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SUMMARY

This User's Guide describes the procedures to operate the
Air Force Aerospace Medical Research Laboratory's (AFAMRL)
COMputerized BIomechanical MAN-model (COMBIMAN) programs. The
Guide is based on the COMBIMAN system of programs as of 1 May
1983. 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 programs CBMO7 to generate COMBIMAN, and the
three key data base 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 0S/VS computer and CBMOFF is designed to run on a CcDC

Computer.

The guide to operate the four main programs includes
descriptions of the processing capabilities for each program,
definitions and examples of all input and output data formats,
procedures to execute the programs, and explanations of all
diagnostic messages generated by the programs. The requirements
to run CBMO7 and the available functions on the COMBIMAN are also

described in the guide.




PREFACE

This work was performed under USAF Contract F33615-81-C-~
0505 entitled Biomechanics of Cockpit Evaluation. The government
work unit number for this contract is 71840838. The contract
monitor and technical advisor is Dr. Joe W. McDaniel of the
Workload Ergonomics Branch of the Air Force Aerospace Medical
Research Laboratory. The development of the programs referred to
in this User's Guide was performed by the University of Dayton
Research Institute (UDRI). The UDRI Technical Report number for
this Guide is UDR-TR-85-04.

The purpose of this report is to provide a detailed guide
to use the key computer programs of the AFAMRL COMBIMAN system.
It does not document the theoretical approach taken in developing
any of the computer programs. The manipulation of the model and
crew station is straightforward and the information in Section 2
will enable a noncomputer person to run the interactive graphics
program CBMO7. Because of the technical nature of the plot
program described in Sections 4, 5, and 6, the person assigned to
1nterpret and use these programs should possess some experience
in computer programming. Since all the programs are considered
relevant to the COMBIMAN system, they are all included in this
guide for sake of completeness. The description of the man-model
and crew station in the introduction are presented as general

background material needed to use the programs efficiently.

The authors would like to acknowledge the assistance and
the technical support provided by Mr. Charles Clauser of the
Workload and Ergonomics Branch of the AFAMRL, Mr. Leroy Gibbons,
Mr. Phil Krauskopf, Mr. John Quinn, and Mr. Thomas Held of UDRI.
The authors would like to thank Mrs. Charlene Dunson of UDRI for

her patience while typing this User's Guide.




TABLE OF CONTENTS

Section Page
1 INTRODUCTION 15
1.1 HARDWARE REQUIREMENT 16
1.2 MAN-MODEL GENERATION 16
1.3 CREW STATION DESIGN 18
_ 1.4 EVALUATION TECHNIQUES 21
1.5 THE COMBIMAN PROGRAMS 23
1.6 NEW CAPABILITIES IN COMBIMAN VERSION 7 26
2 THE COMBIMAN INTERACTIVE GRAPHICS PROGRAM :
VERSION 7 - CBMO7 29
2.1 INTRODUCTION 29
2.1.1 Available Functions 30
2.1.2 Requirements 34
2.2 AVAILABLE PROCESSING 35
2.2.1 CHANGE VIEW Function (PFKO) 37
2.2.2 IDENTIFY OBJECT Function (PFK1) 43
2.2.3 OMIT OBJECT Function (PFK2) 46
2.2.4 INCLUDE OBJECT Function (PFK3) 49
2.2.5 RETRIEVE ANTHROPOMETRY Function (PFK4) 50
2.2.6 RETRIEVE CREW STATION Function (PFK5) 52
2.2.7 VISIBILITY ANALYSIS Function (PFK6) 55
2.2.8 OFF-LINE PLOT COMBIMAN Function (PFK7) 63
2.2.9 ON-LINE PLOT COMBIMAN Function (PFK8) 68
2.2.10 PRINT DATA Function (PFK9) 70
2.2.11 PERFORM REACH ANALYSIS Function (PFK1l1) 72
2.2.11.1 Positioning the Cursor 80
2.2.11.2 Post Reach Processing 87
2.2.12 INPUT 12 ANTHROPOMETRIC DIMENSIONS
Function (PFK12) 91
2.2.13 INPUT TWO INDEPENDENT VARIABLES
Function (PFK13) 100
2.2.14 DISPLAY LINK TABLE Function (PFK14) 110
2.2.15 DESIGN PANEL Function (PFK16) 116
2.2.16 DELETE PANEL Function (PFK18) 119
2.2.17 STRENGTH ANALYSIS Function (PFK19) 120
2.2.18 REACH CURVE ANALYSIS Function (PFK20) 131
2.2.19 DISPLAY ANTHROPOMETRIC TABLE
Function (PFK21) 143




