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Data-driven Modeling and Self-organizing Control of

Municipal Solid Waste Incineration Process

DING Hai-Xu"? TANG Jian"? QIAO Jun-Fei"?

Abstract Municipal solid waste incineration (MSWI) is one of the main means to dispose of municipal solid waste
(MSW). MSW in China has a wide range of sources, complex components, and large fluctuations in calorific value.
Its incineration process usually relies on manual intervention. This will lead to a low degree of intelligence in the
MSWI process and it is difficult to meet the increasing control requirements. MSWI has many uncertain character-
istics such as multivariable coupling and working condition drift, so it is difficult to build the model of controlled
object and design the on-line controller. To solve the above problems, this paper proposes a data-driven modeling
and self-organizing control method for MSWI process. Firstly, the model of controlled object based on multi-input
multi-output Takagi Sugeno fuzzy neural network (MIMO-TSFNN) is constructed. Secondly, a multi-task learning
self-organizing fuzzy neural network controller (MTL-SOFNNC) is designed to synchronously control the furnace
temperature and flue gas oxygen content, which can self-organize the structural parameters of the controller by cal-
culating the similarity of neurons and the ability of multi-task learning (MTL). Meanwhile, the stability of MTL-
SOFNNC is proved by Lyapunov theorem. Finally, the effectiveness of the model and controller is verified by the
process data of an MSWI plant in Beijing.
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MSWI control system based on MTL-SOFNNC
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a) FHEGHE
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(b) Primary air fan (c) Secondary air fan
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(d) #ib
(d) Thermocouple
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(e) Zirconia

(f) EZ&RME
(f) Main steam pipe
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Fig.5 MSWTI actuators and detection equipment
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Table 1  Operating range of experimental subjects
A4 1BA7 v EXD2
— YR T 40 ~ 100 km? N /h
FRI R E 4y L 0 ~ 100 %
R R 0~ 30 km® N/h
P i 850 ~ 1050 C
TSR 2~14 %
TARUE 65 ~ 85 t/h
42 EERER

AR 308 I 337 B B0 BT R FE e 4 X AR T 1)
A R, iR H I 2020 4F 10 A 26 H, R4
FEASE N 3000 41, #H b 80% 1E AINZRHEA,
20% 1F RMAFEA. B SHRE W T: =0
ZIuRN 3N, IERBEEREZEHE T ANECH 3 %
124y, LR EME TN BN 1214, FHEME
TCNECON 12x 34, i EM & ol 34, IIZRiE
R EH 500 k. B R 1EZ (Root mean
squared error, RMSE) 5-F#4H 7tk Z (Aver-
age percentage error, APE) H T PP @R, A1
KIE X

S (yg(k) — g (k)2

RMSE, = \| #=2 I (60)
K
_ i Yq(k) — 9q(k)
APE, K;:lj b 100%  (61)

A, K EFEABE

AR AR N ZRid 72 b 1) RMSE A2 44 i 2k
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Fig.6 RMSE of the model training process
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Table 2 Evaluation of modeling effect of
controlled object model

PR A EsP

[ £ xR A T Y

HERY jiig it AR
RMSE  3.88 C 0.30% 0.43 t/h
Ik
MIMO. APE  0.27% 3.16% 0.45%
TSFNN RMSE 418 C 0.58% 0.49 t/h
W
APE  0.31% 6.97% 0.59%

X% Z (Integral of absolute error, IAE). “FJ7
#oriR % (Integral of squared error, ISE). “F¥4i#
WE (0% ) FFI _EFEE (2, ) XTI s
Wl B2 ~PARMEFNGT TP RE T3 T PEAL, AHDCE LR

1 fo
TIAE, = ¢ 2
vy, o @)

1 fo 2
ISE, = es,(t))" dt 63
T RC) (63

amples fitting effect

@ ™, max ~
> (Y M = 95)
Gg% = 2= =5 x 100% (64)
q/

IS
» m21 tr, 10%—90%
A= Mt (65
N, to ATEHIEIGIS E), ¢p Nl 45 R 8], g%
Ay ™ 5 oo RBCE A AR A A A A (E AN AL
© & F35 il I 1] B A 18 5 A8 A PR T4 tz:i?%ago%
TEREIEAL BN 10% ETFE] 90% Fr 75 BRI [A].

MTL-SOFNNC W& fEL AU RE ] 8
B, HooH AR B — O &S P HRE
KL R QA 9 Fros.

N T EIE MTL-SOFNNC 14 &bk, K g )
RRG 2 AF 5 H H H A BRI 2 W 28 45 ] (Multi-
variable direct self-organizing fuzzy neural net-
work control, M-DSNNC)®., F 2 (Self-
organizing fuzzy control, SOFC)®, H 22 T-S #i&
B F 28 I 255 45 1 (Self-organizing T-S fuzzy neural
network control, SOTSFNNC)®., T-S Fkf i 22 Y
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#* 3 MSWI i 2 A8 B2 il 8 1 g Ll
Table 3  Performance comparison of multi-variable controllers for MSWI process
o R B AR
4% FUEZ v e
TAE ISE 5% 7 (s) IAE ISE &% 7 (s)
MTL-SOFNNC 10 1.883 28.828 0.39% 23.93 0.151 0.124 3.12% 21.47
M-DSNNC 21 2.379 29.374 0.58% 25.68 0.188 0.150 3.14% 29.47
SOFC 20 2.464 30.229 0.46% 30.43 0.194 0.152 3.92% 29.37
SOTSFNNC 17 2.872 30.414 0.72% 23.38 0.214 0.136 4.13% 27.72
TSFNNC 20 2.854 30.728 0.75% 24.14 0.217 0.151 5.45% 34.77
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TR A B L ) 4 1 1 e
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T it 0 7E 2R RS AR ). X DAL il L, A SR
T MSWI B8 SR sh @ 5 5 A 235 7%,
FEF ARG R LBLEWT.
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2) @S T HET MTL-SOFNNC KIfH] R 4.
Pt s e M A HIL A« RO ) R S LA 2k, 3
LA RN e 2 T AR 5 AR 555 2T RE T A

N K, B T AR AT B IR R ).

3) UEH T FEHla ASE . KT Lyapunov &
B2 1) R G AR e MR AT 40 A, BROR T MTL-
SOFNNC 7£ Sk bR N H A 47 1.

ZE BRIk, ARSCHT IR T ER MSWI i 5 A
A RIF R @B RE ) 5L R L RE. 2R E
fH 2T MSWI [ SEPrig 17 i #2245 i, sk,
] 48 A FH ) 3 28 4% o) AL o 2 5 B80T R R 55 )
AR R, ARREE TR LR AT TR TF: 1) &
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