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Multi-mode processing is a central feature of modern industry. The application of monitoring technology to multi-mode
processing is crucial to ensure process safety and to enhance product quality.
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| 1. Introduction

Multi-mode processing is common in modern complex engineering systems and has become a leading production method
in industry . In recent years, with the development of automation, it has become possible to collect data continuously
from complex non-stationary industrial processes. This data-driven monitoring method can greatly improve the efficiency
and applicability of industrial systems through the analysis of data characteristics. Process monitoring refers to monitoring
of data that represent the state of the system. Core issues include the prediction of trends in data changes, multi-scale
data processing, the elimination of sensor noise, addressing process data uncertainty and the need to establish models
that reflect the process of change. The primary goals are to develop systems that can identify important information
relating to the state of the production process and to eliminate irrelevant content. Compressing data helps in reducing
storage space and in the prediction of changing trends in the data that is processed. According to the operational mode
and its scale, modern industrial processes can generally be divided into continuous processes and batch processes [&. Air
conditioning and unmanned helicopters represent examples of continuous processes. An air conditioning system is
divided into different mode areas according to the seasons and continuously adjusts to changes in outdoor meteorological
parameters Bl. Unmanned helicopters have the capacity for a range of flight modes, including vertical take-off and landing,
aerial hovering, coordinated turning, and forward and backward flight and are able to continuously adjust position and
posture 4. Glutamate and penicillin fermentation and injection-molding processes represent examples of batch
processes. The glutamate fermentation process is divided into the growth period, formation period and decline period &
The fermentation of penicillin includes a rapid bacterial growth stage, a penicillin synthesis stage and a bacterial autolysis
stage 7. |njection-molding processes can be divided into three stages: injection, pressure retention and cooling.
Traditional monitoring methods used in single-mode processing inevitably lead to inaccurate process performance
analysis and false or missed alarms of faults. Effective multi-mode process monitoring, on the other hand, can greatly
improve the safety and stability of the equipment production process and reduce production costs. Therefore, research on
multi-mode process monitoring is potentially of great theoretical significance and engineering application value [,

| 2. Definition, Data Characteristics and Causes of Multi-Mode Processes
2.1. Definition, Data Characteristics of the Multi-Mode Process

« Multi-mode: multiple operation states and stages in industrial production processes are referred to as multi-mode.
Modes and physical phases do not necessarily closely correspond to each other.

« Multi-mode process: a process with multiple stable mode states in the same production process affected by changes in
the external environment and other conditions, or by changes in the production scheme or inherent characteristics of
the process itself, is referred to as a multi-mode process. Depending on the different production modes adopted, multi-
mode processes can be divided into multi-mode continuous processes and batch processes. A multi-mode system will
continuously switch between the following modes: steady-state mode 1—transition mode—steady-state mode 2. The
data characteristics corresponding to each mode will be different, such as shifts in the mean value of variables and
changes in the covariance structure.

o Continuous process: a continuous process is a mode that works stably according to the state. Its characteristic
variables change slowly.



« Batch process: batch processes involve a cyclic mode of work. There are multiple steady-state modes in batch
processes and their time characteristics change with progress of the process; there are also short-term transition
modes in adjacent batch processes.

* Steady-state mode: a steady-state mode is a mode in which the operating state of the system is relatively stable during
production. The variables characterizing the steady-state mode, such as the mean, variance, and correlation, do not
change with operation time. In the production process, a system will usually operate in a steady-state mode, which is
the crucial mode that determines product quality.

« Transition mode: when a production process goes from one steady-state mode to another, it cannot do so suddenly. A
gradual and dynamic transition mode is required to connect two steady-state modes. In the transition mode, the
process variables and operation modes can change greatly over a short period, and the running track is generally
different each time. The characteristic variables of the transition mode show strong time-varying, dynamic and non-
linear characteristics and have a considerable impact on the production process.

2.2. Causes of the Multi-Mode Process

« Changes in raw material properties, the occurrence of chemical reactions, changes in the external environment, and
changes in the operational task and production scheme, can cause the normal mode area of the process to drift over
time, such as in chemical distillation processes and other multi-mode processes.

* Changes in the process parameters or loads, equipment reorganization, and equipment aging, can lead to changes in
the relationships between process variables, thus showing obvious multi-mode characteristics. For example,
reciprocating mechanical steam turbines show variable working modes during startup, shutdown and load changes.
During the operation of mills, steel balls are constantly worn, resulting in slow changes in modes [&. with different
loads, an engine can respond using several speeds, or different gears to influence power, resulting in multi-mode
processes.

« The inherent characteristics of a production process mean that it will include multiple operation periods. For example,
the injection-molding of plastic products is divided into five operational stages for an injection batch: mold closing,
injection, pressure maintenance, cooling and mold opening. It represents a typical batch process 9.

« In the start-up and shutdown stages of a process, operation modes, such as mode adjustment and mode switching,
inevitably involve a transition mode. The transition mode usually lasts for a short time with less easy access to process
data. Therefore, a transition mode will not only require the intervention of many operators but often also results in the
production of unassessed products, which can greatly impact both safety of production and product quality &1,

| 3. Multi-Mode Process Monitoring Methods

The identification and classification of multi-mode processes are based on information changes occurring in the
production process relating to different modes in the process. Classification is a necessary step for multi-mode process
monitoring, evaluation, modeling, quality prediction and process optimization 22, Whether in continuous or batch
processes, a multi-mode process will include both steady-state and transition modes 13, A complete and comprehensive
classification framework for multi-mode process monitoring methods requires to include both steady-state mode and
transition mode process monitoring methods. A classification framework for multi-mode process monitoring methods is
shown in Figure 1.
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multi-mode process monitoring methods.

The main purpose of multi-mode process monitoring methods is to detect and avoid abnormal states during system
operation to minimize possible accidents and losses and to ensure the normal and stable operation of systems. The main
task of process monitoring is to identify, diagnose and isolate faults. The steps involved in multi-mode process monitoring
include fault detection, fault identification, fault diagnosis and process recovery. In the monitoring and identification stage,
it is necessary to determine whether the system working state is normal. In the event of abnormalities, the system data
needs to be analyzed to identify variables that may lead to failure of the system. The analysis of variable data contributes
to locating the fault, assessing the severity of the fault, and then enabling determination of causes. System faults are
diagnosed by isolation and troubleshooting. Finally, process recovery is achieved through the action of relevant operators
with respect to the fault 241,
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