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8.1  Overview – Over the years, HE practitioners, engineers, and psychologists in a variety of subdisciplines have developed many powerful methods to aid in HE work. This section provides information regarding a number of the methods that can be applied by HE practitioners during the system acquisition process. The focus of the section is on HE methods that are stable over time. Automated tools are not included because they typically have rapidly evolving names and features. Instead, descriptions of currently available HE tools can be found at the website for the Manpower And Training Information System (MATRIS) (http://dtica.dtic.mil/) for the DDSM (Directory of Design Support Methods).
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8.4  HE During Design and Development

8.4.1  HE Design and Development Support Activities - The purpose of HE design and development support activities (see 4.2.2) is to ensure a human-system interface design that incorporates all necessary HE design criteria. The human-system interface is not limited to system hardware, but includes software, procedures, work environments, and facilities associated with the system functions requiring personnel interaction. HE design and development support is accomplished, in part, by converting the results of HE analysis activities into HE training and skill level design criteria. It is also heavily dependent on the selection of applicable HE design criteria such as MIL-STD-1472. The general HE design and development support process is described in 7.3.10.2. The following two paragraphs describe ongoing HE design and development support activities and responsibilities. Methods used in accomplishing these support efforts are discussed in 8.5.
8.4.2  HE design and development responsibilities - HE design principles, methods, and standards should be applied to the design and development of the system equipment, software, procedures, work environments, and facilities that are used, operated, or maintained by humans. This HE effort should convert the mission, system, and task analysis data into detail design and development plans to create a human-system interface that will operate within human performance capabilities, meet system performance requirements, and accomplish mission objectives. Specifically, the HE practitioner is responsible for: 

Ensuring that HE inputs are incorporated into system design requirements documentation,

Developing design concepts for each operator, maintainer, and supporter workstation arrangement to ensure that it can be easily operated and maintained,

Identifying potential HE problem areas that may require attention,

Preparing inputs to contractor/subcontractor RFP packages, as applicable,
Participating in and reviewing studies, experiments, modeling efforts, mockups, and engineering drawings to ensure effective HE design,

Ensuring that human procedures, manuals, and job aids are developed and function efficiently,

Participating in developmental T&E to ensure that HE issues are addressed and resolved so that the system or equipment can perform mission requirements with effective human interfaces.
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8.5  HE design and development methods - Many of the design aids, tools, or methods that are most useful in carrying out HE design and development support activities are presented in the following paragraphs. Depending on the nature of the program, only a portion of these methods would normally be used. In addition, the analysis methods described in 8.3 will continue to be applied during design and development activities. Table XI summarizes important information about each design and development method so the methods can be compared easily. Table XII lists typical applications for each method.
8.5.1  Design criteria checklist - A design criteria checklist consists of a series of subsystem, equipment, or facilities design criteria taken from HE standards, such as MIL-STD-1472, and HE design guidance documents, such as  MIL-HDBK-759.  Individual checklists are typically unique to a particular system.  Checklists provide the HE practitioner with an organized means of evaluating success or failure in achieving the design goal.

8.5.1.1  Description - Often during the early stages of a program, the HE practitioner develops a design checklist tailored for that program.  Design criteria applicable to the specific program are extracted from various standards and handbooks and listed in a program-unique checklist. The checklist may be divided into sections or categories of design criteria corresponding to major aspects or components of subsystems, equipment, or facilities.  For example, the checklist might have categories for visual displays, audio displays, or controls.  Checklists generally list each design criteria item with space to the right that can be used to indicate compliance, noncompliance, or nonapplicability.  Figure 30 shows a sample page from such a checklist.

