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1.0 BACKGROUND

1.1 SCOPE  

The Federal Railroad Administration (FRA) requires the capability to assess the integration of new controls and displays in the locomotive cab environment and to demonstrate to industry new technology and workstation configurations that may enhance human performance and human reliability by increasing the locomotive engineer's capabilities to communicate, plan, and control locomotives within the railroad system and thereby enhance safety. From a research perspective, the capability to address the risk of accidents and incidents where human factors has had a role is of great importance to the FRA. The focus of this effort is on the process of integrating cab technology so that the occurrence of loss of situation awareness, communication errors, and misunderstanding of information presented for example to the locomotive engineer are mitigated. The new laboratory, called the Cab Technology Integration Laboratory (CTIL) will enable the FRA to address locomotive crew performance issues in the cab, as well as address any new capabilities that require more electronic interfaces and information display, such as may be required by Positive Train Control (PTC), new Homeland Security requirements, integration of new sensors, etc.  The laboratory will provide a platform and a capability to prototype locomotive controls and display configurations to assess their integration and impact on locomotive crew performance as new capabilities are mandated to meet safety, cost, and security requirements.

1.2 Acquisition Strategy

Generally speaking, CTIL should provide the capability to conduct the following kinds of studies and topic areas:

· Conduct human performance measurements and evaluations

· Anthropometry studies

· Cab resource management

· Crew station geometry (equipment and display location with respect to operator)

· Control reachability

· Crew visibility

· Control switchology or mechanization

· Control panel design

· Dedicated displays

· Head-up displays

· Multifunction displays

· Warning/caution/advisory systems

· Environmental control 

· situation awareness

· Task load 

· General workload
· Validation of new/existing locomotive engineer training modules
CTIL shall be based at the Volpe Transportation Center, Cambridge Massachusetts.  
2.0 OBJECTIVES

2.1 Objective 1:  Methodology for Safety Assessments

The highest priority of the FRA is the safety of the nation's railroad system.  The FRA is frequently called upon by other government agencies, and by the railroad industry, to provide informed assessments of safety implications for proposed rule changes, introduction of new technologies, and other matters that entail human factors.  FRA's responsibility in this regard is embodied in 49USC 20108.  FRA faces emerging challenges in its ability to provide timely and effective assessments pursuant to these obligations because the methodologies, protocols, and available human performance data are inadequate to the task.  The infusion of new digital technologies, in particular, presents unprecedented challenges.  Experience in other transportation modalities indicates that careful, deliberate assessment of new technologies is required to avert potentially serious consequences of inappropriate or ill-conceived application.  CTIL is conceived as a tool to facilitate development of methodologies to meet these emerging obligations.

2.2 Objective 2:  Technology Assessments Related to Human Performance

One aspect of FRA's statutory responsibilities concerns promotion of America's railroad industry, by facilitating identification and introduction of new technologies that offer potential for improved efficiencies, or enhanced safety.  Responsibility for this research derives from legislation, and is embodied in the FRA's strategic plans, which are generally available to the public.  In many cases, technologies are identified by the railroad industry, and proposed for introduction into rail operations.  In other cases, promising technologies may be identified in other transportation modalities, or in other domains entirely, such as aerospace or defense.  New control and display technologies, new sensors and sensor fusion technologies, new computer technologies, and others, are emerging that represent substantial potential for improvements in rail capacity, safety, and productivity.  Some technologies directly impact human operators and human systems integration.  CTIL will be employed in research projects to identify and evaluate new control, display, and information technologies in furtherance of FRA's mission.

2.3 Objective 3:  Identification of Roles and Functions for Automation

In addition to the obvious hardware and software technologies, such as new controls, displays, computer devices, and decision aids, it is highly likely that new automation technologies will begin to emerge that has potential application to the locomotive.  Automation technologies are typically unseen, operating inside the system's hardware, to effect control of the system.  Cruise control is an example.  A driver may set a desired speed, but the actuation of engine control is left to a complex subsystem of sensors and computer software.  The only indication to the operator of status of the cruise control may be overt display of the speed, or indirect indications, such as road vibration, engine noise, etc.  Automation may be implemented through software “artificial intelligence,” or through other means, such as electro-mechanical systems.  Critical to the appropriate use of automation is the human-system interface, in which indicators of automatic system modes, status, and, in some cases, recent history, may be required to ensure adequate human oversight.

