Computer Science and Application HERI% 5/, 2019, 9(2), 328-338 Hans X
Published Online February 2019 in Hans. http://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2019.92038

Time/Space Separation Based FOA-Elman
Modeling for Non-Linear Distributed
Parameter Processes

—Spatial-Temporal Modeling

Renjian Yang, Yingqi Fan

Research Institute of Petroleum Processing, SINOPEC, Beijing
Email: yangrj.ripp@sinopec.com, fanyq.ripp@sinopec.com

Received: Jan. 28", 2019; accepted: Feb. 6", 2019; published: Feb. 13", 2019

Abstract

In this paper, because of infinite-dimensional nature and complex nonlinearities of the distributed
parameter systems, a new data-driven modeling method has been proposed. The spatiotemporal
output of the system is measured at a finite number of spatial locations; at the same time it is as-
sumed that the input of the system is a temporal variable. Firstly, Karhunen-Loéve (K-L) decom-
position is used for dimension reduction to get PCA eigenvectors, which can be utilized to extract
the nonlinear basis functions in dominant space. After using time-space separation to get the
temporal coefficients, then combining the temporal coefficients and the excitation input signal as
input and output information, the NARX model can be identified by using Elman neural network
whose structure parameters have been optimized by FOA. Finally, model has been reconstructed
and the predicted output gotten. Simulation result shows that the proposed modeling method can
achieve good performance for distributed parameter systems.
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JZAFE T SE P B SRR AR . TS E R M SRS
(distributed parameter system, DPS). FH T 40 Ny H (AR LR PRI S 8 SRR TC 55 4ids 1, B T4 S8
R G HIME B IR T VETC RN ISR 25 00 A R GU AT HERF A o BB R 23 77 #2 (partial differential equations,
PDE)REW HERI IR 70 M S E RGN FLEE,  (E 52 R T 50(f v 55 A8 70 AN S B 22 Gt b oA R AT AL A s
TUMLAL, TARMEASRISEERRI A . Bk, ALBEXRIRATRRLE, B nlAT A PRI,

W AT S E R G W IR5r J7 R R ] J0 00, WA AR e 75 (s A BR 22 i A0 IR ik 46 )il i
B BAGR BR  TT R A N 22 3 TT R, AR T ORIERE ARS8 27 A — AN e 4R o I AR (1]
(ordinary differential equation, ODE), 1% B 4% 3 B AL 1 11 PR [ By 3 ASEBR L o PERRE 264 T, 2
T IEAZ 53 f# (proper orthogonal decomposition, POD)f] Galerkin 777%[2] UM PRI L3158 ATk Z27%
LTS RSB RGN G IR RS SRAE LR TR, 8% T0vE B9 B RA M 451
MZH, [FRGE 22 BB R A R FA AN TR, SEOEEES R RGN B, STk
HIRHEZME SR GE, A 0 N i H 3R AT WLEA5 2 RS KB AR

F I 77 EE[4]-[9] (principal component analysis, PCA) XAEFR A : K-L 20k, & —Fh 3k T Hds g A
7%, K-L o el 5t JEZet: DPS B [ A2 [ g7 AR o i o 8 e B & 1 6 5 25 () R pR 4,
F B 23 53 il 3045 RG] 8] RBOF GG RGN E 5 - EEEZLYE B A &5 4 JiA< 8 (nonlinear autore-
gressive exogenous, NARX) AR [ 10704 Ny 45 S o

Elman & M2 [11]2& — MA@ A ML, MR, SHE/h, FHEG T LR AELENE
RGHER, A SO A Elman #1280 26565 NARX BEAYEAT At 7 SRTH A Elman P8 45 2% 2] S2A7
TEWR G BN SR A, WSl 18 A m, DRI =5 A T — A 4 R AL SRV Elman #0228 0 2% (R AU A
W AT 4 /A AL« SR D1k 5325 (Fruit Fly Optimization Algorithm, FOA) [12] [13]/2& —Fh#i 4 R AL E
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Figure 1. Spatial-temporal NARX modelling for distributed parameter system
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3.2. FOA-Elman &80
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B 1% u (1) Rl y(¢) 7T LAH NARX RS IA :
y(O)=F[y(=1)p(t=n,)u(t=1),u(t-n,)] (13)

