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Soft sensor model of sodium aluminate solution based on
BP neural network with inverse mapping algorithm
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Abstract: Considering present soft sensor model research of sodium aluminate solution composition concentration, the
multiple restrictive conditions solving thinking was presented to improve its soft-sensing precision and hit rate, and the
soft-sensing mathematic model was established based on BP neural network. The sodium aluminate solution temperature
and the component concentration were selected as the input nodes, and the corresponding electrical conductivity as the
output node. Inverse mapping solution was achieved by combining organically the back-propagation principle and the
weights values adjustment principle. Results show that the model can reflect the laws among electrical conductivity,
composition concentration and temperature, and the average relative error of electrical conductivity at the generalization
test is 1.74%; the relative error between the soft-sensing concentration and the real composition concentration is not more
than 2.5%; the model is effective to soft measure the sodium aluminate solution compositon concentration waving in
wider range, and thus the research lays a better foundation to achieve measure on-line in sodium aluminate solution.
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Table 1 Training samples of BP artificial neural network
Sample  p,/ Pl t/ y/ Sample  pa/ P/ t/ y/ Sample  pa/ o t/ y/
No. (L") (gLhH) €T Sem")| No. (gL gL T (Sem)| No. (L") (gLh) T (Sem)
1 120 108 30 0.124 24 120 119 50 0.210 47 200 226 40 0.141
2 120 108 40 0.154 25 120 119 80 0.323 48 200 226 60 0.242
3 120 108 60 0.220 26 160 159 30 0.125 49 200 226 80 0.356
4 120 108 80 0.281 27 160 159 40 0.159 50 270 305 40 0.086
5 160 144 30 0.108 28 160 159 50 0.197 51 270 305 50 0.131
6 160 144 50 0.176 29 160 159 80 0.329 52 270 305 60 0.173
7 160 144 60 0.216 30 200 198 30 0.100 53 270 305 80 0.281
8 160 144 80 0.292 31 200 198 80 0.317 54 120 144 30 0.174
9 200 180 50 0.156 32 240 238 30 0.075 55 120 144 40 0.220
10 200 180 80 0.277 33 240 238 40 0.105 56 120 144 60 0.317
11 240 216 30 0.065 34 240 238 60 0.188 57 120 144 80 0.416
12 240 216 40 0.092 35 240 238 80 0.290 58 160 192 30 0.148
13 240 216 60 0.168 36 280 277 30 0.052 59 160 192 40 0.183
14 240 216 80 0.249 37 280 277 50 0.120 60 160 192 60 0.287
15 280 252 30 0.046 38 280 277 80 0.250 61 160 192 80 0.401
16 280 252 50 0.098 39 120 136 30 0.170 62 200 239 30 0.107
17 280 252 60 0.137 40 120 136 40 0.223 63 200 239 50 0.196
18 280 252 80 0.190 41 120 136 60 0.300 64 200 239 60 0.257
19 320 288 30 0.033 42 120 136 80 0.398 65 200 239 80 0.381
20 320 288 40 0.050 43 160 181 30 0.133 66 240 287 30 0.077
21 320 288 60 0.108 44 160 181 50 0.238 67 240 287 50 0.154
22 320 288 80 0.160 45 160 181 80 0.385 68 240 287 80 0.325
23 120 119 30 0.142 46 200 226 30 0.103 69 240 238 50 0.144
F2 HUIHRSFRZHRREIR
Table 2  Generalization analysis results of dispersal points electrical conductivity
Sample  pa/ o y Act/ual Calcu/lated Reizritirve Sample  pa/ o y Act;lal Calcu/lated Relrarltirve
No. (gL (L) C (T gl St | Noo @@L @l Co (Mo ol S
1 120 108 50 0.190 0.187 -1.42 15 280 278 40 0.082 0.080 —2.00
2 160 144 40 0.133 0.136 2.04 16 280 278 60 0.157 0.155 -1.37
3 200 180 30 0.087 0.089 2.19 17 120 136 50 0.259 0.255 —1.44
4 200 180 40 0.118 0.115 -2.38 18 160 181 40 0.187 0.181 -3.27
5 200 180 60 0.196 0.201 2.49 19 160 181 60 0.275 0.269 -2.12
6 240 216 50 0.127 0.126 —0.86 20 200 226 50 0.189 0.194 2.80
7 280 252 40 0.067 0.068 1.30 21 240 271 40 0.106 0.107 1.13
8 320 288 50 0.075 0.077 2.25 22 240 271 50 0.154 0.152 -1.03
9 120 119 40 0.173 0.174 0.58 23 240 271 60 0.202 0.202 —-0.07
10 120 119 60 0.249 0.255 2.45 24 240 271 80 0.321 0.313 —2.43
11 160 159 60 0.242 0.236 —2.46 25 160 192 50 0.245 0.245 0.10
12 200 198 40 0.134 0.131 —2.44 26 200 240 40 0.142 0.146 2.74
13 200 198 50 0.173 0.174 0.45 27 240 288 40 0.115 0.110 -3.95
14 200 198 60 0.218 0.221 1.28 28 240 288 60 0.207 0.206 —0.64
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Table 3  Analysis result of inverse mapping with multiple constraints soft sensor

Electrical conductivity/(S-cm ")

Actual value/(g'L™") Calculated value/(g'L™")

Relative error/%

Sample
No. 30°C 40°C 50°C 60°C 8 C DA Pi DA Pi DA P
1 0.124  0.154  0.190" 0220 0281 120 108 117 105 -2.50  —2.50
2 0.174 0220 — 0317 0416 120 144 120 144 0.00  0.00
3 0.125 0.159  0.197 0242V 0329 160 159 161 160 063  0.63
4 — 0.187" 0238  0.275" — 160 181 156 176 -2.50  -2.50
5 0.088" 0.118"  0.156  0.196" 0277 200 180 204 184 200  2.00
6 0.100  0.134” 0173 0218”0317 200 198 199 197 -0.50  —0.50
7 — 0.106”  0.154 0202 03219 240 271 240 271 0.00  0.00
8 0.077  0.115Y  0.154 0207 0325 240 287 238 285 -0.83 —0.83
9 — 0.082" — 0.1577  0.250 280 277 278 275 -0.71  -0.71
10 0.033 0.050  0.075”  0.108  0.160 320 288 320 288 0.00  0.00
11 0.065 0.092  0.127"  0.168  0.249 240 216 243 220 125  1.89
12 0.108  0.133V  0.176 0216  0.292 160 144 160 144 0.00  0.00
1) Data untrained in BP-NET.
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