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Optimal Scheduling of Wind-Solar-Hydrogen Storage Coupling System
Based on Robust Model Predictive Control
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University, Baoding, Hebei 071003, China)

Abstract: The integrated wind-solar-hydrogen storage coupling system is one of the important means to improve the consumption of
new energy and promote the development of hydrogen economy, but the high randomness of wind-solar-hydrogen load and the slow
solution speed of the system model bring difficulties to the optimal scheduling of the system. Firstly, in order to analyze the
uncertainty factors in the wind and solar load more accurately, the variational mode decomposition (VMD) technology is adopted,
and the dynamic time warping (DTW ) algorithm is combined with the K-medoids clustering method to obtain the uncertainty of the
wind and solar load and the system operation scenario. Then, a wind-solar-hydrogen storage coupling system model and a multi-time-
scale optimal scheduling model based on robust MPC-PSO are constructed. Then, the combination of robust MPC and PSO algorithm
is used to realize the fast decoupling solution of rolling optimization of system operation. Finally, a simulation example of wind-solar-
hydrogen-storage coupling system is established for analysis. The results show that the proposed method improves the economy of
hydrogen production and the wind and solar absorption rate, and improves the solution efficiency compared with a single robust MPC.

Key words:hydrogen storage ; multiple time scales; VMD; DTW ; optimal scheduling

0 @ AR R PERR T, I A SRR T S0 IR Y A
HAnAr B B HESIVE R . Pl A AR BB IR & LI R

AREAE R — P i H SO B 4 ae R, fE 4Bk Sk VL E g ARl 4 AR Sk 2 5 R RE VR AT E A TR
AW AL S 3h 7, w] AR Be s i &= s e B
KAk ERH AR MO A S ET T
EEUE: HR ARSI H (51607068) . AR AR Ak S T, 2 T ] A4 A Y e

Foundation item: Supported by the National Natural Science

Foundation of China (51607068). firp 7K i G B R 5

i}




86 FEITRMEEA

919 %

HHIXT AT P2 R T SR G0 2 T U BE Y A0
5%, WSCHR[2]8 T — &2 KOBH .
BRHERT 2 B AR R ERLRL, SR /N R R
K, RGN T AP S O, SCERI3 IR
BERVE P 9 SHL S R T A RO RG2S
AIREPE, MR KOG A A RGBT TR
FURKA A 1, HESh T REIR Rk ih Rl
MR [4 5T F ) A2 I AR 235 44 55 58 R 570 A 1 (42
IRECH AR i, 2N ERE T RGN
A G2 s i S s AR, (R T RS
M BENEE ARG, AR T RRLA
AR o b SCHRBIFZE 0 T XU 7 7 25 4 2 i e PR
b, AT BORTEYE. SR AT HRAE AR IR ] S A4
T LARE MR, AT FRA R Y KR 3 25 S BU™ i
SRR SCHRL6 SR T sl A S R AE R
HB T R SRR AN A A T A ST B B
Py EE H AP A SCik [ 7 17 AE 2 il
BEARAE AR RGN E MR s R S T Ak b
HL A5 Y 751 90 4% ] (model predict control, MPC)
B, RS RBNLT RGN, SR, BRSOk
A BERH R M B 2 g s g e ik, Hr
i1 S RO B ey B P AN 2 14 18 PT A R IR i
oAb BE 5T

VL b A9 SCHRAN G 3 mT A= e Y5 ) &0 H R
JEo SCHRIBIEENT V247G % IBARE . 1RG5 K M b
FNERUE- 38 Zy AL R H A= H N -SE s 22 05 ] RUBE Y
PEACTHEERRY, £ T REL T Rkt A R G
PE o SCHR (9] & 7 H AT A A% AL 2% A 7 oK m
(integrated demand response, IDR) A1 H P 384 il Y
IDR BUH 0l i b A5 | A5 380k 4 R 48 5 SR A 5
WVER, BERRGRAE R, 5 T RGsfiRe
PE, MHIIEAT ISl . CHRL10] 4, T HET-H N £
] RURE 32 2l E P o 8] AR, Y 2% T R i
hESE S T RGERWENE, ST RO, BRI
T RGIBATHA . VA SCHRSR B 22 5 ) RUBE D7 v
HREARTRSIICAL , AN REAR 98 S5 i B A i o R A Ak
FEmE o SCHRL 11 ]R A MPC 5803k 1 FRS B2 58 = 1 H
TS X RGeS A TR S A, Wl T
PEARSE R S LBRa R 22, fem R faE s
Trtk o SCERL12 )% & S UM R G b AT 1 R A
58, $RINTHERTMPCHEILMATIHE TR, B#F
T T RGN RAR A TR 4R . (B BB EET MPC Y

BRI R EYEULAL, ANReTR B m i a5 R .
HRL13 ]2 HY BT X i R 48 19 P B U HL MPC J7
B, ORI T RGBT R I E TR
AR BRI A RGN RGN LB EGE, H
BEHLMPC o iF —E MR N iR AR, Sl RG%Y
SAEREAR

