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Multi-objective optimization of coal gasification process in Jinhua
furnace based on two-channel CNN-LSTM-Attention prediction model
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Abstract: The coal gasification process is characterized by strong nonlinearity, strong coupling, and multiple
conflicting objectives, which make it difficult for traditional mechanism-based optimization methods to achieve
efficient and robust performance. As a widely applied representative gasifier type in China, the Jinhua gasifier urgently
requires intelligent modeling and decision-support techniques for operational optimization. This paper proposes an
operation optimization approach for the Jinhua gasifier based on a dual-channel convolutional neural network-long
short-term memory-attention (CNN-LSTM-Attention) predictive model. The proposed model employs a dual-channel
structure to integrate process features with historical sequence information and leverages a hierarchical attention
mechanism to enhance the representation of critical features. In the tasks of predicting hydrogen and carbon monoxide
fractions, the constructed dual-channel CNN-LSTM-Attention model achieves coefficients of determination of 0.9322
and 0.963 7, respectively, demonstrating high accuracy and robustness. Building upon this, the model is coupled with a

particle swarm optimization algorithm and used as a surrogate model to intelligently search for optimal operating
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variables. Experimental results show that, compared with the original operating conditions, the optimized scheme

increases the hydrogen fraction by 1.22%, the carbon monoxide fraction by 1.51%, and the overall effective gas content

by 1.38%. This study provides effective support for intelligent modeling and operating condition optimization of the

Jinhua gasifier and offers valuable insights for the efficient operation of representative coal gasification technologies.

Keywords: Jinhua furnace; operation optimization; LSTM; CNN; attention; particle swarm algorithm
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Horb: QM NFFIEEIE; K AV UK E Hbrkr
L, I8 I 5 1A v R 0 L 2 A\ RF AL
HYRFAE 1] AR AH FLOG 2R 03X =3 AL i,

A(Z) = aAfcaturc(X) + /BAtargct(Y) + ’yAcross(X; Y)’
(14)

KB, By 3 ABUEREL, 7502 W45 )1 Sl 72
EEER

JIT 4 H FROIUASE Y 1) K afs b R AR AT RS D 5 A
WIR:

1) 5% N P B T 7 471 781 P SUUER T %% 4 Sy o 2 9
25 BT 95 L AR R

2) B ZHE S N CNN W) 4% 338 17 40 1 32 BRI %
4t

3) K FEHLRFAE 7 515 N\ LSTM M 28 3547 11 2%

4) B3t £ 2 X Attention AL % LSTM M 2% i)
iy th AT B BB

5) I A3 4 2 58 T 4 SR v
3 BRAERAGER

TESA THAR AR ) A, ASC Ak B 454
[ i 5 KA &S A9 R — S A B E 91 78 S AT
2, SR A B I KRS R AR K, T — S A AR U 3=
BER A A A R B KSR B IR R B T
PR IR AR OB AR AR — B P R, $E s A A 4
2 PR —E A IR LU, S 2 TR4R, TR, % i) L
THLA 2 H bR ) 3.

FRe B % HARUALTE Tolk3z 5T 38 75 23 i
KRR AT LI, AR SCK 2 B AR 10
H R4 o] 3R AT SR A BT &, SR A AR )
2 BAREAT VA — A A FE, R SR A VAN BRI AL,
TR

F(z) = a fu,(x) + B feo(). (15)
Horbe fu, () M foo () 23 ) 9 BLE SO — S8 AL Bk EE
B Syt AL B R 28 X 48 R A o BONBLE R A,
PR A 7= T SR W8 o8 7 AN NRHIE AR & J8 K
% BRI U AR g 5 H i i) R R R aQaRL sk
AT AN Y RFAE 2 S
RS A AL B AR LA AR SR AR R AR A 5
B a0 pos:
max F(z) = (@ fu (@) + B+ foola)):
8.t (fu, (2) + feo())n, <
(fu, (%) + feo()) < 100%,
[

HS 'le)xub]u
fP,lb(l') < fP(«'E) < fP,ub($)- (16)
Hrp:a=p3=05, ANRAER T RE X R A,
B AR L BRIE R R Nz, fr(x) AN R
BT, fow(@)~ fou(x) s BASAIABE 2 K )
NPRA R AA.
BRI (PSOYE L R A& SRR il =
Wb, 4RGeS A Y, Rk, 78 R 5
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Ak A28 W9 25 I 25 DA R Tl et et g A 2 AT s 45 3 T
J Uz R U AE RO AR 2P A AL 1] R
PSO B8 % Re s LABCR S S0 FE R B AU 42 =)
AT e, R B LR A R A S A, BRI, AR SR
PSO BRI (16).

