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Introduction
• Controlling train movement

• Maintaining safety and efficiency
• In the previous clinic we talked about 

communicating with the train crews
• Signals, radio, phone, written orders, hand 

signals, flags, timetables and rules…
• But what information needs to be 

communicated?

Presenter Notes
Presentation Notes
All railroads have a vested interest in controlling train movement so that high levels of safety and efficiency are maintained. 

Consider a single track with no passing sidings. Even in this simple example, if you want the trains to run faster than the limited speed at which they can stop quickly enough if another train is sighted, you will need some way to let the crew know that it is safe to do so. We covered signals in the previous clinic.

But as trackwork increases in complexity – with sidings, crossings, multiple tracks, and trains travelling in both directions – it’s clear that controlling train movements gets very complex very quickly. 

Over the years, as technology has improved and rail traffic has increased, railroads have developed increasingly sophisticated and automated systems to control train movements. In this installment, I’ll review a few of the most popular methods of operations that are utilized by model railroaders. 
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Blocks and Stations
• Blocks

• Lengths vary, typically ½ to 2 miles long
• Stations

• Typically locations where trains could pass 
each other

• Signalmen
• Communicated how long ago the last train 

had passed
• Evolved into dispatcher and operators

Presenter Notes
Presentation Notes
Underlying all of these systems is the concept of a block. A block is simply a stretch of track that a train cannot enter without permission. Block length can vary depending on what method of operation is in place, factors governing the stopping distance of trains like speed limits and terrain, and the distance between points that need to be controlled (like sidings and crossings). Modern blocks typically range from one half to two miles in length but can vary significantly depending on traffic density and operating conditions. Generally, only one train is permitted a given block at a time.
 
In the early days of railroading, stations (typically locations where trains could pass each other) were the key concept for train control, and blocks were simply the stretches of track between them. Stations were usually named. These should not be confused with passenger stations, though they were often located together and shared names.
 
One of the earliest methods of operations was to employ signalmen at each station to inform passing trains (using hand signals and flags) how long ago the last train had passed. Over time, the signalmen have evolved into dispatchers and operators who use various means to more efficiently and safely control train movements across the railroad.
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Timetables
• List of stations
• Times at which trains 

should arrive at and depart 
those stations

• Trains could not leave early
• …and had to wait for 

scheduled meets
• One late train could impact 

the entire schedule

• Trains assigned superiority

Presenter Notes
Presentation Notes
The first step in this direction was strict use of timetables. A timetable is a list of stations along with the times at which trains should arrive at and depart those stations. Referring to the timetable, each train could not leave a station (i.e. enter the next block) until their appointed time, and until trains they were to meet at that station had arrived.

Timetable operation also established which trains were superior to others. Depending on the railroad's rules, superiority could be based on train class, direction, or other factors. Inferior trains were required to clear the main track and wait for superior trains at designated meeting points. In this way, the timetable served not only as a schedule but also as the authority for train movement.

The biggest problem with strict timetable use was that it was not very flexible. A delay by any train could potentially delay all of the trains in the system, and adding trains to the schedule meant distributing a new timetable to all trains on that part of the railroad.
These limitations eventually led railroads to develop train orders, allowing dispatchers to modify the timetable when conditions changed without having to print and distribute an entirely new schedule.
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Timetable and Train Order
• Added a centralized dispatcher with 

authority to override the timetable
• Could define extra trains, annul a train, alter 

schedules, and more
• Communicated orders to operators at the 

stations
• Relayed the order to passing trains

Presenter Notes
Presentation Notes
To address these shortcomings, timetable and train order operation (sometimes called simply train order operation) was implemented. It continued the use of a timetable but gave a centralized dispatcher the authority to supersede the timetable with special orders. The orders could deal with changes in operating conditions or with changes to the timetable. For example, the dispatcher could define an extra train (or sections of a train) not listed on the timetable, could annul a train listed on the timetable, could alter one or more trains’ schedules, could convey a warning about temporary conditions, and more.
 