2.4 Objective 4:  Demonstration of Technological Innovations.

In addition to its regulatory and safety roles, FRA is responsible for outreach to both the railroad industry and to the general public, to educate those audiences on emerging railroad operations issues, especially as may affect safety, but also as may affect capacity and efficiencies/costs.  49USC20108 specifically authorizes FRA to conduct training, particularly for those areas of railroad safety found to need prompt attention.  Introduction of new technologies that are motivated by desire for enhanced capacity and productivity, but which may also impact safety represent areas for prompt concern.  Pursuant to this obligation, CTIL is conceived as a tool for demonstrating technology, concepts, and methodologies to the interested public and to the railroad industry.

2.5 Objective 5:  Methodology for Assessing Efficiency, Capacity, and Operational Performance. Although safety is FRA’s highest priority, safety is rarely if ever decoupled entirely from efficiency, capacity, and operational efficiency. In order for potential safety improvements to be accepted and widely implemented, they must be shown to demonstrate minimal negative impacts or actual cost benefits on general operational performance, efficiency, and capacity. CTIL research studies will be conducted so that the impact on operational performance, efficiency, and capacity can be easily assessed.
3.0 REQUIREMENTS 

3.1 Concept of Operations

The CTIL shall be a government owned research resource.  The CTIL shall be comprised of a reconfigurable locomotive cab simulator, and a separate researcher or test operator's control capability.  The system shall be readily packaged and transported to industry or public venues, as well as to university or government laboratories for technology demonstration or research purposes.  The reconfigurable locomotive cab shall be capable of being configured to represent all critical locomotive controls, together with in-cab and out-the-window visual and aural stimuli with sufficient fidelity to meet the requirements identified below.  The cab shall accommodate new control/display technologies.

The CTIL shall be primarily configured using commercial off-the-shelf components, augmented with open-source and public domain software, data, and tools wherever possible.  Use of proprietary commercial software and data are discouraged, because of the research mission of the laboratory. However, such software and data may be incorporated where life-cycle support and other considerations appear to warrant.  Contractor shall provide clear rationale for making a selection of either public-domain or proprietary software or data for application to the CTIL. 

3.2 Research Fidelity

The primary mission of LCTIDL system is to support FRA's ongoing research, development, test and evaluation (RDT&E) in human-system integration (HSI) and related human factors.  First and foremost, then, CTIL shall be designed as a human factors research tool, capable of conducting research projects that capture data with the degree of fidelity that meet standard experimental designs for human factors research.  Software equipped with existing locomotive training simulators have severe limitations for human factors research, which rely upon artificial segmentation of data, for example, when capturing and reporting performance data. CTIL shall be designed with a variety of human factors research capabilities in mind. 
Faithful representation of parts of the railroad system, such as physical layout of a locomotive cab, or functional behavior of the train, or interfaces with the larger railroad system, such as Dispatcher functions, shall be represented with sufficient fidelity to achieve credible results in controlled experimentation typical of human factors research laboratories.  Contractor should identify dimensions of the system that require less than high-fidelity, and propose a simulator configuration with fidelity appropriate to the mission.  Contractor should provide the rationale for selecting a particular level of fidelity for a given feature or capability.

3.3 Engineering Standards
The CTIL shall incorporate provisions in hardware and software for connection to systems, components, and equipment provided by third-parties that conform to appropriate established industry and commercial standards published by the American Association of Railroads (AAR), or Institute of Electrical and Electronics Engineers (IEEE), or similar.  Contractor shall identify such electronic interfaces as would further the purposes of CTIL, and provide rationale for provision of each interface or interfaces. 

3.4 CTIL Maintenance Plan  
The Offeror shall provide a maintenance plan for CTIL. The Maintenance Plan shall address how required hardware and software maintenance of CTIL shall be accomplished. The plan shall address the level of maintenance and frequency or schedule of any maintenance required. 

3.5 CTIL Functional Requirements 

The FRA conducted an extensive Market Analysis, beginning with a Request for Information to which several industry teams responded, and continuing through a series of technical interchange meetings (TIMs) involving government and industry personnel, and independent assessments by government and support services contractors.  The functional requirements identified herein were derived from this market research, and are deemed to be the minimal set of capabilities that CTIL should exhibit.