Hobt, u(t) e R p(r) e R4S BIARI R, n, B, 5 B B4R Hh 3«
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Elman #& M 4 H I Z M AR FNE. BEZFNE) . AEZEFHHZ. Elman #1428 MR 421
R M R E B — AR E, B ER s &g EEERREERmN . EKEEERN
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Elman #1485 W 2 (1) JE 2e MR A5 28 (R Rk =00

y(k)=g(w'x(k)) (14)
x(k) = f(wx, (k))+w? (u(k—1)) (15)
x, (k)=x(k-1) (16)

Kt u AR x NREE AR, y TR, x ORRESREA R w R
Bt EIERRUE: W AN ZE RIS EEEAUE: w RS E 3 RS, g (*) NihE
TR AL RS EM IR A f(F) AR EME TR, WRA S R
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(17)
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Step 3: TR WAL E, Joit S i R MG B S R R R, e B A R D R A
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1
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Figure 2. Structure chart for spatial-temporal FOA-Elman model
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Figure 3. Catalytic reaction process
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Figure 4. Simulation result by finite difference
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Figure 5. Spatial basis function (n = 4)
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Table 2. RMSE comparison for Elman-PCA and FOA-Elman-PCA
# 2. Elman-PCA 5 FOA-Elman-PCA #J RMSE %ftt

HEREAN L n 1 2 3 4
Elman-PCA 0.1159 0.0527 0.0270 0.0248
RMSE
FOA-Elman-PCA 0.0987 0.0489 0.0250 0.0202
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Figure 6. Spatial-temporal FOA-Elman model output (n = 3)
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Figure 7. Spatial-temporal FOA-Elman model error (n = 3)
& 7. B¥ZS FOA-Elman fREIRZE(n = 3)

5. &t

AW T — R T AT S H AR G i E R WK K FOA-Elman I 23 7 B85 7% i 56
K-L 7 fifxt RGEEAEDAT £ AR EL, B AN 23 20 R RGO ) R 8, R4 & RS0 N U
FHRH — A Elman fH2e A HR, e Xt RETEAT IR BN, PTG . AT A T 2 RE
BB AERHLER, AR SE A B A N\ i ) B BV T S 8, Rl AT @ vk e, s K
SRR BRI R RO RO BRI, ZOT IR A S R SR R R IRz AL RE D) .

DOI: 10.12677/csa.2019.92038 337 THEAURF 5 R


https://doi.org/10.12677/csa.2019.92038

WA, B

SE

(1]

(2]

(3]

Balas, M.J. (1991) Nonlinear Finite-Dimensional Control of a Class of Nonlinear Distributed Parameter Systems Using
Residual-Mode Filters: A Roof of Local Exponential Stability. Journal of Mathematical Analysis & Applications, 162,
63-70. https://doi.org/10.1016/0022-247X(91)90178-3

Balas, M.J. (1983) The Galerkin Method and Feedback Control of Linear Distributed Parameter Systems. Journal of
Mathematical Analysis and Applications, 91, 527-546. https://doi.org/10.1016/0022-247X(83)90167-1

Christofides. P.D. and Daoutidis, P. (1997) Finite-Dimensional Control of Parabolic PDE Systems Using Approximate
Inertial Manifolds. Journal of Mathematical Analysis & Applications, 216, 398-420.
https://doi.org/10.1006/jmaa.1997.5649

Armaou, A. and Christofides, P.D. (2002) Dynamic Optimization of Dissipative PDE Systems Using Nonlinear Order
Reduction. Chemical Engineering Science, 57, 50-83. https://doi.org/10.1016/S0009-2509(02)00419-0

Baker, J. and Christofides, P.D. (2000) Finite-Dimensional Approximation and Control of Nonlinear Parabolic PDE
Systems. International Journal of Control, 73, 439-456. https://doi.org/10.1080/002071700219614

Li, H.X., Qi, C.K. and Zhang, H.T. (2007) Greatly Enhancing the Modeling Accuracy for Distributed Parameter Sys-
tems by Nonlinear Time/Space Separation. Physica A, 37, 215-222.