In timetable and train order operation, the dispatcher conveys orders to operators at stations along the railroad via telegraph or telephone. The receiving operators copy the orders in writing and repeat them back to the dispatcher to confirm the accuracy of the order. The operators then relay the written order to trains as they pass the station.
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Timetable and Train Order
• Operators alert oncoming trains to pick 

up orders using a signal
• In some cases, trains would stop and orders 

would be hand-delivered
• Orders could also be posted trackside in a 

fork or hoop
• Operators would also report back to the 

dispatcher as trains passed their station
• Popular operating method for model 

railroaders
• Typically utilizes a fast clock

Presenter Notes
Presentation Notes
The timetable would list locations at which train crews could expect to receive the orders. Typically a signal would alert the trains approaching the station as to whether an order awaited them there, and whether they needed to stop or not. If the train stopped, delivery was accomplished by hand. Otherwise, the order would be posted trackside in a train order fork or hoop held by the operator or permanently mounted trackside. A crew member would grab the order as the train passed.  Operators would also record the passage of trains by their station and inform the dispatcher. 

In the United States, train order operation has been replaced or overlaid by more modern operating methods, but it remained in use on the Long Island Railroad in New York until December 202, when Positive Train Control was rolled out. 
 
There are many model railroaders who implement timetable and train order operation. This typically requires a fast clock (a clock that runs faster than normal to help make up for the distance compression on our model railroads) and the development of a timetable for the operating session. In addition, the operating sessions include a dispatcher and, usually, station operators.
 
Station operators aren’t absolutely necessary if you don’t have enough people – you could provide the dispatcher views of each station, remote-controlled signals, and some means of communicating the orders such as telephones at the stations. 




Page 7

Direct Traffic Control
and Track Warrant Control

• Evolution of Train Orders
• Dispatcher communicates directly with train 

crews
• No station operators required 
• Exclusive track authority
• Crews write, repeat, and release authority

• Both are used today, but TWC is more 
flexible

• Typically used in dark territory 
• Popular in the US

• Utilized by all Class I railroads
• Easy to implement on model railroad

Presenter Notes
Presentation Notes
Direct Traffic Control (DTC) and Track Warrant Control (TWC) were both developed as evolutions of timetable and train order operation. Their primary goal was to eliminate the need for physical train orders and the station operators required to deliver them.
 
Under both systems, the dispatcher communicates directly with train crews using radios or telephones. The crew copies the authority in writing and then reads it back to the dispatcher to verify that it was received correctly.
Both systems provide exclusive track authority. Once a train is granted authority to occupy a section of track, no conflicting authority can be issued to another train. When the train clears that territory, the crew must contact the dispatcher and release the authority so it can be assigned to another movement.

In Direct Traffic Control, the railroad is divided into named blocks. The dispatcher grants authority for one or more blocks, and the train may occupy only those blocks. Because authority is tied to predefined blocks, DTC is relatively straightforward to understand and implement.

Track Warrant Control is more flexible. Instead of using named blocks, authority can be issued between virtually any two named points, such as mileposts, switches, stations, or other landmarks. Track warrants can also include additional instructions such as temporary speed restrictions, permission to leave switches lined in reverse, or time limits, as shown here.�
Both methods are most commonly associated with dark territory, where signal systems are limited or absent. However, they can also be combined with other traffic control systems. For example, track warrants are often used in conjunction with Automatic Block Signaling to provide rear-end protection, or with CTC to provide maintenance-of-way authority such as Track and Time or Work Time.�
These methods remain very popular in the United States and are used by all of the Class I railroads in some locations. For example, the BNSF uses track warrants between El Paso and Belen, which is dark territory, and between Denison and Irving in conjunction with ABS. Some smaller Class II railroads, such as the Iowa Interstate Railroad, and many Class III railroads are dispatched completely by track warrant.
�From a modeling standpoint, both DTC and TWC are relatively easy to implement. All that is really required is a dispatcher, a way for crews to communicate with the dispatcher, and forms for copying authorities. Because of that simplicity, they are popular choices for model railroad operating sessions.
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Automated Traffic Control Systems
• Methods described to 

