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SUMMARY

This User's Guide describes the procedures to operate the
Air Force Aerospace Medical Research Laboratory's (AFAMRL)
COMputerized Blomechanical MAN-model (COMBIMAN) programs. The
Guide is based on the COMBIMAN system of programs as of 1 May
1981. An introduction to the man-model and the conventions
used to develop and analyze crew station configurations are
included in the guide. It also contains the operations of the
programs included in the COMBIMAN system. These programs
include the interactive graphics program CBM0O5 to generate
COMBIMAN, and the three key file creation/modification programs
CBMAM, CBMCM, and CBMVM, which create and maintain the Data
Bases of anthropometric surveys, crew station configurations,
and visibility contour definitions respectively. The guide
also contains a complete description of the use of the off-line
plot program, CBMOFF. The first four programs are designed to

run on an IBM 370 computer and CBMOFF is designed to run on a
CDC Computer.

The guide to operate the four main programs includes
descriptions of the available processing for each program,
definitions and examples of all input and output data formats,
procedures to load the programs, and explanations of all diag-
nostic messages generated by the programs. The requirements to
run CBMO05 and the available functions on the COMBIMAN are also
described in the guide.
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The purpose of this report is to provide a detailed guide
to use the key computer programs of the AFAMRL COMBIMAN sys-
tem. It does not document the theoretical approach taken in
developing any of the computer programs. The manipulation of
the model and crew station is straightforwara and the informa-
tion in Section 2 will enable a non-computer person to run the
interactive graphics program CBM05. Because of the technical
nature of the plot program described in Section 3, and the data
base maintenance programs described in Sections 4, 5, and 6,
the person assigned to interpret and to use these programs
should possess some experience in computer programming. Since
all the programs are considered relevant to the COMBIMAN sys-
tem, they are all included in this guide for sake of complete-
ness. The description of the man-model and crew station in the
introduction are presented as general background material need-
ed to use the programs efficiently. The link-system described
in the introduction 1is based on research originally performed
by W. T. Dempster of the University of Michigan. Dr. K. W.
Kennedy of AFAMRL/HEG contributed to the definition of the
Anthropometric Data Base and providea significant improvements

to the Dempster man-model link systems.
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SECTION 1
INTRODUCTION

During the design and analysis phases of crew station
development, it 1is essential to assess the inadequacies and
dangers of the crew station environment with respect to the
human operator. The conventional method for accomplishing this
has been to build mock-ups and use an undetermined number of
"representative" test pilots to evaluate the work environment
and control placement. The mock-ups tend to be costly and time
consuming to build, as well as somewhat inflexible during test-
ing. The sample size of the "representative" pilots depends on
the availability of pilots and the whims of the designers.

The COMputerized BIomechanical MAN-model (COMBIMAN) system
of programs has been developed to assist 1in fhe design and
analysis phases of <crew station development. It has Dbeen
designed to serve as an interactive-computer-graphics-assisted
engineering tool to represent geometric and physical properties
of a person at a crew station. It has applications in evaluat-
ing conceptual or existing crew stations. The COMBIMAN is a
three-dimensional man-model and can be viewed from any plane or
angle. Since the man-model and crew station exist only on the
Cathode Ray Tube (CRT) and in computer memory, no significant
amount of time or materials are invested in making modifica-
tions. Alternative designs may be thoroughly evaluated and
permanently recorded by a pictorial plot or a tabular printout
of the crew station data and man-model (Joe McDaniel, 1974).
Because of these capabilities, the COMBIMAN should reduce or
eliminate the need for building mock-ups, as the designer can
construct a crew station in three dimensions on a CRT and can

assess interactions using man-mcdels of various body sizes and
proportions.

17



1.1 MAN-MODEL GENERATION

The man-model used in COMBIMAN 1is based on a 35 link-
skeletal system. These links connect major points of rotation
of the body segments as shown in Figure 1. The lengths of the
links as well as their orientations with respect to their ad-
jacent 1links 1in the skeletal system can be modifieda by the
user. Since the segment lengths or link-lengths are generally
internal dimensions and are difficult to measure on live sub-
jects, the link lengths are derived from 12 readily measurable
anthropometric surface dimensions. The sets of anthropometric
variables available to users are highly correlated to mass or
length of body segments. A more detailed description of these
variables is given in Section 3. Section 2 describes the ways
the user can change the proportions of the man-model by speci-

tying new values for the surface dimensions.

There are three stages in generating the man-model. In
the first stage, the link system is defined and generated using
data available from tne Anthropometric Data Base and/or from
data supplied by the user (see Figure 1). The other two stages
use data supplied 1in stage one and data stored in the
computer. The second stage places enfleshment ellipsoids about
the 1link system joints as snown in Figure 2. In the third
stage, the ellipses are connnected with tangent lines to define
the contour of the man-model (see Figure 3). The user does not
see these stages of model daevelopment; only the completed

man-model is displayed.

The primary viewing planes for COMBIMAN are the X~Z plane
(side view), the X-Y plane (top view) and the Y-Z plane (front
view). The man-model need not be parallel to any one of these
three orthogonal planes; it can be rotated by an angle with
respect to these planes. Figures 1, 2, and 3 show COMBIMAN in
the X-2 plane (side view).
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Figure 1. COMBIMAN Link System - Side View.

19




Figure 2. COMBIMAN Link System with Enfleshment Ellipses.
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Figure 3.

Enfleshed COMBIMAN with Tangent Lines.
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1.2 CREW STATION DESIGN

Crew stations to be designed and evaluated using the
COMBIMAN system consist of panels and controls. A crew station
may have up to 250 planar panels with three to six vertices and
150 controls which may or may not be located on defined
panels. Although the crew stations used in COMBIMAN are usual-
ly aircraft crew stations, it 1is possible to construct and
display any workspace requiring interaction by a seated opera-
tor. This would include automobile instrument panels, indus-
trial configqurations, and control panels for other types of
vehicles.

Two methods are used to generate and display crew sta-
tions. The designer can either use an existing or conceptual
confiquration, or can construct a new one on the Cathode Ray
Tube using the available interactive graphic options. In the
first method panels and controls for existing or conceptual
configuration, are coded onto computer cards, or magnetic tape,
or direct access disk, and are entered into the Crew Station
Data Base. These data are accessed by the user through the
interactive dgraphics program. In the second method, the user
can design crew stations on the CRT, using alphanumeric key-
board and the program function keys, following the basic series
of steps similar to those used on a drawing board.

A crew station entered into the program exists in three
dimensions and the man-model can interact with it. Since the
CRT has only two dimensions, the 3-D man-model and crew station
are projected on the screen in the orientation selected by the
user. The display can then be rotated within the Display Area
to suit the designers' needs. An example of the display with a
rotated man-model and crew station are shown in Fiqure 4. ©Note
that the Roll, Pitch, and Yaw angles are displayed at the upper
right hand corner of the display area.
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DEPRESS PFK TO SELECT A FUNCTION

REGRESS Rb) USAF SURVEY : 61 USAF CRST: AJE-01
FLIGHT SuUIT NONE HELHMET TYPE: NONE POSTURE HMOBILITY
SEAT TYPE HARD OFF( ©0.0 0.0 0.0 ) SLUMPED ARH

Figure 4. COMBIMAN CRT Display with Man-Model and
Simplified Crew Station Rotated OFF-AXIS.
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1.3 EVALUATION TECHNIQUES

A number of evaluation techniques have been implemented
into the COMBIMAN system. They are designed to allow the user
to vary the proportions of the man-model to suit a particular
situation or problem, and to position the man-model within the
crew station to assess human performance and to aid in
placement of controls and panels.

