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PSO-BP Control Algorithm of Granulation Process Based on Evaluation and

Optimization of Granularity Distribution
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Abstract Since granularity distribution of mixing materials in iron sintering can hardly be measured and controlled
online, an optimal control algorithm based on evaluation model of granularity distribution (EMGD) has been developed.
Firstly, EMGD based on BP neural network (BPNN) has been built by studying data from screening tests and histor-
ical state parameters in sintering process. Secondly, by using particle swarms optimization (PSO), optimal granularity
distribution can be found from the optimization model restricted by the boundaries of state parameters, whose objective
function is EMGD. Finally, according to optimal granularity distribution and online solid flow measurement, humidity
setting model based on BPNN is studied to keep the granularity distribution stable and reasonable. Simulation and
industrial application have proven that the algorithm makes great sense in permeability improvement, reduction of fuel
consumption and stability of sintering process.
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Fig.1 Process of blending
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Ci=Cy=2w=10 983 103425 18 90 (b) B2
Ci=Co=2,w=06 1457 103425 20 100 (b) Error curves
Ci=Co=1,w=08 1569 1.03425 20 100 6 PR SEI AT ALK K
C;=Cy,=1,w=10 1342 1.03425 19 95 Fig.6 Simulation of EMGD model using BPNN
C,=Cy=1,w=06 1958 1.03425 20 100
Ci=0C,=3,w=08 973 1.03425 19 95 T4 KOV EER R
Ci=C=3w=10 827 1.03425 17 85 Table 4  Qualities of humidity setting model
C,=Cy=3,w=06 1089 1.03425 19 95
A EiFLiy
it
' . e oy Emaxyg  Acuy (%) Pru (%)
1034 dree s = BPNN  0.0445 0.0527 0.1047  94.44 99.2
LS-SVM  0.0691 0.1133  0.3930 77.78 98.34
i 1.032 '§ """"" 15 """" n \ ot IN L 2 i g ek N
B A {7 2025 e, BPNN K4 B s BRI Py 4
= o) I I . #199.23 %, € = 0.1 WHHERR Acyy 155 94.44 %;
o : H i N VIL oy el | VA 2
® L MR LS-SVM /K 53 B 5 7R85 B8 15 900 % 4 3
: : : o \ bR S I o
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Fig.5 Process of PSO optimization
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Fig.7 Optimal humidity setting
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Fig.8 Simulation of EMGD model using BPNN
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Table 5 Comparison of distribution among different
control methods
- ‘ g
Tz BPNN LS-SVM
< 3mm 0.2964 0.1830 0.1847
3mm ~ 5mm 0.2979 0.3386 0.3380
5mm ~ 8§ mm 0.2709 0.2922 0.2887
> 8 mm 0.1348 0.1862 0.1866

KSR TR RZE By b6 2 15% 22
B SRR ERAER o) 5P EIRLEARIEZE o S5
WREHTRE— DX . By RBVRES RIS B i 4 R
HIAG EEZMRE, E & E; FEERB; o
S WKL 2 B R RE PR, o R oy AOBEIA SR
. UL ESHa S h:

Fo= S ln-ul @)
1 4
E= ; E; (22)
0; = % yi (k) — % yz(k)] (23)
I 1 <& ’
o= n Z [yb(k) T yz(k)] (24)

Hrb, rg ZoRMAKRR S v (k) RomS k DA
PERIBGERINE ¢ (0= 1 ~ 4 23 9%EK < 3mm,
3mm ~ 5mm, 5mm ~ 8mm Fl > 8 mm) MFLLK
ZHUH.

SR, R TR E PR E N
0.0843, PSO-BP {4k #x il &y 0.0395; AH % F& A%
53.14 %; IR A F-ah 45 6l YRR bR 2 0.0411,
PSO-BP 1Ak 0.0247, AHREAG 39.90 %. H
flFedaxt L=k 6 FR 7 Frox.

%6 545 E; M1 E XML&

Table 6 Comparison of F; and E
B
b
T-ahizi BPNN LS-SVM
FEy 0.1605 0.0471 0.0488
E, 0.0683 0.0276 0.0282
Es 0.0711 0.0531 0.0552
Ey 0.0373 0.0303 0.0327
E 0.0843 0.0395 0.0412
KT IRKR o0 Mo X
Table 7 Comparison of o; and o
B
b
Tz BPNN LS-SVM
o 0.0570 0.0280 0.0283
> 0.0270 0.0194 0.0225
o3 0.0359 0.0350 0.0355
o4 0.0386 0.0070 0.0072
o 0.0411 0.0247 0.0256
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Fig.9 Comparison of EMGD values among different

control methods
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