4 BENWBTRAERS T

4.1 LI

AT NG X} By £ H XUE 38 CNN-LSTM-Attention
TRBE 2 S B R AT SCBR A4U. & 2, X BT 8 Hh A AR
ATV b S EG, DL G 56 UF 5 AR H R A T, 43 i 6
CNN-LSTM-Attention. =~ CNN-LSTM.  LSTM-
Attention, XUBE LSTM 5 CNN X T[R4 H H b
(R TIN5 55 (R RF, R BRI BT 5 VR AT A7, i
PR TS A AR )R 2 ST R HEAT 5 b
SEEG, ALHE LSTM A58, ANN Fl1 Transform.

AHIE TS E R RIR T A T Ak Tl S Ak 1)
DCS #%4t:, s | F EEAESHAN T HiRbR. NIRIUE
K B, (EAIR AL B FE P BBk TR R L AR
SCREE 202545 H 1 H ~ 20254 5 A 23 HIATHE
AT IE AT AR, SRR 0 8 min, FL3R1E 3961
AR A, Hor: 2773 A (70%) H Tl 2R 48, 396
AN (10%) FHTIAESE, 792 4 (20%) Tt 4.

4.2 TRIUPEREPPHY

N T ORE AN TR AR 1) A A8k 3 43 X 4 4
S 4] 1 2 (MAE). ¥ 75 iR 2 (RMSE). #5%E
FE(R?) VR VI T bm K PAik F0I M . H e S
.

YRR ZEE (MAE)

MAE:ii!yi—ﬁi!; (17)
KITiMiR % (RMSE) h
RMSE = J % y (i — 9:)% (18)
FIERB (RN
> )
RP=1-21 (19)

Z (v: — 9)°

Hort: g B SE, g R TR, 52 2092 E r 3 ME,
n REA ST MAE /7 8 T 8 5 209218 18] S 3 446
KPR, S T AR T A AR 2 7K S, B R /DS,
AR TR RS 4 55 K F RMSE PP Al — f T 22,
RMSE AR, 1570 50 ks P8 ™, R2 VT Ay S

L5 TN A L T O RE S, R (R, 000 25 R
. e XU@E CNN-LSTM-Attention #A%< fk
Friklee = s Ay A TR LR — S A B EL B TR Af 45
PRUNEE 3 PR

%3 CNN-LSTM-Attention BT 545
i L RFAE MAE RMSE R?
SARIIRGR S 0.00515 0.00661 0.9344
AL 0.03148 0.05047 0.93205
— A L) 0.14856 0.36899 0.96346

SR IR IE BT HE AR TR B 2 AR B R A Ak, AR S
Bl FE T Bl 36 S8 DA 5E B K XS 18 CNN-
LSTM-Attention &4 14 AL #E, 73 7 % B H i (1) 5 #1
FRAEFREUBLEL (CNN). B 7 B He (LSTM) DL K
VERE SIHLHI R EL (Attention). 38 i X bb #4248 A A 74
£ RMSE. MAE 5 R*$a b5 (2RI, PEAGAS [ AR B
X TR AR ARV B AN R .

T RSO S5 RN 4 MK 5 Fos, S RlAH T
AN EI RS TR A S LA R — SR A B B A1) 00 o ) A7y
fabr. B 4 F11E 5 D9 FNIME 5 sk bRE 0T Le i, S
PrIE 38K B T4 7= 8% DCS R 48 sZif RAEM Tk
DB {E, IR0, REG% LS BRI S AL B AT IR A
TR T 5 SR 5 FL L, R 6% B b s AR R ) s
bR Tl i A2 B0 A FI T A 7). SaR 48 SRR B, 4%
Bk CNN #i 5, AR 7RI 7 RF S U7 TH I RE /1T
B, RMSE {2 38 K (30 10.9%), & G2 TR
PSRRI A s B SR AL 325 He i CNN-
LSTM-Attention 5 CNN-LSTM H# A DL B, 2474
bR 2 3 G R IR, AR AE OB R AR A EE 43 T
JH IR A, SETMAEE T b &AW
A1) FHEI0 AL e 1 PRAIR T 1.5%, — AL EU A9 5000 4
PEBRIR T 2.2%. IX R 2 2 R & A1 WL Re 8 &L
348 5 RS TR Xof - SRR I R AU (1 SRR, TG S 5 4
FEFI e, £5 L FTIR, s 4k R AR I0E T 5

F4 SWHES CEH) FTUNERLSIIEEE R
A CNN-LSTM-  CNN- LSTM- X E CNN
2 Attention LSTM  Attention LSTM
RMSE 0.07047 0.07742  0.07818  0.07543  0.07264
MAE 0.03148 0.03426  0.03186  0.03178  0.03240
R? 0.93205 0.91835 0.92685 092872  0.92851
TS S—E R LB UM ERRSCIREE R
i CNN-LSTM-  CNN- LSTM- Ui
2R Attention LSTM Attention LSTM
RMSE 0.36899 037290 037209 037053  0.37327
MAE 0.14856 0.15586  0.15285  0.14791  0.14950
R? 0.96346 0.94268  0.95364  0.95769  0.94368
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FURFIZ JZ U0 e LI E R T b g AR . X b S2B6 4 18 73 7 XUl 7 CNN-LSTM-Attention