The successful Contractor shall have proposed systems, hardware, software, and other items to meet this minimal functional set.  In addition, Contractor may propose additional features that are not listed herein, together with rationale as to merits of additional capabilities, in light of the mission of CTIL and FRA. 
3.5.1 General

The CTIL is to be designed as a reconfigurable research simulator.  The baseline configuration of CTIL shall consist of the following capabilities:

The CTIL shall be a single integrated system packaged as separable modules.  The modules shall comprise a reconfigurable locomotive cab, with physical controls and general layout consistent with typical freight and passenger locomotives. The Offeror may elect any current freight locomotive as the baseline configuration.  In addition, provision shall be made for a separate researcher operator's control and workstation capability.  

The system shall be designed to permit future growth in capability and in fidelity without major redesign.

Base Location:

CTIL’s required base location will be at the Volpe Transportation Research Center, Cambridge Massachusetts. An architectural floor plan or drawing of the space available at Volpe for the simulation lab is not currently available; however, the total floor area is 1451 sq. ft., of which approximately 144 sq. ft. is being occupied by a full-scale SD40 Cab simulator.  
Offerors are not required to connect to the SD40 in any way. 
There is a 10 ft. square roll up door providing mechanical entrance to the space and an adjoining office.  The adjoining office currently houses the control console for the SD40 and further usable space in this room is limited. There is a secure parking area (fenced and guarded) adjacent to the building.
Offerors are strongly encouraged to contact Mr. John Pollard at 617 494 3537 (John.K.Pollard@volpe.dot.gov), to make arrangements to visit Volpe to gather more detailed information on the space as may be required for design and proposal preparation, such as power available and wiring in the building.
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3.5.2 Researcher Seating

Researcher station shall include ergonomic seating suitable for workstation environment

3.5.3 Scenario Generation

The CTIL shall incorporate the capability for a test operator to easily build track miles, author a scenario by assembling items from a scenario library, and connecting visual objects to either scripts, or to intelligent models, to provide interactive actor agents in the scenario.  

The base-line configuration shall include 50  pre-built track miles of scene generation
3.5.4 Scenario Authoring

The CTIL shall incorporate provision for generating, saving, editing, and otherwise authoring experimental scenarios for presentation to test operators.  Scenario authoring shall include selection of geographical locale, visual and auditory presentations, interaction with the railroad system, including Dispatchers, and other organizational elements.

3.5.5 Eye Movement Tracking

The CTIL shall provide capability for collecting and analyzing eye movements/glance data.

3.5.6 Control Response 

The CTIL shall provide capability for collecting and analyzing control response time data.

3.5.7 Test Control

CTIL shall incorporate a capability for experimental control of a test scenario from the researcher station. Interface between the locomotive cab component and the experimental control components shall be by an Internet Protocol, such as UDP/IP, or TCP/IP, as appropriate, using XML data structures, to enable remote control of test events, and interconnectivity with other distributed simulations.

3.5.8 Test Operator Briefing

CTIL shall incorporate the capability to demonstrate its capabilities to a novice user, and shall provide resources to support preparation of briefing materials for use by test operators in reporting results of test sessions.

3.5.9 Data Collection 

CTIL shall incorporate a database capability for storage, retrieval, analysis, and reporting of test results, and for retrieval of test results and reports by remote access.  Dependent measures shall include video recording of events in the locomotive cab, eye fixation and movement, head tracking and reach.

3.5.10 Test Data Analysis

CTIL shall incorporate statistical analysis tools to facilitate both the analysis and reporting of test results.

3.5.11 Test Report Preparation

CTIL shall incorporate the capability to prepare test reports suitable for presentation (e.g., multimedia type “quick” reports) and for publication in typical scientific venues.  In addition, CTIL shall incorporate color printer capable of reproducing professional quality written reports.

3.5.12 Anthropometric Modeling

The CTIL shall provide anthropometric and human modeling software tools

3.5.13 Crewstation Design and Visualization Tools

The CTIL shall provide computer-aided workstation design and visualization software tools

3.5.14 Cognitive Workload Modeling and Analysis Software Tools

The CTIL shall include operator workload modeling and analysis software tools

3.5.15 Demonstration

CTIL shall include capability to project externally the in-cab view, so that a researcher may easily display the situation in the cab at the researcher station

3.5.16 Mobility

The CTIL shall have wheels and other provisions as required so that it may be pushed or towed over a smooth level surface by a standard forklift truck.  The system shall also incorporate a braking mechanism that allows for positive lock so as to disable unintentional movement.