Section

TABLE OF CONTENTS

2.2.20 CHANGE PERSPECTIVE Function (PFK22)

2.2.21 RESET SLUMPED POSTURE Function
(PFK23)

2.2.22 RESET ERECT POSTURE Function (PFK24)

2.2.23 RESET PROGRAMMED POSTURE Function
(PFKZS)

2.2.24 INCREMENT ROLL, PITCH, AND YAW
ANGLE Function (PFK26)

2.2.25 SEAT ADJUST Function (PFK27)
2.2.26 ZOOM Function (PFK28)

2.2.27 STATE SWITCH Function (PFK29)
2.2.28 RESTART PROGRAM Function (PFK30)
2.2.29 END PROGRAM Function (PFK31)

2.3 EXECUTING THE JOB

2.3.1 Loading the Program CBMO7
2.3.2 Error Procedures

2.3.3 Ending the Program CBMO7

2.4 PROGRAM MESSAGES-INFORMATION AND ERROR TYPES

OFF-LINE PLOT PROGRAM (CBMOFF)

3.1 PROCESSING CAPABILITIES
3.2 PROGRAM MESSAGES~INFORMATION AND ERROR TYPES

COMBIMAN ANTHROPOMETRIC DATA BASE MAINTENANCE
PROGRAM (CBMAM)

4.1 PROCESSING CAPABILITIES
4.2 RESTRICTIONS AND LIMITATIONS
4.3 HOW TO USE PROGRAM CBMAM

4.3.1 Input Data Specification
4.3.2 Processing Specification

4.3.2.1 ADD ANTHROPOMETRIC MEMBER
Function

4.3.2.2 TYPE O MEMBERS

4,3.2.3 TYPE 1 MEMBERS

4,3.2.4 CHECK ANTHROPOMETRIC

MEMBER Function

Page

146

148
150

152

155

156
158

162
169
170
171

171
173
174

176

185

185
191

193

193
194
194

196
203

205
205
212

215




TABLE OF CONTENTS

Section Page

4.3.2.5 DELETE ANTHROPOMETRIC

MEMBER Function 215
4.,3.2.6 COMPRESS ANTHROPOMETRIC
DATA BASE Function 216
4.3.2.7 DUMP ANTHROPOMETRIC
MEMBER Function 216
4.3.2.8 END PROGRAM Function 216
4.3.2.9 INITIALIZE ANTHROPOMETRIC
DATA BASE Function 217
4.,3.2.10 PUNCH ANTHROPOMETRIC
MEMBER Function 217
4.3.2.11 PRINT ANTHROPOMETRIC
MEMBER Function 217
4.3.3 Executing CBMAM Program 218
4.3.4 Output Data Interpretation 218
4.4 PROGRAM MESSAGES INCLUDING ERROR CORRECTION 230
5 COMBIMAN CREW STATION DATA BASE MAINTENANCE PROGRAM
(CBMCM) 241
5.1 PROCESSING CAPABILITIES 241
5.2 RESTRICTIONS AND LIMITATIONS 243
5.3 HOW TO USE PROGRAM CBMCM 244
5.3.1 Input Data Specification 244
5.3.2 Processing Specifications 247