this point all require 
direct contact with train 
crews

• Several methods for 
automatic control

• Require train detection 
circuits

Presenter Notes
Presentation Notes
So far, we’ve discussed methods of traffic control that require manual control. Now let’s look at ways railroads manage operations through the use of automation, typically without direct contact with engineers and conductors. The most popular such systems in the 20th century leveraged signals, and the key to automation was in remote train detection and the clever logic that was devised to utilize it. 
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Train Detection Circuits
• First used in the UK in 1864

• William Robertson’s 1872 design is 
still in use today

• Power applied to rails and shorted 
by trains

• Similar to most model railroad train 
detection circuits, though those rely 
on detecting a current

• Other circuits are used in different 
circumstances

• Cab signaling was originally 
piggybacked on train detection 
circuits

Presenter Notes
Presentation Notes
Train detection circuits were first used in the UK in 1864 but William Robinson, an American Engineer, designed a safer variant in 1872 that would show the block as occupied if there was a failure in the circuit. In his design, which continues to be used today (with improvements), power is applied to each rail and a relay coil is wired across them. The presence of a train shorts out the current and flips a relay, which in turn can control a signal. There is an insulated gap (or section) between blocks. This is similar to how model railroad train detection circuits work, although typically in that case a current is detected instead of a short.
 
Other circuits are used in different circumstances, such as with electrified track and with continuously welded rail. In more modern applications, AC power is used, which can have higher frequencies than typical grid power. In fact, the frequency can be modulated like a radio signal – which is how cab signaling was originally implemented.
 
Train detections circuits continue to be more and more sophisticated utilizing different types of circuits, lineside devices, and digital data encoding. Other systems, like wireless radio and GPS, are also part of the system today.

These two tools – signals and train detection circuits – are all you need to implement a simple automatic block signaling system: the signal is red (stop indication) if the block is occupied, and green (clear indication) if the block is not.
 
That’s not enough, though. To be more valuable, the system has to enable trains to run at faster speeds (or closer together), and needs to take flow of traffic (direction of travel, multiple routes through switches) into account. 
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Automatic Block Signaling
• Invented in the US and first used in 1871

• Grew in popularity during the first half of the 1900s
• Completely automated

• Takes into account switch positions, more than one block at a time, and more
• Protects against following trains, but not against opposing trains

Presenter Notes
Presentation Notes
This is the basis of Automatic Block Signaling, or ABS. ABS was invented in the United States and was first used in Massachusetts in 1871. Due to the cost of implementation, it was slow to take off but it grew in popularity during the first half of the 1900’s as traffic density grew to the point where timetable and train order or other manual forms of signaling couldn’t keep up. 
 
ABS can be used in a number of ways. The simplest is on track where all the trains run in the same direction. Signals are placed at the beginning of each block. As with a simple system, the signal will be red if the block is occupied. However, if the block is clear but the next block is occupied, the signal will be yellow. This gives trains the ability to run at a much higher speed than they would be able to otherwise, since they have twice as much (or more) time to stop.
 
In addition, switches can be integrated so that an open switch will affect the signal indication, and ABS can be combined with interlockings, crossovers and other track features relatively easily as well. 
 
Bi-directional ABS can also be implemented, with slightly more complex circuits that control the signals in both directions. However, there is no way to enforce a flow of traffic, and it’s possible that trains running towards each other could encounter a stop indication without a preceding approach indication, putting the trains at risk for an unscheduled meet. For this reason, bi-directional ABS is usually overlaid with some other form of control such as timetable and train order or track warrants.
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Absolute Permissive Block

• ABS enhancements to safely support bi-directional traffic
• Establishes a direction of traffic

• Stretches of track without sidings are treated as if they are a single block
• Very popular with interurban streetcar lines

Presenter Notes
Presentation Notes
Various hybrid approaches have been implemented to work around the limitations in bi-directional ABS. These approaches are generally referred to as Automatic Train Control (ATC) (although that is also the name for things like cab signaling and speed enforcement), and the most popular examples tend to be a form of Absolute Permissive Block (APB).
 