In order to display the man-model on the CRT, the COMBIMAN
uses data from on-line disk files and from user supplied data
on anthropometric surface dimensions. The ability to make use
of user supplied anthropometric data permits the construction
of man-models of variable proprotions suitable to the partic-
ular needs of the user. To define the man-model, the program
CBMO5 (COMBIMAN program Version 5) requires values for the 12
anthrpometric variables to generate the 35 internal 1link
lengths. The user can either supply values for all 12 vari-
ables or supply values for one mass-related and one length-
related variable and 1let the program compute the other ten
variables using multiple regression equations. The user
supplied data may be (a) direct measures obtained from specific
subjects; or (b) percentile values chosen from COMBIMAN Anthro-
pometric Data Base. The latter option is generally the most
useful, as it limits the range of values for user supplied di-
mensions and eliminates unrealistic combinations of dimen-
sions. The program CBM05 may end abnormally when unrealistic

combinations of anthropometric dimensions are supplied.

The man-model can be positioned in a crew station by di-
rectly entering sets of rotational angles used to position the
links of the model, or with the PERFORM REACH ANALYSIS function
(see Paragraph 2.2.11) by specifying a point on the display.
The later method applies to reach involving the arms and incor-
porates automatic restrictions to mobility. The user may also
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initialize tne man-moael in the standard anthropometric seated
measuring posture (ERECT POSTURE), the SLUMPED POSTURE, which
is an erect posture positioned in a 13 degree seat back angle
and six degree seat pan angle, or a third posture (PRGM'D
POSTURE) interactively designed by the user.

Other information available to the user includes hard copy
plots of the aisplay, printed output showing the three dimen-
sional real world coorainates of the man-model and of the
panels of the crew station, and visibility plots, which give
the user information on the visual field of the crew station

basea on the eye position of the man-moadel.

1.4 THE COMBIMAN PROGRAMS

The COMBIMAN system 1is divided into five programs, the
main program being the interactive graphics program CBMOS5,
which allows the user to generate a variable size man-model and
to assess its interaction with new or existing crew stations.
Before the user can define the proportions of the man-model, or
call up crew stations and wvisibility contours for evaluation,
the files which store the anthropometric, crew station, and
visibility memper data must be created. This 1s done by using
three specialized file <creation/moaification programs, each
dealing with a particular type of data set: anthropometric,
crew station, or visibility member. Similar sets of commands
are used by each program to initialize the file, to add or
delete data, to write existing data groups to the printer, or
to punch data groups to cards. The data flow of the COMBIMAN
program 1s shown in Figure 5. Figure 5 also shows a fourth
file, the initialization data set, which contains data used to

construct the man-model and cannot be modified by the user.
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INITIALIZATION ANTHROPOMETRIC VISIBILITY CREW STATION
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COMO5 GRAPHIC
COMBIMAN DISPLAY
PROGRAM, KEYBOARD
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DATA LISTING
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PLOT
DATA
(OPTIONAL)

ACTIVITY
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Figure 5. Data Flow in the COMBIMAN Program.
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The following sections explain the operation of five key
programs of the COMBIMAN system, including the interactive
graphics program CBM05, the off-line plot program CBMOFF, and
three of the file manipulation programs which maintain the data
files used as input to CBMO0S5. The manipulation of the man-
model and crew station using CBMO5 1is straightforward. Sec-
tions 1 ana 2 of this guide provides a designer not skilleda in
computer programming with sutficient information to use CBM05
interactively. Due to the technical nature of the data and
operations described in Sections 3, 4, 5, and 6 some computer

skill is required to interpret and use these programs.

Section 2 describes the use of the program function keys
which may be activated by the user in program CBM05 to manipu-
late the man-model and to design and evaluate crew stations.
This section includes examples of optional as well as standard
output formats supplied by the program, and lists possible

error or information messages generated by the program.

Section 3 describes the COMBIMAN off-line plotting pro-
gram, CBMOFF. This program uses data generated by CBM05 to
produce plots of variable size, color, and content from the
three-aimensional c¢oordinate data. Input formats, plotting

options, and program output are explained in this section.

The program which creates and maintains the Data Base
containing the Anthropometric surveys, CBMAM, is documented in
Section 4. The types of stored data, the sources for such
data, and the formats for data input, sample output, and action
and error messages are discussed. The uses of, and formats
for, the commands or functions which manipulate the file as

well as the data are also described.
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The program which creates and maintains the Data Base
containing the geometric descriptions of crew station configu-
rations, CBMCM, is documented in Section 5. The program which
creates and maintains the Data Base of geometric descriptions
of crew stations for visibility plots, CBMVM, is documented in
Section 6. Data sources and formats for input, output, and
messages are also described for both programs. In addition,

these sections contain examples of Job Control cards to run
these programs.
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SECTION 2

1'HE COMBIMAN INTERACTIVE GRAPHICS PROGRAM
VERSION 5 - CBMO5

At the heart of the COMBIMAN system 1is the fifth version
of the COMBIMAN interactive graphics program CBM05. The program
uses an IBM 2250-3 Display Unit for designing and analyzing
crew station configurations. The user at the display device
controls the course of execution of program CBM0O5 using a
Program Function Keyboard, ,a 1light pen, and an alphanumeric
keyboard. Functions of the program are exXxecuted by depressing
lighted Program Function Keys. This section describes the
functions available to the COMBIMAN user, shows the output
these functions generate, and traces through suggested execu-
tion sequences to dgenerate the man-model, and to retrieve a

crew station.

2.1 INTRODUCTION

The graphics program CBMOS5 enables the designer to bring
together the information on anthropometry ana crew stations
stored on disk (see Sections 4 and 5) and to combine them with
the interactive qualities of the Cathode Ray Tube. This en-
ables one to evaluate real-life conditions, or to establish
design criteria for new situations in a fraction of the time it

would take using conventional methods.

For design and evaluation sequences, the 1l2-inch square
CRT screen 1is partitioned into Prompting, Information, and
Display areas (see Figure 6). The Prompting Area displays
messages indicating what the user should do next. This area is

also used to accept replies through alphanumeric keyboard when



PROMPTING AREA

INFORMATION AREA

10" x 10"

DISPLAY AREA

Format of IBM 2250-3 Display Unit.

The program adjusts the size of the
displayed image to fill the 10" x 10"
display area. Selecting a front view
may cause the man-model and crew station
to appear larger, but the coordinate
information remains unchanged.

3i2




reguestea. The Information Area displays the anthropometric
survey name, the crew station name, flight suit and helmet
types, seat type ana offset, mobility, and posture informa-
tion. The 1l0-inch square Display Area is used to display the
man-model, crew station and roll, pitch and yaw angles, if
different from zero. The three dimensional coordinates of the
reach point during Reach Analysis, the coordinates of the
current vertex during a panel design, and the visibility member
names during Visibility Plot Functions are also displayed 1in

the Display Area.

keplies to prompting messages are given through the Alpha-
numer ic Keypboard (ANKB), the Light Pen, or the Programmable
Function Keys (PFK). ©keplies given through ANKB are displayed
in tne Prompting Area below prompting message and are processed
by the program after simultaneously depressing the ALT CODING
key and the "5" key.l A 1light pen reply 1is given by aiming
the light pen beam at the desired response displayed on the

CRT, and uepressing the 1light pen barrel against the screen.

Figure 7 shows an IBM 2250-3 CRT in use. The user's left
hand is on the Program Function Keyboard, and his right hand 1is
using the light pen to identify a point on the screen. The
Alphanumeric Keyboard is shown below the CRT.