5.3.2.1 ADD CREW STATION MEMBER

Function 252
5.3.2.2 CHECK CREW STATION

MEMBER Function 255
5.3.2.3 DELETE CREW STATION

MEMBER Function 257
5.3.2.4 COMPRESS CREW STATION

DATA BASE Function 257
5.3.2.5 DUMP CREW STATION MEMBER

Function 257
5.3.2.6 END PROGRAM Function 258
5.3.2.7 INITIALIZE CREW STATION

DATA BASE Function 258
5.3.2.8 PUNCH CREW STATION

MEMBER Function 258
5.3.2.9 PRINT CREW STATION

MEMBER Function 258




Section

TABLE OF CONTENTS

3 Executing CBMCM Program
.3.4 Output Data Interpretation

PROGRAM MESSAGES - INCLUDING ERROR
CORRECTION

6 COMBIMAN VISION LIMIT OVERLAY DATA BASE
MAINTENANCE PROGRAM (CBMOM)

6‘
6.
6

W N =

PROCESSING CAPABILITIES
RESTRICTIONS AND LIMITATIONS
HOW TO USE CBMODM

6.3.1 Input Data Specification
6.3.2 Processing Specification

6.3.2.1 ADD OVERLAY MEMBER Function

6.3.2.2 CHECK OVERLAY MEMBER

Function

6.3.2.3 DELETE OVERLAY MEMBER
Function

6.3.2.4 DUMP OVERLAY MEMBER Function

6.3.2.5 PRINT OVERLAY MEMBER Function

6.3.2.6 INITIALIZE OVERLAY DATA BASE

Function

6.3.2.7 END PROGRAM Function

6.3.3 Executing CBMOM Program

6.4 PROGRAM MESSAGES - INCLUDING ERROR CORRECTION

APPENDIX A:
APPENDIX B:
APPENDIX C:

APPENDIX D:

REFERENCES

COMBIMAN DISTRIBUTION TAPE
LINKAGE EDITOR MAPS OF THE COMBIMAN PROGRAM SUIT

SAMPLE JOB CONTROL LANGUAGE AND DATA FOR THE
COMBIMAN PROGRAM UNIT

FLOW DIAGRAM FOR THE STRENGTH ANALYSIS FUNCTION
(PFK19)

Page

259
259

269

275
275
276
276

276
281

281
284
284
284
284

285
285

285

287

291
307

317

341
344




_

Figure

1

10
11
12
13

14

15

17
18

19
20
21
22

23

LIST OF ILLUSTRATIONS

COMBIMAN Link System - Side View.
Enfleshed COMBIMAN as it Appears on the CRT.

COMBIMAN CRT Display with Man-Model and A7E-01
Crew Station Rotated -15 Degrees in Pitch and
15 Degrees in Yaw.

Data Flow in the COMBIMAN Program CBMO7.
Format of ADAGE 4370 or IBM 2250-3 Display Unit.

CRT Unit with Function Keys, Alphanumeric
Keyboard and Light Pen.

Functions Available to COMBIMAN User.

Program Function Keyboard (PFK) Overlay for
Program CBMO7.

Function Sequence for Generating the Man-Model.

Top View (X-Y Plane) of the Man-Model and a Crew
Station.

Side View (X-Z Plane) of the Man-Model and a Crew
Station.

Front View (Y-Z Plane) of the Man-Model and a Crew
Station.

The IDENTIFY OBJECT Function Performed on HUDSCRN
(Heads Up Display) of the A7E-0l Crew Station.

The OMIT OBJECT Function Performed on HUDSCRN
(Heads Up Display) of the A7E-Ol Crew Station
(Name of Light Penned Object is Displayed).

The OMIT OBJECT Function Performed on the HUDSCRN
(Heads Up Display) of the A7E-0l Crew Station.

Table of Available Regression Member Names - One
Member Must Be Selected by Light Penning.

Display of Crew Station Membernames.

Crew Station Membernames Displayed When
the Total Number of Panels Exceeds 250.

VISIBILITY Function Menu.
Visibility Plot.
Coordinates Data Plots.
PLOT Function.

PLOT Function.

