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Driver advisory systems – opportunities  
and challenges
Prepared on behalf of the IRSE International Technical Committee  
by Ian Mitchell

Signal engineers are often accused of being concerned only 
with stopping trains to ensure safety, rather than controlling their 
movement in the most efficient manner. Driving a train efficiently 
is left to the skill and experience of the train driver. However, the 
development of train control systems in the last half-century has 
shown that this need not be the case. Automatic train operation 
(ATO) is now a standard feature on urban metro railways, with 
the primary aim of maximising use of the available capacity, and 
energy savings as a secondary benefit; driverless or unattended 
train operation is increasingly common. 

Driver advisory systems (DAS) aim to provide similar benefits for 
main line railways, leaving the driver in full control of the train, 
but providing real time information that facilitates the control 
of traction and braking to keep the train on the optimum speed 
profile within track, signalling and timetable constraints. Stand-
alone systems (S-DAS) work independently of the signalling, and 
focus on achieving energy savings for trains running to their pre-
planned timetable, by coasting or running at reduced speeds to 
avoid early arrivals and unnecessary braking. Connected systems 
(C-DAS) add a link to a traffic management centre to allow a 
train’s schedule to be dynamically updated to avoid conflicts with 
other trains that are running out of course. 

This paper provides an introduction to DAS, and a discussion of 
the benefits that they can deliver and the challenges that need to 
be addressed to ensure these benefits are realised safely.

What is DaS?
The key component of a DAS is a human machine interface in 
the cab that provides information to the driver that is updated in 
real time as the train moves along the railway. The information is 
derived from a variety of sources, including the current location 

and speed of the train, the timetable or other planned schedule 
for the train, infrastructure characteristics such as gradients and 
permissible speeds, and train characteristics such as acceleration 
and braking rates. The message to the driver can be prescriptive 
advice such as ‘coast’ or ‘run at 120 km/h’, and/or contextual 
information about the route ahead that helps the driver to make 
decisions on optimum control of traction and braking.

A number of different system architectures are possible, with 
the main variations being in the method of determining train 
location and speed, and distribution of data processing between 
onboard and ‘back office’ systems. For example, in the system 
used in the Lötschberg base tunnel in Switzerland, where there 
is no dedicated onboard DAS equipment, all the calculation is 
carried out at the control centre with advice to driver sent as a 
text message that appears on the standard ETCS driver machine 
interface (DMI) in the cab. At the other end of the spectrum are 
onboard systems that are pre-programmed with all the necessary 
timetable and infrastructure data to allow the information to the 
driver to be calculated entirely on the train using GPS (Global 
Positioning System) location information as in a road vehicle 
satellite navigation system. Most of the popular DAS solutions 
fall somewhere in between, with the real time data processing 
carried out onboard, but with a data connection to a back office 
server (usually using public data communications networks) for 
download of timetables and infrastructure changes, such as 
temporary speed restrictions.

The interface to the driver can be via an existing system in the 
cab, such as an ETCS, GSM-R or train management system DMI, 
but in most cases a dedicated DAS touch screen is provided. 
This can either be built into the cab, or on a portable device 
carried by the driver. At the start of a journey, the driver will enter 

C-DAS provides a 
link between a traffic 
management centre and the 
train cab to provide a driver 
with train running advice 
that is optimised to avoid 
conflicts with other trains. 
Image Transrail Sweden AB.
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information such as the train running number and any variable 
train consist information. The system will then look up the 
timetable for the train and match it with the current location. The 
DAS will then display the relevant contextual information (e.g. the 
current location and information about the route ahead) and/or 
prescriptive advice (e.g. countdown to departure time). When the 
train starts to move the display is updated to reflect the current 
location of the train and whether it is running ahead or behind 
the planned schedule.

What are the benefits of DAS?
The aim of DAS is to guide the driver to control traction and 
braking to follow an optimum speed profile. The factors that 
determine the optimum may vary depending on the type of 
railway operation, but they will typically include complying with 
the planned arrival and passing times at stations and junctions, 
and minimising energy consumption. 

