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1 Executive summary
The Human‐Machine‐Interface (HMI) is a key part of any computer system, as it provides the
mechanisms through which the users will interact with the software. When developing an HMI it is
important to establish how the system will be used and what it needs to deliver. From this, a list of
functional requirements are produced. It is imperative that the key requirements are met for the
system to be useable.

By building a detailed set of requirements like this, the HMI can be designed in a way that ensures
that all of the key requirements are met, and as many optional requirements are considered without
impacting the efficiency of the core function‐set. In this document we outline the requirements of
the scheduling tool HMI.

Figure 1: Schedule view screen of the prototype Human‐Machine‐Interface (HMI) delivering continuous as well as discrete
information caused by operator interactions.
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2 Site‐Wide Scheduling Tool
The site‐wide scheduling tool addresses a complex coordination problem, bringing together
information from different systems. Although the task itself is complex, it is important that as much
complexity as possible is abstracted away from the end user, while still providing the adequate
functionality to satisfy differently skilled operators. This will ensure that the system is easily used,
which in turn will help to drive adoption across the business.

2.1 System Inputs & Outputs
An important starting point for HMI development is the consideration of what data is provided as
inputs, and what information is given as outputs.
The scheduling system takes in data including:












Initial conditions of the site
o Operational state of each plant/unit.
o Tank/storage levels.
Appointed logistics information:
o Raw materials being delivered to the site.
o Products being taken from the site.
Constraints around the operation of each plant/unit:
o Maintenance events.
o Planned downtime.
o Rate reductions.
(Time varying) Pricing information:
o Electricity
o Raw material costs
Weather reports:
o Predicted ambient temperature.
o Predicted amounts of precipitation.
The optimisation objective (e.g.):
o Profit.
o CO2 Emissions.
o Energy usage.

From this an optimal schedule is determined. The results of this optimisation are:




The production of each unit.
The fill level of tanks.
The status of each unit and tank.

This information would need to be displayed along with any discrete events such as deliveries,
exports of product, and maintenance events.
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2.1.1 Input Requirements
The HMI should be governed by simplicity and intuitiveness to provide a concise and straightforward
user experience. At the same time, the challenge is to enable operations on different levels of
abstraction.
The basic functionality should allow unexperienced operators achieve the following:
 The user must be able to enter information for discrete events such as maintenance and
logistics.
 These events will have an impact on the constraints of the scheduling model such as:
o The availability of units.
o The capacity of units.
o The timing and size of imports and exports.
Much of the listed input information can be gathered without active user interaction, provided a
suitable IT infrastructure layer is implemented. However, the HMI needs to provide the functionality
to input this information in case:
1. Such an interface layer is not available.
2. The layer provides information that needs to be edited. For example, due to changes in
schedules not reflected in the relevant systems.

Some of the more complex HMI elements are around the users’ interactions with the constraints of
the algorithms. This is due to the wide‐ranging nature of the potential changes. It is therefore
beneficial to separate out the potential changes into commonly used sections:
1. Changes to, or addition of, logistics events.
2. Changes to, or addition of, maintenance events.
3. General constraint changes.

The changes to logistics events would have a common format:







Date of event.
Type of material.
Direction of stream (from/to)
Which tank/storage ID is involved.
Amount of material.
Method (train, ship, etc.)

Maintenance events would have a format determined by the unit on which the event is applied, an
example would be:





Date of event.
Plant/unit or tank/storage ID
Duration.
Shutdown required?
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Reduction in throughput (%).

General constraint changes would depend on the constraints available for the selected unit. With this
list of constraints, it is possible to show the default value, the current setting (in the case that it is
different to the default), and an interactive element to allow its value to be changed.

2.1.2 Output Requirements
The operator should be able to understand the generated schedule, while being able to access all
further relevant data if needed.
 Overview of schedule should be on one screen, with the information in one place.
 The system must be able to display the scheduling results listed above.
The outputs of the system must be clear and concise, whilst including everything needed to convey
the optimal schedule.
To achieve this, a method of displaying both discrete and continuous information is required. This
will allow logistics and maintenance events to be shown along with time series data such as tank
levels and reactor throughput.

2.2 Layers of abstraction
The HMI will be layered, providing high level results suitable for all users. If required, more
information will be available through drill‐downs and other click‐through methods to expose more
detailed levels of information. This ensures that the complexity of the HMI does not inhibit less
advanced users from extracting the information they need, while still allowing experienced users to
access the more advanced elements of the scheduling system.