Page
17

19

22
24

31

32
33

36
38

39
40
41

44

47
48

51
53

54
57
60
62
65
66




LIST OF ILLUSTRATIONS (CONTINUED)

Figure Page
24 PLOT Function. 67
25 Output for COMBIMAN PLOT Function. 69
26 Output for COMBIMAN PRINT Function. 71
27 The Sequence of PERFORM REACH ANALYSIS. 74
28 PERFORM REACH ANALYSIS Function Light Pen

Reach Mobility. 75
29 PERFORM REACH ANALYSIS Function - Light Pen

Reach Type. 77
30 PERFORM REACH ANALYSIS Function Light Pen

Extent of Reach. 78
31 Relative Location of Grip Points. 79
32 Side View (X-Z Plane) - the "+" Symbol Locates

the Reach Point. 81
33 Front View (Y-Z Plane). 82
34 Redefined Program FUNCTION Keys for Positioning

the "+" Symbol. 83
35 REACH SUCCESSFUL is Displayed after the Reach

is Successfully Performed. 85
36 MISS DISTANCE is Displayed if the Man-Model

Could Not Reach the Point. 86

37 PERFORM REACH Function Printout Obtained When
User Responds "YES" to Message "PRINT REACH DATA?
L.P. YES or NO". 88

38 The Sequence of Post-Reach Procedure. 89

39 Sequence for Selecting 12 Anthropometric
Variables to Define or Redefine Body Size

of COMBIMAN. 92
40 DATA SET - COMBIMAN.SMPLANTH (card Image). 93
41 INPUT 12 ANTHROPOMETRIC DIMENSIONS Function

Choose New Unit for Input Value. 95
42 INPUT 12 ANTHROPOMETRIC DIMENSIONS Function

Sample Input in Engineering Unit. 96
43 Light Pen Percentile Values for the INPUT 12

ANTHROPOMETRIC DIMENSIONS Function. 98
44 Select Clothing Type. 99
45 The Sequence to Select Two Anthropometric Variables

to Define or Redefine the Body Size of COMBIMAN. 101




Figure

46

47

48

49

50

51

52

53

54

55
56
57
58
59
60
61
62
63
64
65
66
67
68

LIST OF ILLUSTRATIONS (CONTINUED)

INPUT TWO INDEPENDENT VARIABLES Function Option
to Choose Input Values in Percentiles or in
Engineering Unit.

INPUT TWO INDEPENDENT VARIABLE Function Light
Pen First Independent Variable.

INPUT TWO INDEPENDENT VARIABLE Function Light
Pen Percentile for First Independent Variable.

INPUT TWO INDEPENDENT VARIABLE Function Light
Pen Second Independent Variable.

INPUT TWO INDEPENDENT VARIABLE Function Light
Pen Percentile for the Second Independent

Variable Within Range.

DISPLAY LINK TABLE Display Links, Their
Lengths and Euler Angles.

DISPLAY LINK TABLE Change THETA Value of
LLWRLEG from 60° to 0°.

Example of Euler Angle Changes for Elbow
Joints.

Printed Output of the Newly Designed Panel
NEWPNL is Within the Box.

Force Magnitude for Stick Wheel or Pedal.
Force Vectors and Magnitudes for Lever.
Light-Pen Control Type.

Out of Range for Available Strength Data.
Light-Pen Direction of Force on Control.
Light-Pen Direction of Force Exerted on Control.
Select Clothing Type.

Select Grip Type.

Select Restraint Type.

Light-Pen Task Component You Want To Change.
Select Panel.

Which Arm Should Be Used?

Select Presentation Mode.

On-Line Plot of Reach Curve.

Page

102
104
105

106

107
111
112
114

117
122
123
125
126
127
129
133
134
135
137
138
139
140
142




Figure

69
70
71
72
73
74
75

76
77
78
79
80

81

82
83

84
85
86
87
88
89
90
91
92

93
94

95

LIST OF ILLUSTRATIONS (CONTINUED)

DISPLAY ANTHROPOMETRIC TABLE Function.
DISPLAY ANTHROPOMETRIC TABLE Function.
PFK's for Change Perspective Function.
RESET SLUMPED POSTURE Function.

RESET ERECT POSTURE Function.

RESET PROGRAMMED POSTURE Function.

SEAT ADJUST Function Enter X Coordinate
Offset in Inches.

Define ZOOM Window.

The "ZOOMED" Display.

Available State Switches and Functions.
State Switch 4 Chosen.

Printed Output of the Two Selected

Independent Variable Values Calculated
by CBMO6.

