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Abstract: To address the challenges of severe outlier interference and temporal modeling difficulties in predicting NOx concentrations
within cement denitrification systems, this paper proposes a composite prediction method integrating SSAD-Z-score anomaly detection
with LFLSTM deep learning models. First, based on NOx generation and SNCR reaction mechanisms, core input variables-including kiln
tail flue gas chamber NOx concentration and SNCR ammonia injection frequency—are selected using correlation coefficients. To handle
complex anomalies like backwashing, the SSAD-Z-score algorithm is designed. It combines sliding window slope changes with global Z-
score criteria to achieve adaptive detection and correction for multiple anomaly types, including sudden spikes, trends, local
disturbances, and backwashing data. Furthermore, multi-step lag features are introduced into the LSTM model to fully leverage historical

time-series information, enhancing the model’ s ability to capture dynamic changes in NOx concentration. Experimental results
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demonstrate that the SSAD-Z-score method significantly outperforms traditional Z-score methods, Isolated Forest, LOF, and Wavelet
Transform in metrics such as anomaly detection coverage (47.67%) and recall (0.844). Additionally, SSAD-Z-score exhibits
exceptional performance in corrected standard deviation, achieving the lowest value among all comparison methods with an average
correction magnitude of 8. 81. Parameter sensitivity analysis indicates that under moderate parameter settings—sliding window size 10,
slope threshold 0. 15, and Z-score threshold 1.65-SSAD-Z-score achieves optimal balance in terms of corrected standard deviation
(35.65) and average correction magnitude (8.81). Inputting the corrected data into the LFLSTM model for NOx concentration
prediction yielded an average single-sample prediction time of just 4. 88 milliseconds-significantly below the 1-second data acquisition
frequency. The model achieved an R of 0. 884 5, RMSE of 2. 026 5, and MAE of 1. 798 5, demonstrating markedly superior predictive
performance compared to mainstream models like Transformer, Informer, and GRU. Ultimately, the LFLSTM model combined with
SSAD-Z-score correction demonstrated the best overall system performance, achieving an R* of 0. 824 097, an RMSE of 4. 305 981, and
an MAE of 3.297 620. These metrics significantly outperformed prediction models using either LFLSTM alone or Z-score-LFLSTM. The
research results validate the effectiveness of the proposed method in enhancing anomaly detection accuracy and NOx concentration
prediction precision, providing a robust data foundation and methodological support for intelligent control of cement denitrification
systems.

Keywords : cement denitrification system; anomaly detection; NOx concentration prediction; LFLSTM; lag features; Z-score; parameter
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Fig. 1 Schematic diagram of NOx generation equipment and process in cement production system
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process in cement production system
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1. 65 117.47 9.40 0.813
3 110.97 8.40 0. 836
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Fig. 17 LFLSTM model prediction visualization
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Table 10 Comparison of core performance metrics

across different predictive models

AL e R LFLSTM Transformer Informer gru
-4 FRE AR TN
7.29 8.43 1. 80
FEBT/ms
R? 0.884 5 0.433 4 -2.0392 0.7869
RMSE 2.026 5 4.489 4 21.146 6 2.3824
MAE 1.798 5 3.9102 19.060 0 5.506 0

2) AFEFHEAE T LFLSTM Tl v RETEAS 5256

TP IE A R M S NOx #e R B 2 75 5 i
LFLSTM A58 (8 F 0 80 | o oA A 380 7 50 i 1 FH 2 Aily Z-
score 575 A0 IS B LK A# ] SSAD-Z-score 57 4k
PR A A B LELSTM A5 o 308 47 35000 274l X6 B
EHZA PR FE AR, 56 R? RMSE \MAE, 4l A NOx ¥
JE B PN A 5 SEBRAE KT EE AN 21 ~23 Fiis

3 PR RIPPAL PR AR AN R 11 R

F1 THERBIER

Table 11 Evaluation metrics data table

EV N LFLSTM Z-score-LFLSTM SSAD-Z-score-LFLSTM

R? 0.731 911 0.763 511 3 0. 824 097
RMSE 5.315 882 4.966 535 5 4.305 981
MAE 3.873 885 3.530417 9 3.297 620
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Fig. 21  Prediction results using the SSAD-Z-score model
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