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DETERMINING APPROPRIATE SEQUENCES OF ACTIONS TO TAKE 

UPON OPERATING STATES OF INDUSTRIAL PLANTS 

 

 

FIELD OF THE INVENTION 5 

 

The invention relates to the monitoring of industrial plants and to the determining of 

actions to take in response to particular operating states, in particular in response to 

abnormal operating states. 

 10 

BACKGROUND 

 

The intended operation of many industrial plants is controlled by distributed control 

systems, DCS, that adjust set-points of low-level controllers in order to optimize one or 

more key performance indicators, KPI. The plant is also continuously monitored for any 15 

abnormal conditions, such as equipment failure or malfunction. This monitoring may be 

at least partially integrated with control by the DCS. 

 

If an abnormal condition is detected, it is not always possible to remedy it automatically 

by means of the DCS. In every plant, there are abnormal situations that need to be 20 

remedied by an operator executing a certain sequence of actions. WO 2019/104 296 

A1 discloses an alarm management system that assists an operator with identifying 

high priority alarms. However, the outputting of the alarm to the operator is only the first 

step towards remedying the abnormal condition. It is also necessary that the operator 

executes the correct sequence of actions. 25 

 

US 2020/026 976 A1 discloses a method for harmonizing industrial machines with an 

intelligent industrial assistant having a set of pre-defined commands. States of a 

proprietary I/O interface of a machine are mapped to pre-defined commands. Based on 

this mapping, a customized interface for the machine is generated. 30 

 

US 2021/097 401 A1 discloses a neural network system for the processing of input 

data values. Input data values are encoded by an encoder network, and the encoded 

products are aggregated with an aggregator. A combination of the aggregated output 

and a target input value is decoded by a decoder to yield the final output. 35 
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US 2014/237 487 A1 discloses an event processing system and a method of operation. 

Based on observations derived from measurements, the occurrence of an event is 

detected. Based on the event, a to-be-performed state transition and a to-be-performed 

action are determined. 

 5 

OBJECTIVE OF THE INVENTION 

 

It is therefore an objective of the invention to aid a plant operator in remedying an 

abnormal situation by computing, from information gained during the monitoring of an 

industrial plant or a part thereof, a sequence of actions to take. 10 

 

This objective is achieved by a first method for determining an appropriate sequence of 

events according to a first independent claim, and by a second method according to a 

second independent claim for training the machine-learning networks that are used in 

the first method. Further advantageous embodiments are detailed in the respective 15 

dependent claims. 

 

DISCLOSURE OF THE INVENTION 

 

The invention is defined by the appended claims. Embodiments and examples not 20 

covered by the claims are presented to illustrate, and facilitate the understanding of, 

the claimed invention. 

 

The invention provides a computer-implemented method for determining an 

appropriate sequence of actions to take during operation of an industrial plant or part 25 

thereof. 

 

In the course of this method, values of a plurality of state variables that characterize an 

operational state of the plant or part thereof are obtained. For example, these values 
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may be combined in a vector or tensor. The concrete set of state variables that is 

needed to characterize the state of a plant or part thereof is plant-specific. Examples of 

such state variables include a pressure, a temperature, a mass flow, a voltage, an 

electrical current, a fill level, and a concentration of a substance in a mixture of 

substances. 5 

 

The plurality of state variables (e.g., the vector or tensor comprising the values of the 

state variables) is encoded, by at least one trained state encoder network, into a 

representation of the operating state of the plant or part thereof. In particular, such a 

representation may have a much lower dimensionality than the original plurality of state 10 

variables. I.e., the representation may depend on a much smaller number of variables 

than the original vector with the values of state variables. 
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Claims: 

 

1. A computer-implemented method (100) for determining an appropriate 

sequence (6) of actions to take during operation of an industrial plant (1) or part 

thereof, comprising the steps of: 5 

• obtaining (110) values of a plurality of state variables (2) that characterize 

an operational state of the plant (1) or part thereof; 