Transformation Equation Developed for
Positioning Stomach Link (Set State Switch
72 ON).

JOB CONTROL CARDS to Execute CBMO7.

Options Displayed on Depressing ALT-CODE and
CANCEL Keys Together.

The Format of the Namelist CNTRL.

The Format of the Data Card for Unwanted Plots.
COMBIMAN OFF-LINE Plot.

Plot Banner.

Card Input for Figure 86.

Card Input for Figure 90.

Altered COMBIMAN OFF-LINE Plot.

Data Flow for Program CBMAM.

Sample Data Obtained from Summary Statistics
of the Air Force Rated Officers.

Program CBMAM Control Card Format.
Example of +ADD Control Card for Type O Member.
Example of +ADD Control Card for Type 1 Member.

10

Page
144
145
147
149
151
153

157
159
160
163
163

165

168
172

175
188
188
189
189
190
190
192
195

200
204
206
206




LIST OF ILLUSTRATIONS (CONTINUED)

Figure Page

96 Program CBMAM Regression Member Variable

Definition Card. 208
97 Program CBMAM Regression Member Simple

Regression Coefficient Definition Card. 208
98 Program CBMAM Regression Member Multiple

Regression Coefficient Definition Card. 208
99 Example of Regression, or Type O Member. 210
100 Program CBMAM Survey Member Percentile

Definition Card. 213
101 Program CBMAM Survey Member Dimension

Definition Cards. 213
102 Example of Survey, or Type 1 Member. 214
103 Job Control Cards to Execute CBMAM. 219
104 FTO2 DD Card to Allocate Space for

COMBIMAN.ANTHDTA and Execute CBMVM. 219
105 A Sample Output of the +CMP Function. 221
106 A Sample Output of the +PRT Function. 221
107 A Sample Output of the +DMP Function. 223
108 Output Format Used for Type O Regression Data. 225
109 A Sample Output of the +ADD Function for

TYPE 1 Member. 227
110 A Sample Output of the +ADD Function for

TYPE 1 Member. 228
111 A Sample Output of the +ADD Function for

TYPE O Member. 229
112 Data Flow for Program CBMCM. 242
113 Sample Crew Station - DESK. 245

114 An Example of a Typical Aircraft Coordinate
System and Its Related COMBIMAN Coordinate

System. 246
115 Example of Valid and Invalid Panels. 248
116 X, Y and Z Coordinates of Panels of DESK. 249
117 X, Y and Z Coordinates of Panels of DESK. 250
118 Convention for Determining the Location of

a Control in a Panel Relative to its Vertices. 251
119 Program CBMCM Control Card Format. 251

11




Figure

120
121
122
123
124
125

126
127

128
129

130
131

132

133
134
135
136
137
138

139
140

LIST OF ILLUSTRATIONS (CONTINUED)

Program CBMCM ADD Member Card Format for Panels.
Program CBMCM2 ADD Member Card Format for Panels.
Program CBMCM ADD Member Card Format for Controls.
Sample Data for $ADD Member Function

Job Control Cards to Execute Program CBMCM.

FTOl DD Card to Allocate Space on Disk and
Execute Program CBMCM.

A Sample Output of the $CMP Function.

A Sample Output of the S$PRT (No Membername)
Function.

A Sample Output of the $DMP Function.

Example of Program CBMCM $ADD (Membername)
Function Output Format.

A Sample Output of the $PRT Function.

Device 1: Subject Faces the Horizontal Pivot
of a Semicircular Protractor Which Pivots About
the Longitude Axis.

Device 2: Subjects Sit Beneath the Verical Pivot
of a Semicircular Protractor.

Data Collected in Spherical Angles.

Data Transformed to Azimuth/Elevation Angles.
Program CBMOM Control Card Format.

Program CBMOM Data Card Format.

Sample Data for $ADD Member Function.

Sample Output for $ADD Member Function.

Job Control Cards to Execute CBMOM.

FTO01l001 DD Card to Allocate Space for
COMBIMAN.OVERLAY.FILE.

Sample Job Control Language (JCL) to Copy First
Two Files.