3.5.17 Dimensions

Dimensions of the laboratory system shall be consistent with requirements of common carriers, and shall not require issuance of special permits or other documentation other than that for routine property transportation.

3.5.18 Transportability

The CTIL shall be configured so as to facilitate convenient shipment by common carrier of the entire laboratory system to any location within the Continental United States (INCONUS).  Contractor shall describe packing and shipping procedures in sufficient detail that they may be accomplished by FRA personnel within one 8-hour day.

3.5.19 Environmental Conditioning

The CTIL shall operate within an enclosed space capable of maintaining a standard office-like external environment, and shall incorporate its own heating and cooling capability, as required, so as to maintain and operate routinely within a nominal office-like environment.  The system shall have the capability to vary temperature control in the locomotive cab under scenario control for experimental purposes.

3.5.20 Audio and Video Monitoring System

The CTIL shall include an audio and a video system to capture and qualitatively analyze operator actions 

3.5.21 Audio Reproduction

The CTIL shall provide the capability of reproducing typical sounds found in a normal operating environment such as locomotive engine sounds, train whistles, and grade-crossing bells 

3.5.22 Sound Attenuation

The CTIL shall provide sufficient sound attenuation such that any unintentional sounds emitted by the device or associated devices shall not interfere with detection and recognition of audible signals, or presentation of audible stimuli to test participants or operators.

3.5.23 Power

The CTIL Locomotive Cab shall operate on standard 120V alternating current (AC) power sources, and shall require no more than 15 A current, including power required for environmental conditioning, and all on-board systems.  An on-board power distribution system shall allow for a single point of connection and control between the CTIL lcocomotive cab and the external power source.  Similarly, the experiment controller's workstation shall not exceed 15A current, and shall be connected to power via a single connection point.

3.5.24 Emergency Power

The CTIL cab shall have a separate battery-operated emergency lighting system designed to facilitate rapid and safe egress of operators and research personnel during power failures.

3.5.25 Fail-Safe Access

The CTIL cab shall have a door locking mechanism that can be opened from the inside, and shall not rely on external power to secure the door from inadvertent operation.

3.5.26 Out-the-Window (OTW) Visual Scene Generator

The CTIL shall have the capability to present computer generated visual displays of OTW scenes, including interactive objects, such as vehicles crossing tracks, highways that run parallel to tracks, in cityscapes, countryside scenes.  The scenes shall be geo-specific, meaning that they shall incorporate imagery from actual locations, together with simulated objects and entities.  Field of view (FOV) of the OTW scene shall be sufficient to encompass continuous forward and side views from a single operator station within the locomotive cab.  

3.5.27 Operator Seating

The CTIL shall have seating for the operator that is ergonomically designed and that demonstrates crash survivability features of restraint and protection of the seat occupant.  These features need not be fully functional as they are intended as mocked-up demonstration.  

3.5.28 Simulated Vehicle Shell

The CTIL shall include a reconfigurable locomotive shell (to accommodate passenger as well as freight configurations) around the operator station to resemble the look and feel of being seated in a vehicle.

3.5.29 Manufacturer Displays

The CTIL shall include the capability to install at the operator station and stimulate third-party manufacturer displays in relation to a simulated scenario. 

3.5.30 System Response Latency

System transport delays between operator input and system output

(display or platform) shall not exceed 150 msec (75 msec preferred)

4.0 PERIOD OF PERFORMANCE

Phase 1 deliverables shall be completed not later than eight months after effective date of contract.

5.0 DELIVERABLES

· One Locomotive Cab Technology Integration and Demonstration Lab as described in requirements above (Base site for the simulator is To Be Determined by FRA; however, for cost proposal purposes Offerors may assume the VOLPE Transportation Research Center in Cambridge, Massachusetts as the base site.)

· One set of instruction and maintenance manuals as required to allow FRA designated personnel to use and maintain CTIL
· Maintenance Plan
· Device Familiarity Training
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