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SUMMARY :The objective of this research and development is to enable the use of computer manikins to evaluate
the human friendliness of products and environments, in order to present an international standardization proposal
to the ISO.

The specific research and development which was conducted and which formed the basis of our ISO proposal
included the development of a changeable "structure model" based on human attributes (such as age and
gender), the investigation of a "motion model” which enables changes to be made in posture and movement, and
the study of an "evaluation model" to evaluate the attainment range and physiological load. We also developed
a number of computer functions in order to achieve ihe above-described development functions. The results of
this research and development are given below.

We completed development of computer manikins with the following characteristics:

- A reproducibility function for the "structure model” based on the anatomical measurement values of IS0O7250.
- A posture and motion modification function based on range data for joint articulation.
- A human friendliness evaluation function with an attainment range and other geometricél factors.

- Application of the above-described functions as a plug-in for Autodesk Mechanical Desktop 2.0.



* As a wide-ranging cross-industry option, we developed a platform configuration with a modular structure that
allows functions to be expanded as further progress is made in computer manikins.
For the purpose of international standardization we presented a proposal to the ISO with the following basic
concepts:
+ An emphasis on standards which extend the application of ISO7250.
- An emphasis on the computer manikin as one element of human suitability technology.
* An emphasis on a wide scope of application, i.e., in household environments, offices, etc.

+ A proposal for the minimum set of functions required in a computer manikin.

KEYWORD : Human Friendliness, Computer - Manikin, Three Dimensional CAD, IS07250, Structure Model,
Motion Model, Estimation Model, Platform, User I/F, International Standard
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%4 B (EE ERE. BME BAE

Varable [N Mean Std Dev Minimum _ Maximum _|
Wi 1641 32,2657 1.7204 30 35
0.5 3 1641  66.6184 0.1416 37.1 113.2
LR 1641 234713 12.2151 192 281
Lz ] 1641  578.9805 15.4634 524 629
HH 1641 3727922 202229 310 465
T RE 1641  443.8531 27.8788 385 572
5 1641 1695.8854 59.046 1423 1920
I 1641 14376572  54.6466 1184.7 1639.8
o] 3 1641 3913769 226713 296.6 462.1
ey 7iH 1641  341.1613 17.4831 2759 400
LiH 1641  943.0579 56.399 704 1214
SLEEA R 1641  908.7898 60.41 631 1226
A ME 1641  795.4839 75.582 598 1162
vy 7H 1641  953.1158  52.6053 748 1205
¥H 1641 937.0926  50.8768 742 1156
LEE 1641 7225741 33.0169 620.8 824.7
RBE 1641 2522441 18.1288 182.6 316.2
+RRH 1641 2847172  25.4502 208 385
ERAE 1641  253.6149 15975 203 315
g 1641  181.4161 8.4338 144.7 208.9
BAFAR 1641  103.0809 6.7069 774 125.9
FHEY 1641  163.1548 8.3698 137 196
FH2 1641  225.8391 14514 183 279
BB 164t 960.799 49.5435 796.5 1154.8
PIRa® 1641 69.4572 13.3109 25.3 124.1
FELE 1641  433.6005 33.1464 279 5374
THE 1641  355.6915 26.5971 262.1 462.1
K EE 1641  537.6527 400721 408 711
| FERBAH 1641  369.9659  25.8269 290 470
TRAE/NE 1641 2169732 13.4364 165 324
v —H 1641  321.7087 14.0935 282 378
ki 1641 247.7026 11.8033 208 289
=5 i (CE#HE. EfERZE. B/ME. BRI
Vartable N Mean Std Dev Minimum  Maximum