Distribution Tape File COMBIMAN.INSTLJCL: Job
Control Language to Initialize Files and Copy
File 3 through File 17 from the Distribution Tape.

12

Page
253
253

256
256

260

260
262

262
264

266
268

277

278
280

280
282
282
283

283
286

286

299

301




Eigure

LIST OF ILLUSTRATIONS (CONTINUED)

Linkage Editor Map of CBMO7.
Linkage Editor Map of CBMAM.
Linkage Editor Map of CBMCM.
Linkage Editor Map of CBMCM2.
Linkage Editor Map of CBMODM.

Distribution Tape File COMBIMAN.PROCNJCL (CBMO7):
Sample JCL to Run CBMO7.

Distribution Tape File COMBIMAN.PROCNJCL (CBM7NOPL) :
Sample JCL to Run CBM7NOPL.

Distribution Tape File COMBIMAN.PRODNJCL (CBMAM):
Sample JCL to Run CBMAM.

Distribution Tape File COMBIMAN.DBDATA (CBMAM):
Sample Data to Create R67 USAF Regression Member
and 67 USAF Survey Member of the COMBIMAN Anthro-
pometric Data Base.

Distribution Tape File COMBIMAN.PRODNJCL (CBMCM) :
Sample JCL to Run CBMCM.

Distribution Tape File COMBIMAN.DBDATA (CBMCM):

Sample Data to Create COMBIMAN Crew Station Data
Base Members A7E-01 and A7--SEAT, Using Program

CBMCM.

Distribution Tape File COMBIMAN.PRODNJCL (CBMCM2) :
Sample JCL to Run CBMCM2.

Distribution Tape File COMBIMAN.DBDATA (CBMCM2):
Sample Data to Create COMBIMAN Crew Station Data
Base Members A7E-01 and A7--SEAT, Using Program
CBMCM2

Distribution Tape File COMBIMAN.PRODNJCL (CBMODM):
Sample JCL to Run CBMODM.

Distribution Tape File COMBIMAN.DBDATA (CBMODM)
Sample Data to Create COMBIMAN Vision Limit Overlay
Data Base with Overlays BASE LINE and HUG-22P and
MBU-59.

Flow Diagram for the STRENGTH ANALYSIS Function
(PFK19).

13

Page

308
312

313
314

315
318
319

320

321

329

330

333

334

338

339

342




Table

LIST OF TABLES

PROGRAM MESSAGES AND USER RESPONSES FOR PFK13
WHEN VALUES WILL BE INPUT AS PERCENTILES

PROGRAM MESSAGES AND USER RESPONSES FOR PFK13
WHEN VALUES WILL BE INPUT AS ABSOLUTE DIMENSIONS

LINK SYSTEM DEFINITION

LIST OF DEPENDENT VARIABLES NEEDED TO GENERATE
COMBIMAN LINK SYSTEM

LIST OF DEPENDENT VARIABLE PREDICTORS -

LIST OF ANTHROPOMETRIC DIMENSIONS AVAILABLE IN
THE ANTHROPOMETRIC DATA BASE

MATRIX OF CORRELATION COEFFICIENTS BETWEEN MASS
AND LENGTH RELATED VARIABLES (CHURCHILL,
ET AL, 1976)

DEPENDENT AND INDEPENDENT VARIABLES (CHURCHILL,
ET AL, 1976)

14

Page

108

109
113

197
197

198

201

202




SECTION 1
INTRODUCTION

During the design and analysis phases of crew station
development, it is essential to assess the capabilities, inade-
guacies, 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 to 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
testing. 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 in the design and
analysis phases of crew station development. It has been
designed to serve as an interactive-computer-graphics-assisted
engineering tool to represent geometric and physical properties
of an operator in a crew station. It has applications in
evaluating 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 is invested in making modifications.
Alternative designs may be thoroughly evaluated and permanently
recorded by a hard copy plot or a listing of the crew station
data and man-model (McDaniel, 1976). Because of these
capabilities, the COMBIMAN should reduce 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-models

of various body sizes and proportions.
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1.1 HARDWARE REQUIREMENT

