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Preface 
 
 

his conference was the focus of the Railroad Operational Safety Committee’s 2013 midyear 
meeting. Concerned with human performance and human factors research issues related to 

railroad operations, the committee draws upon the expertise of researchers and operating 
personnel to define, encourage, and disseminate results of research that will enhance the safety, 
performance, efficiency, and comfort of those involved in or using railroad and rail-related 
transportation systems. 
 
 
ACKNOWLEDGMENTS 
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committee and the generous hospitality of the Union Pacific Railroad (UP), which hosted the 
event. All those involved in developing and participating at this meeting have invested in making 
railroad operations safety through the advancement of research and practice regarding the role of 
the human in the system. Key organizing functions of the meeting, and the people responsible for 
accomplishing them, are as follows: 
 

• General coordination: Richard Pain, Ann Mills, Michael Jones, Lawrence Fleischer, 
Jackie Keenan, Jeffrey Moller, and Hadar (Rosenhand) Safar. 

• Promoters: Gina Melnik, Jeffrey Moller, Richard Pain, and Vijay Kohli. 
• Hosts: Bob Grimaila and Jackie Keenan. 
• Note takers: Jeffrey Moller and Bianca Mejia. 
• Presenters: Nancy Cooke, Jordan Multer, David Mangold, Harvey Boyd, Stephen 

Gerbracht, Charles Oman, Paul Picciano, Vic Riley, Jeffrey Moller, Aaron Ratledge, Fred 
Gamst, Jim Grady, Kathleen Voelbel, Ann Mills, Helen Gitmez, Anita Scott, Anand 
Prabhakaran.  
 

Thanks also go to Ann Mills and Michael Jones for initiating the idea, and to committee 
members who offered comments after reviewing this e-circular. 

The committee especially appreciates the support provided for this conference by the 
Federal Railroad Administration and the Volpe National Transportation Systems Center.  
 

—Stephen M. Popkin, Chair 
Ann M. Mills, Vice-Chair 

Railroad Operational Safety Committee 
 
 
Cover image: Gamst, F. C. The Diesel-Electric Locomotive as a Work Environment: A Study in Applied 
Anthropology. Studies in Cultural Anthropology, Rice University Studies, Vol. 61, No. 2, 1975, pp. 37–78. 
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1 

Introduction 
 
 

RB’s Railroad Operational Safety Committee is concerned with human performance and 
human factors research issues related to railroad operations and draws upon the expertise of 

researchers and operating personnel to define, encourage, and disseminate results of research that 
will enhance the safety, performance, efficiency, and comfort of those who are involved in or use 
railroad and rail-related transportation systems. 

The purpose of the meeting was to examine North American locomotive cab design in 
terms of human machine interface theory and railroad applications. The meeting included 
perspectives from researchers, unions, locomotive engineers, engine manufacturers, and railroad 
management in a format that encouraged audience participation. Topics included human system 
integration, the evolution of today’s designs, the operator’s perspective, sources of human error, 
workload and automation, energy management, prospective future design features, the European 
perspective, and active noise cancellation. 

The timing of this conference was excellent as it coincided with the start of a new task 
force involving labor, management, manufacturers, and researchers that will consider revisions 
to current locomotive designs. While today’s cabs are successful, many key elements date from 
the early 1970s. Recent advances in technology will give designers the freedom to explore new 
approaches that would not have been feasible a few years ago. Several members of the new task 
force participated in this conference and concepts discussed here certainly will be included in 
task force deliberations.  

The committee and TRB thank Jackie Keenan and UP for hosting this meeting at the 
training center in Omaha, Nebraska. The committee also thanks the planning committee who 
organized this meeting: 
 

• Ann Mills, Rail Safety and Standards Board, United Kingdom, Chair; 
• Jeffrey Moller, Association of American Railroads; 
• Lawrence Fleischer, BNSF Railway; 
• Jackie Keenan, UP; 
• Michael Jones, U.S. Department of Transportation (DOT); and  
• Hadar Safar, U.S. DOT  

 
 
PUBLISHER’S NOTE 
 
The views expressed in this document by both the presenters and those of the individual 
participants are not to be construed as consensus views or findings of the conference participants. 
Furthermore, their views do not necessarily represent the views of all participants; the planning 
team; the sponsoring committees; TRB; or the National Academies of Sciences, Engineering, 
and Medicine. This e-circular has not been subjected to the formal TRB peer-review process.  
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Human Systems Integration 
 

NANCY J. COOKE 
Arizona State University 

Chair, National Academies Board on Human Systems Integration 
 
 

ooke indicated railroads and train operations are in the midst of many changes. For instance, 
the transition from mechanical control to positive-control technology with increasing 

emphasis on automation is similar to changes faced by the aviation industry as cockpits evolved 
from manually operated systems to glass cockpits with autopilots. These types of changes are 
accompanied by changes in the operators’ tasks. Often the tasks become more cognitively 
strenuous and the addition of automation can be associated with loss of situation awareness and 
overreliance on that automation. Human systems integration (HSI) is essential for ensuring that 
these changes result in safe and effective operations. 

HSI is a discipline in which human capabilities and limitations across various dimensions 
are considered in the context of the design and evaluation of a dynamic system of people, 
technology, environment, tasks, and other systems with the ultimate goal of achieving system 
resilience and adaptation, approaching joint optimization. The human dimensions considered 
include human factors, manpower, training, personnel, safety, survivability, and habitability. 
Deliberate trade-offs across these dimensions are required to address the needs of multiple 
system stakeholders. Consideration of human integration into the entire system early and 
continually through the system engineering process is essential.  
 
 
SUGGESTED RESEARCH, DEMONSTRATION, AND IMPLEMENTATION ISSUES 
 
According to Cooke, the design and development of railroad technology requires a consideration 
of human integration into the entire system, early and continually throughout the system 
engineering process.  
 
 
TAKEAWAY MESSAGE 
 
Cooke offered the following summary takeaway messages: 
 

• Technology alone is typically NOT the answer. 
• HSI is NOT intuitive. 
• HSI is highly context-dependent. 
• HSI needs to be addressed from the beginning (acquisition) and continue through the 

life cycle of the system.  
• Not only does HSI ensure safer and more-effective systems, but it can result in cost 

savings. 
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DISCUSSION 
 
The participants’ discussion began with the mention of the National Research Council’s Board 
on HSI. One participant noted budget is a constant concern, and gave an example from prior 
experience with the U. S. Navy, where this participant said it seems there is a desire to reduce 
manpower. However, senior leaders sometimes resist change. It was emphasized that getting a 
culture change from the top down is difficult, adding that the designs of new systems are 
sometimes institutionalized and decisions have been made before testing. Cooke acknowledged 
that budgets are a perennial challenge as is reducing manpower. However, she gave the example 
of unmanned aviation systems; although this equipment naturally might seem to lead to fewer 
soldiers, in actuality it takes about 80 people on the ground to support one vehicle. 

A participant asked what the best way to instill HSI into a company (other than 
consultants). Cooke suggested that perhaps HSI needs to be instilled at the undergraduate level, 
but did acknowledge that there are cultural issues. In her experience as a professor at the College 
of Technology Innovation, a goal is to ensure engineers come out of the program with at least 
some knowledge of HSI. She thought it would be great to establish a certificate program for 
those already in the workforce. Cooke said, “Until decision makers understand HSI, it will be 
ignored.” 

Another participant asked for an example of success in industry, noting that when a toy 
manufacturer creates a new product, the manufacturer provides it to an observed group of 
children. Cooke discussed how there are many methods of defining success, including observing 
the user interacting with a system. The participant replied that in some cases, the user may give 
opinions about the product, but there is still the question of how the designers can know that they 
are achieving sound human factor principles. Cooke responded that a cognitive task analysis 
looks at how people perform tasks, what information they need, how it is presented, and the 
types of errors they make. Gathering this kind of information can help in the design process. 
During the discussion among participants, it was noted that we often talk about testing and 
evaluating a system that already exists. A participant asked how we capture relevant information 
when a design is only in the conceptual stage. Cooke referenced the term “envisioned world 
problem,” giving the example of unmanned aerial system. When unmanned aerial systems were 
introduced, procedural operations and safety were the first things to be considered thoroughly. In 
other cases, safety issues can be checked through simulation. For example, it may not be possible 
to test fly a drone to check for safety issues, so simulation used. 

A a participant noted that a challenge for the rail industry is a large capital investment in 
infrastructure. A different participant then asked “How do you address concerns about new 
systems when you have significant existing equipment?” Cooke noted this is an example where 
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one does not have the luxury of designing from a clean slate, but it is possible to still use HSI 
with existing systems. There may be compromises that will need to be made, but there may also 
be other components you may be able to influence, for example training. 

One of the participants asked, “What is the process for identifying requirements when 
purchasing new equipment? Is it recommendations from a committee or one’s own system 
engineers that you take to the manufacturers?” A participant who works for a carrier noted that 
his railroad has a standing committee that meets with employee representatives twice a year to 
review current and future designs. This participant’s railroad identifies what needs to be 
changed, how to do it economically, and then consults with the manufacturer. Another 
participatant who works for a carrier uses a similar process adding that his company looks at all 
aspects of the locomotive including seats, handbrake designs, etc. A participant noted that 
several railroads use this committee process to provide input to management as they make 
decisions. One other participant who works for a carrier noted his company looks forward to the 
upcoming industry–labor–FRA committee to add some additional expertise to the design of cabs. 
A similar process was also used in the United Kindom when implementing a new radio system. 
A major challenge was locating the equipment in existing cabs. The committee identified key 
requirements and assessed the various cabs to see the key things that needed to be considered. 
Compromises sometimes had to be made. Scientific literature was reviewed, tasks were 
identified, and ideas were tested with users. When an idea was rejected, people were asked to 
articulate why. 

