
The notion of an ‘automated container 
terminal’ suggests a very limited involvement 
of humans in the daily running of operations, 
however despite this conception, the reality 
is far from that. The truth is that automated 
terminals heavily rely on human influence 
to keep the fleets of driverless machines 
running, as well as to deal with unpredictable 
exceptions. This is because the handling of 
exceptions is poorly supported by today’s 
control systems (TOS and ECS), meaning 
a process controller requires mastermind 
skills. Information is divided over multiple 
systems rendering it (too) complex for 
process controllers to do their job effectively. 

Control room staff are also overloaded 
with information, which most of the time 
does not apply to their roles. This results in 
a stressful, and consequently tiring, work 
environment. Further, this scenario of a 
complex system with many unpredictable 
irregularities (that come with poor system 
support) eventually leads to a significant loss 
in productivity. Therefore, it is time to look 
for solutions to assist control room operators 

by providing them with an intuitive control 
system-user interface which includes 
standard operating procedures in order to 
deal with irregularities. 

In this paper, we discuss the science 
behind ‘Human-Machine-Interfaces’, a fast-
developing field that can provide the answer 
to aforementioned problems. This approach 
is several years in the making, as we aim to 
redesign the way our systems interact with 
users by not placing the system centrally, but 
the user, positively influencing the way he 
executes his tasks. 

HUMAN–MACHINE INTERFACES
‘In the early days of industrial manufacturing, 
engineering and marketing process alone 
were sufficient to produce desirable 
products: it did not take much more than 
good engineering and reasonable pricing to 
produce a hammer, diesel engine, or tube 
of toothpaste that people would readily 
purchase’ (Cooper et al, 2007). The world 
has now evolved from this insight from 
Cooper et al, as eventually manufacturers 

realized that they need to differentiate 
their products from the ones made by 
competitors. Because of this, industrial 
and graphic design were introduced as 
means to increase desire for a product, 
with graphic design improving both product 
advertisement and industrial design.

Now, with the design of software and 
its behaviour, desirability alone is not the 
unique selling point of a product any longer 
– software does not reveal its affordability1 
through external form, like for example, 
a hammer does. Designing for interactive 
capabilities now requires knowledge of 
context as well as the users’ relationship 
with the given system. Understanding the 
users, their roles, their workflow and their 
goals is of essence when creating systems.

Therefore, a good product reflects 
the users’ mental model and not the 
implementation/system model. The 
implementation details are too complicated 
and unnecessary for a user to be cognisant 
of (see Figure 1): ‘The designer must develop 
a conceptual model that is appropriate for 
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the user, that captures the important parts 
of the operation of the device, and that is 
understandable by the user.’ (Norman, 2002)

User research is therefore the core 
of user-entered design. Qualitative and 
quantitative research methods are used in 
different design phases to keep the focus of 
the design on users and their needs. In the 
early design phase, qualitative research is 
mostly used to make the requirements clear, 
while later in the process, different research 
methods are practiced to modify the design 
based on user feedback.

SIMPLICITY CAN BE COMPLEX
To ensure automated terminals perform 
optimally, one of the most important 
challenges is to make operational control 
‘simple’. We believe that simplicity will 
bring terminals further in terms of safety, 
efficiency and productivity. Therefore, 
understanding the context of use and users’ 
workflows and their goals has become the 
basis of the design of our products.

At TBA, we are aiming to reduce excise2 
and cognitive load by following goal-
directed design guidelines while applying 
general interaction design principles to the 
design process. One of the other means to 
achieve this principle is integration, bringing 
functions for a particular operational role 
(say a planner, or a process controller) into 
one user interface, and integrating multiple 
systems in the background. This may seem 
quite easy to achieve but conducting the 
proper user research (both qualitative and 
quantitative) has until now proven to be 
challenging. There are two main reasons for 
this: 
1.  There are few automated container 

terminals 
2.  Almost every terminal operates 

differently based on the terminal type 
and equipment they use 

So standards are hard to be found, which 
in turn provides little opportunity to define 
the standard. Nevertheless, our functional 
experts and User Experience designers 
(UXers) work closely with customers 
during each project to understand their 
needs and requirements. We also heavily 
rely on UX best practices when working 
on our products. For instance, creating a 
well-designed navigation app for a manual 
straddle carrier (SC) driver is a challenging 
task. He basically drives backwards and 
has all his attention on a container he is 
carrying as opposed to the route he is 
taking. However, he still wants to know all 
the details a ‘normal’ driver needs while 
driving – details such as whether he is 
driving toward his destination, if there is 
an exceptional situation in a terminal that 
requires him to take a different route, and 
the remaining distance to his destination, 
etcetera. 