Park, H.M. and Cho, D.H. (1996) The Use of the Karhunen-Loéve Decomposition for the Modeling of Distributed Pa-
rameter Systems. Chemical Engineering Science, 51, 81-98. https://doi.org/10.1016/0009-2509(95)00230-8

Dai, H., Zheng, Z. and Wang, W. (2017) Nonlinear System Stochastic Response Determination via Fractional Equiva-
lent Linearization and Karhunen-Loéve Expansion. Communications in Nonlinear Science & Numerical Simulation, 49,
145-158. https://doi.org/10.1016/j.cnsns.2017.01.033

Mandelj, S., Grabec, 1. and Govekar, E. (2001) Statistical Approach to Modeling of Spatiotemporal Dynamics. Inter-
national Journal of Bifurcation and Chaos, 11, 27-31. https://doi.org/10.1142/S0218127401003802

Coca, D. and Billings, S.A. (2002) Identification of Finite Dimensional Models of Infinite Dimensional Dynamical
Systems. Automatica, 38, 18-51. https://doi.org/10.1016/S0005-1098(02)00099-7

INEE, I EME. JURER IF AP N K AR R G RN D] RATESHETHA, 2003, 25(2): 194-197.

Pan, W.T. (2012) A New Fruit Fly Optimization Algorithm: Taking the Financial Distress Model as an Example.
Knowledge-Based Systems, 26, 69-74. https://doi.org/10.1016/1.knosys.2011.07.001

oo, R RAEEEIAM]. Gk R, 2011

B, £, &, HT FOA-Elman #4548 (o6 Ak fo b K2 B0t 0 T B[], s S5 4%k, 2014, 51(12):
120-124.

Sirovich, L. (1991) New Perspectives in Turbulence. Springer, New York. https://doi.org/10.1007/978-1-4612-3156-1

Qi, C.K., Zhang, H.T. and Li, H.X. (2009) A Multi-Channel Spatio-Temporal Hammerstein Modeling Approach for
Nonlinear Distributed Parameter Processes. Process Control, 19, 85-99. https://doi.org/10.1016/j.jprocont.2008.01.006

Christofides, P.D. (2001) Nonlinear and Robust Control of PDE Systems: Methods and Applications to Trans-
port-Reaction Processes. Birkhauser, Boston. https://doi.org/10.1007/978-1-4612-0185-4

Hans X

PR BB 5 2

1. FTJFFAM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
TFHRBIRHELEE: [ISSN], AT ISSN: 2161-8801, EITI#if]
2. FTHFHIM B 7T http:/cnki.net/
L “HEBRSCRREE” HEN, BN ERE, Bia] A

hEE S http://www.hanspub.org/Submission.aspx

WITIMRAE : csa@hanspub.org

DOI: 10.12677/csa.2019.92038 338 MR 5 R


https://doi.org/10.12677/csa.2019.92038
https://doi.org/10.1016/0022-247X(91)90178-3
https://doi.org/10.1016/0022-247X(83)90167-1
https://doi.org/10.1006/jmaa.1997.5649
https://doi.org/10.1016/S0009-2509(02)00419-0
https://doi.org/10.1080/002071700219614
https://doi.org/10.1016/0009-2509(95)00230-8
https://doi.org/10.1016/j.cnsns.2017.01.033
https://doi.org/10.1142/S0218127401003802
https://doi.org/10.1016/S0005-1098(02)00099-7
https://doi.org/10.1016/j.knosys.2011.07.001
https://doi.org/10.1007/978-1-4612-3156-1
https://doi.org/10.1016/j.jprocont.2008.01.006
https://doi.org/10.1007/978-1-4612-0185-4
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:csa@hanspub.org

	Time/Space Separation Based FOA-Elman Modeling for Non-Linear Distributed Parameter Processes
	Abstract
	Keywords
	基于时空FOA-Elman的分布参数系统建模
	摘  要
	关键词
	1. 引言
	2. 问题描述
	3. 时空分离及FOA-Elman模型辨识
	3.1. 时空分离
	3.1.1. 时空分离方法
	3.1.2. 快照(Snapshots)法
	3.1.3. 维数n的选取

	3.2. FOA-Elman模型辨识
	3.2.1. Elman神经网络
	3.2.2. 果蝇优化算法
	3.2.3. 基于FOA算法的Elman神经网络预测模型


	4. 仿真研究
	4.1. 系统描述
	4.2. 时空FOA-Elman建模

	5. 结论
	参考文献