1In subsequent use in the text the simultaneous depression of
the "ALT-CODING" and "5" keys will be referred to as the
ALT-CODE/5 sequence. IBM refers to this sequence as EOB
"(End ot-Block). (IBM System Reference Library, Program
Numbers 360S-LM-537.)
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sl Available Functions

The functions which are available to users fall
into six basic categories, as shown in Figure 8. The first
category, the Anthropometry Related functions, enables the user
to retrieve data for a particular anthropometric survey from
the Anthropometric Data Base, specify values for the surface
dimensions of the man-model, and manipulate the geometry of the
model to achieve the desired man-model configuration. The Crew
Station-Related functions allow the user to retrieve existing
three-dimensional crew station configurations from the Crew
Station Data Base and then add to and modify the retrieved
configuration. These functions allow users to start from the
beginning of a design sequence and create a new crew station
configuration. The Display-Related functions allow users to
rotate and to magnify the contents of the display area. They
also enable users to identify objects within the Display Area,
or modify the contents by omitting or by including objects.
The user can evaluate the interaction of man-model with crew
station through the Man-Machine Interaction Related functions.
These functions provide users with a reach analysis routine and
change posture functions. The Printer/plotter Related func-
tions supply users with hardcopy output of the configuration of
either the man-model or the c¢rew station. The program dgen-
erates plot output as soon as a plot function is activated, but
the printed output occurs only at the end of the run. The
final category, the Program EXecution Related functions, per-
mits the user to restart the program, or to end it. It also
enables the user to set State Switches which either suppress or

activate additional processing or printing.
A standard feature of the program is a listing of

all actions taken by the user. This listing is a sequence of
messages printed at the termination of the program CBMO0S5.
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Zalsd Requirements

At the Wright-Patterson Air Force Base, AFAMRL
HESS facility, the program CBM0O5 runs on an IBM 370/155 Operat-
ing System Computer using an IBM 2250-3 graphics display ter-
minal with light pen, alphanumeric keyboard, and program func-
tion keyboard, and an on-line Gould 5000 potter. The program
requires 550K bytes computer memory and a minimum of 20K bytes
graphics buffer control area. The Initialization, Anthropo-
metric, Crew Station and Visibility Data Bases reside on a disk
drive in a direct access format. The space requirement for
each data base depends on the number of members and their com-
plexities. IBM System/360 Operating System Graphic Subroutine
Package (GSP) for FORTRAN IV is used to create displays on the
CRT. Gould 4800/5000 IBM System/360/370 Plot package is used
for on-line plotting.

Other requirements for specific functions are de-
scribed in the appropriate paragraphs which follow.

2,2 AVAILABLE PROCESSING

Functions of Program CBM05 are requested by means of the
Program Function Keyboard. This keyboard consists of 32 keys,
numbered 0 to 31, whose functions are assigned by program
CBMO5. When a function is enabled, the appropriate button on
the PFK will be 1lighted. The primary functions for Program
CBM0OS5 are shown on the PFK Overlay Mask in Figure 9. The
circles in Figure 9 represent the PFKs. Their .numbers are
shown above and to the left of each circle. The numbers within
the circles represent the subsections where the functions are
described. For example, PFKO contains a "1" within the circle

and is described in Paragraph 2.2.1. A function is requested

by a single, momentary depression of the corresponding PFK.
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Figure 9. Program Function Keyboard (PFK) Overlay for
Program CBM0S5.
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Once the program is loaded (for instructions on loading,
see Paragraph 2.3.1) the prompting area of the screen will
display the message "DEPRESS PFK4 TO SELECT ANTH DATA". The
first sequence of steps the user follows should utilize Anthro-
pometry Related functions to generate the man-model. The
mandatory sequence is shown in Figure 10. The number in each

block refers to the paragraph which describes the function.

After the man-model is generated and displayed on the CRT,
the user may choose to manipulate the man-model using the
Display-Related functions, or may retrieve or develop a crew
station using the Crew Station Related functions. (Shoula be
selected before deleting panels.) The Program Execution Relat-
ed functions (see Figure 8) are always enabled and may be

depressed at any time during the execution of CBMO05.

The following paragraphs describe the processing performed

by each function as numbered in Figure 9.

39




START
CBMDS

DE PRESS

DEPRESS PFKD
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DEPRESS
PFK

Figure 10.

NEXT SEQOUENCE
MANIPULATE MODEL
OR RETRIEVE CREW STATION

Function Sequence for Generating the

Man-Model.



252,01 CHANGE VIEW Function (PFKO0)

The CHANGE VIEW function allows users to rotate
the man-model and the crew station in the display area of the

screen as shown in Figure 6.

Once this function key is selected, the program
prompts the user to select either a new view-plane for the
display area, or to define a new off-axis orientation of the
man-model ana crew station. To change the view-plane, the user
responds to the message "L.P. VIEW CHANGE" by 1light penning
"XY" for a top view, "XZ" for a side view, or "YZ" for a front
view of the man-model and crew station. Then the program
regenerates the aisplay in the new view-plane. Figures 11, 12,
and 13 show the display of COMBIMAN in the A7E-01 cockpit in
the XY (top), XZ (side), ana YZ (front) view-planes respec-
tively.

If the user responds to the message "L.P. VIEW
CHANGE" by light penning "OFF-AXIS" in the upper-right corner
of the screen, the program prompts users to enter the new
roll, pitch, and yaw angles. Angles are specified from the
ANKB in degrees by typing the value and following the ALT-
CODE/S sequence. The default value, 0 degree for these angles,
is entered by simply depressing the ALT-CODE/5 sequence. The
following sequence of replies rotates the man-model and crew
station of Figure 12 to ROLL = 10 degree, PITCH = 0 degree, and

yaw = -15 degree.
10 (Change ROLL to 10 degree)
ALT-CODE/5 (Enter ROLL = +10 degree)
ALT-CODE/5 (Enter PITCH = 0 degree)
-15 (Change YAW to -15 degree)
ALT-CODE/5 (Enter YAW = -15 degree)

Once the ALT-CODE/5 sequence for the YAW angle is
enterea, the display will be rotated.




DEPRESS PFK TO SELECT A FUNCTION

REGRESS:Rb61 USAF SURVEY: b1 USAF CRST: AJE-O1V
FLIGHT SUIT: NONE HELHET TYPE: NONE POSTURE HMOBILITY
SEAT TYPE: HARD OFF({ 0.0 0.0 0.0 ) SLUMPED ARM
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Figure 11. Top View (X-Y Plane) of the Man-Model and
a Crew Station.
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DEPRESS PFek TO SELECT A FUNCTION

REGRESS Rb1 USAF SURVEY: &1 USAF CRST: AJE-O1
FLIGHT SUIT NONE HELMET TYPE: NONE POSTURE HMOBILITY
SEAT TYPE HARD OFF¢ ©.0 0.0 0.0 ) SLUMPED ARH

Figure 12. Side View (X-Z Plane) of the Man-Model
and a Crew Station.
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DEPRESS PFE TO SELECT A FUNCTION

REGRESS:Rb7 USAF SURVEY: 61 USAF CRST: AJE-01
FLIGHT SULT: NONE HELMET TYPE: NONE POSTURE HMOBILITY
SEAT TYPE HARD OFF( ©0.0 0.0 0.0 ) SLUHPED ARH

Figure 13. Front View (Y-Z Plane) of the Man-Model
and a Crew Station.
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2.2.2 IDENTIFY OBJECT Function (PFK1)

The IDENTIFY OBJECT function displays identifying
intormation in the Information Area of the CRT for any object
(man-model skeletal link or crew station panel) chosen by the
user. After daepressing PFKl, the message "LIGHT-PEN OBJECT"
appears in the Prompting Area of the CKT. The user must then
light-pen the object to be identifiea.

The following three pieces of information for the
light-penned object are displayed in the Information Area:

1) The internal reference number of the object,

2) Reference coordinates for that object, ana
3) The 8-character name of the object.

The internal reference number is a unique integer, assigned by
the program, which identifies each link or panel. The refer-
ence coordinates for the object are the X, Y, and Z coordinates
of the distal end point for man-model link or the X, Y, and Z
coordinates of the first vertex (as defined in Crew Station
Data Base - see Section 5) for selected panel. The 8-character
name of the object is either the link name (see Table 3) or the
name of the panel as it exists in the Crew Station Data Base.
Figure 14 shows the result of an IDENTIFY OBJECT function
performed on the HUD (heads up display) in the A7E-01 crew
station. The information displayed in the Information Area of
the CRT,

62 22.09 3.74 32.26 HUDSCRN
indicates that its internal reference number is 62, the coordi-

nates of its first vertex are X = 22.09, Y = 3.74, and Z =
32.26, and its name is HUDSCRN.
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b2 22.0% 3.74 32.26 HUDSCRN
REGRESS :Rb7 USAF SURVEY: b1 USAF CRST: ATE-O1
FLIGHT SUIT: NONE HELHET TYPE: NONE POSTURE HMOBILITY
SEAT TYPE: HARD QFF( ©.0 0.0 0.0 ) SLUMPED ARH

0.0, =15,0, 15.0)

Figure 14. The IDENTIFY OBJECT Function Performed on the
HUDSCRN (Heads Up Display) of the A7E-01 Crew
Station.