TABLE XI.  HE design and development methods selection 
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TABLE XII.  Application areas for HE design and development methods.
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8.5.1.2  Procedure - To use a design criteria checklist, the HE practitioner reads the criterion, observes the item of hardware (or mockup or drawing), and checks the appropriate space to indicate applicability and compliance. Many checklists provide additional space for comments regarding the reason for noncompliance or other remarks appropriate to the listed design criteria item. The following should be noted regarding checklists:  

a.  When using a checklist, the HE practitioner should have at least some knowledge of the purpose or function of the design item being evaluated. The HE practitioner must also have a good working knowledge of the checklist criteria that will be used. The practitioner should determine whether any previous checklists were completed for the item of hardware, even if the hardware was only in drawing form at the time.  A more formal T&E procedure will occur when the item being evaluated is at least in the prototype hardware stage of development. Less formal checklist T&E may be carried out with hardware drawings or, possibly, mockups. In any case, the gathering of the checklist data should not interfere with any other testing being done. The use of the checklist is essentially a static operation, as opposed to a dynamic test in which the practitioner must observe operators performing their tasks and equipment properly responding to the operators’ manipulations.


[image: image3.wmf]MIL

-STD

-1472 compliance 

                      YES    NO  N/A

    COMMENTS & DISPOSITION

5.1.2.1.1.2

 

Access

.  Providing that the integrity of grouping by function and

  

sequence is not compromised, the more frequently used groups and the most

important groups should be located in areas of easiest access.  Control-display

groups required solely for maintenance purposes shall be located in positions

providing a lesser degree of access relative to operating groups.

5.1.2.1.1.3

 

Functional group marking

.  Functional groups may be set apart

  

by outlining with  contrasting lines which completely encompass the groups.

Where such coding is specified by the procuring activity, and where gray panels

are used, noncritical functional  groups (i.e., those not associated with emergency

operations) shall be outlined with a 1.5 mm (1/16 in) black border

(27038 of FED-STD-595), and those involving emergency or extremely critical

operations shall be outlined with a 5 mm (3/16 in) red border (21136

of FED-STD-595).  As an alternate method, contrasting color pads or patches

may be used to designate both critical and noncritical functional areas, subject to

prior approval by the procuring activity.  When red compartment lighting is used,

an orange-yellow (23538 of FED-STD-595) and black (27038 of FED-STD-595)

striped border shall be used to outline functional groups involving emergency or

extremely critical operations.  Control-display areas in aircraft crew stations shall

be delineated in accordance  with MIL-M-18012.

5.1.2.1.1.4

 

Consistency

.  Location of recurring functional groups and individual

  

items shall be similar from panel to panel.  Mirror image arrangements shall not be used.

5.1.2.2

 

Location and arrangement

.  If an operator must use many controls

  

and displays, they shall be located and arranged to aid in identifying the controls

used with each display, the equipment component affected by each control, and the

equipment component described by each display.

5.1.2.3

 

Arrangement within groups

.  Controls and displays within functional

  

groups shall be located according to operational sequence or function, or both.

5.1.2.3.1

 

Left-to-right arrangement

.  If controls must be arranged in fewer rows

  

than displays, controls affecting the top row of displays shall be positioned at the

left; controls affecting the second row of displays shall be placed immediately to

the right of these, etc.


FIGURE 30.  MIL-STD-1472 design criteria checklist (sample).

b.  The result of the checklist evaluation is a verification of the fact that the design item meets all pertinent HE design criteria. If the item is found not to be in proper compliance with some design criterion, then this information will be provided to design engineering personnel. In some situations, there may be a satisfactory reason why an item of hardware does not or should not meet the HE design requirements. In this case, a request for deviation from HE design criteria may be submitted to the program office for their approval. 

8.5.1.3  Use - The design criteria checklist is used more often than any other method to evaluate design hardware. It is an excellent way to quickly gather qualitative data on system hardware components.  However, to be of real value, the checklist must contain considerable detail.  Depending on how the checklist is structured, including the required amount of detail, can extend the time needed to complete the checklist.  Using a checklist requires more knowledge of basic HE design criteria than knowledge of system performance. Table XII shows the applications for which a design criteria checklist may be used.