• encoding (120), by at least one trained state encoder network (3), the 

plurality of state variables (2) into a representation (2a) of the operating 

state of the plant (1) or part thereof, wherein this representation (2a) of the 10 

operating state depends on less variables than the operating state of the 

plant (1); 

• mapping (130), by a trained state-to-action network (4), the representation 

(2a) of the operating state to a representation (6a) of a sequence (6) of 

actions to take in response to the operating state, wherein this 15 

representation (6a) of the sequence (6) of actions depends on less variables 

than the sequence (6) of actions; and 

• decoding (140), by a trained action decoder network (5), the representation 

(6a) of the sequence (6) of actions to the sequence (6) of actions to take. 

2. The method (100) of claim 1, wherein the state encoder network (3) is chosen 20 

(121) to be an encoder part of an encoder-decoder arrangement that first maps 

a plurality of state variables (2) to a representation (2a) of the operating state of 

the plant (1) or part thereof and then reconstructs a plurality of state variables 

(2) from this representation (2a). 

3. The method (100) of any one of claim 1 or 2, wherein the action decoder 25 

network (5) is chosen (141) to be a decoder part of an encoder-decoder 

arrangement that first maps a sequence (6) of actions, and/or a processing 

result derived from this sequence (6) of actions, to a representation (6a), and 

then reconstructs a sequence (6) of actions, and/or a processing result derived 

therefrom, from this representation (6a). 30 

4. The method (100) of any one of claims 1 to 3, wherein the state encoder 

network (3), and/or the action decoder network (5), comprises a recurrent 

neural network, RNN, and/or a transformer neural network. 



-19- 
 

5. The method (100) of any one of claims 1 to 4, wherein the state-to-action 

network (4) comprises a convolutional neural network, and/or a fully connected 

neural network. 

6. The method (100) of any one of claims 1 to 5, wherein the state variables (2) 

comprise one or more of: a pressure, a temperature, a mass flow, a voltage, an 5 

electrical current, a fill level, and/or a concentration of a substance in a mixture 

of substances. 

7. The method (100) of any one of claims 1 to 6, wherein the actions comprise one 

or more of: 

• enabling or disabling a piece of equipment in the plant (1) or part thereof; 10 

• opening or closing a valve in the plant (1) or part thereof; and 

• changing a set-point value of at least one low-level controller in the plant (1) 

or part thereof. 

8. The method (100) of any one of claims 1 to 7, wherein the plant (1) or part 

thereof is a continuous or process plant that is configured to emit alarms and 15 

events data. 

9. The method (100) of any one of claims 1 to 8, wherein the plant (1) or part 

thereof comprises one or more of: 

• a waste incineration plant; 

• a hydrocarbon separation plant; 20 

• a reinjection system for injecting water into a hydrocarbon well; 

• a hydrocarbon exploitation facility; and/or 

• a deglycol regeneration plant. 

10. A computer-implemented method (200) for training an arrangement of networks 

(3, 4, 5) for use in the method (100) of any one of claims 1 to 9, comprising the 25 

steps of: 

• obtaining (210) a pre-trained first encoder-decoder arrangement of an action 

encoder network (5#) and an action decoder network (5); 

• obtaining (220) a pre-trained second encoder-decoder arrangement of a 

state encoder network (3) and a state decoder network (3#); 30 

• obtaining (230) samples (7) of training data, wherein each sample (7) 

comprises values of a plurality of state variables (2) that characterize the 

operating state of the plant (1) or part thereof, and a sequence (6*) of 

actions taken in response to this operating state; 
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• encoding (240), by the pre-trained state encoder network (3), the values of 

the state variables (2) in each sample (7) into a representation (2a) of the 

respective operating state, wherein this representation (2a) of the operating 

state depends on less variables than the respective operating state; 

• mapping (250), by the to-be-trained state-to-action network (4), the 5 

representation (2a) of the operating state to a representation (6a) of a 

sequence (6) of actions, wherein this representation (6a) of the sequence 

(6) of actions depends on less variables than the sequence (6) of actions; 