46



The message "CBM01l0I IDENTIFIED link/panel name"

along with distal end coordinates of the identified 1link or

coordinates ot all vertices of the identified panel are printed

on the message unit.
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2.2+3 OMIT OBJECT Function (PFK2)

The OMIT OBJECT function temporarily removes a
crew station panel or a man-model segment from the display.

This function is used to "de-clutter" the display.

On depressing PFK2, the message "LIGHT-PEN OBJECT"
appears in the Prompting Area of the CRT. The user must then
light-pen the object to be omitted. The program then displays
the internal reference number of the object, the X, Y, and 2
coorainates of the distal-end point of the selected man-model
link or the X, Y, and Z coordinates of the first vertex of the
selected panel, and the 8-character name of the object in the
Information Area of the CRT. The internal reference number of
the object is a unique integer, assigned by the program, which
identifies each link and panel. It is the same number that the
IDENTIFY OBJECT function displays and must be supplied by the
user it the INCLUDE OBJECT function (see Paragraph 2.2.4) 1is
used to redisplay the omitted object. The user may write down
these numbers for future reference. Any omitted object can be
redisplayed by supplying its internal reference number while
performing INCLUDE OBJECT function. Also, all omitted objects
are redisplayed whenever the man-model and crew station are
regenerated (e.g. during a CHANGE VIEW function or a function
whicn involves use of the cross symbol). Figure 15 shows the
messade created by OMIT OBJECT function when heads up display
screen (HUDSCRN) of A7E-01 crew station is 1light-penned and
Figure l6 shows the display with the HUDSCRN omitted. Note
that the message generated by OMIT OBJECT function on CRT
display is identical to that of IDENTIFY OBJECT function.

The message "CBMOllI OMITTED link/panel name" and
distal end coordinates of the omitted link or coordinates of

all vertices of the omitted panel are printed on the message

unit.
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FLIGHT SUIT NONE
SEAT TYPE HARD

Figure 15.

b2 22.09 1.74 32.26 HUDSCRN
REGRESS Rb7 USAF SURVEY: b1 USAF CRST: ATE-O1
HELMET TYPE: NONE POSTURE MOBILITY
OFF( ©.0 0.0 0.0 ) SLUMPED ARM

The OMIT OBJECT Function Performed on
the HUDSCRN (Heads Up Display) of the
A7E-01 Crew Station (Name of Light
Penned Object is Displayed).
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DEPRESS PFK TO SELECT A FUNCTION

REGRESS ' Rb61 USAF SURVEY: b1 USAF CRST:. AIE-O1
FLIGHT SUIT: NONE HELHET TYPE: NONE POSTURE MOBILITY
SEAT TYPE HARD QFfF{ 0.0 0.0 0.0 ) SLUMPED ARM

0.0, =15.0, 15.0)

Figure 16. The OMIT OBJECT Function Performed on
the HUDSCRN (Heads Up Display) of the
A7E-01 Crew Station.
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2.2.4 INCLUDE OBJECT Function (PFK3)

The INCLUDE OBJECT function redisplays an object
that was removed from display screen by OMIT OBJECT function.
After depressing PFK3, the message "ENTER OBJECT NUMBER"
appears in the Prompting Area of the CRT. The number is entered
through ANKB followed by ALT-CODE/5 sequence. The only valid
entries for this function are internal reference numbers of
man-model skeletal links or crew station panels which have pre-
viously been deleted by OMIT OBJECT function. The program will
keep prompting for a valid internal key number until the user
supplies one or enters the ALT-CODE/5 sequence to ignore the
function and return to the main program. There are no other
messages associated with this function. Depressing PFK3 and
entering key number 62 (HUDSCRN reference number) for the
INCLUDE OBJECT function with Figure 16 would cause the heaads up
display screen to reappear in its original position in the crew
station. The man-model and crew station display will once

again look like that of Figure 15.
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232D RETRIEVE ANTHROPOMETRY Function (PFK4)

This function is the first step in defining the
size of the man-model. The user is first prompted to light-pen
the name of a "regression member” from the Anthropometric Data
Base. (A detailed explanation ot regression and survey members
is given in Section 4.) Regression membernames are displayed
in the column headed "REGRESSION MEMBER", as shown in Figure
17. To choose the 1967 Survey of the USAF Flying Personnel,
the user must light-pen R67 USAF; and to choose the 1970 Survey
of U.S. Army Aviators the user must light-pen R70 ARMY*. Once

a membername is 1light-penned, the message "MEMBER membername

ACCEPTED" is displayed in the information area of the screen.

After the regression data are retrieved from the
Data Base, the user must light-pen a Survey member name dis-
played on the CRT which corresponds to the selected regression
displayed 1in the column headed "SURVEY MEMBER", as shown 1in
Figure 18. (For each regression member only one survey member
is supplied 1in this version.) While the message "MEMBER
membername ACCEPTED" is displayed in the Information Area, the
means, standard deviations, and percentiles for the anthropo-

metric dimensions are retrieved from the Data Base.

The message "DEPRESS PFK 12 OR 13" then appears
in the Prompting Area of the CRT. Here the user selects the
anthropometric surface dimensions or internal 1link 1lengths
vital to the generation of the man-model. The sequence of
steps associated with these function keys is described in Para-
graphs 2.2.12 and 2.2.13.

*NOTE: Other sets of survey data will be available in future
updates of COMBIMAN or the user may create new members
using the COMBIMAN Anthropometric Data Base Maintenance
program (CBMAM) .
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L.P. REGRESSION HEMBER

REGRESSION HEMBER

R4 USAF
RS AFNM

Re8 AFWF
R0 ARMY
Red NAVY

Figure 17. Table of Available Regression Member
Names - One Member Must Be Selected
by Light Penning.
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L.P. SURVEY NAHE

HEHBER Rb1 USAF ACCEPTED

SURVEY HEHBER

b1 USAF

Figure 18. Table of Survey Member Name (for Regression
Member R&7 USAF) One Member Must Be Selected
by Light Penning.
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While the computations using the anthropometric
aata are in progress, the message "HUMAN ASSEMBLY" is displayed
in the Information Area of the CRT. After this, the informa-
tion 1is assembled for display and the message "CREATING
DISPLAY" is displayed in the Information Area and the new man-

model (and crew station if one was previously cued) appears on
the screen.
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2.2.6 RETRIEVE CREW STATION Function (PFK5)

The RETRIEVE CREW STATION function allows the
user to retrieve a crew station from the Crew Station Data
Base. After PFK5 is depressed, the user is prompted to light-

pen a crew station. The crew station membernames are shown in

Figure 19. The crew stations without seats are listed in the
first column, and the seats are listed in the second column.
The third column contains "*ERASE*" and "*NONE*", If a crew
station name is light-penned without erasing the previous crew
station, both crew stations are superimposed in the display.
It "*NONE*" is light-penned, the RETRIEVE CREW STATION function

is cancelleaq.

