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Multi-channel Flatness Parallel Prediction Method for Cold Rolled Strips
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Abstract: An ensemble learning method was employed to develop a high-accuracy, strong-gener-
alization cold rolled strip flatness prediction approach. Firstly, a model training dataset was construc-
ted based on industrial big data, which had large data scale and high degree of flatness diversity. The
time lag compensation was employed to eliminate time asynchrony among data based on the relative
position between rolling mill and flatness meter. The isolation forest algorithm of data mining technol-
ogy was used to clean outliers in data, improving the quality of training data and model performance.
Subsequently, an architecture of multi-channel flatness parallel prediction was constructed based on
XGBoost algorithm. This architecture was trained using processed production dataset to obtain the
cold rolled strip flatness prediction model(CCFD_M). Lastly, based on CCFD_M, a flatness channel
optimization algorithm was proposed to eliminate the issue of “pseudo-flatness” in prediction results,
and the practical version of cold rolled strip flatness prediction model(CCFD_OM) was obtained. After
verification on test set, the prediction error indictors mean absolute error (MAE) and root mean
square error (RMSE) of model CCFD_OM reach 0.40441 and 0.68161, respectively. And the fitting
performance indictor R* reaches 0.83, which may meet the practical production requirements.

Key words: cold rolled strip; flatness prediction; time lag compensation; isolation forest algo-
rithm; extreme gradient boosting(XGBoost) algorithm
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Fig.1 The flatness measurement and control system
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Tab.1 The raw data distribution of cold rolled strip

P ORRGE |AFTE /| REA || | ARCE | ST/ | REA

52 BER 4 mm A 5 iEE mm HE
1 290 | 40 212 | 21 500 | 11 733

BN 305 | 12 560 || 22 520 | 6468
3] 11 305 | 26915 | 23| 19 530 | 12 820
BN 320 | 19 160 | 24 535 | 36 977
5 320 | 13 658 | 25 540 | 16 545
6 340 | 30 716 | 26 550 | 10 239
|7 ] 365 | 15878 | 27 560 | 15 808
s | 13 365 | 13100 | 28 | 21 565 | 13 114
o | 375 | 53 556 | 29 575 | 15 878
10 | 385 | 13 945 | 30 580 | 28 926

11 405 | 17 040 | 31 600 | 6815
12 | 410 | 5188 | 32 615 | 40 159

13 ] 15 115 | 26251 33| 23 620 | 7782
|14 | 420 | 36 931 || 34 630 | 14 450
15 430 | 32 787 || 35 640 | 34 098
16 450 | 8347 | 36 655 | 26 114
|17 | 460 | 17 954 || 37 658 | 17 986
18] 17 165 | 13698 | 38| 25 658 | 14 969
|19 | 480 | 21 769 || 39 665 | 47 176
20 | 190 | 16 055 || 40 675 | 34 595
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Tab.2 Selection of input and output parameters
for prediction model
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Fig.2 Relative position of rolling mill and

flatness meter
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Tab.3 The data distribution after data cleaning

3L/ FREEA | ARREEAR | REEAR | ERAHA WL/ FEREEA | ARREEAR | RWHA | RAEEAR
mm A Eik ik Eik mm Eike ik ik ik
290 40 212 1325 2139 36 748 500 11 733 1198 580 9955
305 12 560 467 666 11 427 520 6468 295 340 5833
305 26 915 1115 1419 24 381 530 12 820 285 689 11 846
320 19 160 802 1010 17 348 535 36 977 1948 1927 33102
320 13 658 1248 683 11 727 540 16 545 420 887 15 238
340 30 716 6869 1311 22 536 550 10 239 2595 421 7223
365 15 878 11 223 256 4399 560 15 808 418 847 14 543
365 13 100 810 676 11 614 565 13 114 256 708 12 150
375 53 556 701 2907 49 948 575 15 878 510 846 14 522
385 13 945 671 731 12 543 580 28 926 506 1564 26 856
405 17 040 398 916 15 726 600 6815 396 352 6067
410 5188 319 268 4601 615 40 159 818 2164 37177
415 26 251 3793 1236 21 222 620 7782 611 394 6777
420 36 931 307 2015 34 609 630 14 450 1356 721 12 373
430 32 787 815 1759 30 213 640 34 098 422 1852 31 824
450 8347 417 436 7494 655 26 114 963 1384 23 767
460 17 954 347 968 16 639 658 17 986 982 936 16 068
465 13 698 640 719 12 339 658 14 969 790 780 13 399
480 21 769 917 1147 19 705 665 47 176 846 2549 43 781
490 16 055 762 842 14 451 675 34 595 1981 1794 30 820
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Fig.3 Outlier detection results based on isolation

forest algorithm
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Fig.5 Multi-channel flatness parallel

prediction architecture
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