8.5.1.4  Comparison to Other Methods - Table XI provides a comparison between the checklist method and other design and development methods. The use of the design criteria checklist is strongly advised for both design and T&E program activities. If a checklist is not used, there is significant risk that lack of compliance with critical design requirements will be overlooked. The disadvantage of using a checklist is that it produces binary data: the design item is either in compliance with the design criterion being verified or it is not. However, many criteria items have the potential for yielding an exact quantitative evaluation; thus, considerable data will go unrecorded. The checklist focuses on evaluating equipment, facilities, and some aspects of software.  In the commonly used formats, the checklist should not be used to evaluate personnel skills, manpower quantities, training, and technical publications. 

Return to Top
8.5.2  Drawing - An engineering sketch or drawing is a precise outline drawing (generally without shading) used to provide visual information about the design of the equipment item, subsystem, subassembly, or facility that is a component or part of the total system.  Drawings are fundamental to the equipment design and production process and are the main method of design modification.  Drawings can be a hard copy rendering produced by conventional drafting methods or an electronic rendering produced using computer-aided design (CAD) systems.  The HE practitioner uses drawings to identify design problems and suggest alternative solutions that better accommodate human operators and maintainers. 

8.5.2.1  Description - A drawing can show even intricate and complicated shapes clearly by depicting related views of the equipment item, subsystem, subassembly, or facility. Exact and detailed sizes are provided without ambiguity. Individual parts are identified for assembly and are located in the assembly in their correct functional position. In addition, descriptive notes provide information regarding materials, finishes, and directions for manufacture and assembly. Engineering drawings or sketches of interest to the HE practitioners may be categorized as (a) hardware drawings, (b) workspace layout drawings, (c) console drawings, and (d) panel drawings. Console drawings, in particular, should contain information on the human-system interface; for example, they should indicate the seat reference point (SRP) and eye reference point (ERP). Interface control drawings (ICDs) are another type of drawing that should require HE review. As their name implies, these drawings are used to describe and eventually to control proposed interfaces between components, subsystems, or different contractors’ equipment items. Vision plots and reach envelopes are two additional types of drawings of particular interest to HE (see 8.5.3 and 8.5.4).  In today’s concurrent engineering environment, CAD engineering drawings should be readily available for timely checks of design progress.  Such checks will help prevent effort from being spent on designs that will not permit good human interface.  

8.5.2.2  Procedure - Generally, HE practitioners use engineering drawings to review design concepts. However, the HE group may actually prepare engineering drawings for their own use and the use of others.  For HE to develop engineering drawings, the proper resources must be available, including drawing equipment and the skills of engineers, drafters, or industrial designers. The following should be noted:

a.  The preparation of workspace layout drawings requires skill in descriptive geometry. The HE practitioner must be able to project views and cross sections of the workspace geometry and the human subject into various auxiliary planes, which often are not parallel to the normal planes of the three-view orthographic engineering drawings. Also, for visual clarity and understanding, perspective drawing methods should be understood and used. The ability to mentally visualize the geometry of workspace layouts and to accurately prepare drawings depicting the interface relationships can save time and effort during mockup studies.

b.  More normally, HE practitioners use engineering drawings developed by project design personnel.  Of course, HE practitioners must be sufficiently knowledgeable about standard drawing practices to understand the information being presented. HE design criteria checklists may be used along with fractional-scale plastic manikins to verify the HE adequacy of the design. Once this adequacy has been ensured, the drawings should be approved to indicate their compliance with HE design criteria.

8.5.2.3  Use - If HE practitioners have prepared the engineering drawings, then it is assumed that the drawings incorporate all appropriate HE design criteria and that HE approval is automatically provided. If the drawings have been prepared by other project engineering personnel, HE practitioners should thoroughly review them to ensure that appropriate HE design criteria have been included. The HE design criteria checklists should be used at this time. Completion of the checklists will provide justification for HE approval (or lack of approval) of the drawings. In addition to providing a means for HE to verify the design, engineering sketches and drawings specify the detailed design of the hardware item. They furnish a baseline configuration record (see 6.3.4, 6.7.3, and 7.3.5), they provide inputs to initiate mockup construction, and they supply manufacturing with the necessary data from which to produce the hardware product. Table XII shows several applications for drawings.