In order to erase all existing crew stations
from the display area, depress PFK5 and light-pen "*ERASE*" and
"*NONE*" in that order. When intentionally superimposing two
or more crew stations, 1f the total number of panels exceeds
250, an overflow condition exists, and the message "TOO MANY
PANELS/VERTICES * RETRY" appears in the Prompting Area of the

CRT. The program then redisplays the crew station membernames

as shown in Figure 20. The user may light-pen "*NONE*" to

cancel the last entry and relieve the overflow condition.
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L.P. CREW STATION

CREW STATION MEMBER

YAHLACPG AT--SEAT SERASES
PaAvLO A1O-SEAT
c1lo/PLC Bt--SEAT
C130/NAV SAC-SEAT
F-1bA YAH-SEAT
AJE-OF

Un/ N

B1-NAVO

CH-53

1314

SACL(40)

A-10A

YAHLAPG

SNONE s

Figure 19. Table of Available Crew Station Membernames.
Only A7E-01 is included in the Crew Station
Data Base released with the COMBIMAN system.
The user must add other crew stations.
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L.P. CREW STATION
TOD HMANY PANELS/ VERTICES sRETRY

CREW STATION HEHBER

YAHL4CPG A--SEAT SERASES
PAVLO A1O-SEAT
C136/P8C B1--SEAT
C130/NAV SAC-SEAT
F-1b4 YAH-SEAT
AJE-O1

UH/ N

B1-NAVOI

CH-5%

DESK

SACL(40)

A-10A

YAWLAPG

SNONE»

Figure 20. Table of Available Crew Station Member Name
Displayed When the Total Number of Panels
Exceeds 250.
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2 o2l VISIBILITY PLOT Function (PFK6)

The VISIBILITY PLOT function plots a map of vis-
ual azimuth and elevation line-of-sight angles to crew station
components in the Visibility Data Base, as defined in MIL-STD-
850, Rectilinear Plot. However, the plot of visual angles re-
flects the current orientation of the man-model within the crew
station and the way the crew members would see the crew sta-
tion from their viewpoint. After depressing PFK6 the message
"ENTER EYE LOCATION (LINK NUMBER)" appears in the Prompting
Area of the CRT. The user must select, as illustrated in Fig-
ure 21, the reference eye point to be used for the plot by en-
tering "8" for Mid-Eye, "9" for Right Eye, or "10" for Left Eye
using the ANKB and following the ALT-CODE/S5 sequence. Now the
available visibility members are displayed in a column under
the heading "VISIBILITY MEMBER" as shown in Figure 22. The
user then light pens the desired visibility member and the mes-
sage "PLOTTING" is displayed in the Information Area of the CRT
and the plot is generated on the GOULD plotter. The routine
which performs this plotting uses the coordinates which define
the vector from the mid-head position to mid-eye position (link
8) to calculate the angular orientation of the head from the
horizontal and vertical directions. If the man-model is facing
forward and looking straight ahead, the orientation of his head

would be 0 degree from horizontal and 0 degree from vertical.

Figure 23 shows a sample visibility plot of a
canopy clearline for a single seat aircraft. For this example,
we chose the man-model to be 50th percentile weight and sitting
height from the 1967 USAF Survey, seated erect, and looking
straight ahead.
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ENTER EYE | ON (LINKE NUMBER)

FEGRESS KLY USAF SURVEY b7 USAF CRST: AJE-0O1

FLIGHT SUIT

SEAT TYPE HARD

Figure 21.

VISIBILITY PLOT Function.
Location Link Number.
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NONE HELMET TYPE: NONE POSTURE MOBILITY
OFF{. 0.0 0.0 0.0 ) SLUMPED

0.0,

ARH
-15.0, 15.0)

Enter Eye



L.P. VISIBILITY HMEMBER

REGRESS Re7 USAF SURVEY &1 USAF
FLIGHT SUIT NONE HELMET TYPE ( POSTURE HOBILITY
SEAT TYPE HARD QFF { 0.0 9.0 0.0 SLUMPED ARH

VISIBILITY HMEMBER

C-TRAINZ
C-TRAIN
BOX
A=10A
YAHBUPG
SACR
SACL
ATE-01
Bi-NAVOI

Figure 22. VISIBILITY PLOT Function. Select Visibility
Member.
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The four ellipses superimposed on the plot define
the limits of various visual fields. The innermost field, de-
fined with letter S, is the field of stereovision, which is the
field visible to both eyes simultaneously. The field defined
with letter F, is the field of fixation, the region the eyes

can see directly without turning the head. The field defined
with letter P, is the field of peripheral vision with the eyes
caged with respect to the head. The outermost field, defined

with letter M, is the maximum peripheral vision 1limits for
extreme eye deviations. The symbol "O" is the aim point of the
head (and eyes if the eyes are caged forward with respect to
the head). The vision limits are generated with respect to the
angle of sight from the Mid-Eye point (end point of link 8).

In addition to generating a hard copy plot, if
state switch 20 is set "ON" (see Table 4) the routine also cal-
culates and prints a listing of the three dimensional coordi-
nate of the objects plotted in five degree azimuth increments
from -180 degrees from horizontal line of sight to +180 degrees
for each panel and/or contour in the visibility member. This
listing is a handy reference to the crew station drawings. The
coordinates are given in the original user-supplied system of
coordinates rather than the Neutral Seat Reference Point (NSRP)
system of coordinates used elsewhere (see Paragraph 5.3.2.1).
The listing also gives the coordinates of the eye location of
the man-model. Figure 24 shows a part of the coordinate data
for the plot in Figure 23,
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CUML5 —--- LLMBIMAN PRCURAM, VER. 5 5/ 1/81 S. la.21 PAGE 2

VISIBILITY MEMBER NAME: ATE-Ol
vt LLCATICN IN 3RP SYSTEM (  4.l4, 0.0 4 31l.28)

LINE=UF=SluFT LN CEGREES { Uy [°R]

VISTEGILLTY PLLT 0ATA FurR CUNTOULR: wINDSCREEN, FONT TOP

LINE-UF=S1GhT AANGLES ORIGINAL CUQRULNATES
FLRIZ. VERT. A K 9]

S et § 227.630 -5.840 1254359
7 -5 223.76C -5.510 123.240
il -11 220.5%80 -5e%cy 121.570
6 -12 2134930 -5.190 120.5%0
5 -13 215.79C -4.0870 118.7¢0
5 -l4 2134140 -4,2170 117,350
4 =14 211.09¢ -3.020 llo.164
%) -14 20G9.140 -2.810 115.840
0 -l4 209. 140 c.0 115.840
-3 -la 20G.140 2.810 11l 5.04y
-4 -1l4 211.09¢C 3.620 llo. 100
=15 -1l4 213. 140 4.270 117.350
=15 b % 215.79¢C 4.800 llo. 700
=€ -12 218.930 5.190 120.550
=7 -11 220. G8C 54460 121.570
et -S 2234760 S.510 123,240
-5 -7 227.630 5eB4y 125.350
-5 =€ 230.000 5.780 1264650
-9 -4 232.120 5.68U 127.340
-10 -2 2344440 S.410 129.030
-S < 237.310 4.700 130.590
-G 3 235.410 4.050 131.730
-7 5 241.090 2.920 132.860
-5 7 242.12C 2.000 133.410
0 7 242.120 J.90 133.,«10
5 7 242.120 -2.000 133.410
7 5 241.090 —-2.920 132.86060
S 3 239.410 -4.,050 131.730
< c 237.310 -4,700 130.55Q
10 -2 2344440 -5.410 129.010
S -4 232.129 -5.680 1247.840
S -t 230,000 -5.730 1260650

Figure 24. Canopy Outline Coordinates in ABireraft
System.
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2 .28 OFF-LINE PLOT COMBIMAN Function (PFK7)

The OFF-LINE PLOT COMBIMAN function saves the
coordinate data of the man-model and crew station currently
displayed for later use to generate an off-line plot. The
prompting and informational messages for this function and the
necessary replies are identical to those for the ON-LINE PLOT
COMBIMAN function described in Paragraph 2.2.9.

After depressing the OFF-LINE PLOT function key
(PFK7) the message "PERSPEC€TIVE PLOT? ENTER Y/N" is displayed
in the Prompting Area shown in see Figure 25. Here the user
has the option to select a perspective or nonperspective plot.
A perspective plot shows the man-model and crew station with
infinite perspective (as displayed on the CRT). Nonperspective
plot does not show any perspective. The user nust type "Y" or
"YES" for a perspective plot, or "N" or "NO" for a nonperspec-
tive plot wusing the ANKB, and must perform the ALT-CODE/S
sequence.