The COMBIMAN system of programs consists of the interactive
computer graphics COMBIMAN program CBMO7; as well as data base
Ccreation/maintenance programs CBMAM, CBMCM, and CBMVM: and an
off-line plot program CBMOFF. The programs CBMO7, CBMAM, CBMCM
and CBMVM are coded in FORTRAN IV and are compiled using IBM
FORTRAN G compiler. There are a few subroutines in CBMO7 which
are coded in IBM assembly language. IBM System/370 Operating
System Graphics Subroutine Package (GSP) for FORTRAN IV is used
to create displays on the CRT. Versatec VERSAPLOT-07 software
plot package is used for the on-line plotting. The program
CBMOFF is written in FORTRAN IV to run on a CDC computer.

The program CBMO7 is intended to run on an IBM 370 0sS/vVs
compatible environment using an IBM 2250-3 compatible display
tube such as IBM 3250, IBM 5080, ADAGE 4250 etc. and an on-line
Versatec 22 inch electrostatic plotter. 1In the absence of an on-
line plotter, the ON-LINE PLOT Function (see Section 2 for
details) will not be available to the user. All subroutines
which call Versatec VERSAPLOT-07 software are listed in the
appendix and the source codes are provided with the COMBIMAN

distribution tape.

The program CBMO7 requires about 650K bytes of computer
memory and a minimum of 20K bytes of graphics buffer control
area. Six data sets residing on direct access device (disk) are

used for I/0 operations.

1.2 MAN-MODEL GENERATION

The man-model used in COMBIMAN is 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 adjacent
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links in the skeletal system can be modified by the user. Since
the segment lengths of link-lengths are generally internal dimen-
sions and are difficult to measure on a live subject, the link-
lengths are derived from 12 readily measurable anthropometric
surface dimensions. The sets of anthropometric variables avail-
able 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 specifying new values

for the surface dimensions.

The link system is defined and generated as shown in Figure
1 using data available from the Anthropometric Data Base or from
data supplied by the user. As the generation of the man-model
continues the link data, and other data in external files, are
used to develop the final presentation of the man-model. These
stages of model development are transparent to the user; only the

completed man-model is displayed on the CRT (Figure 2).

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 and 2 show COMBIMAN in the X- j

Z plane (side view).

1.3 CREW STATION DESIGN

The COMBIMAN system assumes that crew stations consist of
panels and controls. There are two options available for setting
up the crew station data base: one with 3 to 6 vertices using
the program CBMCM, which was the only method through Version 5,
and a new one using CBMCM2 which allows 1 to 25 vertices per
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Figure 2. Enfleshed COMBIMAN as it Appears on the CRT.
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panel. Thus, old data bases will continue to be supported, but a
conversion program is also included to convert old CBMCM input
data to the new CBMCM2 format. A crew station may have up to 250
panels with 3 to 6 vertices and 150 controls which may or may not
be located on defined panels. Alternately, using the program
CBMCM2 the user may create a new crew station data base where
each member crew station may have up to 250 panels with 1 to 25
vertices each. In order to fetch this new data base, the user
has to set the state switch 23 "ON" (see Section 2 for details).
Although the crew stations used in COMBIMAN are usually aircraft
crew stations, it is possible to construct and display any work
Space requiring interaction by a seated operator. This would
include automobile instrument panels, industrial configurations

and control panels for other types of vehicles.

Two methods are used to generate and display crew stations.
The designer can either use an existing or conceptual configura-
tion, or can construct @ new one on the Cathode Ray Tube using
the available interactive graphic options. 1In the first method,
panels and controls for existing or conceptual configurations 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 graphics
program. In the second method, the user can design crew stations
on the CRT, using an alphanumeric keyboard and the program func-
tion 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 designer's needs. an example of the display with a man-model

and crew station rotated -15 degrees in pitch and 15 degrees in
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yaw is shown in Figure 3. Note that the Roll, Pitch, and Yaw
angles are displayed at the upper right hand corner of the dis-~

play area.