8.5.2.4  Comparison to Other Methods - Table XI provides a comparison between drawings and other design and development methods.
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8.5.3  Visibility Diagram - The vision plot or visibility diagram is a special diagram that shows the visual envelope of a specific system operator or maintainer.  This method is critical to the process of display layout, since it clearly shows obstructions and other problems in the visual field or viewing envelope.

8.5.3.1  Description - The visual envelope can be analyzed by providing multiple views of the operator or maintainer in front of the console, equipment, or other instruments and controls. However, rather than showing the side, top, or front view, the visibility diagram shows the actual field of view from the operator’s eye reference point (ERP).

8.5.3.2  Procedure - The HE practitioner, drafter, or CAD operator preparing engineering drawings works from the two- or three-view orthographic drawing of the operator or maintainer workstation.  Using descriptive geometry, the HE practitioner measures the angles from the ERP to significant items shown in the orthographic drawing. Windows, instruments, or controls are generally the primary items of interest in the visibility diagrams. The angles to several points on each of the significant items are measured and plotted to approximate the shape of the item. All straight lines shown on the orthographic projection (with the exception of vertical lines and lines within the horizontal plane through the ERP) will be plotted as curved lines. Straight lines below the horizontal plane will curve up, and lines above the plane will curve down.  Software is now available to construct visibility diagrams on computer.

[The procedure for Visibility Diagrams was defined in MIL-STD-850B. Although this standard was cancelled in 1995, and superceded by JSSG-2010, a PDF file of MIL-STD-850B and Change Notice 1 is available on the Human Systems IAC web site under Standards, Handbooks, and Guides.] 

8.5.3.3  Use - Visibility envelopes are useful in assessing what users can and cannot see. They are extremely critical in cockpit or flight deck design for determining where window posts are located with reference to the pilot's view of the runway at various landing approach geometries.  While in new aircraft design aerodynamic considerations tend to dictate the use of flat, smooth surfaces around the cockpit area, the configuration cannot violate the pilot's minimum visual requirements as described in military specifications. Likewise, when maintainers need to visually inspect equipment items, the visibility diagram helps identify awkward or impossible maintenance tasks due to visual accessibility limits.  The visibility diagram provides a technique for comparing the design to the specification.  It also provides a record of the system design and generally eliminates the expense of constructing preliminary mockups, which would otherwise be required just to evaluate operator vision. Table XII shows additional applications for visibility diagrams.  Finally, it is important to understand that the specific technique described above for developing vision plots and visibility diagrams was developed for aircraft crew stations and may not be readily adaptable to other types of vehicles, such as tanks, trucks, or ships. 

8.5.3.4  Comparison to Other Methods - Table XI compares visibility diagrams to other design and development methods.
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8.5.4  Reach Envelope - A reach envelope drawing shows the envelope within which controls must be located to be successfully reached by the operator or maintainer.  This knowledge helps ensure that system and equipment designs accommodate operators and maintainers.

8.5.4.1  Description - Until recently, the operator or maintainer was generally described as one with a 5th percentile functional reach.  Current bimodal male-female population data bases may not include sufficient data to calculate the lower limit percentile for determining the desired reach envelope.  Reach envelopes vary for the 5th percentile operator or maintainer for known populations. This is because of variations in seat design and shoulder and lap constraints, or equipment adjustability. Reach envelopes are also developed and used for overhead reach and for reach in various other body postures, such as lying prone under a tank to perform maintenance.

8.5.4.2  Procedure - Reach envelopes are developed by modifying or adapting existing data or collecting new data.  Functional reach is the parameter of primary interest. Functional reach measurements are made with the tips of the subject's thumb and forefinger pressed together. Secondary parameters such as shoulder height are also of interest and are combined with functional reach measurements to provide the total reach envelope data.  Appropriate combined reach data are available in MIL-HDBK-759 and other sources.  Automated anthropometric tools are available that provide population data which can be used with CAD drawings (see the Directory of Design Support Methods at the MATRIS home page.)  If, because of peculiarities in a given new seat design or operator restraint system, it is not possible to use existing data, then new data can be collected.  To develop new data, the HE practitioner must assemble a group of subjects of the appropriate sizes and numbers to match the user population and must obtain a sample of the seat to be used in the new system.  The following aspects of the procedure should be noted.