The program then displays the message "ENTER PLOT
SCALE FACTOR" in the Prompting Area of the CRT. For a perspec-
tive plot, a scale factor of 1.0 produces a 10 x 10 inch plot
identical to the size of the Display Area on the CRT. For a
nonperspective plot, the scale factor is applied to full-scale
data. The user must consider the size restrictions of the
available plotter when specifying the scale factor. For ex-
ample, a 1.0 scale perspective plot is about the same size as a

0.10 scale nonperspective plot.

To enter the scale factor, the decimal value is
typed using the ANKB as shown in Figure 26 and is followed by
the ALT-CODE/5 sequence. When a valid scale factor (greater
than 0.0) is entered, the message "PLOTTING" appears in the
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RSPECTIVE PLOT? ENTER Y/N
¥

REGRESS:Rb1 USAF SURVEY: b7 USAF CRST: ATE-O01
FLIGHT SUIT: NONE HELMET TYPE: NONE POSTURE MOBILITY
SEAT TYPE: HARD OFF{ 0.0 0.0 0.0 ) SLUMPED ARH

o.°| -15-0'

Figure 25. The Message and a Response for the COMBIMAN
PLOT Function.
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ENTER PLOT SCALE FACTOR
15,

REGRESS :Rb) USAF SURVEY: b1 USAF CRST: AIE-O1
FLIGHT SulIlT NONE HELHET TYPE: NONE POSTURE HOBILITY
SEAT TYPE HARD OFF( ©.0 0.0 0.0 ) SLUNPED ARH

Figure 26. ON-LINE PLOT Function. Enter Plot Scale Factor.
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Information Area of the CRT as shown in Fiqure 27 and the data
are written to a disk file for later use as described in Sec-

tion 3.
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PLOTTING

VIEW
Xy 2 v2

REGRESS :RbY USAF SURVEY: b1 USAF CRST: ATE-0O1
FLIGHT SUIT: NONE HELMET TYPE: NONE POSTURE MOBILITY |OFF-AXIS
SEAT TYPE HARD OFF( 0.0 0.0 0.0 ) SLUMPED ARH

0.0, =15.0. 15.0)

Figure 27. ON-LINE PLOT Function. Message "PLOTTING"
Displayed When Plotting is Done on the GOULD
Plotter.
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2 w9 ON-LINE PLOT COMBIMAN Function (PFK8)

The ON-LINE PLOT COMBIMAN function generates on-
line plots of the man-model and crew station configuration cur-
rently shown in the Display Area of the screen. After depress-
ing the ON-LINE PLOT function key (PFK8), the user has the op-

tion of selecting a perspective or a nonperspective plot (see

Paragraph 2.2.8). The program displays the message
"PERSPECTIVE PLOT? ENTER Y/N" in the Prompting Area of the
CRT. The wuser must respond "Y" or "YES" for a perspective

plot, or "N" or "NO" for a nonperspective plot, from the ANKB
(see Figure 25).

The program then displays the message "ENTER PLOT
SCALE FACTOR" in the Prompting Area of the CRT (see Paragraph
2.2.8). To enter the scale factor, the decimal value is typed
using the ANKB and is followed by the ALT-CODE/5 sequence (see
Figure 26). When a valid scale factor (greater than 0.0) 1is
entered the program displays the message "PLOTTING" in the In-
formation Area of the CRT (see Figure 27), and a hard copy plot
is generated. Note that the scale factor is applied to the
display image size for perspective plots, and to the full scale
coordinates for nonperspective plots. A sample on-line per-
spective plot is shown in Figure 28.
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A Sample Perspective On-Line Plot.
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2.2.10 PRINT DATA Function (PFK9)

The PRINT DATA function prints man-model and crew
station aqata. The man-model data consist of, for each 1link,
the X, Y, and Z coordinates of the distal end of each link, the

transformation angles for each link, and the enfleshment semi-
axes lengths.

Data for the displayed crew station panels con-
sist of the name, type, and X, Y, and Z coordinates of all the
vertices. The coordinates of each control on the displayed
crew station together with its name and name of the panel it is
located on, if any, are also printed. An example of the output

generated by the PRINT DATA function is shown in Figure 29.
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Z.2,.L1 PERFORM REACH ANALYSIS Function (PFK11)

The PERFORM REACH ANALYSIS function causes the

man-model to attempt an arm reach to a selected point in space.

First, the program prompts the user to light-pen
REACH MOBILITY: ARM, LAP, or SHOULDER as shown in Figure 30.
ARM mobility allows only arm movement while the shoulder and
torso remain fixed. LAP mobility allows arm, shoulder, and
torso movement. SHOULDER mobility allows arm and shoulder
movement while the torso remains fixed. After the reach mobil-
ity has been selected the program prompts the user to light-pen
the REACH TYPE (see Figure 31). There are two reach types,
right arm (RARM) and left arm (LARM). After the reach type has
been selected, the program prompts the user to light-pen the
EXTENT OF REACH. There are three choices: grip center
(GRIPCTR) which indicates a grasping motion such as for a con-
trol stick, functional (FUNCTRCH) which indicates a pinching
motion such as for turning a knob, and finger tip (FNGRTP)
which indicates a touching motion, such as for a push button
(see Figure 32). Figure (1) shows the relative locations of
these points on the hand. The shape of the hand on the man-
model remains the same regardless of which grip type is select-
ed. Once the extent of reach type has been selected, the pro-
gram displays the man-model/crew station configuration in the
X-Z plane (side view) in a nonperspective view (see Paragraph
2.2.8). The program then pompts the user to position the cross
symbol ("+") at the point to be reached within the display
area. The program uses a slewable "+" to locate and designate
the 3-D coordinates of points of interest on the displayed
image.
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REACH ANALYSIS L.P HOBILITY

ARH LAP SHOULDER
REGRESS R USAF SURVEY: 61 USAF CRST ATE-O1

FLIGHT SuUlLT NONE HELHET TYPE: NONE POSTURE MOBILITY
SEAT TYPE HARD QFF( 0.0 0.0 0.0 ) SLUMPED ARH

Figure 30. PERFORM REACH ANALYSIS Function.
First message "L.P. MOBILITY".
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REACH AMALYSIS

RARH LARH
REGRESS :Rb7 USAF SURVEY: b1 USAF CRST: AJE-O1

FLIGHT SUIT: NONE HELHET TYPE: NONE POSTURE MOBILITY
SEAT TYPE HARD OFF( ©.0 0.0 0.0 ) SLUHPED LAP

Figure 31. PERFORM REACH ANALYSIS Function Light Pen
Reach Type.
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REACH ANALYSIS

GRIPCTR FNCTRCH FNGRTP LARM

REGRESS ' RL) USAF SURVEY:b1 USAF CRST: AJE-O1
FLIGHT SUIT: NONE HELHET TYPE: NONE POSTURE HMOBILITY
SEAT TYPE: HARD QFF( 0.0 0.0 0.0 ) SLUMPED LAP

Figure 32. PERFORM REACH ANALYSIS Function Light Pen
Extent of Reach.




2.2.11.1 Positioning the Cross Symbol "+"

Initially, the program displays a cross
symbol ("+") at the seat reference point (SRP) as shown in Fig-
ure 33. The user must first position the "+" in the X-Z plane
(side view) to define the X and Z coordinates, and then in the
Y-Z2 plane (front view) to define the Y-coordinate of the reach
point. Note that the Z-coordinate can be redefined while posi-
tioning the cross in the Y-Z plane. Figqures 34 and 35 show the
man-model in X-Z and Y-2Z planes respectively with the "+" at a
point to be reached on the instrument panel. The "+" 1is pre-
cisely positioned on a point using the Program Function Key-

board as described in the following paragraphs.

The PFKs are temporarily redefined as
shown in Figure 36. The direction and magnitude of movement of
"+" on the screen when these PFKs are depressed are indicated
inside the circles representing the PFKs in the figure. By
selecting the proper PFK, the "+" can be moved up, down, left,
right, or combinations of these, at two different speeds. For
example, depressing PFK7 causes the "+" to move up and right in
one 1inch increments at a rate of approximately 25 steps per

second.