3 574 32.6202 1.7088 30 35
Br. ¥4 574 51.3406 7.124 334 91.2
£HHE 514 220.1777 11.786 188 255
g 574  556.0157 15.5365 500 600
HEA 574 316.1655 17.9034 273 407
AR E 574  388.6535 25.5196 328 473
& 574 15719512  54.0061 1383 1772
SAMERG 574 1323.2059 51.3473 1164 1506.5
T MR 574 349.4721 19.7841 279.3 400
kv 7ig 574  333.2333 19.1601 282.8 393.1
LERR 574  822.0784 52,9865 698 1021
SLEEAL B 574 8243798 641311 661 1098
T &R B 574 725.0801 52.5449 613 994
JxAFE 574  659.1568  63.8557 534 990
v 7H 574 905.223 53.3508 768 1241
»®HE 574 3892735  50.8224 753 1228
LEE 574  664.1298  27.8162 580.3 749.3
AR R 574  228.0279 16.6558 175 278
el 574 2559094  27.1454 196 365
RIBE R A 574  216.6376 14.9528 176 289
E 574  1657.0998 7.5209 144.9 1912
FEAFE 574 91.2561 59716 74.5 109
FHHED 574  144.7003 7.3812 127 172
FH2 574 197.6794 13.3803 168 238
BEHEs 574  903.4676 43,6206 756.4 1047.9
PR3, 574  60.6085 10.5525 34.4 110.3
FEBE: 574  414.5619 28.794 307.8 505.3
THE 574 3268183 21,2524 258.6 389.7
FEEER 574  517.5035 40.6016 370 702
THEREAH 574 3413606 23.7196 278 436
TEER:/NHA 574  203.4059 11.846 175 248
v — LB 574 2922352 13.3482 249 345
i 574 224.6481 10.7472 190 255
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#6 HiE (EFE

Component |Eigenvalue Difference Proportion  Cumulative
PCR1_2 13.0377 8.0076 0.4206 0.4205
PCR2_2 5.0301 3.5059 0.1623 0.5828
PCR3_2 1.5242 0.3379 0.0492 0.632
PCR4_2 1.1863 0.1091 0.0383 0.6703
PCR5_2 1.07712 0.1422 0.0347 0.705
PCR6_2 0.935 0.1582 0.0302 0.7352
PCR7_2 0.7768 0.039 0.0251 0.7602
PCR3_2 0.7378 0.0303 0.0238 0.784
PCR9_2 0.7075 0.1041 0.0228 0.8069
PCR10_2 0.6035 0.0161 0.0195 0.8263
PCRI1_2 0.5874 0.0424 0.0189 0.8453
PCR12_2 0.545 0.0147 0.0176  0.8629
PCR13_2 0.5303 0.0946 0.0171 0.38
PCR14_2 0.4357 0.0323 0.0141 0.894
PCR15_2 0.4034 0.0199 0.013 0.907
PCR16_2 0.3834 0.0325 0.0124 09194}
PCR17_2 0.351 0.0594 0.0113 0.9307
PCR18_2 0.2915 0.0201 0.0004 0.9401
PCR19_2 02714 0.0279 0.0088 0.948¢9
PCR20 2 0.2435 0.0183 0.0079 0.9567
PCR21_2 0.2252 0.0038 0.0073 0.964
PCR22 2 0.2214 0.0158 0.0071 0.9711
PCR23_2 0.2057 0.0273 0.0066 0.9778
PCR24 2 0.1783 0.0148 0.0058 0.9835
PCR25_2 0.1636 0.0336 0.0053 0.9833
PCR26_2 0.13 0.0308 0.0042 0.993
PCR27_2 0.0592 0.0529 0.0032 0.9962
PCR28_2 0.0462 0.0139 0.0015 0.9977
PCR29_2 0.0273 0.0029 0.0009 0.9986
PCR30_2 0.6244 0.0045 0.0008 0.9994
PCR31 2 0.0199 . 0.0006 1