a. Reach capability data must be collected for each of the subjects under various conditions, such as with and without a pressure suit, at different seat back angles, and with and without a shoulder restraint; data must also be collected in various directions and at various heights in relation to the seat reference point (SRP) or ground reference plane. Once the data are obtained, statistical distributions of reach data may be plotted and a percentile curve or statistical estimate may be selected and prepared.

b. Reach envelope drawings are then plotted and overlaid on drawings of the console or cockpit.  The SRP or other hardware reference is necessary to establish where the reach envelope should be located.

c. Examination of two or more different orthographic views of the control panel hardware with the reach envelopes overlaid will show if the necessary controls are within the operator's reach or if the controls and the operator must be moved closer together.

8.5.4.3  Use - Reach envelope drawings are important for accommodating design of consoles, cockpits, and other workstations, particularly if the operator is restrained and the console is large with side wraparound panel areas or vertical panel areas that project above the eye reference point (ERP).  Effective use of reach envelope drawings will avoid later mockup construction efforts.  Engineering drawings and sketches may be validated prior to the development of mockups and prototype hardware.  If properly presented, reach envelope drawings may be easily understood by non-HE personnel and can be very useful as a part of hardware design review presentations. Table XII shows several applications for reach envelope drawings.
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8.5.5  Mockup - A mockup is a large-scale, proportioned model of the final equipment, subsystem, or system used for validation of layout.  Mockups are extremely valuable for depicting three-dimensional relationships that would otherwise be difficult to represent before the system goes into manufacture.  It is now possible to generate computerized (virtual) mockups from CAD drawings.  

8.5.5.1  Description - Mockups can contribute significantly to the development of the human-machine system. They should be considered as tools for evaluating the system design before the actual manufacture of system hardware. There are three basic types of physical mockup, which are described in the following paragraphs.  In addition, virtual mockups can now be generated directly from CAD environments.  

8.5.5.1.1  Class I - A class I mockup is used primarily for determining basic shape, allotting space, proving concepts to familiarize personnel with the basic design of the system or equipment, or presenting new ideas.  Such a mockup is usually made of inexpensive materials (heavy cardboard, cardboard with a foam core, fiberboard, low-grade plywood, etc.) and is proportionally but not dimensionally accurate unless such accuracy is specifically requested. Unless otherwise specified, the complete structure is not simulated (e.g., hidden structure is not included; repetitive elements are simulated using skip spacing, such as by showing every other or every third element). Internal components are represented by actual small items of hardware or by cutouts of drawings or photographs of the items. The external dimensions of the mockup are usually not critical. Internal dimensions having to do with workspace design, displays, and controls should be reasonably precise. Mockup plans can be sketches, development layouts, coordination sheets, or oral descriptions.

8.5.5.1.2  Class II - A class II mockup is used primarily to assist in the development of the system/equipment detail design and as a demonstrator for customer evaluation. It is constructed from a good grade of wood, metal, or plastic. Overall dimensions and sizes of parts, features, etc., are as close to drawing tolerance as practical. The locations of features and parts and the spacing of frames, stringers, etc., are held to drawing tolerances. All structure is simulated except hidden parts that would be inaccessible after the mockup is completed. In hidden areas, accuracy is not maintained; instead of frames, stringers, etc., simple braces for strength are used. Installations and materials in critical areas follow mockup drawings. If operational hardware is desired, the degree of operation must be specified. The number and type of operations that may be provided vary widely. The more complex mockups differ little from simulators. Mockup plans can be sketches, layouts, or coordination sheets.