So far energy saving has proved to be the biggest benefit 
from DAS. The opportunity arises because practical timetables 
inevitably include an element of ‘slack’, for example to allow 
for the possibility of a temporary speed restriction somewhere 
in the route, or where new more powerful trains have been 
introduced but the timetable remains unchanged to avoid 
conflicts with other services. This means that a train driven to its 
full potential of acceleration and speed will always arrive early. In 
this situation on-time arrival and energy saving can be achieved 
by running the train more slowly. A good driver will learn to do 
this, but experience shows that without advice there will be a 
range of driving styles and many will be a long way from the 
optimum. DAS using an algorithm carefully matched to the type 
of operation and the rolling stock characteristics calculates an 
optimum energy saving speed profile for the driver to follow.

A secondary benefit is that an energy saving speed profile will 
seek to minimise energy loss through braking, and so there may 
be maintenance savings as a result of reduced brake wear – this 
is very much dependent on the type of rolling stock, the benefit 
will be much greater for a freight train relying on friction brakes 
than for an modern electric passenger train with regenerative 
braking.

Less easy to quantify are benefits that arise from avoiding 
unnecessary signal stops as a result of arriving early at a station 
or junction and having to wait for the planned path to become 
available. Passengers become frustrated when a train stops 
unexpectedly, especially just before the station at which they 
wish to alight, so a smooth journey without stops will increase 
customer satisfaction. There can also be a safety benefit as 
a result of fewer red signal approaches, and hence fewer 
opportunities for signals passed at danger.

Finally, a train stopping due to early arrival at a pinch point 
before a station or junction, and then having to accelerate from 
a standing start when its path becomes available, may end up 
passing through the junction or the station approach at a lower 
speed, and so will block the path of other trains for a longer 
period. Timetable planning allows for this sort of scenario by 
including a margin between the theoretical capacity of a railway 
network and number of trains that can be scheduled in a practical 
reliable timetable. In theory, widespread adoption of DAS should 
result in more trains arriving in their planned slots and allow 
this margin to be reduced, creating additional capacity without 
expensive infrastructure enhancements.

S-DaS and c-DaS
As DAS has evolved, a distinction has been recognised between 
stand-alone (S-DAS) and connected (C-DAS) systems. S-DAS 
works solely on the pre-planned timetable and the advice it 
gives may not be useful if for any reason the train’s planned 
path is unavailable. C-DAS has a link to the traffic management 
system (TMS) for the route over which a train is operating so that 

it can take account of other trains running out of course, or re-
scheduling decisions made at the control centre.

Despite the limitations, most DAS deployed today are S-DAS. 
The reason for this is that S-DAS can be deployed by an 
individual railway undertaking on a specific fleet of trains, without 
the need to implement a real time interface with an infrastructure 
manager’s TMS. Co-operation with the infrastructure manager 
is needed to obtain static route data such as gradients and 
distances, and quasi-static data such as temporary speed 
restrictions and timetables, but this information is generally 
already available for briefing to drivers and to configure driver 
training simulators. On this basis, many railway undertakings have 
been able to make a good business case for DAS installation, 
with payback from fuel savings within a few years. 

C-DAS is clearly a better solution, but the technical and 
commercial obstacles to achieving it may be significant. While 
a wireless interface from the train to a back office server is a 
standard feature of most S-DAS systems, data exchange is 
generally only required at the start of a journey, whereas for 
C-DAS it is important for the onboard equipment to be able 
to receive an updated schedule at any time while the train is 
moving. This puts a much higher performance and availability 
requirement onto the communication channel. However, the 
problem is technically solvable as data communication to trains 
for other operational and customer applications is becoming 
increasingly common.

In practice the bigger issue is the need for real time data 
exchange between the railway undertaking’s DAS and the 
infrastructure manager’s TMS. An attractive technical solution is 
to make the interface between the TMS and the DAS ‘back office’ 
server - which is already provided in most solutions. This puts the 
‘air gap’ interface to the train within the DAS system boundary 
and avoids many of the interoperability issues that have arisen 
with other systems such as GSM-R and ETCS. However, agreeing 
the format and content of the information to be exchanged and 
upgrading the TMS requires significant investment. In a typical 
European context there may need to be agreement between 
multiple railway undertakings operating on a route; some may 
not be interested in DAS, and those that are may have different 
requirements and suppliers.

