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A Review of Neural Network Control in Municipal Solid Waste Incineration Processes

TANG Jian"** TIAN Hao"** YU Wen' QIAO Jun-Fei"*?

Abstract Municipal solid waste incineration (MSWI) has emerged as a crucial technology for addressing urban en-
vironmental challenges and promoting the recycling of renewable energy. The MSWI system is characterized by nu-
merous parameters, strong interdependencies, and significant nonlinearity, which necessitate the application of ad-
vanced process control techniques to ensure stable and efficient operation. This paper provides a comprehensive re-
view of neural network control (NNC) applications in the MSWI process, aiming to fill existing research gaps and
encourage further investigation in this field. First, the typical MSWI process is outlined, and the associated control
challenges and objectives are analyzed, emphasizing the complexity of the control task. The paper then introduces
neural network control techniques, highlighting their advantages in managing such complex systems. Next, various
models of incinerators used for control purposes are reviewed, including both traditional mechanistic models and
data-driven approaches. A brief discussion on non-NNC controllers is also provided. The review further explores
shallow and fuzzy controller designs within the context of NNC, addressing aspects such as network parameters,
network structures, event-triggered online update algorithms, and stability analysis. A performance evaluation of
these control strategies is included as well. Additionally, the paper outlines potential future research directions. Fi-
nally, the contributions of this article in promoting the development of NNC towards MSWI process control embod-
ied intelligence are summarized.

Key words Municipal solid waste incineration, advanced process control, neural network control, online parameter
update, self-organizing structure, event-driven control
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Fig.1  MSWI process flow diagram
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AT RGNS, EEE A 7RI, T-
S BRfH 22 4% (Takagi-Sugeno (T-S) fuzzy neur-
al network, TSFNN) J& i &5 A 15k 12 5 F11 14 22 4
2851 LA A o 0 L P RS B2, R A AT B AN
SEVERIE e, B BRI BT Jt,

3) MHEATHR ) HOERT FURI M LT &, A LB
AR T R AN A AT AL 5 ) MSWIT i RE 14
B, AHAE D0 B AT i B AR 2R A AN 52 TR I
SRR R G AEAE BAF AL AR, ol X sh e 4
EIRRENG A RN B 25 5 B B R s A A =
FERG & AR B, ELAD 2 1) T U SR 10 7 75 36 LA
TR WA, 7R AT 5 TR EE P R R I 1 55t
T, BB AR RO BE SR B RO R 2k Tl
JURESERNIESPI O
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H il & A B 735 Carrasco 4519 jlid £ %
RO BR e ) R DLk i iR FE R 1 Ju
LW R HSIC SRS P A3, 2 — ik
15 3% N1 Z5E0 R fi 4450 R HSIC JF A&
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Fig.2  Classic NNC structure
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Fig.3 Design and online update flowchart of NNC
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Table 3  Statistical results of online updating method for network parameters of NNC in MSWI processes
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Table 5  Statistical results of online update method for event triggering of NNC in MSWI processes
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Table 6  Statistical results of NNC stability analysis for MSWI processes
STk == BREEMTNE LT Lyapunov BR%L i
[98] HLE /2004 7 7 AT L2 THIIE B & Gide e
[92] e M 45 /2007 7x 7 AN 3L THIIE B & Guke e
[99] %55 /2011 T T AN BLETHIE B R Geke e
T 5T AT A =T =
[106] Takaghaj %/2012  BHAELEHWEER v=£e,900, 66 0w PR RS UUB
2 2Be 2Bc 28w
~T ~ T pT b ~ ~
04  Takaghaj %/2014  ZEE T HRE v, _ enen | P " (G PR R %8 UUB
2 28, 28p 2Bw
Vi(t) = (E(1)?/2 (ZHEH); ,
Va(t) = Va(t) + {Z CSACE Aaqu))] /2 ,
- AT R R - HEARIBE O << 7 M
[74] Ding /2023 GEER TR (iﬂ@%%ﬁ); 2 RGEFE I FEH S 7E H R
Va(t) = Va(t) + {Z (Aﬁ;’(t) - Aﬂq(t)):| /2 iR, AGRALE
q=1
(4 )
o ST b5 TR S50
[100] Tian % /2023 ¥ ¥ S —
1 —e? B K»E 0<n< 2/H Oyx 2
101 He /2023 SRLEATH R Vik) = = (1 — exp (265 )) ol 0= =25e,
¢ g i, ARG RAE
2
120 = IO (s, N
BHAELR TR R 0, 2 ]
[102]  Ding %/2023 G T R A M R b La(t) = Ln () + —=—— (S 5H0); o< < m i,
. g e B2, (1)
FHURNRER La(t) = La(t) + —52— (45 ) RERMIRLE
~2
La(®) = I (gppppn
) ) 2 ]S
[103]  iEsE/2025 SHAELL TR E 1 B(t) = S (3(1) —v* (1))* = 5e*(®) Yo+ o + o + o + Py < 21,
RYETRE )
1
91(t) = = (E(t))2 (BHEH); w0 51 2 e 2
0 Ty REATHIRER 10 = 5 FO ) HEARRR O << i
[104] o G HTE LT R R Da(t) = 0a(t) + %(E;L,ﬂ(t))z(zma%ﬁ); RY R RasE RGN, 2R T
~ BRI LRIE, 240 R
D3(t) = 95(t) + %(E;,_l(a)%%m@ﬁ) R e
15|  Ding /2023 SRR (1) = % HFEAHE O <" < e W
ARG ISR
2 IT2FNN #4435 GD fE4H
(73] Tian %/2024 BHAELL TR (FarE P V(t) = e3(t)/2 B oA LR, R% 2 BIBO
Bl
[91] Ui /2024 T T AN L ZTHIE B R Gee e v