With APB, a single track with passing sidings is signaled. Stretches of track without sidings are treated almost like a single block: if a train was anywhere in that segment, trains coming from the other direction are held short of the segment. This prevents trains from meeting head-on. 
 
This type of system has been very popular with interurban streetcar lines due to its ability to support high traffic density at relatively low cost.
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Centralized Traffic Control
• Dispatcher controls flow of traffic but communicates via signals
• System designed in such a way to prevent dispatcher from issuing 

unsafe orders
• Developed by the General

Railway Signal Company
• First installed on the

New York Central in 1927
• Expensive to implement

Presenter Notes
Presentation Notes
As the cost of implementing ABS and ATC fell, they began to be replaced with Centralized Traffic Control (CTC). CTC still uses line-side signals and train detection circuits, but introduces a dispatcher into the mix. This enables more flexibility than automation alone can provide.
 
The General Railway Signal Company developed CTC technology; it was first installed in 1927 on a 40-mile stretch of the New York Central Railroad in Ohio. The centerpiece of the deployment was the CTC machine. This machine displayed the state of tracks and signals and electromechanically relayed commands to remote locations, such as remote-controlled switches. The mechanisms were designed in such a way that the dispatcher could not issue commands that could cause a safety risk. For example, it would prevent the dispatcher from encoding a command to throw a switch if the block that included the switch was reporting as occupied. 
 
CTC gives dispatchers the same flexibility as most manual traffic control systems before it but without the cost and complexity associated with providing an operator at each signal. However, CTC-controlled track is still significantly more expensive to build than non-signaled track. Therefore, usually only higher-density track is controlled with CTC while lower density track uses other methods like track warrants or direct traffic control. 
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Centralized Traffic Control
• Have evolved and centralized over time
• Dispatchers do not determine

signal indication
• Logic in the system decides the most 

efficient safe indication
• Additional “intermediate” signals on

the system are not managed by
dispatcher at all 

• Typically combined with other 
operations methods

• Track Warrant Control

Presenter Notes
Presentation Notes
Initially communication between the CTC machine and remote devices was accomplished with dedicated wires. Later this was replaced by pulse-code systems that used a single communications link for all devices, somewhat similar in concept to rotary-dial telephones. Over time, the electromechanical machines have been replaced by solid-state electronics and computers using digital communications.

In addition, while the consoles were originally installed in towers across the country, controlling only a few dozen miles of track at a time, they have been increasingly centralized and can now cover hundreds of miles of railroad. The BNSF Railway, for example, dispatches over 26,000 miles of track—most of its system—from a single dispatching center north of Fort Worth.

CTC dispatchers do not determine the indication that signals will display; they generally only define the flow of traffic by establishing routes and authorizing movements. So while a dispatcher may throw a switch and clear a route for movement in a particular direction, the logic of the system decides whether a particular signal will display a diverging approach, diverging clear, or some other indication to an approaching train.

Such logic also prevents the operator from allowing unsafe movements, such as head-on collisions. If they try to line a train unsafely, the system will simply refuse to throw the switches and display permissive signal indications.

Much of this safety logic is concentrated at interlockings—locations where tracks cross, merge, or diverge. Interlocking logic ensures that conflicting routes cannot be established and that switches and signals are aligned to protect train movements through these critical locations. It will also prevent dispatchers from dropping a permissive signal too close to an approaching train, at least easily.

In addition to the signals controlled by dispatchers’ actions, called absolute signals, there are usually additional signals on the railroad that are not. These signals, called intermediate signals, typically operate using ABS or similar rules.

