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Fig.1 Dynamic model of BESS participating in

primary frequency regulation
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Fig.2 Frequency deviation curve of primary

frequency regulation

DA F BB 5 275 1% | dA frde |
1o FF 200 (88 AL SR/, 9% 0 22 | A | U] /s
T WA R, S 1| dA frde | B AR I AT A
| A S | B B T AR K AU Y
A FB o, BB dA frde | O A B, ph 1 LA —
BN B E | dA S| 9| A S| B o, W/ H 05
DL T 42 ) 1 A R 0 o, T R | A | fr 25 Ak i
1 OBHIHK , L Af || Af, | o SR ZE 1

) FESTRNR I B, DR MR 22| A f | (e
FL PR3 AR E S I B B i £ H bR . BB B
dA f 7de SRR D TE AR, HEADUABE I 4% ) 23 BELAS R
(PR, SR FHT© 6707 e JOL B M 42 T I 3 R 2, < £
AR KA R T A1 R AT AR R
SOUIBEE 2 AR5 oo, BRI | A ke | 075 4 O
Vi DNEY VNN X I LOE NS g RS
AR L B 2| AR | A S| o, S 1,0 FEAS st
PR AR a, >

BEF LIRS BT AT LR 2 i e I A R
A HEAT I A i 22 i FHE A HER B AL A3, BT A

AL E A 3E N AT A R B o, AR
KA, DATI A A2 2 Fof s ] 1 T )01 6 o RSORYT 42 il
AT G BB 8 i T Bh SR EA 5
FAR AR R G, BOR HIRON] 2 B 4% 1 1
T T A R R P A0 5 Al 2 4 B Bl A R
N oy o TR TR 2 10 A B A ZR B
T IR T vk JC T BEE 2 oA i AR ) de i A
{6, HAZ IS AR R ] 5, rTAR I S br T AR A okt —

Tef S e 2 (5) i 2 3R 5G 2R A0 0 3 i 22 S AR
PR AT D BB 2 1 2 i A, BTN 1AL 3 BT s Y
AFRBCAE R I7 % B, K K, 7350 AR
fin 22 B HARAR AR B FE B A 55 KO i A R B, B4
PEIH T

Ky B 1

K, BRI 2

B3 ETHEMHEHNEN R B ENET
Fig.3 Self-adaptive adjustment of input coefficient

based on fuzzy control
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based on regression function
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Fig.5 Flowchart of self-adaptive integrated
control strategy considering SOC
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Remaining useful life prediction of lithium-ion battery based on
CNN-Bi-LSTM network
LIANG Haifeng', YUAN Peng',GAO Yajing’
(1. Department of Electrical Engineering,North China Electric Power University, Baoding 071003, China;

2. Carbon Neutrality Research Institute of China Huaneng Group Co.,Ltd.,Beijing 100031, China)
Abstract: The RUL(Remaining Useful Life) prediction of the lithium-ion battery can evaluate the reliability
of the battery,reduce the risk of battery use and provide a theoretical basis for battery maintenance. Com-
bining the advantages of CNN (Convolutional Neural Network) and Bi-LSTM (Bi-directional Long Short-Term
Memory) network, the CNN-Bi-LSTM network model for lithium-ion battery RUL prediction is proposed,
which considers both multiple degradation characteristics and time sequence. The hyperparameters of CNN
are obtained by simulation, the highly correlated feature parameters are selected as the prediction input,
and the simulation experiment is carried out on the NASA lithium-ion battery aging data set. The experi-
mental results show that the CNN-Bi-LSTM network model can accurately predict the RUL of lithium-ion
batteries. Compared with other network models, it has the advantages of fewer network model parameters
and smaller memory usage,and has good performance in accuracy and convergence.

Key words: lithium-ion battery; convolutional neural network;bi-directional long short-term memory network;

remaining useful life prediction
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Self-adaptive integrated control strategy of battery energy storage system
considering SOC for primary frequency regulation
WANG Yufei, YANG Mingcheng,XUE Hua,ZHANG Yuhua,MI Yang
(College of Electrical Engineering,Shanghai University of Electrical Power,Shanghai 200090, China)

Abstract: Considering improving the adaptability of primary frequency response under the limitation of BESS
(Battery Energy Storage System) capacity,an integrated control strategy of BESS considering SOC (State Of
Charge) for primary frequency regulation is proposed. The dynamic model of BESS for primary frequency
regulation is established. The regulation characteristics of virtual inertia and virtual droop control on the
grid frequency deviation are compared and analyzed. A self-adaptive integrated control strategy of BESS
considering SOC for primary frequency regulation is designed,in which a self-adaptive factor of a dynamic
combination of input coefficient considering frequency deviation and its rate of change and feedback coeffi-
cient considering SOC is introduced. The input coefficients are adaptively adjusted by fuzzy logic controller
and the feedback coefficients are adaptively adjusted by regression function. Finally, the simulation model
is built to compare and analyze different control strategies under step and continuous load disturbance.
The simulative results show that the proposed control strategy can adaptively control the output of BESS
and effectively improve the primary frequency regulation effect.

Key words: battery energy storage system; primary frequency regulation; self-adaptive factor;integrated con-

trol strategy ;state of charge
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Table B1 Fuzzy control rules

df/dt Af

NB NM NS 4 PS PM PB
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Fig.B1 Block diagram of self-adaptive integrated control of BESS for primary frequency regulation
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Table C1 Simulation parameters
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To/s 0.08 To/s 0.1
TCH/S 0.3 My 6
Tru/s 10 Kp 4
Fup 0.5 Km 1
Kq 17 Qsoc_min 0.1
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D 1 Qsoc_high 0.55
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Fig.C1 Curves of frequency deviation, output power of traditional units and SOC of BESS under continuous load disturbance
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