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Dioxin Emission Concentration Soft Measurement Based on Multi-source Latent Feature

Selective Ensemble Modeling for Municipal Solid Waste Incineration Process

TANG Jian"? QIAO Jun-Fei*? GUO Zi-Hao"?

Abstract One of the main reasons leading to “not in my backyard (NIMBY)” of municipal solid waste incinera-
tion (MSWI) plant construction is dioxin (DXN) emission from such process, which is a highly toxic substance to
the ecological environment. In practical industrial process, the DXN emission concentration is detected by off-line.
It is difficult to meet the requirements of optimal control. Aim at the above problem, a new DXN emission concen-
tration soft measurement approach based on multi-source latent feature selective ensemble (SEN) modeling is pro-
posed. Firstly, MSWI process is divided into different subsystems according to industrial processes. Principal com-
ponent analysis (PCA) was used to extract their latent features. Primary selection of these features is made based
on empirical pre-set threshold of contribution rate. Then, mutual information (MI) is used to measure the correla-
tion between these primary selected features and DXN. The upper and lower limits and thresholds for re-selected
feature are adaptively determined. Finally, based on the re-selected feature, the least squares-support vector ma-
chine (LS-SVM) algorithm with hyper-parameter adaptive selection mechanism is used to construct sub-models. A
strategy based on branch and bound (BB) and prediction error information entropy weighting algorithm is used to
select sub-model and calculate the weight coefficient. Thus, an SEN soft sensing model is obtained. The proposed
method is verified by using DXN detection data of MSWI process in Beijing.
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support vector machine (LS-SVM), selective ensemble (SEN) modeling
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Soft sensing strategy of DXN emission concentration based on latent feature SEN modeling
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Table 2 Number of the primary selected latent feature and their contribution ratio

T RGNS Incinerator Boiler Flue gas Steam Stack Common MSWI
FIE S S5 1 29.90 70.99 54.57 63.34 42.91 46.33 43.58

2 21.75 12.66 10.42 16.56 18.06 14.10 13.40

3 11.14 6.058 8.901 7.691 17.30 8.653 8.761

4 6.952 5.014 7.146 3.906 12.65 6.798 5.921

5 6.635 3.036 5.041 2.030 7.211 4.483 4.822

6 5.075 1.356 4.269 1.533 1.854 4.221 3.246

7 3.792 3.237 1.184 3.501 3.071

8 3.208 2.584 1.007 — 2.842 2.919

9 2.784 1.190 — — 2.116 2.444

10 1.846 1.494 2.138

11 1.514 — — — 1.256 1.911

12 1.283 — — — 1.164 1.731

13 1.129 1.481

14 — — — — — 1.344

15 — — — — — 1.068

VI AE R A O 13 6 9 5 6 12 15
JE G AR AT A 79 14 19 53 6 115 286

0.0595)« (30.70, 2.080). (5.950, 0.5950)~ (1520800,
22816) Fl (1362400, 158.5), XF B 1R 34 77 #i 1%
72 (Root mean square error, RMSE) 435l 4
0.01676+0.02302. 0.01348.0.01943.0.01475.
0.02261 A1 0.02375. A WL, RH MSWI &ifE R4
(1) T 326 ¥ 75 5 AIF 4 22 10 7 B Y T AR 22 oK
(0.02375), HX R ISR HATBORTER (1362400,
158.5), FBZL & 4 R 5 I8 10 T8 75 RRAE (0 3088 o A
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AR S HEBCT 22 G0 FTxd L 745 28 g Fo) i
Z43 9978 0.01676+ 0.01348 F1 0.01475, HAH S ¥ #
LS H N (109, 109), (5.950, 0.0595) I
(5.950, 0.5950); MHLEE L3, Lid 3 NFRGRS
DXN 4 5 BRBE R HECE 251k,
ZAE R DR T ARSI T G SRR,
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(R T ) T 3% 22X 4 0.02261, X /2 5 DXN
HLEANZ T R R MR N ST A
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Fig.4 MI value between DXN and primary potential characteristics of all subsystems and MSWI whole process systems
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Table 3  Extremum statistical table of potential characteristic MI values for primary selection latent
feature of all Subsystems and MSWI whole process system
R4 RAEES RAMESES
MI {8 TUHRER (%) PC %5 MI & TTHRER (%) PC %i'5
Incinerator 0.8559 1.514 11 0.6814 29.90 1
Boiler 0.8019 3.036 5 0.5527 70.99 1
Flue gas 0.8316 10.42 2 0.6084 54.57 1
Steam 0.8249 7.691 3 0.6059 63.34 1
Stack 0.8067 17.30 3 0.7182 42.91 1
Common 0.8613 4.221 6 0.5400 46.33 1
MSWI 0.7882 4.822 5 0.4429 43.58 1
F 4 FOEEERMERCE ML ESTHE
Table 4  Statistical table of re-selected latent feature’s number and MI value
TE% Bk MIfH
Incinerator 5 0.7952 0.8267 0.8258 0.8559 0.8088 —
Boiler 2 0.8019 0.7952
Flue gas 1 0.8316 — — — — —
Steam 3 0.8249 0.8022 0.8019 — — —
Stack 2 0.7952 0.8067
Common 6 0.8019 0.8613 0.8088 0.7904 0.8383 0.8316
MSWI 1 0.7882 — — — - -
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Table 5  Statistical results of different modeling methods
JiiE AR EHE  mRUNE RMSE ZH (LV/PC) (K, R,) HIE
SCHR [22] 12 — 0.08869 + 0.3000 (—) () R RWNN
Sk [24] 8 — 0.02695 (—) (21, 21) HARA SVM
- (—) (0.1, 1; 400, 6400; 12800, NP
SCHR [37) 6 AWF 0.02306 95600: 51200, 102400) SEN, 2T 25K
PLS 286 — 0.01790 (13) (—) R MSWIR S
PCA-LS-SVM 286 0.01563 (18) (36240, 83904) FRH MSWIRYSE
(5,2,1,3,2,6,1) (109, 109; 10000,
N 25.75; 5.950, 0.0595; 30.70, 2.080; PCA-MI-LSSVM 4% EN,
R (EN) 286 PLS 0.01420 5.950, 0.5950; 1520800, 22816; ot it
1362400, 158.5)
AWF 0.01851
Entropy 0.01625
- _ / Wil
PR AR B (5, 1, 2) (109, 109; 5.950, 0.0595; PCA M.I LSSVMTHAL, SEN,
SEN) (43 77%) 286 (104) BB-AWF 0.01348 5.950, 0.5950) Incinerator, Flue gas,
( * -950, 0. StackJt3 1 THL
BB-Entropy 0.01332

XI5 3 BN FRAE RS B BT REMEAER R
FEMERERS, KHEET PCA MR AIRMN
VERAE R AR S ORI 3% L 22 1 M RISG 6 iR 1 )k
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