1.4 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 situa-
tion 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
system uses anthropometric surface dimensions data either from
the on-line anthropometric data base or from data supplied by the
user in card image format. The user can add descriptions of
other anthropometric data so that other populations may be repre-
sented by the COMBIMAN. To define the man-model, the program
CBMO7 (COMBIMAN program Version 7) requires values for the 12
anthropometric variables which generate the 35 internal link
lengths. 1In one option the user must supply values for all 12
variables. The second option however, requires the user to
supply values for one mass related variable and one length re-
lated variable and let 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 Anthropometric Data
Base. The latter option is generally the most useful, as it
limits the range of values for user supplied dimensions and
eliminates unrealistic combinations of dimensions. The program
CBMO7 may terminate abnormally when unrealistic combinations of

anthropometric dimensions are supplied.
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The man-model can be positioned in a crew station by
directly 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
latter method applies to reach involving the arms and incor-
porates automatic restrictions to mobility. The user may also
initialize the man-model 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 display, printed output showing the three-
dimensional real world coordinates 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 based on

the eye position of the man-model.

1.5 THE COMBIMAN PROGRAMS

The main program in COMBIMAN system is the interactive
graphics program CBMO7 which allows the user to generate a vari-
able size man-model and to assess its interaction with new or
existing crew stations. Before the user can define the propor-
tions of the man-model or call up crew stations and visibility
contours for evaluation, the files which store the
anthropometric, crew station, and visibility member data must be
created. This is accomplished by using three specialized file
creation/modification programs, each dealing with a particular
type of data set containing the anthropometric, crew station, or
visibility members. Similar sets of commands are used by each
program to initialize the file, to add or delete data, to write
existing data to the printer, or to punch data to cards. The
data flow of the COMBIMAN program is shown in Figure 4. Figure 4

also shows a fourth file, the initialization data set, which
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contains data used to construct the man-model and cannot be

modified by the user.

The following sections explain the operation of five key
programs of the COMBIMAN system, including the interactive
graphics program CBMO7, the off-line plot program CBMOFF, and
three of the file manipulation programs which maintain the data
files used as input to CBMO7. The manipulation of the man-model
and crew station using CBMO7 is straightforward. Sections 1 and
2 of this guide provide a designer not skilled in computer
programming with sufficient information to use CBMO7
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 CBMO7 to manipulate
the man-model and to design and evaluate crew stations. This
section includes examples of optional as well as standard output
generated by the program, and lists of possible error or informa-

tion messages generated by the program.

Section 3 describes the COMBIMAN off-line plotting program
CBMOFF. This program uses data generated by CBMO7 to produce
plots of variable size, color, and content from the three-
dimensional coordinate 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 configqura-
tions, CBMCM, is documented in Section 5. An alternate program
CBMCM2 which creates or maintains crew station members consisting
of panels with 1 to 25 vertices including open panels and a
program which converts panel data from CBMCM (Version 5) input
format to CBMCM2 (Version 6) input format are also described 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 meéssages are also described for these
programs. In addition, these sections contain examples of Job

Control cards to run these programs.

1.6 NEW CAPABILITIES 1IN COMBIMAN VERSION 7

The COMBIMAN system of programs Version 7 is upward com-
patible with the previous version. Version 7 has the following

new features.

® Display Visibility Plot on CRT SCREEN

An option has been added to allow the user to display
the visibility plot on the CRT screen (See Paragraph 2.2.7.1 for
details).

® Leg Reach

The PERFORM REACH function (PFK11) has been modified to
include reach analysis for the left and right legs (See Paragraph
2.2.11 for details).

® STRENGTH ANALYSIS Function (PFK19)

The STRENGTH ANALYSIS function predicts the amount of

force available for application from a seated position, on a
lever, wheel or pedal control. When the STRENGTH ANALYSIS func-
tion is selected the 1st, 5th, 50th, 95th and 99th percentile of
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force magnitude are displayed on the screen for the wheel or the
pedal (Figure 57). The total force vectors, via x, y, and z
components, and the force magnitudes, for the same percentiles

are displayed for a lever control (Figure 58).

e REACH CURVE ANALYSIS Function (PFK20)

The REACH CURVE ANALYSIS function computes and displays
the interaction between the maximum reach envelope and a
specified crew station panel. Reach envelopes for combinations
of clothing type, grip type and