
Automating an existing RT  terminal is 
a large-scale project that requires deep 
expertise, careful planning, a capacity 
for wide-ranging systems integration and 
the ability to consider numerous factors 
beyond the technical implementation. 
Operating an automated terminal 
requires a thorough change of business 
processes as well as new skillsets for 
the people operating the terminal. One 
way to successfully address these issues 
is a stepwise approach in converting 
the terminal from traditional manual 
operation to automation.

AUTORTG BENEFITS
Automated RT s are suitable for the same 
types of terminals as manually operated 
rubber-tyred gantry cranes. The main 
reasons to choose an RT  setup compared 
to other terminal concepts include 
simplicity as well as relatively low capital 

expenditures and infrastructure costs for 
deployment. RT s are also highly flexible; 
by contrast with rail-mounted automatic 
stacking cranes (ASCs), the rubber-tyred 
cranes can be moved to a different area 
of the terminal if, for example, additional 
handling capacity is needed at another 
stack.

Due to large existing RT  fleets, the 
stepwise automation of current cranes 
is a commercially viable option for many 
terminal operators, since it enables the 
terminal to gain the maximum benefit 
from current equipment without the need 
for large additional capital expenditures.

THE AUTOMATED OPERATION
Automation brings benefits to terminals 
of any size. In RT  terminals, the benefits 
typically become most apparent when 
operating half a dozen or more RT s. 
However, even a very small terminal 

can realise performance gains from 
the first level of automation (remote-
controlled operation). Automation can 
be implemented in steps from remote 
controlled operation to fully automated 
operations. Even a small initial investment 
will reap immediate benefits, and more 
can always be added later.

RT  automation is relatively new in the 
industry; however, proven technologies 
from ASCs are increasingly being 
deployed in this field. An often-heard 
remark from people seeing an automated 
terminal for the first time is how smooth 
the operation seems. No aggressive 
driving is seen, no containers are banging 
on the ground, and everything proceeds 
in a steady, systematic fashion. In an 
automated terminal, equipment is always 
handled optimally. Unplanned repair 
tasks and collisions due to human error 
are eliminated.
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TIMEFRAMES FOR CONVERSION
The time required for the conversion 
of a manual RT  terminal to automatic 
operation depends greatly on the specific 
design, needs, operational environment 
and business goals of the terminal, 
in addition to the target automation 
level, desired phasing of the project 
and the amount of equipment. A typical 
timeframe for an automation conversion 
might be 12 to 18 months, though this is 
contingent on numerous factors including 
the need for possible electrification 
or Terminal Operating System (TOS) 
upgrades. 

When planning the conversion 
timeframe, a key consideration is whether 
to optimise for maximal testing of new 
systems or for the swift adoption of the 
new processes and organisational culture 
required by automated operations. 
A slower transition will enable more 
thorough technical testing and training 
of operational personnel, but a quicker 
transition may be preferable for 
organisational reasons. However, a 
significant part of the preparations and 
training of personnel can be done in 
advance with training simulators and 
emulation.

MANAGING THE TRANSITION PERIOD
An RT  terminal can be automated in 
several steps, each increasing the level of 
automation. Automating an RT  terminal 
does not necessarily require any changes 
to the terminal layout, but an automation-
optimised layout may improve efficiency.

An alternative way of implementing 
automation in a brownfield terminal is one 
stack block at a time. This method enables 
the adoption of the desired automation 
level in one go, and may be the most 
efficient way to deploy automation at an 
existing terminal. It should also be noted 
that all cranes do not need to be equipped 
with the same level of automation. This 
allows the reuse of existing cranes and 
enables scenarios such as having some 
older RT s retrofitted only for remote 
control, while newer cranes are equipped 
to a higher automation level.

Automation implementation is not just 
a technology project, but involves changes 
to all areas of the terminal. Therefore 
the change management of the entire 
operation has to be planned carefully from 
the very beginning. The professional profile 
of the people operating and managing 
automated equipment will be markedly 
different from the staff running a manual 
terminal. A well-planned automation 
project will encompass training of the 
workforce as well as further development 
of the skills of equipment operators by 
utilising simulation tools.

PEOPLE AND MACHINES
The number one priority in an automated 
terminal is maintaining strict separation 
between automated operations and areas 
in which people work, and designing 
safe yet practical interfaces between the 
two. In an AutoRT  terminal, particular 
attention needs to be devoted to truck 
lane operations in which road vehicles and 
their drivers need to enter the container 
handling area.

High terminal productivity can be 
expected only when the amount of 
exceptions in the process is minimized, and 
the handling of the remaining exceptions is 
as efficient as possible. Human error is by 
far the most typical source of exceptions. 
At many terminals, this issue has been 
resolved by introducing compulsory 
induction procedures for all people that 
are present in the container terminal. 

SOFTWARE INTEGRATION
Automated equipment is only as good as 
the software controlling it. To obtain the 
desired performance from automated 
container handling equipment, the 
terminal’s ERP (Enterprise Resource 
Planning), TOS and other systems must be 
up to the task, and designed to seamlessly 
fulfil the required business processes 
while providing efficient ways to handle 
exceptions.