F7 & (BEE

[Component |Eigenyalue Difference _ Proportion Cumulative |
PCRI_I 13.088 7.6763 0.409 0.409)| -
PCR2_1 5.4117 3.8827 0.1691 0.5781
PCR3_1 1.5291 0.2415 0.0478 0.6259
PCR4_1 1.2876 0.1163 0.0402 0.6661
PCR5_1 11713 0.218 0.0366 0.7027
PCRE_I 0.9533 0.0339 0.0298 0.7325
PCR7_1 0.9144 0.1382 0.0286 0.7611
PCR8_1 0.7762 0.0407 0.0243 0.7854
PCR9_1 0.7355 0.0327 0.023 0.8083
PCR10_1 0.7028 0.0644 0.022  0.8303
PCR11_1 0.6384 0.0685 0.0199 0.8503
PCRIZ_1 0.5699 0.0802 0.0178 0.3681
PCR13_1 0.4897 0.0224 0.0153 0.8834
PCR14_1 0.4673 0.0522 00146  ° 0.898
PCRI15_1 0.4151 0.0373 0.013 0.9109
PCR16_1 0.3778 0.0409 0.0118 0.9228
PCR17_1 0.3369 0.0528 0.0105 0.9333
PCR18_1 0.2841 0.0201 0.0089 0.9422
PCR19_1 0.264 0.0133 0.0082 0.9504
PCR20_1 0.2507 0.0298 0.0078 0.9582
PCR21_1 0.2209 0.0294 0.0069 0.9651
PCR22_1 0.1914 0.0093 0.006 0.9711
PCR23_1 0.1821 0.0212 0.0057 0.9768
PCR24_1 0.1609 0.0185 0.005 0.9818
PCR25_1 0.1424 0.0167 0.0044 0.9863
PCR26_1 0.1257 0.0291 0.0039 0.9902
PCR27_}, 0.0966 0.0085 0.003 0.9932
PCR28_1 0.088 0.0271 0.0028 0.996
PCR29_1 0.0609 0.0204 0.0019 0.9979
PCR30_1 0.0315 0.0119 0.001 0.9989
PCR31_1 0.0196 0.0034 0.0006 0.9995
PCR32 1 0.0162 . 0.0005 1
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13 BLEEH
13.1. £ 23 [6 CEN/TC122/WG1 EFISHBBREAN. BEYA P

F )

CENTC 122/WG 1 TUROPEAN COMMITIEE TOR STAMDARDISATION COMTR
‘Anthrapometry” BUROH{;%N DE HURMAITSAYION EUROPXISCHES KUMITEE FUR
HORHYYHG

DIN Deutsoites Institul {0r Normung ¢, V. © D-10772 Boriin

To the axperts
of CEN/TC 1227ZWG 1

"Anthropometry” CEN/TC 122/WG 1 N 254
vy L] Gl ko ek
Yrer e Bubimg! 26 01-2h 95 Tes7-07-02

Meeating of CEN/TC 122/WG 1 *Anthropametry” in Loughborough University,
Loughborough, United Kingdom

Doar Madam,
Daar Slr,

The 23rd masting of CEN/TC 122/WG 1 “Anthropometry” wiit be held from Menday, 22 September to
Wednesday, 74 Septembar, 1957, at the

Loughborough Univarsity
Depanment of Human Sclences
Loughboraugh

Lelcastershira LE11 3TU
Unitad Kingdom

Phone: +44 {0) 1508 223001
Fax: +44 (0) 1508 223940,

The meating will be opened on Monday, 22 Septembsr, 1897 at 10.00 a.m. The draft agenda of the
meoting is given overteaf.

We would like to ask you for an indication by 18 August, 1997, whather you intohd to be represented
at the moeting or not.

Yours aroly,

N, Btz

Copy: Prof. Toru itani, Chairman of ISO/TC 169/SC 3
Mr, K, Suzuki, Sec. of ISQ/TC 158/5C 3

Engl,; Hagistration form
Map of the location ©f the meofting
Mailing list (CEN/TC 122/WG 1)

malling addrese: D~10172 Nerkin (for risttors: Borggrafronr. 6, D- 10707 Berhn)

CRETARIAT DIN
DEUTSCHES THSTITUT rﬁﬁ HOB}WG e, — Tl + {9025 01R395 ~Taxs + 49302401 1281
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Draft agenda

.1 Opening of the meating (10.00 k)
2  Approval of the draft agenda
3  Appointment of an Editing Committes for drafting the resojutions

4  Approval of the repart of the 22nd mosting of CEN/TC 122'WG 1 held in Cadenabbia, italy, from
12 to 13 May, 1997 (sea doc, CEN/TC 122/WG 1 N 250)

5 Report on the results of the plenary mesting of ISQ/TC 159/SC 3 "Anthropomsity and
Biemechanles” held in Tampare, Finland on 1987-08-25/26 {see doc, CENTC 122 WG 1 N 252)

6  Status of the project:

ENIS0O 7250 Definllions of basic human body measuramenie for technelogical design
(IS0 7250:1966)

7  Project “Safety of machlnety - Anthropometric roquirements for the design of workplaces at
machinery” (soe docs. CEN/TC 122/WG 1 N 244 and N 253)

8  Project “Busic princlples of the ergonhomics testing of anthropemetric aspeots of industrlal products
and dosigns"

9 Establishmoent of a European anthropemstric databsea for ali age gratps {sma doc.
CEN/TC 122/WQ 1 N 251!

10  Project *Spfety of machinery - Hurman body measuraments - Structures and dimenasions of
eomputer maniking for the desigh and evajuation of work space at machmery"