A participant who works for a manufacturer noted the challenge of working with many 
different customer specifications. In response, a participant who works for a carrier discussed the 
challenging but successful group effort to establish interoperable positive train control and said 
that “We don’t have room for much more stuff in our cabs. We need to move from old style 
handles to something new. This is an opportunity to talk about all the issues and make sure we’re 
in lockstep.” 

Cooke’s PowerPoint presentation can be found in Appendix C. 
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5 

History of the Locomotive Cab and Control Stands 
 

DAVID MANGOLD 
University of Akron 

 
 

angold began his history of locomotive cabs and controls by explaining how they have 
evolved through years of development from mechanical levers, valves, and gages to 

advanced electronic systems. Accommodations within the cab have also improved considerably. 
The modern locomotive control stand has evolved significantly to accommodate the control of 
many operating systems: brakes, throttle, lighting, safety equipment, and electrical devices (see 
timeline). Future design improvements to locomotive cabs and control stands should understand 
the past, which will allow for an understanding of the present, so future locomotive cabs will 
have the necessary functionality to benefit the operators of future locomotives. 

The first locomotives used in the United States were from Great Britain, then later U.S. 
builders assembled locomotives. These original locomotives had vertical boilers and were built 
without cabs. After many years of refinements horizontal boilers and wooden cabs became 
standard on locomotives. Operating system controls for brakes, throttle, lighting, safety 
equipment, and electrical devices were added and controlled from within the locomotive cab. 
Refinements and design modifications resulted in larger cabs, in which placement varied from 
the rear of the locomotive, to the middle (camelbacks), and then to a unique cab-forward design 
that came into use from 1909 to 1940 for crews to avoid smoke from entering the cabin tunnels 
and snow sheds, a common problem of steam locomotives. 

Electric locomotives allowed the placement of cabs at the forward end of the locomotive. 
These locomotives were known for small cabs and complicated control stands. In Europe, on the 
Swiss Federal Railways, a desktop control stand evolved into the locomotive type known as the 
“Crocodile” in 1919.  

Dieselization of U.S. locomotives resulted in many design changes to locomotive cabs. 
Legacy control movements remained similar to steam locomotives. An example of this is the 
movement of the throttle rearward for increased power and speed. Unique designs were 
developed, including streamlining—which was common in the 1930s—an example of which is 
the Pioneer Zephyr equipment from 1934. Cab unit-type locomotives came into common use 
beginning in the late 1940s. The EMD (Electro-Motive Division) model F7 is an example of this 
type. 

The EMD GP7 and GP9, known as general purpose locomotives, came into use as road 
switchers. A standardized locomotive control stand evolved and was placed in later model 
upgrades. Some locomotives were equipped with dual control stands, one on each side of the 
cab. 

In the mid-1980s, second-generation diesels were produced, the EMD SD40-2 and the 
GE (General Electric) B23-7 being prime examples. Improvements were incorporated to the 
locomotive cabs and control stands. A unique BQ23-7 with a large locomotive cab was designed 
and built for the Family Lines Railroad. This locomotive was designed at the time cabooses were 
being eliminated and provided room in the cab for all five crewmembers then mandated by labor 
agreements. 

Modern locomotive cabs (third generation) have changed considerably from the 
predecessors. The Alstom–ALP45DP used by New Jersey Transit is an example of a modern 

M
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desk top-type control stand. In Europe modern, perhaps fourth-generation, locomotive cabs are 
in common use; a variety of locomotive types exist. 

Designers of future improvements to locomotive cabs and control stand design can 
benefit by having an understanding of the past so that future cabs can even better support crew 
effectiveness and safety. 

Elements of the Locomotive Cab Timeline that Mangold highlighted were as follows: 
 
19th Century 
 
Early 1800s Development of primitive locomotives without cabs. 
1831 First locomotive cabs added to early locomotives. 
Mid-1800s  Delivery of British locomotives and construction of early U.S.-built steam 

locomotives without cabs.  
 Advancement in steam locomotive technology. 
Mid-1800s  Locomotive refinements including an enclosed wooden cab.  
Late 1840s  First camelback locomotives built with large cab to accommodate wide 

fireboxes and better visibility for the locomotive engineer. 
Early 1850s  Locomotive cabs become a standard part of the locomotive. 
1870s  Throttle improvements including ratchet and latch. 
1880s–1890s Larger, more-powerful locomotives built. 
March 2, 1893 Safety Appliance Act enacted by Congress and signed by President Benjamin 

Harrison, required air brake controls in cabs. 
 
20th Century 
 
1900s Larger and faster locomotives with metal cabs in use. 
Aug. 1, 1900 Extension of Safety Appliance Act compliance requirement. 
1925  Early (box cab) diesel locomotives in use.  
1930s Streamlined steam locomotives in use. 
1938  Diesel electric locomotives (GM EMC-F units) built. 
1949  Budd Company/EMC-RDC (rail diesel cars or cab cars) and F units in use, in 

common use on U.S. railroads. 
1950s  Train–radio–telephone use begins (on Erie Railroad), use of alerter systems, 

first-generation diesel road switchers built by EMD (GP7 and GP9). 
1967  United Aircraft Turbo Train, a unique locomotive and cab design. 
1968  High-speed cab car; Metroliner begins scheduled service on PRR 
1976  EMD F40PH built and in use by Amtrak. 
1990s  Development and use of third-generation locomotives and onboard electronic 

systems. 
1997  Amtrak tests operation ICE train set from Germany. 
1998  Amtrak tests operation of X2000 from Sweden. 
 
21st Century 
 
2000s Modern locomotives in use with improved control stand designs and energy 

management systems, ECP braking, and DP controls.   
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DISCUSSION 
 
One comment raised during the discussion concerned a photograph of a European Locomotive 
cab which showed six different computer screens confronting the engineman. The issue was why 
there were so many screens in the locomotive cab. A participant from the United Kingdom 
explained that one of the screens is a camera image for the driver to observe passengers boarding 
on a platform. In addition, there is the European Rail Traffic Management System Screen 
(ERTMS), the radio, and a train management system. Another participant referred to high-speed 
equipment they saw in Shanghai with a very simple cab layout, designed by a German company. 
It was noted that additional data was accessible by simply scrolling through various screens. It 
was suggested that stakeholders would possibly benefit by looking at these magnitude-level 
designs. 

A few participants raised larger issues concerning the challenges associated with an 
engineman in the cab. When questioned about what challenges are seen, Mangold noted several 
challenges: The first was noise, which is an issue when an engineman needs to communicate 
with a fellow crew member. Another challenge that has been alleviated with the new designs is 
vibration which can be an irritant for crewmembers. Challenges also included pinch points, and 
the horn lever which may be in the way when one is operating the brakes or the reverser. At 
night cabs are dark, making controls more difficult to perceive. 

During the discussion it was asked when the first “dead man” pedal or alerter appeared. 
Respondents were not sure but Mangold noted that cab signals date from the 1920s and 
electronic alerters from the 1950s or 1960s.  

Mangold’s PowerPoint presentation can be found in Appendix C. 
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North American Freight Locomotive Cab Development 
 

HARVEY BOYD 
Electro-Motive Diesel 

 
 

arvey Boyd discussed how locomotive cabs have changed considerably over the past 40 
years due to the influence of users, regulatory actions, changing equipment, and changing 

expectations. This presentation considers some of the tools, inputs, and trade-offs that took a 
simple general purpose–special duty (GP/SD) cab and turned it into the advanced cab in use 
today. 

In the early 1970s, an industrywide committee gathered to generate improvements to the 
narrow short-hood, GP/SD-style locomotive cabs. The direct outcomes of their efforts were 
improvements and standardization to the engineer’s control stand. Other improvements included 
door closure bars, door hinge guards, windshield wiper motor covers, rubber padded horn levers, 
toilet compartment vents, and stairwell access to the short hood and toilet compartment. 

Boyd said that the late 1980s saw a desire for a more office type environment along with 
increased safety and crew comfort which led to the development of the North American Cab 
(also called wide cab and comfort cab). These new cabs included air conditioning, better seats, 
improved crashworthiness, dedicated cleanable toilet compartments, better lighting, comfortable 
flooring, and desks for both the engineer and conductor. Introduction of electronic information 
display screens, desires for improved ergonomics, and a push for improved visibility when 
making reverse moves led to a new cab arrangement in the early 2000s.  
 
 
DISCUSSION 
 
The audience discussion centered on the topic of human factors principles in the design of 
locomotives and the feedback process. One participant asked if EMD used human factors 
engineers as part of the design team and what type of human factors components appear in a 
typical purchase order. Boyd advised that they have had staff ergonomists in the past but there 
are none currently. Additionally, purchase specifications typically list specific components (e.g., 
model of seat, toilet, or floor covering).  

Another participant asked if the manufacturers followed a formal or informal method of 
receiving feedback from their customers after sending them a new product. According to the 
speaker, surveys consisting of up to 60 questions are sent out when a trial cab is deployed. In 
addition to the survey, the manufacturer meets with various carrier cab committees and receives 
feedback from mechanical departments on what they like and dislike. Feedback also comes 
through the service department.  

A participant made an observation that manufacturers tend to build based on old designs, 
noting that “…it seems as if manufactures start with their original design and make changes, 
including trade-offs as requests come in.” This approach can lead to the need to make collateral 
fixes, suggesting the only way to break this cycle is to start over with a new design. The speaker 
noted that although starting from scratch is ideal, compromise has always been a big part of the 
design, often by necessity done dynamically. Often times, customers specify delivery beginning 
in 9 months, which is not much time to create drawings, review alternate designs, and approve 
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the design in time for construction. New designs such as the wide-nose design that started 
without old resources was a result of an industry push. The suggestion was made that new 
designs should take on a similar approach. 