Sometimes a system is described as C-DAS because it makes 
use of train running information data feeds for use in passenger 
information applications, but the usefulness of this option is 
limited. What is really needed when traffic is disrupted is not 
just the current movements of other trains, but the plan being 
implemented in the control centre to manage the situation for 
the remainder of the train’s journey. The ideal is a TMS with 
a dynamic re-planning function, which devises an updated 
schedule for each train on a time horizon of at least 15-30 
minutes, with it disseminated to the trains via DAS, at the same 
time as to the route setting systems in the control centre. This 
will not work where route setting decisions are made as trains 
approach points of conflict manually by signallers or by automatic 
route setting systems that take tactical decisions on train priority. 
C-DAS requires a more strategic approach and is inevitably linked 
into the TMS strategy.

The final obstacle to C-DAS is making the business case. 
Much of the potential energy saving can be realised by S-DAS. 
The additional benefits of C-DAS should be an increase in the 
capacity of the railway network and more rapid and predictable 
recovery from perturbed running following incidents as is 
achieved by metro systems that implement automatic train 
regulation and automatic train operation, but these are difficult to 
quantify. It is significant that specific successful implementations 
of C-DAS have been on relatively simple but heavily used 
railways to optimise capacity utilisation of single line sections by 
managing the speed of trains approaching points of conflict.
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What are the risks?
DAS suppliers are keen to point out that their systems only give 
advice, and the safety of the train remains the responsibility of 
the driver supported by the existing train protection systems. The 
DAS itself is not usually developed and validated to the standard 
required for a safety critical system. Nevertheless, introducing 
another source of information into the cab may have an impact 
on the train driving task, with the possibility of increasing the risk 
of a driver error with safety consequences. 
The two main hazards introduced as a result of DAS are:
1. DAS provides incorrect or inappropriate advice that causes 

the driver to exceed the maximum permissible speed or limit 
of movement authority for the train.

2. DAS distracts the driver so that he/she fails to take action 
when required to maintain the safety of the train (e.g. an 
obstruction on the line or a restrictive signal aspect).

This is very much a human factors issue with the design of the 
DAS driver machine interface at its centre. As the concept of DAS 
is relatively new, there is no standard interface, and the amount 
and type of information presented varies enormously. There 
appear to be two quite different approaches that have been 
adopted; one is to provide the driver with as much information 
as possible to maximise understanding of the route and the 
operational context, and the other is to minimise the risk of 
distraction by limiting the display to the specific advice to the 
driver for the current location.
The first approach is particularly popular with freight operators, 

especially for very long heavy haul trains where the ability to 
show where the rear of the train is with regard to gradients and 
permissible speeds can be helpful to the driver. In this context 
the extra understanding for the driver is judged to outweigh 
the risk of ‘head down’ driving as a result of the quantity of 
information provided.
The second approach tends to be favoured by high speed 

passenger operators, where a driver is expected to observe 
signal aspects in frequent succession and the risk of distraction 
is perceived to be higher. Great Western Railway in the UK 
has adopted this approach. When the train is moving the DAS 
display only shows an advice speed below the permissible speed 
for the location or a coast instruction. No advice is given if the 
train is running late (and so should run at full speed) and on the 
approach to stations when the driver should be braking.
A specific area of concern is the management of temporary 

speed restrictions (TSR). Here the risk is that if DAS does not 
know a TSR has been applied, it will not take it into account in 
calculating the train’s optimum speed profile, and could advise 
the driver to drive at a higher speed. Conversely, if the advice 
from DAS takes account of TSRs, there is a risk that drivers will 
grow to rely on this source of information. The Great Western 

Railway implementation partially addresses this issue by 
indicating to the driver that advice has been suppressed because 
of a TSR without displaying the actual TSR speed, so the driver is 
forced to pay attention to the primary source of information.
More sophisticated C-DAS applications where the information 

provided to the driver takes account of real time signalling 
information introduce the risk that the driver will start to rely 
on the DAS display as a movement authority, instead of paying 
attention to the primary signalling safety system (e.g. lineside 
signal aspects). Of course the safety impact of any driver error 
will be mitigated by the train protection safety system in use on 
the train - a SIL 4 system such as ERTMS/ETCS that continuously 
supervises permissible speeds and braking curves will provide 
more comprehensive protection against incorrect advice or driver 
error than a simpler legacy system such as AWS/TPWS.