8.5.5.1.3  Class III - A class III mockup is primarily an engineering/manufacturing/ simulation vehicle or facility and is used to plan the layout of plumbing lines and wiring runs, to determine the size and installation of systems or equipment, and to prove out all installations prior to actual production.  Such a mockup is normally constructed after production contracts have been negotiated and the number of contracted items is sufficient to warrant the expense. It is usually constructed of production type materials, metal, plastic, or a good grade of wood. Structural items and external features of installed equipment (e.g, black boxes, pumps, actuators, etc.) are made to production tolerances and are of production materials, except where material substitution is authorized.  Internal features of installed equipment are not required. All attachments, wiring, connectors, plumbing, and other hardware must be identical to that defined on the production drawings except where deviations are authorized. Actual equipment is used whenever specified or whenever practical. Mockup drawings can be released production drawings and/or completed layouts.

8.5.5.2  Procedure - Mockups should be made initially with the easiest to use and cheapest material possible.  Consoles, racks, and even complete workstations or cockpits can be constructed quite easily from various thicknesses of foam-core cardboard sheets using a sharp matte knife and a hot glue gun.  Console panel layout drawings may be simply glued to the foam-core cardboard to simulate displays and controls.  Test participants or evaluators may simulate display reading or control actuation by simply touching the drawing and performing the appropriate hand (foot) motion.  As the system design progresses and mockup tolerances become more critical, plywood material should be used.  Plywood is more rigid and durable than foam-core cardboard, although considerably more costly.  Plywood mockups may be converted from a static to a dynamic representation of the system.  Console panel drawings that were glued to the plywood may be replaced by the actual displays and controls.

8.5.5.3  Use - Mockups can be used in the design of wiring, cabling, pipe runs, and duct work so that three-dimensional problems can be visualized.  Operator and maintainer reach, handling, and manipulation distances, as well as clearance spaces, access openings, and visual envelopes, can be determined from mockups and the results compared with system design requirements.  Photographs, videotapes, or motion pictures may be made using the mockups to provide coordination aids and maintain records. It is cheaper to develop a static mockup or even a functional mockup, which includes the proposed electrical wiring, than it is to build prototype hardware with numerous design errors. A functional mockup makes it possible to study the performance of personnel in simulated operational situations. The HE practitioner can thus evaluate the operational characteristics of equipment in terms of human performance. More realistic lighting and sound measurements can be taken. Procedures can be verified. Test participants can be observed and interviewed with much greater confidence in the validity of their responses. In addition to all the above, mockups—along with photographs, video tapes, or movies—serve as an aid in designing presentation reviews and, later, in training system development. Table XII lists some of the applications of mockup construction.

8.5.5.4  Comparison to Other Methods.  Table XI provides a comparison between mockups and other design and development methods.
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8.5.6  Scale Model - Occasionally, when the fabrication of a full-scale mockup of hardware or facilities would be too elaborate or too expensive, a scale model is used in its place. Unfortunately, scale models are of much less value for HE because of the lack of good HE evaluation tools, such as three-dimensional scale-model manikins. Scale models are more easily transported and stored than mockups. Scale models can be helpful in performing some logistics analyses, but are not very useful, for example, for conducting compliance reviews using design criteria checklists.
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8.5.7  Manikin - A manikin is a figure or template representing the physical dimensions of the human body.  Two-dimensional manikins are useful in evaluating initial operator or maintainer accommodation in the early part of the design process before costly mockups are created.  A 5th percentile manikin would be useful in examining reach issues, while a 95th percentile manikin could assist in evaluating clearance issues.  Sophisticated three-dimensional manikins are now used in crash tests to determine the forces exerted on the human body in alternative designs and when wearing safety equipment.  Also, virtual manikins that instantly adjust percentile sizes are available in CAD environments.  

8.5.7.1  Description - A useful tool for evaluating engineering drawings and sketches is the two-dimensional articulated Plexiglas manikin.  A set of these manikins may be obtained or prepared in a range of body sizes and scales for use by HE or project design groups. They are usually made to represent two-dimensional anthropometric aspects of humans as seen from the side.  For maximum flexibility, a large number of sizes, shapes, and scales corresponding to common scales for engineering drawings (e.g., 1/10 and 1/4 scale) will be required.  Software (virtual) manikins are also available and can be used with CAD drawings to determine how well various body sizes are accommodated by the design.  