FEXT FR KOG EAEHE G R GE A PRk 7]
B, AR R 2 RGN A A R R A THETT
BOAL, B, kAR S B 43 i (variational mode
decomposition, VMD) 55 3fj Z& i [] #1 £ (dynamic
time warping, DTW)fii ft. (") K-medoids % 2557 ,
P Y- f AN 6 2 1 s 2R UL, SR s Ay
TALRRERR I, TEIERR b, B A MPC S
FLF-# (particle swarm optimization, PSO) Yl [A] Hh
RHELL, #E7 HHT-H Py 22 0 () RUBE 7R 2 O] A A
R R 23 R ATy LS9 5 RO 43 B g i iy 4
BEAITE R XI5l & TH R G & U T T A G

PERE
1 FEAHEMERHRET S ER

1.1 EEFSI5fE

i B[] 40 o3 i 1 R R S
/7 fi# (empirical mode decomposition, EMD) ., &
22 B 25 77 f# (ensemble empirical mode decomposi-
tion, EEMD) . DWT 4575 %k, (HiX L877 3L #8777
WEANE, UfFEERIRS . Wiy, ik~
IEPRAESE RS, RS2 T, AR VMD 43
filf 7k, VMD Jfiff g — ok T gk A R A8 A A
TR AL LU ST A 53 i PO AR 5 S
Tk, WOrERA SRR IAYERT, MITRE B
WIS . I RO A H ULIRE . SR VMD 43
it T3 ¥ AR BUXO'E H g AR far RS oy f L R
VMD J3 it WA A8 B AT R YR 53 7 45 31 e A A A
B, TFAEI R RBR O, 5 BB ECh
3, HIBEAL A 2 R KOG H 7 FA far (0 S 5 1k
VMD A BRIE WL SCHR 17 ]
1.2 H=BHE

TE 52 I 50 R 5 53 M ok 78 vp il >R H] K-means
J K-medoids RAEF P, DL ERIEA 52 T
1) 52 W) T8 0] Ly v O A7 B S R A o A R DR Ik )
B, AR SCHEE T DTW K-medoids 82 #1815 48 %
FEAVE o AR AU B iy KOG e it e, SR



5 6 1]

DTW K-medoids 5 5 25 7843 F| H K-medoids 5.1
Xof M 7 0 S L )65 R v A S DTW I 3 3 6 i
B F7 B AR AR S ) UM, 3E T O A A o L
A fE R LE 5 . DTW K-medoids 58 ¢ Bk 4 3§
wmr.
D) E SRTEREA T BEVLE R kRGO R X
A ALOEIR T 5 R A B T 51 h -
Pf:{pquPuzv‘"’pum& (1)

Qf={QUJrunw'“’qumJ (2)
e PATQ 43 R R OB T 5 R AR B
FE55 pon B g 53 50 R RS OB FIRE AR A 5
m Fn 53 9P FF 5 B S EE
2)ffi I DTW AR B B3 21 rb s 5 0 1 5
FEAHEATRI 43 . DTW AR BRECAN T .
dis(s.1)= [(pi=a,) selloml.ie[ln] (3)
D(s,1)=dis(s, 1)+ min(D(s - 1,1),
D(s,1-1),D(s—1,1-1))
e dis(s, DN TFINE S ZRIIEER ; D(s,
DR sREL, BIPIAS T H s Z B SR RE S s s,
IS RABL I B R PN 791 (4 DTW B B
3) BRI
HERLEE2) ., 3), HEIRISHOAREAEL,
S)HfE TR

2 RtEfERE— kU REEE

2.1 RxsEde—EURzs

KOLEAE G — IR R G WA 1 R . RS
OGRS . KTk EHRM RS . R
G A S B BT A S R OCRE A R A . KD
ARG — IR L R GLRE S A R N4 h . A

(4)

FREEVR, W2 24 REIR T 2K .
2.2 iEEER
2.2.1  H R AR R

HUIAE ARy — R 2 R e O e, HL
TS o R AL o SURE Y MR SCk (22 ] AT
i JBE X P S A SR AT S, DR O A At B Y R
Wi, SRHFE TR A R0k, 0 R e 51 A

PRERCRIERN, BT LB AR AR RORA A . i
FERRZL T .

SRS 55 35T e B 0 P U bR 2 R 5 O 87
HLRE ‘
A eI JHAES
T I R } |
! L EEm . @el | |
P B oo :
PARL T )
Wi | —
.................... '*.-:.-:.-_-__-_.-__-__{-:-:-}}:-:—;—}}:—:—}:—' R i{i e
i ﬂf: 1
E kA TER

fififEHIT

— Wi —= &

B1 RtS#HBEe—4URR

Fig. 1 Wind-solar-hydrogen storage coupling integrated system
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Fig. 2 Schematic diagram of multi-time scale scheduling model based on robust MPC-PSO
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