DaS and aTO
If a train driver in future is simply following the DAS instructions, 
the obvious next step is to bypass the driver and let the system 
directly operate the traction and braking controls. This would 
improve the accuracy of following the optimum speed profile by 
eliminating the time for the driver to respond to the advice, and 
could allow more sophisticated driving strategies that would be 
too complicated to explain to a driver on a DMI. 
The ideal solution is full ATO as implemented on metros, but 

this requires significant additional functionality to brake the train 
to an accurate stop at stations and at the end of movement 
authorities. An intermediate step would be an ‘intelligent cruise 
control’ that drives the train automatically when running under 
clear signals, but returns control to the driver when a restrictive 
aspect is encountered or a station stop is approached. This 
is already offered as a factory fitted DAS option by one US 
locomotive supplier.
Both full ATO and intelligent cruise control options raise a new 

raft of human factors issues, as we are taking away the primary 
workload of the driver, but expecting him/her to remain alert to 
intervene when required. Some of the issues are similar to those 
that are arising from the deployment of adaptive cruise control 
and lane holding controls on semi-autonomous road vehicles. 
For ATO it is generally accepted that a SIL 4 continuous train 
protection system is required to mitigate against errors in the 
ATO system, and there is a strong case for the same to apply if 
an intelligent cruise control is being considered.

conclusions
1. Driver advisory systems are now a well-established element 

of the railway ‘system of systems’ and clearly fall within the 
IRSE’s mission to embrace “the whole of the apparatus, 
electrical, mechanical or otherwise, methods, regulations and 
principles whereby the movement of railway or other traffic is 
controlled”. 

Two styles of driver interface provided by TTG Transportation Technology for their Energymiser DAS –  
left is for a freight operator in Australia and right for a passenger operator in UK. Images copyright TTG.
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The LKAB iron ore railway in the north of Sweden has installed the 
CATO system developed by Transrail Sweden AB to optimise traffic flow 
on their single line railway. 
LKAB Image provided by Transrail – photographer Frederic Alm.

2. Most existing DAS operate in a stand-alone mode managing 
train movement to the pre-planned timetable. These systems 
are already delivering significant business benefits in the form 
of energy saving. 

3. A connected DAS with real time information exchange 
allowing the train to be given an updated schedule to avoid 
conflicts with other trains that are running out of course can 
deliver further capacity and performance improvements. A 
precondition for this is that the infrastructure manager has 
invested in an advanced traffic management system and co-
operates with the railway undertaking to provide an interface 
to DAS. Successful applications of C-DAS have so far been 
limited to a few special applications where an intensive 
service has to be managed over single line sections – the 
costs and benefits for application to a complex main line 
network are not yet well understood.

4. The DAS human machine interface in the cab requires careful 
design to convey useful information without distracting the 
driver. There are a very wide range of approaches in use, 
and further human factors research to compare these and 
determine best practice would be valuable. 

5. Where a C-DAS is implemented that takes account of real 
time signalling information, the driver may start to rely 
on the DAS for movement authority information in place 
of the primary signalling system. Ideally C-DAS would be 
implemented alongside a comprehensive train protection 
system such as ETCS; if a more basic protection system is 
in use, then the risk of misleading the driver needs to be 
carefully considered.

6. DAS provides a subset of the functionality that is required 
to implement ATO on a main line railway, and an ‘intelligent 
cruise control’ could be a step towards full automation, but 
there are significant human factors and safety issues to be 
addressed. In some applications it may be appropriate for an 
onboard ATO system to provide DAS functionality to support 
manual driving on sections of line not equipped for full ATO 
operation. 

The IRSE held a seminar “DAS and ATO for Main Line 
Railways” in 2014. The presentations at that seminar can be 
downloaded from the Seminars and conference papers page in 
the Knowledge area of the IRSE web site. Also see the paper 
“Integration of traffic management and train operation for the 
main line railway” by Dr Xiaolu Rao in the April 2017 IRSE News.