SR, DS UE AR R A BB B A RV VR SRAE B AR PE BRI 3. BRI F, A SRR 3 R Y
HH BT HAR R R i 4t AR R S st k. y ik — B pF IR AR IR AR Dkt BRI : £% 58 LSTM. ANN LA
i P R AR R AE SRR B 3 55 P A R, 808 % Transformer. FIT A X U SESG 3 2k T M R a4 5
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— BRI W E TR, AR U7 R 2 (RMSE).
SEIAERTRZE (MAE) LA KA E R4 (R?) 1ERVENY
ahr.

AN RIS BUTE S0 S LB TROIIAT 25 Hh B VA0 i b
6 s, H TG 5 52 bR p %t il an i 6 Al
N, SRS S5 IR, BT CNN-LSTM-Attention 15
RUTE & IR bR L300 T HAthxT LU RS, BT 5, F

*®6 TEMERESS (LLH) TN ERRERMR

FEAIZER]  CNN-LSTM-Attention ~ LSTM ANN  Transform
RMSE 0.07047 0.07625 0.08314  0.07353
MAE 0.03148 0.03178 0.03825  0.03511
R? 0.93205 092146 091764  0.91846
35.2
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et
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FRMIE
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35.2
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(d) Transformer
El6 XTLLSRIG R ARHREX S SHIFUNLER

Y77 iR ZE (RMSE) J7 T, ZAE IS T 0.07047 [
At 45 B, T Transformer (0.07353), 7 & F K T
LSTM (0.07625) 5 ANN (0.083 14); 7£ 40L& & J7 Ifi,
HoHE R (RY)IE ST 093205, & T LSTM
(0.93046). ANN (0.91764) 5 Transformer (0.91846).
X He 2k B B CNN-LSTM-Attention #5776 &< kb
51 R0 Hh 2% T B PR B R B i, AR TR G
TRIE 2 IR TR HAR A, Rt R AT (0 N A ).

AN R B R A SR TROAE 55 HF T A0 F8 b 3R
7 B, AR LE S TN 1 S BB -5 TOME X
fEOLanE 7 Fros. 3R 7 4 R W, 75— Ak bt
151 754 5% 1, CNN-LSTM-Attention A5 75 4 44 55 T1
AR BART S, /R R R 2 (RMSE) J5 T, %45
BRI T 3R I 1A% Ge R B 2 ST A 2.7% 1
T A, ke B2 (R?) 185 0.96346, W3 15
FHAh 5 LA AL B IR 45 R R B, CNN-LSTM-
Attention 157 B85 A7 RSB I 17 504 Hh R I 25 RFAIE,
FHAESUANE B RZ A BE /) B35 e I AR P .

Fz7 FRERAE—FI (L) FUN_ LR EFRM
BEiBZEH]  CNN-LSTM-Attention LSTM ANN Transform
RMSE 0.36899 0.38832 0.37877 0.37768
MAE 0.14856 0.15538 0.15480 0.15803

R2 0.96346 0.93659 0.94768 0.94939

38 X B X iE LSTM 5 4% 45 FL il i LSTM
1) S 56 25 B n] DA, 78 S HL AR — S A Bk L 451
(I FIAT 2% o, XUEIE LSTM HIH)E R BE & & T
FE4E LSTM, M 45 75 M5 22 I 0 BEAIG. X gt — 25
Y5 UF T LI TE 25 R 75 B AR TR YOG FE 7 T A K
PEFNAR A
4.3 RAGIEREDPAY

FEARSCH, BEASRL 5 NS A IS 4T S A —
HMASEAE, SRS RN B R
8, FUAL B ) R 5 e 4 A, T 0 L e 4 T
DRSS L % H ) H AR 1k BE 4B AR 1T 543 2. PSO i i ¥
P ok [ (045 B A8 BRI A B N B R A5, 1B
Wi s AT

SEEG A, kLRI FLE (PSO) 12 ik B
BN Ew = 0.6, INET R %l e, = 1.5, 2 5%
c, = 1.5, BRI BN 50, & KIERIRECH 200.
VAL A E B/ /A W

t+1
i

= wv! + ¢, (pbest, — x}) + cyry(ghest — xf).
(20)

Hordr: ot Fl b 43 59 o B AR 28 4 AN R 1) T R AL
H, pbest, AZRL T I R AL E, gbest A4 R f i

v
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ASCHREH T HT CNN-LSTM-Attention 5l 45
B AR S AP B AR AR A 5 V. T 5] AN XUE TE
B NG5 R AN 2 AL TP, ST TR A R
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Attention B2 (1) T AS BEAR T-4£ i) ANNL LSTM,
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