Typically, CTC dispatchers are in contact with train crews through line-side telephones or radios, depending on the railroad and era. This allows CTC to be combined with direct authority methods similar to track warrants, enabling dispatchers to authorize train crews to operate locked switches, ignore signals while working in a specific area, relay slow orders due to maintenance activities, and perform other special movements as needed.
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Modeling Signaling Systems
• Manually set signals
• Many manufacturers offer hardware 

and software to implement signaling 
systems

• You can even build the electronics 
yourself

• Multiple articles in magazines over the 
years

• Popular “non-commercial” system is 
C/RMI, developed by Bruce Chubb

• http://www.jlcenterprises.net
• Raspberry Pi based systems

Presenter Notes
Presentation Notes
There are a number of ways to model signaling systems on your railroad.
 
The simplest is to act as dispatcher by walking around the layout and manually setting signals (i.e. by toggling a switch on the fascia near the signal); minimal wiring and no control hardware (except for a switch to control the indication) is needed. (You could also have station operators doing this who are in contact with a central dispatcher.) If fact, you can get by with no wiring at all; there are a couple modelers in the Austin are who have used colored wire nuts to represent signals. 
 
There are also a number of manufacturers who offer hardware and software to implement signaling systems. Many DCC manufacturers offer block occupancy detectors, signal controllers, and related hardware. Most electronic switch machines can be wired—or connected to devices that report their position—to a signaling system. You can even build the electronics yourself. There have been numerous articles in magazines such as Model Railroader over the years describing home-built systems. One of the most popular non-commercial systems is C/MRI, developed by Bruce Chubb. (http://www.jlcenterprises.net/).  

Today, many model railroaders are also using general-purpose computers and microcontrollers as part of their signaling systems. Software packages such as JMRI can monitor occupancy detectors, switch positions, and signal logic, while inexpensive devices such as Raspberry Pi computers, Arduino microcontrollers, and other embedded systems can be used to interface with the layout. These tools have made sophisticated signaling and dispatching systems much more accessible than they were a few decades ago.
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Modeling Signaling Systems
• Connecting to a computer

• Probably not needed for 
ABS or ATC

• Several systems available
• JMRI is free –

http://www.jmri.org

Presenter Notes
Presentation Notes
If building ABS or ATC systems you probably won’t need to interface with a computer, as the electronics can handle the logic by themselves.
 
However, if you are implementing a CTC system you will almost certainly need to interface your signaling system with a computer.  There are several different systems out there, including JMRI (available at http://www.jmri.org/). 



Page 16

Modeling Signaling Systems
• Some modelers go the 

extra mile and build (or 
buy) CTC machines

• Typically integrated with a 
computer, which in turn is 
connected to the layout

• Very specific to railroad 
and era

• Radios or phone systems 
are usually utilized with 
CTC

Presenter Notes
Presentation Notes
Depending on the era you model (and the lengths you’re willing to go for realism) you may be just fine stopping with computer software.  However, many model railroaders go the extra mile and build (or buy) CTC machines. These range from simple consoles with hardware that isn’t prototypical but “close enough” to complex machines with real electromechanical relays and original hardware. Figures 8 and 9 show some examples (and check out http://www.ctcparts.com/engineering.htm for more). In most cases they are integrated with a computer, which is in turn integrated with the layout.
 
Prototypical CTC machines are very specific to the railroad and era, so it would be difficult to give a general overview of how to operate one. One example is Tommy Holt’s CTC machine modeled after Western Pacific’s from 1966; he’s built a simple handout that explains how to use his prototypical system. David Barrow’s, on the other hand, is literally the panel from the area he models on the Santa Fe. The switches are lights are not the same on the two railroads. 
 
Most model railroaders will also usually utilize portable radios or a phone system when deploying CTC or using some other form of dispatcher-based control.
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Thank you!

Presenter Notes
Presentation Notes
It’s never been easier to model signaling systems on your railroad, right down to the prototypical signals and CTC machine. If you’ve been thinking about it, know that it’s can be a lot of work to wire everything and get it to work properly depending on how far you want to go, but it can be well worth it in terms of the realism it brings to operating sessions.
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