Once in motion, the direction and/or
magnitude of movement of the cross can be changed simply by
depressing another directional PFK. The motion may be stopped
by depressing the STOP/RECORD key (PFK12) once, or depressing
the SINGLE STEP ON key (PFK26). After depressing the STOP key,
motion can be continued by selecting any other key. As soon as
the cross is near the desired point, depress the SINGLE STEP ON
key (PFK26). This stops automatic motion of the cross, allows
the cross to be moved in single steps of 0.1 or 1.0 inch each

time a directional key is depressed. In this way, the cross
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REACH ANALYSIS

POSITION REACH POINT LARH
REGRESS R4) USAF SURVEY: b1 USAF  CRST: AJE-O1 FNGRTP
FLIGHT SUIT: NONE HELMET TYPE: NONE POSTURE MOBIL\Ty |OFF-AXIS
SECAT TYPE HARD OFF ( 0.0 0.0

REACH POINT
Y

0.0 ) SLUNPED LAP

Figure 33. Positioning Cross Symbol "+" Initially the
Cross Symbol is Displayed at the SRP.
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REACH ANALYSIS

POSITION REACH POINT LARH
REGRESS:R&T USAF SURVEY: b1 USAF CRST: ATE-O1 FNGRTP
FLIGHT SUIT: NONE HELMET TYPE: NONE POSTURE MOBIL1TY [OFF-AXIS
SEAT TYPE: HARD CFF( 0.0 0.0 0.0 ) SLUMPED LAP

REACH POINT 3 RPY( 0.0, -15.0, 15.0)
Y

X
24.70 6.0 21.00

Figure 34. Side View (X-Z Plane) - the "+" Symbol
Locates the Reach Point. The X and 2
Coordinates are Defined in this View
Note the Coordinates Displayed in the
Upper-Left Hand Display Area.
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REACH ANALYSIS
POSITION REACH POINT Ly
REGRESS Rb1 USAF SURVEY: b7 USAF  CRST: AIE-01 FNGRTP
FLIGHT SUIT: NONE HELMET TYPE: NONE POSTURE MOBILITY
SEAT TYPE HARD OFF ( 0.0 0.0 0.0 ) SLUHPED LAP
REACH POINT

24 .70

Figure 35. Front View (Y-Z Plane). The "Cross" Symbol
is Used to Define the Y Coordinate. The 2
Coordinate May Also be Redefined in this View.
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Figure 36.
the "+" Symbol.

Redefined Program FUNCTION Keys for Positioning




may be positioned precisely by (1) monitoring the position of
the cross relative to the displayed image, or (2) monitoring
the X, Y, Z Coordinate Readout (see Figure 34) which appears 1in
the upper-left part of the Display Area when this function 1is
in progress. This latter method is to be used when the coordi-
nates of the point are known. Note that these coordinates are
in the Seat Reference Point coordinate system. Also note that
this is different from the NSRP (Neutral Seat Reference Point)
coordinate system used to displace the seat in the SEAT ADJUST

tunction.

To locate and enter a 3-D coordinate

set proceed as follows:

° When the "+" is to be used to locate a point, the
aisplay automatically transitions to a side view (X2
plane).

® Move the cross to the desired location in the side

view by the method described above.

e Depress the STOP/RECORD key (PFKl2) twice in succes-
sion to enter the X coordiante.

° The display automatically transitions to a front view
(YZ plane).

° Use the left or right direction keys to position the
cross in the Y direction.

NOTE: If the cross is moved up or daown, the Z coordinate is

redefined.

° Depress the STOP/RECORD key (PFK1l2) twice in succes-
sion to enter the Y and Z coordinates.

o The display automatically transitions to the orienta-

tion in use at the time the PERFORM REACH function
was activated.
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Now the PFKs are reset to their origi-
nal definition and the man-model begins to reach toward the
specified point in three to six discrete steps. When the reach
is successful, "REACH SUCCESSFUL" is displayed in the Informa-
tion Area of the display as shown in Figure 37. If the man-
model could not reach the point, the message "MISS DISTANCE"
and the miss distance value in inches are displayed in the
Information Area of the CRT display as shown in Figure 38.

2.2.11.2 Post Reach Processing

Following the reach, the user must
light-pen the response "YES" or "NO" displayed below the
prompting message "PRINT REACH DATA? L.P. YES OR NO" (see
Figures 37 or 38). If the user's response is "YES", a summary
of the reach analysis as shown in Figure 39 1is printed out.
There will be no printed output if the user light pens "NO".

The message "CONTINUE REACH? L.P. YES
OR NO" 1is then displayed in the Prompting Area of the CRT
screen. If the user wants to continue the reach analysis with
the same arm or have a two arm reach, the light-pen response
must be "YES". In this case the program restarts the reach
routine and prompts the user to light-pen the reach type (see
Paragraph 2.2.11). If the user desires a two arm reach, "LARM"
must be light-penned if the first choice was "RARM" and vice
versa. When a two arm reach is executed, the first reach de-
termines the position of the shoulder and trunk. The reach by
the other arm is an "ARM ONLY" type of reach, with no shoulder
or trunk movement. If the user light-pens "NO" the program
progresses to display the next message "RESET POSTURE? L. P.
YES OR NO". If the user light-pens "YES" the program resets
the man-model to the posture before the reach attempt. TIf the
user light-pens "NO" the man-model remains in the reaching
posture. At this point the reach routine returns control to
the main program.
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REACH ANALYSIES

: YES
REGRESS: R4 USAF SURVEY: 41 USAF CRST: AlE-0O1 SUCCESSFUL

FLIGHT SUIT: NONE - HELHET TYPE: NONE POSTURE HOBILITY
SEAT TYPE HARD QFF( 0.0 6.6 6.0) SLUNPED LAP

L REdcnyPDINT 2 0.6y -=15.0 15.0)
24.7%0 %.00 21.00

Figure 37. REACH SUCCESSFUL is Displayed after the
Reach is Successfully Performed.
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PRINT REACH DATA? L.P, YES OR NO

YES NO MISS DISTANCE
REGRESS :Rb1 USAF SURVEY: b1 USAF CRST: AIE-0O1 5.28

FLIGHT SUIT: NONE HELHMET TYPE: NONE POSTURE MOBILITY
SEAT TYPE HARD OFF({ 0.0 0.0 0.0 ) SLUMPED LLL

REACH PODINT RPY( 0.0, =«15.,0, 15.0)
| Y
10.20 10.00

Figure 38. MISS DISTANCE is Displayed if the Man-
Model Could Not Reach the Point.
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2.2.12 INPUT 12 ANTHROPOMETRIC DIMENSIONS Function
(PFK12)

This 1is one of two methods to define the bodysize
of the man-model. The other method is described in Paragraph
252513 Tne INPUT 12 ANTHROPOMETRIC DIMENSIONS function allows
the user to supply values, either as percentiles or as absolute
dimensions, for each of the dependent anthropometric variables
necessary to construct the link system of the man-model. This

function can be selected by depressing PFK1l2.

There are basically three methods for entering
anthropometry wusing this function: (1) in engineering units
with card input, (2) in engineering units through the ANKB, or
(3) by selecting a percentile for each variable from a menu on

the display.

1) If State Switch 22 is previously set "ON",
the message "CARD INPUT ANTH.DIM.? ENTER Y/N" is displayed in
the Prompting Area of the CRT. If the answer 1is "YES" or "Y"
through the ANKB, the 12 dependent anthropometric dimensions
are read, in the default units of measure, from input cards in
the format shown in Figure 40. The function then returns con-
trol to the main routine to generate the man-model. If the
response 1is "NO" or "N", or simply the ALT-CODE/5 sequence, Or
if State Switch 22 1is not set "ON" the program bypasses the

card input option.