Boyd’s PowerPoint presentation can be found in Appendix C. 
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GE Perspective 
 

STEVEN GERBRACHT 
General Electric 

 
 
DISCUSSION 
 
During the discussion, several questions were raised surrounding the challenges of cab designs. 
As the discussion started, Steven Gerbracht noted that while design work using 3-D modeling 
and unigraphs is the same in North American and the European Union (EU), the type and 
arrangement of controls differs. Implementing EU arrangements in some of the manufactures’ 
domestic models would be a challenge. The discussion continued with a participant noting the 
desirable goal for interoperability in rail and in aviation, where type ratings for specific crew 
assignments are typical. The question was raised if interoperability errors have been a problem 
for locomotive engineers. Although Gerbracht said he has not seen such an error, he noted the 
layout of the basic controls is uniform and it was acknowledged that the challenge going forward 
will be when the new designs or new systems are introduced. Challenges might also arise with 
different signal systems. Participants representing different carriers reinforced that they also had 
not seen such mishaps.  

Operating conditions and electronic distractions were raised during the discussion. A 
participant noted that there are complaints about cab temperatures. A fellow participant said that 
all new locomotives are equipped with heating, ventilation, and air conditioning technology to 
moderate the issue. In terms of electronic distractions (such as the use of cell phones), one 
question raised was if a hands-free option might be feasible. A participant who works for a 
carrier noted that their company’s operating rules and FRA regulations prohibit the use of cell 
phones in locomotive cabs except during emergencies, adding that the National Transportation 
Safety Board opposes cell phone use in automobiles, even when hands free.  

Participants continued to discuss how manufactures’ market new human systems 
integration concepts during development, and the differences between how these concepts are 
developed in North America and in the EU. Although requests may not differ between the two, it 
was advised that regulations do. Manufacturers work around the basic requests of many carriers, 
and compromise where needed. For example, a carrier may want the manufacturer to begin their 
design concept with the inclusion based on their 1975 locomotive, which has worked well and 
with which many locomotive engineers are familiar.  

Challenges dealing with installing new features such as positive train control (PTC) were 
also discussed. With PTC, there is the initial challenge of setting aside software and physically 
locating the equipment. Often, opinions on where to put equipment differ, especially since some 
of this equipment requires precise climate control. Another important consideration is whether 
the new feature must be stand alone or integrated with existing systems. A challenge for 
locomotive manufacturers like GE is that carriers will often bring in a vendor’s product and ask 
the manufacturer to integrate it in their construction. Gerbracht suggested the best way to 
improve integration is to collaborate with industry stakeholders on an agreement on software 
inclusion and placement. Although it was acknowledged that this in itself was not easy, 
stakeholder agreement would result in greater concurrences and reduce false starts.  

In discussing interoperability again, it was noted that locomotive engineers become 
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frustrated when switches around the console are different among carrier equipment. Although the 
location of the throttle and brake levers are the same universally, it may be helpful to have the 
horn and sand lever in the same place in all new console designs. Gerbracht indicated there are 
standard positions for the horn and bell, which are being kept consistent when possible.  

A discussion surrounding the topic of fatigue abatement also arose. Gerbracht said that 
his company has considered this issue with some of the latest models. They have worked on the 
console and seat position by increasing comfort and allowing for good access to controls.  

Gerbracht’s PowerPoint presentation can be found in Appendix C. 
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Locomotive Engineer’s Reactions to the Designer as Phantom 
Crewmember in Human–Locomotive Systems 

 
FREDERICK C. GAMST 

University of Massachusetts, Boston 
 

amst began his remarks by saying that in railroading, the effects of a posited phantom 
crewmember, a designer, constantly channel the ways in which an engineer works on a 

locomotive. The design of noncomputerized and computerized machines and the procedures for 
their use could affect human tasks that result in operator errors, even leading to close calls and 
accidents.  

Gamst said that his presentation contributes to the design of the next generation of 
locomotives and is derived from this report for the conference session “How Do We Manage 
What We Have Today?”  

Gamst’s full report builds upon an old maxim in human and social factors: in order to 
account for efficiency, safety, and comfort, the designer of a machine or procedure must query 
operators. Incorporating human capabilities and limitations in machinery design requires 
specialized, esoteric knowledge of how operators in a particular machine domain behave 
individually and socially. For designer issues and engineers’ needs in the human–locomotive 
interface, Gamst said he used his background knowledge of 58 years as well as input gathered 
from locomotive engineers regarding designs of locomotives today.  

Responses from engineers in the full report have been classified into 59 subject areas, 
which include the following: 

 
• External lights,  
• Small controls,  
• Indicators,  
• Alerters,  
• Automatic and independent brake valves,  
• End-of-train switch,  
• Throttle and dynamic brake controls,  
• Radio,  
• Workstation clearances,  
• Cab amenities,  
• Glazing,  
• Kinesthetic feedback,  
• Conductor’s items,  
• Hand signals,  
• Designer and implementer issues,  
• Field correction of designer issues,  
• Overall cab safety,  
• Leaning out of right-hand window,  
• Engineers’ comments about cab environment, and  
• Seating considerations.  
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TAKEAWAY MESSAGE 
 
In comprehending engineers’ decisions and resulting actions, an important consideration is the 
contexts of the social interaction and cultural knowledge in which they reside. Design necessarily 
has effects beyond human–device interface. When designing locomotives and their cabs, a 
designer, design approver, and design regulator must recognize the range of the engineer’s and 
interacting teammate conductor’s tasks, responsibilities, bodily positions in tasks, protections of 
the body, visual needs, and hearing needs.  
 
 
DISCUSSION 
 
One participant noted how Gamst’s paper discussed some of the issues with both in-cab and 
external communications and all the complexities involved with the design of the cabin order to 
facilitate the engineer’s leaning out of the window to improve visibility. Although it was noted 
that out-of-cab operations and in-cab operations are dependent on the engineer’s preference, it 
was recognized that there are issues dealing with the ability to reset the alerter or answer the 
radio in the out-of-cab position, in addition to being able to hear other locomotives or seeing 
ground men during in-cab operations. Although the solution would not be simple, it was noted 
that in-cab and out-of-cab operations are both necessary, especially for complex switching 
movements. Although Gamst’s report did not include remote control locomotive operations, it 
was noted that a 2006 study by Gamst and Gavalla did include remote control locomotive 
operations.  
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Accident Caused by Human Error 
But Which Humans? 

 
PAUL PICCIANO 

Aptima, Inc. 
 
 

aul Picciano began his remarks by suggesting accident investigation teams regularly attribute 
fault to the human operators at the front lines of complex system failures. Cognitive lapses 

are often blamed for the inaccurate perceptions, misaligned mental models, and erroneous 
actions identified in the causal chain. However, complex systems have many more humans in the 
life-cycle loop than just the operator sitting at the controls. Engineers and designers are key 
humans in the development and use of these systems, but are also susceptible to similar cognitive 
vulnerabilities and sometimes unwittingly include opportunities for failure in their designs. 
Facilitating system understanding for operators and maintenance personnel must be a design 
priority. Intentionally making complex systems more transparent and providing useful feedback 
can help maintain safe operations, according to Picciano.  
 
 
TAKEAWAY MESSAGE 
 
Picciano summarized his takeaway messages citing Azevedo and Bernard (1) and Johnson-Laird 
(2). “Designs can be improved when prioritizing system transparency, feedback, and building 
user trust in the system. Performance is found to be enhanced with improved mental models and 
the support of feedback. “ 
 
 
REFERENCES 
 
1. Azevedo, R., and R. Bernard. A Meta-Analysis of the Effect of Feedback in Computer-Based 

Instruction. Journal of Educational Computing Research, Vol. 13, No. 2, 1995, pp. 109–125. 
2. Johnson-Laird, P. N. Mental Models: Towards a Cognitive Science of Language, Inference, and 

Consciousness, Cambridge University Press/Harvard University Press, Cambridge, Mass., 1983. 
 
 
DISCUSSION 
 
The discussion focused on the take-aways for the railroad industry from an aviation-related 
incident resulting from human error. Picciano presented several accidents in different modes, but 
focused on a runway incursion in Providence, Rhode Island, where an aircraft inadvertently 
encroached on an active runway. The air traffic controller (ATC) disregarded the encroaching 
plane’s radio calls of concern and twice cleared a conflicting flight for take-off. Picciano posed 
the question “Who was at fault: the taxiway design or the pilot?” Using James Reason’s Swiss 
Cheese Model of system failure, Picciano suggested the pilot who did not accept the take-off 
instructions was the slice of cheese that prevented this possible accident from occurring. This 
incident is an example of where it would be easy to blame the front line people for the many 
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mistakes associated with this incident. It is a lesson that can help improve safety procedures and 
equipment such as ground-based radar. In addition, the system and how people are trained can be 
implicated. While there may be resource constraints, investigators should be encouraged to look 
deeper at these types of elements. It was noted that the ATC was under pressure to move planes 
which overrode the deeper problems of the ATC system and procedures. Furthermore, Picciano 
said that now such an incident is rare, however, because an ATC would be likely to reflexively 
stop all movements until things are straightened out. 

Picciano’s PowerPoint presentation can be found in Appendix C. 
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Evaluation of Cab Controls 
 

VICTOR RILEY 
Consultant 

 
 
PRESENTATION SCOPE 
 
Victor Riley introduced his presentation as focusing on two common design-related human 
errors and the potential opportunities for these errors in an early version of the BNSF electronic 
train management system (ETMS) screen layouts. One of the errors is called substitution error, 
which happens when the operator intends to actuate a particular control but actuates another one 
instead due to similarities in the positions, shape, input action, and other attributes of the two 
controls. The other error is called negative transfer error, which happens when the operator 
applies expectations formed through experience with one design to another design, leading to an 
unintended result. The ETMS screen layouts were evaluated for their potential to induce these 
types of error by analyzing the assignment of functions to function keys across all of the screens. 
To do this analysis, a spreadsheet was built with the function key positions across the top and the 
screen formats listed down the side, so that each intersection of screen (row) and function key 
position (column) listed the function assigned to that position on that screen. The general intent 
of each function was then abstracted in order to identify cases where the same function key 
position produced conflicting outcomes on different screens (negative transfer), and to identify 
cases where adjacent functions on the same screen could have conflicting outcomes 
(substitution). 

