-HVDC PI 89

Stepl: ,

o

ij = w X v— t i XX Presjor — Pim1) +

2 X7 X (@pest — Pj1) (D
1?; = pi1 o
2 U P J
5 @ 3 Phestij—1 J— 1
5 8hest 3
(5] 5 C2
’ r b
[0, 1] .
Step?); ’
Step4 . j=j+1, step2  step3,
2.2 MOPSO
221
Pareto .
Pareto R
. k Xy
, (2) s
p=(1—G—=1)/(Npy — D)™ (2)
: Nloop som H J

[min(V e s 2, — Ax) smax(V, , 2, + Ax)] (3)

H Vup Vdnwn 1)
min max , Ax
(4)
Ax = p XV, — Vi) 4)
, (5) X,

o

X, = unifrnd(min(V o s2, — Az) smax(V, ,x, + Ax))

(5)
. unifrnd
222
MOPSO ,
(integrated
time and absolute error, ITAE) el
, (6) o
T
f:Jz‘X\ym;—y\dt (6
0
¢ Vrel 5y
; T .
MMC
ITAE
’ 1:1, 2, 3 ’ f,‘
ITAE . ITAE
ITAE



90

2018

b b

fz max fzmin 9

, (7 ITAE

’

fimax — fi./s
Liy = 50— YD)
‘ f imax f imin

(&) )

3
Dl
i—=1

L,=——— (€D

n 3
> Dl
k=1 i=1

, €))

3 MMC-HVDC PI

31
MMC s
dq ’

: 6
. MOPSO

9 b

3.2
MATLAB
PSCAD/EMTDC MMC
, MATLAB
PSCAD/EMTDC
PSCAD/EMTDC
, MATLAB PSCAD/
EMTDC , PSCAD/EMTDC
MATLAB PSCAD/EMTDC
o PSCAD/
EMTDC )
, MATLAB

MOPSO )

MATLAB

Fortran

’

PSCAD/EMTDC MATLAB

: |
i Fht L
i fi i PR |
! R s | e
| {
|
|
|
|
|
|

|

I

I

I

I

. cr W
Wik mam | 3t !
I

|

|

MOP g ey o
OPSO [ | ma | 2%
ﬂ{| I%ulﬁl e o o
‘ g | @
| | |
[ | [

Fig 2 Combined invocation and data exchange

3
MMC-HVDC o

4

41 101
PSCAD/EMTDC 101
MMC-HVDC

s 100MW 30Mvar,



4 : MOPSO  MMC-HVDC PI 91

[17] )
sK, /(5" + (2 X
HIMRAFIIEAE I, VRSB ARG AT w)) K,/ Q2 Xw)) K, K,
@Jﬁé(&&]‘%ﬂﬂiﬁiﬁ, AIEARUHL j=1 400 200. ’
i ’
- .
FIFRET- IRy (| RIS 7 2 S,

IEIRUTAL T || TR SR

6 PSCAD/EMTDC

BHRFEE, R 3 3GHz, 8G ,
ISR HORAE 45 BT b T
SIPAEIS ﬁﬂuuiﬂél kLT 1 MATLARB
JF+ MAANFHSE, T A
A IS ESAE A AT S ’ MATLAB PSCAD/EMTDC
v o MOPSO
TR GRL T I BBk A5 &, 444
TRL T 1 N RSB 45 BT kL N
’ 100, =, =14,
TIIHER, LR o e
AR A AT AL w=1 0,
4 2
e KIRARIREL?
Y MOPSO
i tH AN A . . . .
i ikl (fast and elitist non-dominated sorting in
genetic algorithm, NSGA-ID) , 3
] 100 Pareto , 100 .
Fig 3 Process of control parameter optimization ’ NSGA-II 0.8,
0 2, 2 o
Uac=100kV
Ps Os, 2
W_* Tah 2 Comparison of objectives between before and
. OUpc T ,
MMC | Upc 05U }' ! after optimization
L .SUpcT
Prrak QitAE IrrAg
4 MMC-HVDC 4351 188 6 149, 7
Fig 4 Simulation model of MMC-HVDC r18 4,2797 [14. 7,60, 0] [17. 2,29, 6]
. . >36% >68% =>80%
N 1 . NSGA-TI [30.1.276] [14. 7,93 5] [17. 1,24 2]
>37% >50% >84%
1 MMC-HVDC
(17 2.39. 1] [14 5.84. 0] [16. 8,19. 0]
Tab, 1 Parameters for MMC-HVDC
>91% >56% >87%
/kV 100/110
/MVA 1380
/pu 0 14 s
100 i , 3
/F 0. 03
/H 0. 007 ’
s MMC-HVDC PI

MOPSO NSGA-II .