2) When the card input option 1is bypassed, the
message "VALUES IN PCTLS? ENTER Y/N" 1is displayed 1in the
Prompting Area of the CRT. If the response through the ANKB is
"NO" or "N" to this message, the user is then prompted to enter
a value in engineering units for each of the 12 dependent vari-

ables. The procedure is as follows:
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© The message "DESIRE CHANGE UNIT? ENTER Y/N"
will be displayed. The user types "YES" or
"Y" and follows the ALT/CODE-5 sequence to
change the units for each variable. If the
response is "NO" or "N" followed by
ALT/CODE-5 sequence, or simply ALT/CODE-5
sequence, the default units are assumed.

NOTE: While value may be entered in any units of measure,

they are converted to pounds or inches for processing,

display, and printouts.

NOTE:

o The first variable name is then underlined.

- If the response to the above prompting
message is "YES" as shown in Figure 41
then the message "L.P. NEW UNIT, IF
DESIRED"” is displayed as shown in Figure
42. The user may light pen a new unit
from the menu of allowable units (in, cm,
mm, lb, or kg), or perform ALT-CODE/5
sequence to retain the default unit for
that variable. Then the message "ENTER
NEW VALUE" appears in the Prompting Area
as shown in Figure 43. The process
repeats for each variable (see Figure 44).

- If the response to the prompting message
"DESIRE UNIT CHANGE? ENTER Y/N" is "NO",
the message "ENTER NEW VALUE" immediately
appears in the Prompting Area of the CRT.

° The user types in the numeric quantity in
the appropriate units followed by the
ALT-CODE/5 sequence. The process then
repeats as each of the 12 dependent variable
names is underlined. Control is then
returned to the main routine for man-model
generation.

Since the unit of measurement is declared for each
number entered, the numbers need not be in the same
units, that is, inches, centimeters, and milli-
meters; and pounds and kilograms. These units may
be mixed as desired. Alternatively, since pounds
and inches are the default units of measure, the
user may select these by using the ALT-CODE/5
sequence rather than using the light pen.
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DESIRE CHANGE UNIT? ENTER Y/N
Ya
| MEHBER 47 USAF  ACCEPTED

. AVBL AVBL
DEPENDENT VBLS UNIT (INPUT UNI TS PCTL

WEIGHT L8 N
SITTING MEIGHT e
ACROMION WGT/SIT IN "
KNEE WGT/SITTING IN e
BUTTOCK-KNE LGTH 1IN G

SHOULDR-ELB LGTH IN
B1ACROMIAL BRDTH IN
niP BREADTH IN
CHEST DEPTH IN
FOOT LENGTH IN
HAND LENGTH IN
CLBOW-uRIST LGTH N

Figure 41. INPUT 12 ANTHROPOMETRIC DIMENSIONS Function
Option to Change Input Unit When Entering
Values in Engineering Units.
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L.P. NEW UNIT, (F DESIRE
HEMBER 67 USAF ACCEPTED

AVBL AVBL
DEPENDENT VBLS UNIT INPUT UNLTS PCTL

WCIGEleceanaaaa. LB IN
SITTING HEIGHT N : e
ACRONION -HGT/SIT IN "
ENEE HGT/SITTING IN L8
BUTTOCK-KNE LGTH IN G
SHOULDR-ELB LGTH IN
BIACRONIAL BRDTH IN
‘niP BREADTH IN
CHEST DEPTH IN
FOOT LENGTH IN
HAND LENGTH AN
CLBON-WRIST LGTH IN

Figure 42. INPUT 12 ANTHROPOMETRIC DIMENSIONS Function
Choose New Unit for Input Value.
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ENTER NEW VALUE
70

MEMBER 47 USAF ACCEPTED

AVBL AVBL
DEPENDENT VBLS UNIT INPUT UNITS pCTL

TS U] SRR { N
SITTING HEIGHT IN cH
ACROMION WGT/SIT 1IN "
KNEE HGT/SITTING IN Le
BUTTOCE-KNE LGTH IN -
SHOULDR-ELE LGTH IN
B1ACROMIAL BRDTHM IN
niP BREADTH N
CHEST DEPTH N
FOOT LENGTH N
HAND LENGTH N

CLOOW-uRIST LGTH (N

Figure 43. INPUT 12 ANTHROPOMETRIC DIMENSIONS Function
Sample Input in Engineering Unit.
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L.P. NEW UNIT, 1F DESIRE
HEMBER 47 USAF ACCEPTED

AVBL AVBL
DEPENDENT VBLS UNIT INPUT UNITS PCTL

WEIGHT kG 10.00 IN
SITTING WEIGHT  IN  32.50 cn
ACROBLON.UGT(SLT IN _ N
CMCE WGT/SITTING IN e
BUTTOCK-KNE LGTH IN X6
SHOULDR-ELB LGTH IN

BIACROMIAL BRDIM IN
niP BREADTH IN
cnEsT DEPTH IN
FOOT LENGTH IN
WAND LENGTH IN
CLBOW-URIST LGTH IN

Figure 44. INPUT 12 ANTHROPOMETRIC DIMENSIONS Function
Choose New Unit, if Necessary, for the Next
Input Variable.
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3) If the card input option is bypassed and the
user responds "YES" or "Y" or simply ALT-CODE/5 to the prompt-
ing message "VALUE IN PCTLS? ENTER Y/N", (see Figure 45) values
are entered for each of the 12 dependent variables as a percen-
tile of the survey chosen in the first step of the Define An-
thropometry function as follows.

o The first variable name is underlined and
the user receives the prompt "L.P.
PERCENTILE".

o The user then light pens the desired
percentile from the menu of available
percentiles on the right side of the Display
Area. The above procedure is repeated for
each of the 12 dependent variables. Figure
46 shows the Display after defining the
first two variables. Control then returns
to the main program for man-model generation.
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VALUES IN PCTLS? ENTER Y/N

Ve
MENBER 47 USAF ACCEPTED

AVBL AVBL
DEPENDENT VBLS UNIT INPUT UNITS PCTL

WEIGHT LB IN
SITTING HEIGHT  IN e
ACROMION HGT/SIT IN HH
XNEE HGT/SITTING IN L8
BUTTOCK-ENE LGTH IN G
SHOULDR-ELB LGTH IN
BIACRONIAL BRDTH IN
HIP BREADTH IN
CHEST DEPTH IN
FOOT LENGTH IN
HAND LENGTH IN
CLBOW-WRIST LGTH IN

Figure 45. 1INPUT 12 ANTHROPOMETRIC DIMENSIONS Function
Option to Choose Input Values in Percentile
or in Engineering Units.
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L.P. PERCENTILE
HEMBER &7 USAF ACCEPTED

AVBL AVBL
DEPENDENT VBLS UNIT EINPUT UNLTS PCTL

wEIGHT LB 95 PCT IN
SITTING HEIGHT 1% ect cn
4CROBLON .uGILSLT IN "
KNEE HGT/SITTING IN L8
BUTTOCK-KNE LGTH IN G
SHOULDR-ELB LGTH IN
B1ACROHIAL BRDTH IN
HIP BREADTH IN
CHEST DEPTH N
FOOT LENGTH N
HAND LENGTH IN
CLBOW-WRIST LGTH IN

Figure 46. Light Pen Percentile Values for the INPUT 12
ANTHROPOMETRIC DIMENSIONS Functions. The
first two values have been defined in per-
centiles; the third value is underlined,
indicating its value will be defined by the
next selected percentile value.




29Z2ad3 INPUT TWO INDEPENDENT VARIABLES Function (PFK13)

This is one of two methods to define the size of
the man-model, the other method 1is described in Paragraph
28 25 1524

The INPUT TWO INDEPENDENT VARIABLES function pro-
vides the user with the opportunity to select two relevant an-
thropometric variables and to enter their values. One of these
variables 1is highly correlated to the mass variables of the
man-model, and the other is highly correlated to the length
variables. One of the advantages of using this function 1is
that the user need not specify values for all 12 dependent an-
thropometric dimensions, as with PFKl1l2 (Paragraph 2.2.12).
Instead, the user selects two key variables most relevant to
the design or evaluation problem. The program will calculate
values for the remaining dependent variables using regression
equations. Values supplied by the user can be ei<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>