Riley offered an example where several functions (“yes,” “ok,” “received,” 
“acknowledged,” “verified,” “arrived,” “done”) were confirmatory while others (“no,” “cancel,” 
“reject,” “quit”) were negative. If a single key position hosted primarily confirmatory functions, 
or the user was accustomed to finding the confirmation step on a particular screen that was used 
frequently, and that same position were assigned a negative function on a rarely used screen, this 
could lead to an error where the operator selects the negative function on that screen, expecting it 
to be confirmatory. To determine the potential for this, each function was assigned to an abstract 
intent category (“yes,” “no,” “activate function,” “go to new screen,” “go back,” etc.), then a 
macro was written to read through the function key categories for each function key position for 
each screen and to highlight instances of conflicting assignments between screens. An additional 
macro was written to analyze adjacent function pairs for their potential to induce substitution 
errors. For example, on the “location selection” screen, the first two function key positions were 
“Main 1” and “Main 2.” These functions were used when the navigation sensors could not 
determine which of two adjacent tracks the train occupied, so the user had to enter this 
information into the system. With two adjacent options with very similar labels, there is some 
potential for substitution, and indicating the wrong track could mislead the protection logic. 
 
 
SUGGESTED RESEARCH, DEMONSTRATION, AND IMPLEMENTATION ISSUES 
 
As automation and graphical user interfaces with flexible formats become more widespread in 
locomotive cabs, potential increases for design-related operator errors, including substitution, 
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negative transfer, inadvertent actuation, reversal, etc. Where error opportunities may exist, 
designers can evaluate the potential impacts of those errors on operational outcomes, including 
what feedback is available to enable the operator to detect the error, what opportunities the 
operator has to correct the error, and what would happen if the error were not detected or 
corrected. Research that would be helpful to industry and designers would focus on the nature of 
operator errors and guidance on systematically analyzing designs for error opportunities and 
potential outcomes. 
 
 
DISCUSSION 
 
The focus of the discussion was on the issues of substitution errors and error transfers. One 
participant asked for suggestions to prevent substitution errors. As an example, the case of horn 
buttons and alerter resets was discussed. Horn buttons and alerter reset buttons are similar in 
location and shape, and in darkened conditions an engineman might mistakenly reset the alerter 
instead of sounding the horn. One potential solution Riley discussed was where workers 
modified two similar handles in a control room to be distinct shapes and sizes (like beer tap 
handles), thereby making them less similar in look and feel.  

Similarly, a participant pointed out that in the United Kingdom, a railroad carrier operates 
two distinct types of train sets, one which notes the inoperative state of the tilting feature by a 
light coming on, and another where the light comes on when the tilt feature is properly 
functioning. These two distinct problematic features in the two train sets have been recognized 
and the operating company is considering type rating for the two systems to reduce the chance of 
human error. Although no particular solution was given for these scenarios, carriers are working 
on modifying these cab controls to reduce the chance of human error.  

Participants noted during the discussion that manual controls are different in locomotives 
compared to aircraft controls and it was questioned if the presenter’s evaluation criteria should 
include task or subtask interrupt ability. The main issue is the length of time a person can look 
away from the task without facing risks and having to reengage. Although no direct answer was 
given, participants noted error analysis is only a small part of the human factors error statement. 
While errors are perhaps one of the most important issues to analyze, they are not the whole 
picture. Currently there is a trend toward installing additional control screens in cabs. One 
participant asked for guidance on the arrangement and placement of actions on the touchscreens, 
and on whether there are ways to discriminate between controls on a screen. Although Riley 
advised that he had no preference for using manual controls or touchscreens, he emphasized that 
substitution errors and error transfers are two key risks. Riley further suggested requiring more-
complex gestures instead of simple taps on the screen might keep these risks at bay. 

Riley closed his remarks by stressing the importance of considering the context and 
application of the cab controls. When asked if there is any data on whether it is better to have 
multiple gauges on one screen or individual gauges for each screen, Riley noted it highly 
depends on the purpose of each gauge and whether they are different or contribute to the same 
mental model.  

Riley’s PowerPoint presentations can be found in Appendix C. 
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Automation and Workload 
 

VICTOR RILEY 
Consultant 

 
 
PRESENTATION SCOPE 
 
Riley began his second presentation with some lessons learned about the application of 
automation to complex systems. For example, a technology-centered allocation of functions and 
responsibilities between the automation and the human operator can result in giving the operator 
a combination of tasks that are difficult to manage, may not fully support situation awareness 
needs. Allocating functions first to the operator to ensure a manageable task load that keeps the 
operator engaged enough to maintain situation awareness is likely to lead to a safer, better 
functioning overall system, according to Riley. He also suggested it is important to evaluate the 
potential for overreliance on automation, and to recognize that different users may use and rely 
on automation differently. One common research finding in automation studies is that 
automation-use decisions are highly variable and subject to large individual differences, but that 
the more users know about how the automation works and its capabilities and limitations, the 
more likely they are to use it appropriately. 

Regarding workload, Riley focused on practical means of analyzing designs for workload 
impacts. For example, a workload measure that is sometimes used in the certification of aviation 
systems is “time required/time available.” If more time is required to perform a task or 
combination of tasks than is available, the workload is unmanageable. However, it is often 
difficult to establish how much time is really available for a task. Even if the amount of time for 
a task were known, design changes that could improve workload may still prove elusive. For 
this, Chris Wickens’ Multiple Resource Theory (1) is a useful tool, because it provides a means 
of describing the levels of attentional conflict between simultaneously used displays and 
controls. 

For example, Riley explained that looking out the window and listening to the radio is a 
manageable combination of tasks because one is visual and spatial while the other is auditory 
and verbal. However, looking out the window and reading a system display would induce a high 
level of conflict because both are visual and the operator can only look in one place at a time. 
One way of using this theory to evaluate a crew station design would be to list all of the displays 
and controls along both sides of a matrix, and assign conflict levels to each combination of 
display and control. Next, one would calculate the levels of conflict induced by requiring 
attention to combinations of displays and controls during operational scenarios. For instance, if a 
particular procedure requires use of the right hand for two controls, workload would be high 
because of the simultaneous demand on that single operator resource. While this analysis method 
does not yield a useful overall workload level estimate, it does help identify cases where 
simultaneous attentional demands cannot be reconciled, thus suggesting design changes that can 
mitigate these conflicts. One such design change would involve relocating a display to where it 
would be easier to monitor in combination with another simultaneous task, or changing an alert 
message from visual to aural. 
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SUGGESTED RESEARCH, DEMONSTRATION, AND IMPLEMENTATION ISSUES 
 
Research that would be useful to designers would be those with analysis tools that can 
characterize the degrees of conflict between competing user interface channels, assign attentional 
channels to displays and controls, and evaluate conflict levels in common operational scenarios. 
Designers would also be well served by recognizing the potential contribution of errors to 
workload, rather than evaluating workload only for nominal scenarios, because errors require 
operators to recover from the error while performing normal tasks. Normal task performance 
with the addition of error recovery (such as remembering to sound the horn in time for a grade 
crossing while simultaneously correcting a data entry error) is often the situation that leads to the 
highest workload levels. 
 
 
REFERENCE 
 
1. Wickens, C. D. Processing Resources in Attention. Varieties of Attention (R. Parasuraman and D. R. 

Davies. eds.), Academic Press, New York, 1984, pp. 63–102. 
 
 
DISCUSSION 
 
During the presentation Riley noted that analytical methods can reduce the time needed to 
conduct a study. For example an error analysis can be conducted in only a few hours. In addition, 
spending a few days conducting a more detailed analysis is far more efficient than doing a large 
study at the end.  

One question that was brought up during the discussion was whether the method 
discussed during the presentation has been published as a report, noting that it is a very practical 
approach to workload analysis. In response, Riley said that such a report has not been published 
to date, but could potentially be useful. Another question was whether or not there have been 
instances where the desires of a user conflicts with good principals in design. Riley said that 
there have been cases where the users’ desires do not necessarily correspond to the best human 
factors design principles. So, although user feedback is beneficial, designs still need to be tested.  

The extent to which simulators are used in the industry was another focus of the 
discussion. Many participants who work for carriers contributed to the discussion, and some 
remarked that simulators are generally used for training purposes and verifying knowledge but 
not so much for design. In the United Kingdom, simulators were used to demonstrate whether or 
not a user interface was successful in reducing errors, which helped sell the concept to regulators 
and users. Currently the FRA has the Cab Technology Integration Laboratory (CTIL) research 
simulator at the Volpe Center in Cambridge, Massachusetts. 

Riley’s PowerPoint presentations can be found in Appendix C. 
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Distributed Power, Electronic Train Management System,  
and Energy Management Usage on BNSF Railway 

 
AARON RATLEDGE 

BNSF Railway 
 
 
PRESENTATION SCOPE 
 
Aaron Ratledge opened his remarks by saying that over the years, BNSF and other railroads have 
been faced with human–machine interface (HMI) and screen placement challenges associated with 
the integrations of distributed power (DP), ETMS (PTC), and energy management systems. This 
presentation depicts the process that BNSF and their System Cab Committee used to arrive at 
screen placement designations on various types of locomotives, making HMI to the new 
technologies as seamless as possible.  
 
 
TAKEAWAY MESSAGE 
 
Ratledge suggested benefits can be realized when having a productive System Cab Committee. 
Good decisions result from collective discussions that engage every committee member’s 
perspective when arranging or placing HMI devices in the cab of a locomotive. 
 
 
DISCUSSION 
 
After the presentation, participants raised a number of questions. A participant asked if there was 
consideration of context-specific displays where information that is not immediately needed is not 
displayed. Ratledge indicated efforts have been made to reduce and optimize several displays. 
BNSF has developed some context menus but information is not automatically removed. One 
participant asked if mounting screens to control stands by using adjustable brackets has been 
considered. Although thought was given to this idea, Ratledge said no currently available device 
would provide a reliable installation.  