8.5.7.2  Procedure - Plastic manikins are used by placing them in the workspace positions indicated on engineering drawings and articulating the figures into various reasonable positions to check for interference, verify access clearances, or confirm successful reach. To a limited extent, manikins may be used to check visual envelopes.  If the user population percentiles that must be accommodated are known (e.g., 5th through 95th percentile males and females), then the appropriate manikins (5th and 95th percentile male and female manikins) should be used to determine if the design is compatible with anthropometric parameters represented by the specified population subgroup.  Because the manikins are made of clear plastic, it is easy to see the amount of overlap if the manikin's dimensions exceed the space provided on the scaled drawing.  Virtual manikins are integrated into the CAD environment and can be displayed with electronic drawings of the equipment or system component to assess fit.  

8.5.7.3  Use - Frequently, manikins are used by engineers, drafters, or CAD operators to illustrate a drawing with sketches of various-sized personnel in different critical positions.  Plastic manikins can serve as a template around which the engineer or drafter traces to draw the outline of a properly scaled person in the desired articulated position on the drawing.  The use of manikins is most worthwhile during drawing preparation and evaluation.  While a full set of plastic manikins or the software for virtual manikins may cost from several hundred to ten thousand dollars, their use tends to recoup this investment by ensuring proper initial design of mockups and prototype hardware so that expensive redesign is avoided.  Manikins do have limitations.  They cannot possibly be completely and properly articulated, and therefore provide only an approximate tool.  Manikins alone cannot be used to determine precise design compliance or deviation from criteria. Other forms of manikins, such as full-scale three-dimensional manikins, have been developed for use in the design of escape systems and other systems and equipment employed under hazardous conditions.  Their use is more appropriate to the T&E phase of HE activities than to the design support phase.  Table XII suggests possible applications for manikins.

8.5.7.4  Comparison to other methods - Table XI provides a comparison between manikins and other design and development methods.
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8.5.8  Specification - A specification is a document used in development and procurement that describes the technical requirements for a system or item of equipment, including the procedures for determining that the requirements have been met.  Clearly stated specifications are desirable to both the contractor and the customer, since they will help eliminate misunderstandings between parties in the contract. 

8.5.8.1  Description - One of the most important methods for ensuring the adequacy of HE design in a system is to include applicable human performance requirements and HE design criteria in the system specification, item specification, and software specification (see MIL-STD-961).

8.5.8.2  Procedure - The HE practitioner should ensure that applicable human performance requirements and HE design criteria are incorporated into each appropriate specification. Appendix D lists some relevant standards and handbooks with cross-references to the applicable service. Because it is self-tailoring, it is reasonable to reference MIL-STD-1472 in the specifications, as applicable.  Program-Unique specification preparation guideliners appear as Appendix A of MIL-STD-961. 

8.5.8.3  Comparison to Other Methods - Table XI provides a comparison between specifications and other design and development methods.
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8.5.9  Computer-Aided Design (CAD) Environment - Today’s computer-aided design environment features the use of automated drafting tools to assist in creating and modifying an engineering design.  CAD tools allow project teams to distribute and update designs easily, perform rapid prototyping, and generate electronic mockups.  The benefits of the CAD environment include:  

· Portability and transmissibility.  Design changes can be sent to geographically separated design team members in minutes or hours, instead of days.

· Concurrent evaluation.  Several design alternatives may be evaluated at once, since CAD allows multiple versions of a design to be created much faster and at much less expense than with pen and paper drawings; design changes can also be accomplished easily and rapidly. 

· Storage and reuse.  A design may be stored and individual parts of the design may be retrieved for later use in similar systems with no need for redrafting. 

· Because of these advantages, the use of CAD tools in an electronic environment is the keystone of the concurrent engineering and IPT process.

8.5.9.1  Description - CAD tools provide the HE practitioner with an environment conducive to evaluating human-system interface capabilities and accommodations.  Before the advent of reliable and easy-to-use CAD tools, analysis of the human-system interface was costly and time-consuming.  CAD tools and models allow the HE practitioner to assess and, if necessary, modify system designs early in the design process, before physical mockups or prototypes are created.  Because HE practitioners can use CAD tools to perform an initial ergonomic analysis of most design features (e.g., reach analysis, vision analysis, predictive strength analysis), they are able to respond quickly to design modifications from a concurrent engineering team or IPT. Such early HE input can reduce the need for costly rework and avoid situations where personnel must accommodate to a suboptimal system design.  