• measuring (260), by means of a predetermined loss function (8), to which 

extent 10 

o the representation (6a) of the sequence of actions is in agreement 

with a representation (6a*) obtained by encoding, by the pre-trained 

action encoder network (5#), the sequence (6*) of actions in the 

training sample (7); and/or 

o a sequence of actions (6) obtained by decoding, by the pre-trained 15 

action decoder network (5), the representation (6a) of the sequence 

(6) of actions is in agreement with the sequence (6*) of actions in the 

training sample (7), 

thereby obtaining a rating (8a); and 

• optimizing (270) parameters (4a) that characterize the behavior of the to-be-20 

trained state-to-action network (4) such that, when further training samples 

(7) are processed, the rating (8a) by the loss function (8) is likely to improve. 

11. The method (200) of claim 10, wherein the obtaining (210) of a first pre-trained 

encoder-decoder arrangement of an action encoder network (5#) and an action 

decoder network (5) comprises: 25 

• obtaining (211) training samples of sequences (6) of actions; 

• providing (212) the sequence (6) of actions in each training sample, and/or 

a processing result derived therefrom, to the to-be-trained action encoder 

network (5#), thereby obtaining a representation (6a); 

• providing (213) this representation (6a) to the to-be-trained action decoder 30 

network (5), thereby obtaining a sequence (6') of actions, and/or a 

processing result derived therefrom; 

• measuring (214), by means of a predetermined loss function (9), to which 

extent this sequence (6') of actions, and/or this processing result, is in 
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agreement with the sequence (6) of actions, and/or the processing result, in 

the training sample; and 

• optimizing (215) parameters (5a#, 5a) that characterize the behavior of the 

to-be-trained action encoder network (5#) and the to-be-trained action 

decoder network (5) such that, when further training samples are 5 

processed, the rating (9a) by the loss function (9) is likely to improve. 

12. The method (200) of any one of claims 10 to 11, wherein the obtaining (220) of 

a second pre-trained encoder-decoder arrangement of a state encoder network 

(3) and a state decoder network (3#) comprises: 

• obtaining (221) training samples comprising values of a plurality of state 10 

variables (2) that characterize an operating state of the plant (1) or part 

thereof; 

• providing (222) the values of state variables (2) in each training sample to 

the to-be-trained state encoder network (3), thereby obtaining a 

representation (2a); 15 

• providing (223) this representation (2a) to the to-be-trained state decoder 

network (3#), thereby obtaining values (2') of state variables; 

• measuring (224), by means of a predetermined loss function (10), to which 

extent these values (2') are in agreement with the values (2)  in the training 

sample; and 20 

• optimizing (225) parameters (3a, 3a#) that characterize the behavior of the 

to-be-trained state encoder network (3) and the to-be-trained state decoder 

network (3#) such that, when further training samples are processed, the 

rating (10a) by the loss function (10) is likely to improve. 

13. The method (200) of claims 11 and 12, wherein the to-be-trained action 25 

encoder network (5#) and the to-be-trained state encoder network (3) are 

combined in one single network architecture.  

14. The method (200) of any one of claims 10 to 13, wherein the obtaining (230) of 

training samples (7) for the training of the first encoder-decoder arrangement, 

and/or the second encoder-decoder arrangement, and/or the state-to-action 30 

network (4), comprises aggregating (231) training samples (7) obtained in 

multiple industrial plants (1). 

15. One or more computer programs, containing machine-readable instructions 

that, when executed on one or more computers, cause the one or more 

computers to perform a method (100, 200) of any one of claims 1 to 14. 35 
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16. A non-transitory storage medium and/or a download product with the computer 

program of claim 15. 

17. One or more computers, configured to perform a method (100, 200) of any one 

of claims 1 to 14 by means of the computer program of claim 15, and/or by 

means of the non-transitory storage medium and/or download product of claim 5 

16. 