During the discussion it was noted that an earlier speaker had said that user preference was 
not always the best choice in terms of cab design, and asked how BNSF’s method of cab design 
committee fit that thought. Ratledge noted that BNSF’s cab group represents significant long-term 
experience, suggesting that its members consider user preference as well as their own judgment. It 
was also noted that manufacturers develop job aids which are then provided to the crews. 
Information from local supervision on how much effort is expended to train locomotive engineers 
on technology changes is then shared with the cab committee, who in turn provides feedback to the 
manufacturer on how the technology is operating in the field. When asked how the energy 
management systems have been received by employees and about the training implementation 
process, Ratledge said that when the systems are deployed, trained mentors accompany engineers 
on initial runs to acquaint them with the technology. The mentors then provide the engineers with 
pocket guides. Follow up with the engineers is handled during FRA-mandated annual check rides.  

Ratledge’s PowerPoint presentation can be found in Appendix C. 
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Development and Evaluation of  
Locomotive Moving Map and Planning Displays 

 
KATHLEEN VOELBEL 

ANDREW M. LIU 
CHARLES M. OMAN 

Massachusetts Institute of Technology 
 
 

athleen Voelbel, Andrew Liu, and Charles Oman discussed moving maps and other preview 
displays that are widely used in the commercial automotive industry and in airplane 

cockpits. These maps and displays are used to provide drivers and pilots with information for 
driving–flying functions. Such displays have been considered for locomotive engineers as early 
as the 1970s, albeit for training, and more recently in displays such as I-ETMS, Quantum Train 
Sentinel, NYAB Leader, GE Trip Optimizer, etc.  

Voebel, Liu, and Oman’s presentation highlighted the design process used to develop a 
prototype moving map display based on display requirements derived from a hybrid Cognitive 
Task Analysis (hCTA). During this design process of determining functionality and designing a 
form or platform to address the needs, many questions were asked: 

 
• What information is needed to perform tasks?  
• How is the necessary data currently retrieved or recalled?  
• What is the most effective way to synthesize and integrate information?  
• When is the most effective time to display such information?  
 
While some of the latter questions cannot be fully answered without simulator 

experiments and field evaluations, this prototype provides a platform on which to investigate the 
human performance benefits of providing necessary information at the right time. 

Voebel, Liu, and Oman’s PowerPoint presentation can be found in Appendix C. 
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Locomotive Alerter Technology Assessment 
 

CHARLES M. OMAN 
Massachusetts Institute of Technology 

 
 

man opened his remarks by saying that currently, all U.S. passenger and most freight 
locomotives are equipped with some type of alerter or dead man system. He indicated his 

talk will review the limitations of dead man systems; the history of locomotive alerter logic; 
several fatigue-related accidents (e.g., those that took place in Anding, Mississippi, and Macdona 
Texas); and National Transportation Safety Board recommendations, technology, and user 
surveys that led to a 2007 Association of American Railroads standard and the 2012 FRA rule 
mandating preemptively resettable, speed-linked, control activity-sensitive alerters in all freight 
locomotives by 2017.  

There are no scientific studies of alerter effectiveness, but accident data indicate they are 
imperfect detectors. Alternative approaches (e.g., eye, eyelid, head, electroencephalography 
monitoring) also have limitations. Unless positive separation systems like positive train control 
are universally implemented, fatigue- and alertness-related accidents will continue to occur each 
year even in alerter-equipped locomotives. The preemptive resetting feature encourages 
automatic repetitive responses. Simulations suggest that adding even a noisy image-based eye 
Perclos detector in tandem with conventional activity and speed criteria to reset the locomotive 
alerter could reduce nuisance alerts tenfold at a minor cost.  

According to Oman, rather than using a single camera to reliably detect eye closure even 
when an operator’s head is turned or tilted, it may be easier to detect whether both eyes are open 
and looking ahead as another activity indicator. Many labs continue to work on machine vision-
based human motion tracking using multiple cameras and model-based estimation methods. 
Oman expects gradual improvement in automobile image-based distraction–drowsiness 
detectors. However, the cost-effectiveness of retrofitting image-based sensors into 20,000 U.S. 
locomotives remains a significant issue. Nonetheless, in newer locomotives with software-based 
alerters, simple logic improvements could reduce automatic resetting behavior at minor cost, and 
remain within existing rules and standards.  
 
 
DISCUSSION 
 
During the discussion an attendee asked if the speakers had looked at cognitive alerters. Oman 
replied that they had and wondered how distracting these alerters might be. Researchers have 
looked at points where a person has to make a decision and found that such alerters may be more 
effective, but people don’t seem to like the alerters.  

On the topic of alerters, one participant asked if the researchers had looked at aviation. 
The speaker noted that when the 747 (Boeing’s first ultra-long-haul aircraft) was introduced, an 
activity-based alerter was offered. If no cockpit activity was detected after 2 min, the device 
would activate. While the option remains available, Oman is unaware of any purchasers. It was 
noted that alerters do not detect if someone is fit to operate, only that they are at some level of 
wakefulness. Oman said that he believes that with increasing technology, crews may have less to 
do. Therefore, he thought that the new technology could be used to monitor whether the train is 
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operating normally, thereby focusing less on the human element. As the automotive industry is 
focusing on lane tracking, a participant suggested that perhaps machine vision could evaluate the 
appropriateness of driver behavior. Such evaluation would involve not only detecting lid 
drooping but what the operator should be doing. When asked if there was any data on the number 
of accidents prevented by an alerter, Oman noted the challenge of not knowing the prevalence of 
drowsiness. The scientific community notes that napping, fatigue education, and improved 
scheduling can help. He identified a 2006 study where drivers were asked for opinions on 
alerters. Results showed that some respondents hated them, while others felt they helped to cut 
unintentional naps short. While the benefits of alerters remain uncertain, anecdotally, alerters 
probably have forestalled some accidents.  

One participant asked if eye tracking systems work. Oman said that in his experience 
they work well in controlled laboratory settings, but two students had trouble calibrating and 
operating a device in a simulator, suggesting it could be more of a challenge in the field. 
According to Oman, evaluation of this technology cannot be done only in a lab such as the Cab 
Technology Integration Laboratory; rather, the technology could be bench tested to replicate the 
physical environment. Ideally though, to really test the concept, researchers would need to have a 
person experience a drowsiness event. A participant suggested that infrared cameras have 
evolved and are working a lot better without a complex set up. Although Oman did not dispute 
this point, he did mention that some people naturally have drooping eyelids or wear contact 
lenses. Furthermore, he noted that automobile manufactures have conducted large-scale testing 
but unfortunately, the resulting data are proprietary.  

Toward the end of the discussion it was noted that if the technology is just being used as 
an alerter, the worst outcome is that it just buzzes the operator. However, the challenge remains 
in gaining user acceptance. It is unclear the extent to which implementation would be affected by 
existing labor agreements. Devices that capture and save images may raise privacy concerns.  

Oman’s PowerPoint presentations can be found in Appendix C. 
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Feasibility of Head-Up Displays in Driving Labs 
 

ANN MILLS 
RSSB, United Kingdom 

 
 

nn Mills’ remarks began with her describing how surveying the track ahead is a critical 
component of the train-driving task. However, all in-cab instruments require the driver to 

look away from the track, and in-cab signaling systems such as ERTMS may increase the time 
that drivers spend with heads down. Head-up displays (HUDs) have a proven track record in the 
aviation and automobile sectors, allowing pilots and drivers to access information without 
diverting attention from the outside world. Similar benefits may be realized by the installation of 
HUDs in train cabs. In addition HUDs are one option for upgrading existing train cabs (for 
instance to meet requirements for ERTMS) without a major redesign. 

Mills described the potential benefit of HUDs, which was determined by reviewing the 
lessons learned from the aviation and automobile domains: how HUDs are used in these 
industries, and what are their proven benefits and costs? The cost–benefit analysis was combined 
with a thorough review of the technical and human factors implications associated with the 
installation and operation of HUDs in train cabs. 

In addition to this desk top review, Mills’ presentation described a small study involving 
a HUD being fitted to a high-fidelity, full-task train simulator (Figures 1 and 2), which allowed 
the potential benefits of these systems for drivers to be assessed. According to Mills, examining 
the potential benefits was the most important part of the study, as it gave direct feedback about 
how HUDs would benefit drivers in the driving task. 

Sixteen professional drivers from four U.K. train operating companies participated in the 
simulator trials. Data were collected on the potential value of presenting speed, brake, and 
automatic warning system (AWS) information in the driver’s normal line of sight. Viewing these 
symbols via a HUD can remove almost all need for a driver to look away from the track ahead. 
In addition, for more advanced HUD applications, symbols were assessed which prompted the 
driver as to the locations of signals on the current running line. 
 
 

 
FIGURE 1  HUD fitted to a full-task train simulator. 

A 
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FIGURE 2  Driver’s view through HUD. 

 
 

Drivers participating in the trials provided feedback on the potential value of the HUD for 
each task demonstrated. In addition, data were collected for driver workload and adherence to the 
line speed limit. 

Mills believes this feasibility study showed there is potential value in fitting HUDs to rail 
vehicles. Drivers participating in the simulator study subjectively reported benefits associated 
with presentation of speed and AWS information in the line of sight. In addition, drivers were 
positive about the potential for cueing the position of signals, a measure judged to be of 
assistance in reducing the probability of “signal past at danger.” Finally, the study also 
demonstrated that use of a HUD led to a significant reduction in driver workload. 

Based on analysis of historical accidents and incidents, the study also judged that a 
suitably equipped HUD might help prevent up to 10% of incidents and 3% of accidents with an 
estimated total potential annual saving of £2 million. 