8.5.9.2  Use - With CAD, all initial prototypes are maintained in electronic format, so the engineering team can make rapid changes to the prototype design without re-creating expensive physical mockups. Most initial HE testing regarding physical dimensioning and layout can now be done in the CAD environment.  Several human modeling tools are available that allow the HE practitioner to test anthropometric measurements against most physical aspects of the system in the electronic mockups before a physical prototype is created. The following are a few of the analyses the HE practitioner can now perform using CAD software packages:

· Body size analysis, using male and female anthropometric databases that provide HE practitioners with a complete range of human body sizes that otherwise may not be accessible for testing. 

· Reach envelope analysis (based on anatomical link data and data on joint mobility limits), to evaluate the placement of controls and other objects with respect to the operator.  (Figure 31 shows a sample reach envelope analysis using an electronic human model.)

· Visual field analysis to check for visual obstruction due to protective equipment or physical components of the system (e.g., objects hidden by frame members).

· Accessibility analysis to evaluate, for example, whether enough clearance has been provided for tool access to the required parts, whether an area is large enough for projected operator or maintainer movements, or whether ingress and egress openings are large enough for whole-body access.

· Strength analysis to ensure that operators or maintainers can generate sufficient forces and torques in the necessary postures. For a more in-depth discussion of the types of analyses that may be accomplished using human CAD models. 

8.5.9.3  Comparison to Other Methods - CAD is a work environment, rather than a method per se. As should be apparent from the preceding paragraph, most of the other design and development methods described in this subsection can now be implemented on computer in a CAD environment.  Table XI provides a formal comparison between CAD and other HE design and development methods. 
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FIGURE 31.  Reach analysis using COMBIMAN, a computerized model of a seated operator/pilot (sample).
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5.1.2.1.1.2 Access.  Providing that the integrity of grouping by function and



sequence is not compromised, the more frequently used groups and the most



important groups should be located in areas of easiest access.  Control-display



groups required solely for maintenance purposes shall be located in positions 



providing a lesser degree of access relative to operating groups.  



5.1.2.1.1.3 Functional group marking.  Functional groups may be set apart 



by outlining with  contrasting lines which completely encompass the groups. 



Where such coding is specified by the procuring activity, and where gray panels 



are used, noncritical functional  groups (i.e., those not associated with emergency 



operations) shall be outlined with a 1.5 mm (1/16 in) black border 



(27038 of FED-STD-595), and those involving emergency or extremely critical 



operations shall be outlined with a 5 mm (3/16 in) red border (21136



of FED-STD-595).  As an alternate method, contrasting color pads or patches 



may be used to designate both critical and noncritical functional areas, subject to 



prior approval by the procuring activity.  When red compartment lighting is used, 



an orange-yellow (23538 of FED-STD-595) and black (27038 of FED-STD-595) 



striped border shall be used to outline functional groups involving emergency or 



extremely critical operations.  Control-display areas in aircraft crew stations shall 



be delineated in accordance  with MIL-M-18012.  



5.1.2.1.1.4 Consistency.  Location of recurring functional groups and individual 



items shall be similar from panel to panel.  Mirror image arrangements shall not be used.  



5.1.2.2 Location and arrangement.  If an operator must use many controls 



and displays, they shall be located and arranged to aid in identifying the controls 



used with each display, the equipment component affected by each control, and the 



equipment component described by each display.  



5.1.2.3 Arrangement within groups.  Controls and displays within functional 



groups shall be located according to operational sequence or function, or both.  



5.1.2.3.1 Left-to-right arrangement.  If controls must be arranged in fewer rows 



than displays, controls affecting the top row of displays shall be positioned at the 



left; controls affecting the second row of displays shall be placed immediately to 



the right of these, etc.
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