92 2018
3 3
s Tah 3 Comparison of control parameters between
[18] before and after optimization
b
NSGA-TI
3 Kpa 1 0000 1L 6146 6. 9758 8 6694
b
Kiq 0. 050 0 0. 036 3 0. 007 5 0. 0177
5 ° 3 Kpq 2. 0000 2. 8573 0. 5351 8 2110
’ Ky 0. 0500 0. 0127 0. 002 8 0. 006 3
Kp 0. 500 0 5. 8283 5. 3758 22987
K 0. 040 0 0. 002 3 0. 002 4 0. 000 2
60 15.1 = o 18.4
— HAMOPSOE Y. ——FEAMOPSOFTY —e MOPSO#
3 +NSZ’éA A8 ﬁ - 15.0 —NSOAIFLL, 18.2 N II”':W}-hw;
50 - SUEMOPSOT: —= IEMOPSOFA 180 — PGIEMOPS Ok
14.9 '
» 14.8 178
2 40 - 2 17.6
o3 S 147 <
30 17.4
)5 14.6 172
20 14.5 | 17.0
B30 40 < % 10 30 40 60 %0 100 %3545 <0 80 100
i%ﬁ?ﬁ(iﬁ( ‘ A J%{EM(%( ‘ LA EL
(a) B ITHITAER S £k (b) JLLhIhAITAEN S 2k (¢) HLFRTITAENLSR 2k
5
Fig 5 Fitness convergence curves
43 o
3
80 = PRAkr
b b
° 5 362.8 = JEAMOPSOS %
>
S =
» ¥ 308 NSGA-II5i%:
0. 85p. u, 0. 1s, . . o
R L VAVAVAV AV VAVAVAVAN
~ R 27.0
A ’ 6 30.0 - HGEMOPSO B
8 o ,
27.0
1.80 1.90 2.00 2.10 2.20 230 240 2.50
t/s
b b
7
= AL HT . . . .
253 Fig 7 Reactive power comparison with the AC voltage drop
= 330 HEAMOPSOHi%: 26
=
= 90
g 18 “NSGA-TI3; 8OMW, ? A
:H?: 90 e , 9~ 11 o
110 - ALHEMOPSOF 7% ,
90
70 ’

1.80 1.90 2.00 2.10 2.20 230 2.40 2.50
t/s

6

Fig 6 Active power comparison with the AC voltage drop

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



4 : MOPSO

MMC-HVDC PI 93

1.50
é 230 =L AMOPSOST 1%
f 1.50
2 2-50w-NSGA-H%iiZ
2.503' = EMOPSO v
R N
1.80 1.90 2.00 2.10 220 230 240 2.50
/s
8 A

Fig 8 Circulating current comparison of phase A with the

AC voltage drop

110 -
9 = PeAki
70

110 s
=
ke

? 171(())
90— = NSGA-IIf
70
110
90]
70
1.80 1.90 2.00 2.10 220 230 2.40 2.50

t/s

R N

= HEMOPSOSTi4:

9

Fig 9 Active power comparison with the active power drop

= LALET

w
»
(=)

= FEAMOPSO#.74:
I i T N
=NSGA-II5{%:
I N N A Y Y VANV AN

= HEMOPSO5 i

WA
Doy
==

FoTH T Mvar
o
=3

W
by
oo

23.0

1.80 1.90 2.00 2.10 2.20 2.30 2.40 2.50
t/s

10
ig. 10 Reactive power comparison with the

active power drop

MOPSO
MMC-HVDC PI ,
MATLAB PSCAD/EMTDC

o b

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

~fRALTHT
AR Ay 7 APPSO TNy

= HAMOPSO%T 1%

0.40

-1.00
0.40

-1.00

0.40 = NSGA-I151

AR

-1.00

0,40 = Y HEMOPSO%

| N RN N N a4 /r\ "\ /\ /\
-1.00 s VAN \\_/\/ \\/

1.80 1.90 2.00 2.10 220 230 240 2.50
t/s

11 A

Fig 11 Circulating current comparison of phase A

with the active power drop

MMC ,

[1] , ,
(15): 3-14.
TANG Guangfu, HE Zhiyuan, PANG Hui. Re-
search, application and development of VSC-HVDC

(1] , 2013, 37

engineering technology [J]. Automation of Electric
Power Systems, 2013, 37 (15): 3-14.

[2] ;
UPFC 1. ,
38(8) . 43-48.
YAN Nannan, FU Zhengcai.