The implications for performance were not precisely defined by the study. A significant 
drop in driver workload was revealed, however no noticeable effect on driver performance was 
evident. According to Mills, the drop in driver workload not being accompanied with an effect 
on driver performance was a paradox and further investigation of this observation would be 
helpful. 

In terms of the feasibility of installing HUDs into rail cabs, HUD technologies are 
relatively mature and varied in Mills’ opinion. With over 40 years’ service in aviation, a range of 
HUD systems are available so a sufficient variety likely exists to be adaptable to most rail 
applications. Some usability issues associated with HUDs may offer reasons for concern, 
including possible limited range in viewing position for certain HUD technologies and the 
durability of sensitive optical systems in the driving cab. A range of other issues that were 
assessed to be of minor consequence included data availability, display legibility, and power and 
weight considerations. 

At the same time, the initial cost benefit analysis suggested that some deployments of 
HUDs in the rail industry could be financially attractive and merited further consideration.  

A link to the full report can be found at http://www.rssb.co.uk/Pages/research-
catalogue/PB009650.aspx. 
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DISCUSSION 
 
A number of questions were brought up after Mills’s presentation. An attendee asked if the 
image box depicting the location of an upcoming signal is an approximation or the actual 
location of the signal as it comes to view. Mills clarified that it is the actual location of the signal 
and noted that it would be linked to location-based GPS. A participant thought a potential benefit 
would seem to be looking out for hazards, and asked if the simulation test evaluated that. Mills 
explained that the simulator test was merely a feasibility study yet what the participant suggested 
would be a useful research topic. In addition it was noted the display contained several gauges, 
prompting another participant to ask if there was an effort to declutter the elements as has been 
done in aviation. Mills explained the display area is a relatively simple environment consisting of 
elements such as speed and upcoming signal aspects. The starting point will be ERTMS where 
there eventually will be no wayside signals or sign posts. Conformal symbols may be great but 
this was just a simple test of whether this might work or not.  

The question was raised that, given the possibilities of HUD to display a lot of data , 
might one be able to put enough information about the route into the system that there would be 
an opportunity to reduce or eliminate the amount of time needed to qualify for a particular run. 
Mills noted this concept encroaches on regulatory issues and did not wish to comment. She did 
say that based on review of accidents one can identify where people may have lacked route 
familiarity. If this concept is used, it would not be necessary to know all of the route 
characteristics at a train’s exact location because ERTMS is providing continuous information, 
therefore a need for less qualification can be expected, and drivers don’t need a detailed 
knowledge of physical characteristics.  

In closing, a participant wondered if the study asked drivers what they wanted to see 
displayed. Mills reiterated it was a feasibility study driven by a review of accidents and that there 
were no comments about important data being absent from the pilot test. In the future, tasks may 
include a driver survey.  

Mills’ PowerPoint presentations can be found in Appendix C. 
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Energy Management Human–Machine Interface 
Evolution of Operator Display 

 
HELEN GITMEZ 

GE 
 

AARON RATLEDGE 
BNSF Railway 

 
 
DISCUSSION 
 
Helen Gitmez and Aaron Ratledge explained that the changes in screen design reflected input 
from BNSF’s and others. A participant asked about the reaction of crews when transitioning Cab 
Committee from trip advisor to trip optimizer. Gitmez and Ratledge replied that the earlier 
advisement mode did not seem to be well accepted but crews liked trip optimizer, and preferred 
spending less time looking at the screen. Furthermore, iterative changes had been made to the 
interface. Another participant then asked why the system was not first introduced to testers 
before going live. Gitmez and Ratledge explained there were varied requirements from different 
customers. For example, one customer only wanted auto-dynamic break (DB) up to notch 8. In 
addition, the manufacturer learned as they introduced new features. It was noted that in the 
United Kingdom the industry tends to be given products as opposed to the United States where 
purchasers seem to drive the design decisions.  

One participant raised the question of how the design process worked through failure 
modes. Gitmez explained there was a lot of discussion with customers to develop the failure 
modes early in the design cycle and a lot of failure simulation was conducted prior to field 
testing. Moreover, the system informs the operator of a failure during operation and reverts to 
manual mode. Another participant asked if there is any distinction between issues requiring 
immediate attention versus an advisory message. Ratledge replied that there are audible tones 
and flashing text appears on a screen. A participant who works for a carrier noted that his 
company’s system provides 15 s of notice for a pending brake application.  

A different participant asked if warnings are provided on the earlier auto-throttle systems. 
A participant who works for a carrier said that his company’s system provides a 5-mi look ahead. 
In addition, in some areas such as Form B maintenance locations, the auto-throttle is not used 
and the locomotive engineer is advised they will need to take control. 

A participant noted that a recommended speed will likely be a given in the upcoming 
ETMS and asked if there are differences in ETMS and the power management systems that will 
need to be reconciled. A participant who works for a carrier added that this integration has 
already been developed by an industry committee. Another participant cited the importance of 
trusting a system and asked how to protect against overreliance. Gitmez and Ratledge replied 
that operator feedback was key during the development. It is human nature to want to get over 
the road quickly and the ability to demonstrate fuel savings is important. Another important 
component is feedback to the operator that the system is functioning as intended such as pushing 
a button and seeing that the system is responding reliably.  

One participant noted that energy management is trading time to save fuel. Traditionally 
crews followed required speeds and worked to arrive safely. In the earlier advisory system crews 
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were prompted to reduce power too soon, affecting the credibility of the system. With this in 
mind, the question about controlling slack was raised. Gitmez and Ratledge said that a lot was 
learned during the earlier advisor mode deployment and it was checked during engineering runs. 
A participant said he believed the largest challenge seems to be to get people to reduce throttle 
position when climbing hills; it seems counterintuitive and contrary to earlier fuel savings 
practices. There are many different types of trains such as intermodal, automotive, manifest, and 
unit trains and each has different fuel consumption characteristics. In the lobby of UP’s 
headquarters building where the conference was held there was a display of all trains currently 
active on the UP system. The display showed 270 or more trains and they all behave differently. 
The participant stated that an engineer might use the first few brake applications during his 
portion of a train’s route to gauge how the train will behave, to “get a feel” for how the train 
handles. This participant then expressed concern about a computer handling the complex 
challenge of braking different trains. Gitmez and Ratledge explained that the system learns the 
behavior of each train but only advises the engineer who controls the train, deciding how much 
braking to apply for example. Gitmez and Ratledge mentioned a long downgrade on their system 
that requires dynamic and automatic brakes. With the auto-brake system interface the system will 
determine if the train is braking too hard and will choose an earlier release. These same 
principles apply to positive train control. 

At the end of the discussion, a participant asked if there have been any rules violations 
incidents or resulting de-certifications associated with the system. A fellow participant responded 
that the system has worked well. 

In addition, another participant asked how railroads would use these systems when 
training new crews. Would new crews be expected to use it all the time or not at all? In addition, 
a participant asked if fuel management practices increase workload as the crew is tasked to do 
things they did not do before. This participant also asked what the biggest obstacle to true cruise 
control is (which could reduce workload.) Gitmez and Ratledge said that much more will be 
learned about air brake response when the newer systems are rolled out. Several years were 
needed to manage dynamic brakes and, of course, air brakes are more complex. Energy 
management system designers need to master reliable and trustworthy air brakes before looking 
to the next phase. 

Gitmez and Ratledge’s PowerPoint presentation can be found in Appendix C. 
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Designing Future Systems with the End User in Mind 
The European Perspective 

 
ANITA SCOTT 

RSSB, United Kingdom 
 
 
PRESENTATION SCOPE 
 
Anita Scott began her presentation by discussing the design of future systems with the end user 
in mind, as seen by the European perspective. Specifically, Scott’s presentation covered the 
factors that must be considered in order to successfully introduce new systems onto existing 
railways, including:  
 

• Operability of equipment. How easy or difficult is the equipment to use? 
• Physical design of equipment. Does the equipment meet the capabilities of the user? 
• Functional safety and system security. Does the system safeguard against human 

error? 
• Staffing and training development. Does the system introduce the need for new 

knowledge and skills? 
• Procedures and staff organization. Does the new system change methods of work? 
• Integrating human factors into system development. 

 
Scott used the case study of the introduction of ERTMS to the Great Britain railways to 

explore the application of these factors. ERTMS is an automatic train protection system.  
 
 
SUGGESTED RESEARCH AND IMPLEMENTATION ISSUES 
 
Scott discussed how the implementation of ERTMS is prompting emerging areas of research 
including: 
 

• How to successfully integrate the indications and controls of legacy train systems 
with the new system, without overburdening the engineer. This research is important because 
trains will be required to operate over both legacy and newly fitted infrastructure. 

• Understanding the risks associated with data entry mistakes at the start of a train 
journey and the management of ERTMS data more broadly. 

• Understanding the impact of ERTMS on the knowledge and skill requirements of the 
engineer, signaller, and maintainer. 

• How to manage the transition from an imperially measured railway to a metric 
railway because ERTMS is a metric system. 
 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


30 TR Circular E-C212: Future Locomotive 
 
 

 

TAKEAWAY MESSAGE 
 
Scott summarized her presentation with the takeaway message that the customers for new 
systems are actually the end users (e.g., engineers, signallers, maintainers, station staff). 
 
 
DISCUSSION 
 
The discussion began with a participant asking about implementing four different technologies 
made by four different manufacturers. Scott responded that such implementation is being done in 
Spain, while in the United Kingsom there are only two. The challenge is that ERTMS is an EU-
wide approach but all railroads have slight differences due to their legacy systems, though, in 
many cases the technology is being installed on completely new lines.  

Scott was also asked if, with the 20-year implementation plan, systems installed toward 
the end of the 20 years might be much different than the ones being installed today. She 
responded that new versions will include backward compatibility, even though such 
compatibility can sometimes be difficult to achieve. The goal is to allow trains to run throughout 
the EU using the ERTMS system.  