SEIN IS R = oy =8 2 SR R NI I - L (B S |
A1 200 RN MRS ) . R YT NNC XY
MSWI i 72 iy i s A B A BN A B, (HELAETS
7K A PR A0 ) N FH 256 I At N BE T IR
SEF PR R

4 MRRE

NNC RE5 4L PR I 1 AE 26 1 AN AR5 ) A
3 = B A PR N 6B (H BB BE M RE . LR,
NNC F74E MSWI i 72 45 21 732 #F 7R R,



1966 H 3l 1t = i 51 %
£ 7 A MSWIERERAE NNC 1 ge 2 7
Table 7 Performance differences and advantages of different NNCs for MSWI processes
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SRTT, 7E MSWI XM Je 2 T80, 2 fil LI A1 2
Wiis BB A IR NNC 3% sk 35l
FEAE A S Z 3B W MR AT AR . I b < PR R
IREE NNC 7E 2R e DL 25 i R 4 1) SRS
B S BRI EREE RGN B,
A fA R P s 1) 2% B 68 B AL T AT P 2 ol D SR 4, 14
SEERVEN B BB AR, FRIE B 8 1 U S gk mT
B R R 2 B, A BT 00 A A St 42 i 5
I, AR IR 70N 5 597, FEARFFIRE NNC &
AE I [ET I 4R T LT MRt DA 3E MSWI 451 L &
BRI VR H S F .

5 £5RiE

R B AN A B R AE MSWI i FEf e %
VR 75 ) 238 A LA A () TR B B A R s e
HE. KIKE SRAE 20 SRR CAR R B R AE o g 15
B R FE I A 8 B A ) ) L SR, TR
KR E S MSWI i 2[5 1 [ & 1% 43 s FEAS
e WA IS 4E TR ) 5555 R 5 M, NNC 55T 4 Kl
MidE 5. ST HEEME, A MSWI A



1968

H Zlj (e

S 51 &

NNC W58 AT RAE LR, EE oA IAE: 1) 178
VR IR T 2R LA F, IR AR MSWI i 2
(A4 ) 1 5 2 o] e, ¥ HE 4 o) 4 AR R e 1k

BT ML SR NSRS S AR AR 2 SE R AT
Fa e ME A LR, JFREAT R HITERE ¥ ; 4) JRE
NNC 7t fieidt MSWI 4% il 5 & B e L A2 4 1 ARk

2) WA T ) 42 ) A B AR TR AN R A S A Y ] 2 N, T T ARK AT RE R TT 170 BB AE KB 7

I3 HTelE NNC 28 Kt R BUR; 3) R4i4k1E NNC
BB, 457 H AR A HIUE S B AE ) NNC,

Tt Je B RO 2 My HEAT S FEIIA AL, 5 IR A2

Misk A

AL R R 3 e 1] i XS AR AL

®AL O HEngiE feE X
Table A1  Abbreviations and their meanings

2N IR YELAFR HIE X
MSW Municipal solid waste I I
MSWI Municipal solid waste incineration I [ A A
WTE Waste-to-Energy R EREIR
Els Environmental indicators AR bR
MV Manipulated variable B AT
CvV Controlled variable Wiz &
AV Auxiliary variables BN A
ACC Automatic combustion control H B kets il
AT Artificial intelligence AT R
APC Advanced process control Seikid FE
NNC Neural network control 128 0 245 s ]
ANN Artificial neural network N T2 M 2%
CEMS Continuous emission monitoring system FESEHECR I R St
DXN Dioxin I
HRGC/HRMS High-resolution gas chromatography/High-resolution mass spectrometry e AR i o R T I L
EnDT Ensemble decision tree HE RIS
RF Random forest LR
GBDT Gradient boosting decision tree b BE SR T SR
FNN Fuzzy neural network FELR o1 258 X 45
PSO Particle swarm optimization KRR
LRDT Linear regression decision tree LR A B A T SR
BP Back propagation S a4 3%
RBF Radial basis function IR FE R
XGBoost Extreme gradient boosting Wi ofs P 2
TAI Industrial AT Tk N T8
HSIC Human simulated intelligent control 1 N REF
FLC Fuzzy logic control ORI AR A2 )
MPC Model predictive control TR TN 97 1)
LSTM Long short-term memory KE iz
RWNN Random weight neural network 5 A1 A 22 o) 8%
IT2FNN Interval type-2 FNN X 1) — AR A 25 X %
GD Gradient descent T E N
SOA Seagull optimization algorithm RS HRAL S
BO Bayesian optimization it
RLS Recursive least squares el l=f e
UUB Ultimately uniformly bounded BA—HET
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