UPFC based on multi-objective particle swarm opti-

2010,
Coordinated design of

mization [J]. Power System Protection and Control,
2010, 38(8). 43-48.
[3] . , .
Ce- - 1.
, 2016, 36(2): 102-111.
ZENG Ming, YANG Yongqi. XIANG Hongwei, et
al. Optimal dispatch model based on coordination be-
tween “generation-grid-load-energy storage” and de-
mand-side resource [J]. Electric Power Automation
Equipment, 2016, 36 (2). 102-111.
[4] , , ,
[J1.
, 2013, 41(17). 25-31.
LU Jinling. MIAO Yuyang. ZHANG Chengxiang,

et al. Power system optimal dispatch considering

http://www.cnki.net



94

2018

[6]

[7]

L8]

[9]

[10]

[11]

wind farms based on improved multi-objective particle
swarm algorithm [J]. Power System Protection and
Control, 2013, 41(17). 25-31.
KITAMURA S, MORI K, SHINDO S, et al. Mul-
tiobjective energy management system using modified
MOPSO [ C] //IEEE International Conference on
Systems, Man and Cybernetics, IEEE, 2005, 4.
3497-3503.
LAIFA A, BOUDOUR M. FACTS allocation for
power systems voltage stability enhancement using
MOPSO [C] //IEEE SSD 2008. 5th International
Multi-Conference on Systems, Signals and Devices,
IEEE, 2008. 1-6.
MOBPSO

Ll

, 2016, 44(7). 62-68.

LU Yang, WU Junyong, HAO Liangliang. Multi-

objective distribution network reconfiguration with

) ’

distributed generations based on improved MOBPSO
algorithm [J]. Power System Protection and Con-
trol, 2016, 44 (7). 62-68.

1

LIl s 2014, 31 (6):
35-39.

LI Yanqing, LI Haoshan. Dynamic steady economic
dispatching model by considering environmental con-
2014, 31

straints [ J ]. Modern Electric Power,

(6): 35-39.

(1. .
2016, 36(7): 53-59.
REN Jianwen, WEI Junjiao, GU Yufeng. Preven-
tive control based on multi-objective particle swarm
optimization algorithm for cascading trips [J]. Elec-
tric Power Automation Equipment, 2016, 36 (7):
53-59.

[yl » 2010, 34(19):
64-68.
GUAN Minyuan, XU Zheng. Modeling and control
of modular multilevel converter in HVDC transmis-
sion [J]. Automation of Electric Power Systems,
2010, 34(19). 64-68.

MMC

Lyl .

’ s ’

2017, 34(1). 55-61.
SONG Pinggang., LUO Jian, YOU Xiaohui, et al.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Research on control strategy of multi-terminal HVDC
based on MMC []]. Modern Electric Power, 2017,
34(1). 55-61.
MMC

L.

) ’ ’

, 2015, 32(2): 64-69.
ZHAO

The design of station controller of

LUO Cheng ., Chengyong, ZHANG
Baoshun. et al.
flexible HVDC based on MMC and its dynamic simu-
lation experiment [ J]. Modern Electric Power,
2015, 32(2). 64-69.
GUAN M., XU Z. Modeling and control of a modular
multilevel converter-based HVDC system under un-
balanced grid conditions [J]. IEEE Transactions on
Power Electronics, 2012, 27(12). 4858-4867.
HVDC
[D]. : . 2013.
COELLO C A, PULIDO C G T, LECHUGA M S.
Handling multiple objectives with particle swarm op-
timization [ J]. IEEE Transactions on Evolutionary
Computation, 2004, 8(3): 256-279.
ITAE PID
[Jl. ,
2003, 23(8): 207-211.

XU Feng, LI Donghai, XUE Yali.

’ ’

Comparing and
optimum seeking of PID tuning methods based on
ITAE index [J]. Proceedings of the CSEE, 2003,
23 (8): 207-211.

LI Zixin, WANG Ping, CHU Zunfang, et al. An
inner current suppressing method for modular multi-
level converters [J]. IEEE Transactions on Power E-

lectronics, 2013, 28(11).: 4873-4879.

[l bl

[l . 2006, 30(11); 15-20.
YANG Fenyan, XU Zheng, ZHANG Jing. Study
on parameter optimization of HVDC PI controllers
[J]. Power System Technology, 2006, 30 (11):
15-20.

: 2017-06-27
(1993—). s s
, E-mail: xieguochao@ gmail com;
(1977—), ) , ,
\ , E-mail: chong-

ru liu@ncepu edu cn,