In response to a question about the Channel Tunnel operation, Scott explained that the 
Channel Tunnel system is a unique installation but that it is also geographically isolated from 
other systems in the United Kingdom and France. Freight accessing the Channel Tunnel will be 
transloaded at either end which will avoid interoperability issues. When ERTMS is more 
widespread integration into all operations will be easier.  

The final participant question was about the amount of initial data needing to be entered 
by the driver. Scott replied that for passenger trains, the task would be relatively simple; the 
operator would work from a discrete list of train types that could be accessed by the driver. For 
freight, some more flexibility will be needed.  

Scott’s PowerPoint presentations can be found in Appendix C. 
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Active Noise Cancellation 
 

ANAND PRABHAKARAN 
Sharma & Associates, Inc. 

 
 
PRESENTATION SCOPE 
 
Anand Prabhakaran’s began his presentation by citing U.S. DOT’s Human Factors Guidelines 
for Locomotive Cabs published in 1998, which alluded to the potential safety benefits of the 
implementation of active noise cancellation (ANC) and active vibration control (AVC) 
techniques in the locomotive cab. Several techniques have been incorporated to mitigate cab 
noise and vibration, including the attempt of physical isolation of the cab from the under frame 
via rubber pads, for example. Unfortunately, the exposure to lower frequency engine noise and 
vibration has not significantly decreased as a result of these efforts. 

Prabhakaran presented on a FRA-sponsored project studying the potential for ANC 
techniques to increase locomotive engineer hearing comfort. He explained that ANC systems 
work by actively measuring the noise in a locomotive and counteracting the measured noise by 
delivering the appropriate negative noise through optimized speakers. The systems are adaptive 
and are designed to vary the counteracting noise based on the input noise level, and are better 
focused to address low-frequency tonal noise issues that are not fully addressed by passive 
methods. 

Two implementations of a prototype ANC system, one on an EMD locomotive and one 
on a GE locomotive were evaluated in the study. The installation on the EMD unit was evaluated 
under test track conditions, and the installation on the GE unit was evaluated under revenue 
service conditions. In each case, the ANC system measured cab noise using microphones, 
processed the noise data using an onboard controller, and delivered the counteracting noise using 
strategically mounted speakers. In each installation, system performance was evaluated by 
measuring noise levels with the ANC system on and off. In addition, during the revenue service 
tests, locomotive engineers reviewed and assessed ANC system performance, albeit, 
subjectively. Prabhakaran indicated his presentation describes the underlying methodologies and 
techniques, the implementation, and the results.  
 
 
SUGGESTED RESEARCH, DEMONSTRATION, AND IMPLEMENTATION ISSUES 
 
The evaluation of the ANC system showed that operation of the system resulted in measureable 
reductions in interior cab noise, which could translate to both safety and comfort benefits for 
operating train crews, including potential reductions in hearing loss and fatigue. The evaluation 
also demonstrated the system was particularly effective when implemented on noisier 
locomotives. 

Prabhakaran’s research suggestions are longer-term field testing, potential system 
performance optimization, and effective quantification of long-term benefits. 
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TAKEAWAY MESSAGE 
 
Due consideration to crew comfort in locomotive cabs, particularly in the noise, vibration, and 
harshness domains, is important during the design, procurement, and operating phases in a 
locomotive’s life cycle. The resulting crew comfort level can have significant safety and 
operational benefits, including potential reductions in hearing loss and fatigue.  
 
 
REFERENCES 
 
1. Multer, J., et. al. Human Factors Guidelines for Locomotive Cabs. Report DOT/FRA/ORD-98/03. 

U.S. Department of Transportation, 1998. 
2. Code of Federal Regulations, Title 49, Part 229, Section 121, Locomotive Cab Noise. 
 
 
DISCUSSION 
 
The discussion began with a participant asking about the frequency range of the system. 
Prabhakaran indicated it is most effective at 250 Hz and below. Another participant noted the 
system might be most accurate at the microphone, which is located above the side window. 
Prabhakaran stated they had placed test microphones by the engineers’ ears when evaluating the 
system. 

Participants were interested to know if feedback was received from the engineers. 
Prabhakaran noted the system was operated in revenue service for 90 days. In the surveys, 63% 
of respondents thought the system made a difference; the remainder of the respondents saw no 
difference and no one complained about crew communication.  

Prabhakaran’s PowerPoint presentation can be found in Appendix C. 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


 
 
 

33 

PANEL DISCUSSION 
 

What Will the Future Look Like? 
 
 

t the end of the meeting, a panel, comprised of the presenters still present, responded to 
additional participants’ questions and discussed next steps. To begin, one of the panel 

members raised the issue of standardization and suggested that AAR form a committee. An AAR 
member responded that a committee is already underway and includes members from the FRA, 
various railroad carriers, the Volpe Center, and labor representatives.  

A panel member noted that various human factors and social dimensions were discussed 
and asked if there is an industrial relations dimension as well. This panel member explained that 
crews are paid by the mile or by trip rate and there is an incentive to get over the road promptly, 
because crews are not paid by time on duty. As a result, people exhibit rational behavior in 
wanting to get over the road as quickly as they can. This comment led the discussion to the topic 
of fuel savings. 

Another panel member noted that carriers are investing in energy management systems 
because they can result in significant fuel savings. Data demonstrated the overall trip times are 
longer with fuel management, even with all the meets and passes on a typical run. Fuel savings is 
a topic that is communicated through training and is a frequent discussion point during check 
rides. It was brought up that certain carriers have various incentive programs or competitions to 
save fuel. Crews are typically rewarded, often with gift cards, for operating efficiently. When 
energy management becomes more widespread, it may be possible to link individual 
performance to signal indication or look at what percentage of the time people are using the 
optimizer.  

During the discussion, a participant asked about the extent to which an energy 
management system can provide feedback to operators so the operators can learn to operate more 
efficiently even on equipment without energy management. A panel member noted there have 
been performance improvements even for people who have more than 20 years of experience. 
The system showed experienced crews that they can improve their efficiency and still manage in-
train forces. For example, a railroad engineer might habitually have handled a train a certain way 
at a location and find that the system shows them a method of handling the train better. An 
engineer who sometimes operates trains with a fuel management system noted that even when 
handling an unequipped locomotive, he is able to do a better job than before.  

A participant later asked about whether the fuel management system provides 
information about in-train forces. A panel member responded that one supplier’s system displays 
a force estimator while another performs the calculations, but does not display the results to the 
operator. Another participant commented that the system is only as good as the underlying 
simulations which typically are not detailed on end-of-car cushioning devices. A panel member 
agreed that lack of detail in simulation inputs can be an issue but that a supplier has partnered 
with a simulation company to address these issues. Another panel member added that the 
addition of physics-based modeling seems to have successfully dealt with train handling 
challenges.  

Toward the end of the discussion, a participant mentioned that crews do not need the 
button in exactly the same place on every engine. This participant used an example from his 
home state, in which a driver’s license entitles the driver to operate a variety of motor vehicles 
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and assumes they can handle different controls in different cars. He commented that 
interoperability is helpful and a crewman with a question can always contact a supervisor. A 
panel member agreed, mentioning that when a locomotive engineer gets in a different cab, he 
needs a few minutes to familiarize himself with the controls, just like in a rental car. The panel 
member went on to suggest that future cab designs should consider seat comfort, noise reduction, 
and good visibility.  

The discussion ended with a panel member noting that there are important steps in 
designing a cab, but that designers already have a design to work with and only a few months to 
complete drawings with various modifications. Not unlike other engineering challenges, a 
locomotive manufacturer functions as a system integrator by making sure all of the components 
together comprise a safe and efficient operating system.  
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Conference Agenda 
 
 
TUESDAY, JULY 30, 2013 
 
9:00–9:15 a.m. 
Welcome–Safety Briefing 
Bob Grimalia, Union Pacific Railroad 
 
9:15–9:25 a.m 
Opening Remarks 
Stephen Popkin, Chair of AH-1 and AR070, Volpe Center 
 
9:25–10:00 a.m. 
Human System Integration 
Nancy Cooke, Arizona State University, Chair of National Academies HSI Committee  
 
10:00–10:15 a.m 
Refreshments 
 
10:15 a.m.–12:00 p.m. 
Panel Discussion: How Do We Manage What We Have Today? 
Moderator: Jordan Multer, Volpe Center 
 
The History of the Locomotive Cab and Control Stand 
David Mangold, University of Akron 
 
North American Freight Locomotive Cab Development 
Harvey Boyd, Electro-Motive Division  
 
GE Perspective 
Stephen Gerbracht, General Electric 
 
12:00–1:00 p.m.  
Lunch 
 
1:00–2:30 p.m. 
Panel Discussion: How Do We Manage What We Have Today? (continued) 
Moderator: Charles Oman, Massachusetts Institute of Technology 
 
The Operators Perspective 
Fred Garnst 
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Accident Caused by Human Error: But Which Humans?  
Paul Picciano, Aptima, Inc. (via web) 
 
Evaluation of Cab Controls 
Vic Riley, Boeing Commercial Airplanes 
 
2:30–2:45 p.m. 
Refreshments 
 
2:45–4:15p.m. 
Panel Discussion: Positive Train Control 
Moderator: Jeff Moller, AAR 
 
Workload and Automation  
Vic Riley, Boeing Commercial Airplanes 

Distributed Power, ETMS, and Energy Management Usage on BNSF 
Aaron Ratledge, BNSF Railway 
 
4:15–5:15 p.m. 
Panel Discussion; The Future of Cab Displays 
Moderator: Jim Grady, AAR 
 
Development and Evaluation of Locomotive Moving Map and Planning Displays 
Kathleen Voelbel, Andrew Liu, and Charles Oman, MIT 
 
 
WEDNESDAY, JULY 31, 2013 
 
8:30– 8:40 a.m. 
Welcome 
Union Pacific Railroad 
 
8:40–10:00 a.m. 
Panel Discussion; The Future of Cab Displays (continued) 
Moderator: Jim Grady, AAR 
 
HUDS (RSSB’s research) 
Ann Mills, RSSB, United Kingdom 
 
Energy Management HMI–Evolution of Operator Display 
Helen Gitmez, GE, and Aaron Ratledge, BNSF Railway 
 
10:00–10:15 a.m. 
Refreshments 
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10:15–10:45 a.m. 
Designing Future Systems with the End User in Mind: The European Perspective 
Anita Scott, RSSB, United Kingdom 
 
10:45–11:15 a.m. 
Active Noise Cancellation 
Anand Prabhakaran, Sharma & Associates 
 
11:15 a.m.–12:00 p.m. 
Panel Discussion: What Will the Future Look Like?  
Moderator: Lawrence Fleischer, BNSF Railway 

Discussion of next steps and concluding remarks. 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


 
 
 

38 

APPENDIX B 
 

Conference Participants 
 
 
David Blackmore  
Federal Railroad Administration 
Washington, D.C. 
 