In order to provide the best and safest 
driving experience, we not only looked into 
already-existing navigation apps, but we 
also drove in a SC to understand the driver’s 
limitations and to test our design ideas 
allowing us to discover inadequacies. We 
may not be able to perform such tests as 
frequently as we’d like to, but the tests offer 
us to: 
1.  Look into lessons learnt by best 

practices 
2.  Focus on achieving better performance 

via the information we present 
3.  Apply interaction design principles 
4.  Create user-friendly apps

GUIDELINES FOR SIMPLE HMI
Besides considering the context of use and 
user needs, there are general principles 
which designers apply to the design process 
to optimize the user experience with 
product. Cooper et al name 15 strategies for 
creating a harmonious interaction: 
1.  Follow users’ mental model
2.  Less is more
3.  Enable users to direct, don’t force them 

to discuss
4.  Keep tools close at hand
5.  Provide modeless feedback
6.  Design for probable; provide for the 

possible
7.  Provide comparisons
8.  Provide direct manipulation and 

graphical input
9.  Reflect object and application status
10.  Avoid unnecessary reporting
11.  Avoid blank slates
12.  Differentiate between command and 

configuration
13.  Provide choices
14.  Hide the ejector seat levers
15.  Optimize for responsiveness; 

accommodate latency
The design process of TBA products starts 

with the various user profiles and their roles 
and motivations. We not only look into 
their goals and strengths but also to their 
limitations. By defining ‘user stories’ we 
decide what needs to be considered in the 
interface to help users where they are weak 
and empower them where they are strong. 

One of the main things to keep in mind 
when creating a user-centred design is to 

give the user the feeling that he or she is 
always in control of the system. In order 
to keep users of a control system informed 
about the state of a terminal operation, 
designers often face the challenge of keeping 
the shown information in balance. The 
balance between maintaining user control 
on all details of the terminal operation while 
applying two principles of ‘less is more’ and 
‘avoid unnecessary reporting’ are often the 
design challenges we face at TBA. Designing 
based on user role and workflow is our way 
of handling these sorts of challenges. In the 
next section some examples of our solutions 
to complicated situations are described. 

THEORY IN PRACTICE
A terminal’s system landscape is a complicated 
combination of systems which are used by 
different types of users within or outside of 
the control room. Dispatcher (or as we say 
in automated terminals, ‘process controller’) 
is one of the main roles when it comes to 
managing operations. They have to keep a 
close eye on operations and handle every 
exception in a timely manner to provide their 
customers with a good quality service. 

In order to empower these kinds of users 
in their roles, we have designed a dashboard 
– the ‘Action Board’ – which shows high-level 
information about different modules within 
the terminal. Figure 2 shows the concept of 
vessel widget in the Action Board. In case 
of a problem in a work queue of a quay 
crane (QC), a warning icon is shown on the 
QC’s visualization. A user can then track the 
source of the problem by taking two steps:
1.  Clicking on the QC’s visualization
2.  Expanding the work queue row with 

delay indication
As soon as the row is expanded, the 

details of that certain move and the root of 
the problem are shown.

In case the problem is related to an 
automated vehicle, a notification also shows 
up in the notification panel. This notification 
includes a Call-To-Action button which helps 
the user resolve the issue immediately. 
Notifications in general consist of five parts 
(see Figure 3):
1.  Explanation of the problem that just 

occurred
2.  The consequences of the problem 

Figure 1 The difference between implementation model and users' mental model (Cooper et. al., 2007)
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3.  Advice on how to resolve the issue
4.  The ti me when the issue was reported
5.  (If possible) a Call-To-Acti on butt on to 

resolve the issue
We believe the combinati on of the Acti on 

Board and acti onable noti fi cati ons provides 
the process controller with a complete 
overview of the operati ons in the terminal. 
By fi ltering the noti fi cati ons based on the 
user role we reduce the noise in the system 
and increase user effi  ciency.

CONCLUSIONS AND OUTLOOK
As terminal automati on is commonly 
increasing, next steps towards the 
improvement of the human-machine 
interface need to be made. The soft ware 
landscape in container terminals is not suited 
for the diff erent nature of the interacti on 
between system and human operator. To 

get the maximum benefi t from automated 
terminals, we need to rethink and redesign 
the user system interacti on. The starti ng 
point is to improve the steps that a human 
controller must take when certain situati ons 
occur. From these fl ows, we then can defi ne 
the support that the system provides through 
its user interface to help user complete each 
step successfully. In this arti cle, we discussed 
how we go about this at TBA, using the science 
of User-Centred design as a basis, combined 
with knowledge of operati onal processes. 

1Aff ordance refers to an att ribute of an object 
that allows users to know how to use it.
2Excise is the extra work that sati sfi es either 
the needs of our tools or those of outside 
agents as we try to achieve our objecti ves 
(Alan Cooper et. Al, About Face)

Figure 2 The concept of Vessel widget in Action Board
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Figure 3 System notifi cation
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