An efficient automated terminal 
requires that business processes are 
mapped carefully, and that the systems are 
designed to follow these processes. 

Integrating an automated container 
terminal is a significant task that demands 
seamless interfaces between numerous 
systems and subsystems. The task can be 
simplified greatly by professional services 
delivered by a trusted systems provider. 
In addition to testing, such services 
can include, for example, integration 
management that involves coordinating 
multiple sub-projects to deliver a single 
solution to the customer, or operational 
consulting that identifies ways the terminal 
can improve its processes.

DEGREES OF AUTOMATION
RT  terminals can be set up with several 
levels of automation, from basic crane 
remote control all the way to fully 
automated operation. The desired 
automation level can be selected based 
on the existing systems, operating 
environment and business goals of 
the terminal. The degrees of terminal 
automation are as follows: 

REMOTE CONTROLLED RTG
The most basic level of terminal 
equipment automation is remote control, 
which already enables a single operator 

to control multiple cranes. For manual 
RT s, crane idle time is usually up to 
approximately 50  of crane operating 
hours. Remote control provides the 
possibility of optimising the manning level 
of the terminal based on the true amount 
of moves needed, instead of the number 
of operational cranes, as the operators are 
located in an office environment at remote 
control desks, able to take over control 
of any crane in the terminal. Typically, a 
single operator can manage up to three 
RT s remotely, and during quiet hours this 
ratio can be much higher 

SUPERVISED RTG 
At the next level of automation, RT  
operation is already fully integrated 
with the TOS, so jobs are handled in an 
integrated solution and not in a separate 
equipment-specific system. Connection of 
the control desk to the crane is automatic 
once the job arrives. At this level of 
automation, the crane executes automatic 
gantry and trolley moves to the target 
location, as well as automatic hoisting in 
the stacking area, all under the operator’s 
supervision. 

SEMI-AUTOMATED RTG 
More advanced automation features can 
be added for even higher efficiency and 
performance. In semi-automated RT  
operations, the crane executes automated 
trolley movements in addition to 
automated container pickup and ground 
placing in the stack area. With all hoist 
movements automated in the stacking 
area, this level of automation significantly 
decreases the required operator time 
per container move. antry movement 
takes place under operator supervision, 
while truck lane operations and exception 
handling are accomplished by remote 
control. If desired, stack housekeeping can 
also be automated.  

AUTOMATED RTG
Finally, in a fully automated RT  setup, 
all crane functions including hoist 
operation, container picking and placing, 
and gantry moves are automated. Only 
truck handling is carried out under 
remote control. If needed, an operator 
can still step in to manage exceptions 
remotely. With an automated RT  
system, operator time per crane move is 
minimised, and stack housekeeping can 
be fully automatic.  

STEP-BY-STEP APPROACH
In any terminal automation project, the 
key consideration is maintaining maximum 
throughput during the conversion. Many 
terminals have containers moving 24 7 
at the quay and roadside, so operations 
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cannot be shut down completely for 
automation deployment.

In the view of the authors of this paper, 
the most practical way to automate an 
RTG terminal is a phased, incremental 
conversion following the automation levels 
outlined above. However, this is not the 
only option, as areas of the terminal can 
also be automated in one go, for example 
on a block-by-block basis. The optimum 
choice will always depend on the business 
needs of the terminal.

Whether automating the terminal with 
a step-by-step or block-by-block approach, 
the cost savings can immediately be 
measured and evaluated as the conversion 
progresses. A well-planned automation 
project will also involve adding readiness 
for future automation levels that may be 
needed at a later date.

PROCESS AUTOMATION
Irrespective of the automation level and 
conversion type chosen for the RTGs and 
other terminal equipment, an additional 
way to realise significant performance gains 
in any terminal is through software- based 
process automation. Small incremental 
productivity gains from keeping track 
of containers, eliminating manual input 
of information, and optimising crane, 
container and equipment moves add up 
to significant savings per year. Process 
automation is an easy way to begin 
automating a terminal and will continue 
to deliver increased value as more of the 
equipment is automated.

OPEN DIALOGUE
In many geographies, limited availability of 
personnel, even at competitive salaries, is 
a challenge. Automation can help mitigate 
this issue, but also changes the profile 
and structure of the terminal workforce. 
In general, an automated terminal will 
require a smaller but more highly trained 
staff. Automation provides new job 
opportunities, but also places additional 
demands on the workforce.

Successful change management 
requires an open dialogue with all relevant 
parties. Human resources need to be 
taken into account from the beginning. 
The significant workforce impact of 
automation needs to be considered and 
planned carefully, working in cooperation 
with local labour organisations and other 
stakeholders. Conditions, legislation and 
industry labour norms will differ greatly 
from geography to geography, so these 
questions can only be fully answered by 
the terminals themselves. 

T his t echnical p ap er is an abrid ged  versio n 
o f  a lo nger w hit ep ap er ( available o n t he P T I  
w ebsit e) .
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