Harvey Boyd 
Electro-Motive Diesel 
LaGranga, Illinois 
 
Kathy Breindel 
Cory’s Thunder Inc. 
Jacksonville, Florida 
 
Mark Burris 
Amtrak 
Wilmington, Delaware 
 
Lionel Cantu 
Union Pacific Railroad 
Crowley, Texas 
 
Nancy Cooke 
Arizona State University 
Mesa, Arizona 
 
Cecil Copeland 
Union Pacific Railroad 
Omaha, Nebraska 
 
Doug Corbin 
Norfolk Southern Corporation 
Atlanta, Georgia 
 
Randy Eardensohn 
Union Pacific Railroad 
Omaha, Nebraska 
 
Lawrence Fleischer 
BNSF Railway 
Fort Worth, Texas 

Frederick Gamst 
University of Massachusetts, Boston 
Los Osos, California 
 
Jim Garret 
United Transportation Union 
Creston, Iowa 
 
David Gengel 
Norfolk Southern Corporation 
Norfolk, Virginia 
 
James Grady 
Association of American Railroads 
Washington, D.C. 
 
Randall Hanks 
Union Pacific Railroad 
Omaha, Nebraska 
 
Mark Hartong 
Federal Railroad Administration 
Washington, D.C. 
 
Philip Hess 
Norfolk Southern Corporation 
Atlanta, Georgia 
 
Michael Iden 
Union Pacific Railroad 
Melrose Park, Illinois 
 
Eddie Jameson 
Kansas City Southern Railway 
Shreveport, Louisiana 
 
Keith Jensen 
Union Pacific Railroad 
Taylorsville, Utah 
 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


Appendix B: Conference Participants 39 
 
 

 

Michael Jones 
Federal Railroad Administration 
Washington, D.C. 
 
Jacqualyn Keenan 
Union Pacific Railroad 
Omaha, Nebraska 
 
Vijay Kohli 
Fulcrum Corporation 
Arlington, Virginia 
 
Phillip Langan 
Electro-Motive Diesel 
LaGrange, Illinois 
 
David Mangold 
DHM, University of Akron, NS Corp 
Randolph, Ohio 
 
Shannon Mason 
Norfolk Southern 
Atlanta, Georgia 
 
Bianka Mejia 
Volpe National Transportation  

Systems Center 
Cambridge, Massachusetts 
 
Ann Mills 
Rail Safety and Standards Board 
London, United Kingdom 
 
Jeff Moller 
Association of American Railroads 
Washington, D.C. 
 
Jordan Multer 
Volpe National Transportation  

Systems Center 
Cambridge, Massachusetts 
 
Charles Oman 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 
 

George Page 
Page Engineering, Inc. 
Jackson, Michigan 
 
Richard Pain 
Transportation Research Board of the 

National Academies of Sciences, 
Engineering and Medicine (retired) 

Washington, D.C. 
 
Anthony Perl 
Simon Fraser University 
Vancouver, British Columbia, Canada 
 
Stephen Popkin 
Volpe National Transportation  

Systems Center 
Cambridge, Massachussetts 
 
Aaron Ratledge 
BNSF Railway 
Ft. Worth, Texas 
 
Don Robinson 
Norfolk Southern Corporation 
Atlanta, Georgia 
 
Ranjot Sandhu 
Canadian Pacific 
Calgary, Alberta, Canada 
 
Hadar (Rosenhand) Safar 
Volpe National Transportation  

Systems Center 
Cambridge, Massachusetts 
 
Scott Schafer 
BNSF Railway 
Overland Park, Kansas 
 
Anita Scott 
Rail Safety and Standards Board 
London, United Kingdom 
 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


40 TR Circular E-C212: Future Locomotive 
 
 

 

Matthew Sowers 
CSX Transportation 
Jacksonville, Florida 
 
James Udvare 
Union Pacific Railroad 
Omaha, Nebraska 
 
Vince Verna 
Brotherhood of Locomotive  

Engineers and Trainmen 
Washington, D.C. 

Kathleen Voelbel 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 
 
Tobin Zerfas 
BNSF Railway 
Overland Park, Kansas 
 
 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


 
 
 

41 

APPENDIX C 
 

Guest Speaker PowerPoint Presentations 
 
 

 
 
 

 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


42 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 43 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


44 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 45 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


46 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 47 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


48 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 49 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


50 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 51 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


52 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 53 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


54 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 55 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


56 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 57 
 
 

 

 
 
 

 
 
 
 

 
 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


58 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 59 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


60 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 61 
 
 

 

 
 
 

 
 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


62 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 
 

 
 
 
 

 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 63 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


64 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 65 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


66 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 67 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


68 TR Circular E-C212: Future Locomotive 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 69 
 
 

 

 
 
 

 
 
 
 

 
 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


70 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 71 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


72 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 73 
 
 

 

 
 

 
 
 
 

 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


74 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 75 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


76 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 77 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


78 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 79 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


80 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 81 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


82 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 83 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


84 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 85 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


86 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 87 
 
 

 

 
 

 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


88 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 89 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


90 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 91 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


92 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 93 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


94 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 95 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


96 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 97 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


98 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 99 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


100 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 101 
 
 

 

 
 

 
 
 

 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


102 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 103 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


104 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 105 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


106 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 107 
 
 

 

 
 

 
 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


108 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 109 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


110 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 111 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


112 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 113 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


114 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 115 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


116 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 117 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


118 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 119 
 
 

 

 
 

 
 
 
 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


120 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 121 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


122 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 123 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


124 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 125 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


126 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 127 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


128 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 129 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


130 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 131 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


132 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 133 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


134 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 135 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


136 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 137 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


138 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 139 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


140 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 141 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


142 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 143 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


144 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 145 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


146 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 147 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


148 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 149 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


150 TR Circular E-C212: Future Locomotive 
 
 

 

 

 
 
 

 
 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 151 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


152 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 153 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


154 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 155 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


156 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 157 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


158 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 159 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


160 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 161 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


162 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 163 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


164 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 165 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


166 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 167 
 
 

 

 
 

 
 
 

 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


168 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 169 
 
 

 

 
 

 
 
 

 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


170 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 171 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


172 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 173 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


174 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 175 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


176 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 177 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


178 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 179 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


180 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 181 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


182 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 183 
 
 

 

 
 

 
 
 
  

T h e  F u t u r e  L o c o m o t i v e :  H o w  t o  M a n a g e  W h a t  Y o u  H a v e  T o d a y  W i t h  a  V i e w  t o  t h e  F u t u r e

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/23664


184 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 185 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


186 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 187 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


188 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 189 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


190 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 191 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


192 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 193 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


194 TR Circular E-C212: Future Locomotive 
 
 

 

 
 

 
 
 

 
 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


Appendix C: PowerPoint Presentations 195 
 
 

 

 
 

 
 
 

 

The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


The Future Locomotive: How to Manage What You Have Today With a View to the Future

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23664


 

  
 

 
 
The National Academy of Sciences was established in 1863 by an Act of Congress, 
signed by President Lincoln, as a private, nongovernmental institution to advise the 
nation on issues related to science and technology. Members are elected by their peers 
for outstanding contributions to research. Dr. Ralph J. Cicerone is president. 
 
The National Academy of Engineering was established in 1964 under the charter of 
the National Academy of Sciences to bring the practices of engineering to advising the 
nation. Members are elected by their peers for extraordinary contributions to 
engineering. Dr. C. D. Mote, Jr., is president. 
 
The National Academy of Medicine (formerly the Institute of Medicine) was 
established in 1970 under the charter of the National Academy of Sciences to advise 
the nation on medical and health issues. Members are elected by their peers for 
distinguished contributions to medicine and health. Dr. Victor J. Dzau is president. 
 
The three Academies work together as the National Academies of Sciences, 
Engineering, and Medicine to provide independent, objective analysis and advice to the 
nation and conduct other activities to solve complex problems and inform public policy 
decisions. The Academies also encourage education and research, recognize 
outstanding contributions to knowledge, and increase public understanding in matters 
of science, engineering, and medicine.  
 
Learn more about the National Academies of Sciences, Engineering, and Medicine at 
www.national-academies.org.  
 
The Transportation Research Board is one of seven major programs of the National 
Academies of Sciences, Engineering, and Medicine. The mission of the Transportation 
Research Board is to increase the benefits that transportation contributes to society by 
providing leadership in transportation innovation and progress through research and 
information exchange, conducted within a setting that is objective, interdisciplinary, 
and multimodal. The Board’s varied committees, task forces, and panels annually 
engage about 7,000 engineers, scientists, and other transportation researchers and 
practitioners from the public and private sectors and academia, all of whom contribute 
their expertise in the public interest. The program is supported by state transportation 
departments, federal agencies including the component administrations of the U.S. 
Department of Transportation, and other organizations and individuals interested in the 
development of transportation. 
 
Learn more about the Transportation Research Board at www.TRB.org. 
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