2.3 Timing Considerations
Due to the complexity of the scheduling system, it is not necessarily possible to return the results
instantly, where the time taken can depend on the size of the problem and complexity of the system.
The HMI therefore needs to account for the fact that users may have to wait some time to receive
the results. In order to provide a pleasant user experience the HMI needs to be responsive at all
times, even when calculations are running in the background.
The added communication resulting from this separation into frontend and backend should integrate
seamlessly into the workflow, e.g., cancellation or rerunning with changed inputs should always be
possible and some measure of the progress of calculations should be available to the user.
Completion of the computation and availability of results could be brought to the user’s attention
through alerts, in the forms of platform notifications or emails.

2.4 Validation and optimisation
An important aspect of the scheduling tool is the validation of schedules produced by ERP systems.
These schedules could be manually entered into the system, or automatically imported through the
data integration framework. The HMI should clearly display whether the schedule is feasible, and if
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the information can be returned from the algorithm, highlight the section causing issues in the case
that the schedule is infeasible.
The optimisation algorithms will aim to learn about the system, building a knowledgebase of
information regarding the common causes of infeasibility. This would allow more feedback to be
provided to the user regarding requested schedules.
The HMI should be able to present this information in a clear and concise manner, helping the user
to make appropriate changes quickly. These could be highlighted visually, with the potential for text
feedback. For example: given the discharge state of tank T1 and the throughput of reactor R1, the
selected maintenance window is not be possible.

2.5 What‐If? Scenario Testing
As the tool will be used for exploratory scheduling, the HMI needs to accommodate “What‐If?“
scenario testing. This allows users to enter one or more batches of changes, representing possible
schedule changes. The scheduling tool then calculates which of the proposed schedules is optimal.
It is important that the HMI provides functionality to enable users to make multiple changes to a
schedule. They should be able to temporarily save the set of changes, so they can put together an
alternative set. Once the user has built the change sets required for comparison the scheduling tool
can show which is optimal. This batching of computations makes it efficient for advanced users to
explore different potential schedules quickly.
It may also be useful to have visual feedback on the comparisons so that the distance in optimisation
space between the potential solutions can be shown.

2.6 Communicating Changes
Schedules are not created and consumed by the same person, the results therefore need to be
communicated to the relevant people.
Users must be able to “accept” a specific schedule. This action sets the selected schedule as the live
plant schedule and communicates out the changes.

2.6.1 Minimising Communication
Plant personnel should only be notified of an updated schedule if their specific area is affected. This
reduces the amount of communication in general, and importantly, eliminates notifications that
require no action and provide no useful information.

2.6.2 Limiting Locations in Visualisation
To ensure people are only shown relevant information, the visualization aspect of the HMI should be
controlled by groups of users so that groups only see the areas of the site they are concerned with.
Users can see multiple areas by joining several of these user groups.

2.7 Changing the Optimisation Objective
Users should have the ability to change the objective function to re‐weight the overall objective
based on specific business needs. This would allow temporary emphasis to be applied to, for
example, CO2 emissions or energy usage.
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2.8 Communities & Security
The site schedule is an important entity that dictates the high‐level activities of plants. It is therefore
crucial that it is only edited by authorised people. A community structure is required to ensure that
the appropriate levels of access are given to each user of the system.
Community
Schedulers

Senior Schedulers

Plant Operators / Engineers

Senior Plant Operators / Engineers

Access Rights



View schedule.
Perform “What‐If?” scenario testing:
o Enter/Edit Logistics Events.
o Enter/Edit Maintenance Events.
o Change Constraints.

Same access rights as Schedulers. Plus, the ability
to accept new site schedules and communicate
them out to the plants.



View schedule.
Perform “What‐If?” scenario testing:
o Enter/Edit Maintenance Events.

Same access rights as Plant Operators /
Engineers. Plus, the ability to accept new
schedules for their plant/area ONLY.

This community structure would also be used to satisfy the requirements in Section 2.6.2, limiting
the visualised areas to the relevant site sections for each community.

3 Flexibility of Solution
The HMI developed for the CoPro project should fit the specified use‐case(s) within the project, but
also be applicable to other industrial sites and industries. To accommodate this, the HMI elements
should be configurable by suitable knowledgeable persons to reflect the specific needs of the site.
This would include the ability to change the following:
 The default event types that can be added.
o Maintenance and Logistics will suit most, but not all industries.
 The time series shown along with the discrete event data.
 The community structure and permissions.
The HMI should be developed using technologies and standards that allow it to be used with a wide
variety of data pipelines and systems, ensuring that it can be easily installed and configured at any
industrial site.
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