11 Project “Safeguanding crushing points by means of a limiation ef the active forces”
12 Allocation of work lo the axpents of Wa 1

13 Other business

14 Approval of resociutions

15 Dates and places of the next mestings

16 Closing of the meeting

RETARIAT DO madling sddress D-1077T Lary: fenulr, 8, D~ {3787 Rezlind
DEUTSCHES [NSTITUT r(fa't'tmuuxc o, — Teﬂgu 2028 01 23 43 Bf}a“:riﬁ :‘;%‘i‘ﬁ‘?; e7]

20



1.3.2  Project Safety of machinery - Human body measurements - Structures and dimensions of computer manikins
for the design and evaluation of work space at machinery (&R ; RO Z &M - AEREHH - BREERBICB
R EFHOOD T 2= F R T O L)

TYOTERVEYSLAITOS CENTG 122na TR 287

INSTITUTET FOR ARBETSHYGIEN
FINNISH INSTITUTE OF OCCUPATIONAL HEALTH

03 SEp. 1997
29 August 1997

Norbert Butz

NA Ergonomie (FNErg)
DiN

Burggrafenstrafie 6
D-10787 Betlin
Germany

Tel +49 3026 01 1
Fax +49 3026 01 1231

Dear Norbert Butz

Enclosed you will find a draft for the scope and basic structure of the standard
*Structures and dimensions of the computer manikins for the design and
evaluation of work space at machinery®, prepared by the nominated ad-hoc

group.

Could you please distribute this document to the experts of WG1 betore our
meeting in Loughborough 22-24. 9. 1997,

Looking forward to seeing you in Loughborough

I3

Mit /\;ielen GriBen

;

e aid P
£ : { ’/'-

/‘./ /? H ..é,_z/f-\.________-——-\
Martti Launis

Martti Launis

Institute of Occupationai Heaith
Unit of Ergonomics
Topeliuksenk. 41 a A
FIN-00250 Helsinki

Finland

Tel +358-9-4747 520
Fax +358-9-2414 634

= cher!uks_enkatu 31 a A, 00250 Helsinki = 09-47 471 W Topeliuksenkatu 41 a A & +358-9-47 471
Topelivsgatan 41 2 A. 00230 Helsinglors fax 09-24 14634 FIN - 00250 Helsinki fax +358-9-24 13624

L] Laaja:miwm!e 1. 01620 Vantaa = 0947 471 o Laajanityntie t = +336-8-47 471
Brecangsvagen 1. 01620 Vanda fax 09-890 713 FIN - 01620 Vantaa fax = 358-9-880 713

| § ;_xr_i_naue 3 903?0 Helsinki = 0347 471 o Arinatie 3 2 +355-9-47 471
Aritg agan 3. 20370 Helsinglers fax 09-356 157 FIN - 0G370 Halsinki fax +328-6-556 157
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Draft document for presentation at Loughborough meeting Sept 22-24, 1997

CEN/TC 122 WG1
Project "'Safety of machinery - Human body measurements - Structures and dimensions of
computer manikins for the design and evaluation of work space at machinery”

Preamble

This draft has been written from a different perspective compared with the checklist presented at
Trondheim in September 1996. That meeting received valuable comments from members which,
hopefully, have enabled the ad hoc committee to write an improved document. Because of rapid
advances in this developing field it is difficult to specify exactly the structures and dimensions of the
manikins per se. Moreover, defining the specifications is further hindered by the lack of
anthropometric data on the European population. However, it is possible to start drafting the basic
minimum requirements for computer manikins.

We suggest that the standard be divided into two parts viz:

Safety of machinery - Human body measurements - Computer manikins for the design and evaluation
of work space at machinery, Part 1; General requirements

Safety of machinery - Human body measurements - Computer manikins for the design and evaluation
of work space at machinery, Part 2: Structures and dimensions

Part 2 could be a later task, when the anthropometric data for the European population have been
specitied and the requirements for the next generation of manikins are available.

One special discussion point is the role of biomechanics in this standard. Many of the existing
computer manikin systems include some biomechanical components, but it may be questioned
whether this field is still too imprecise or too complicated from the standardization point of view.
There may be a risk of prolonging the production of the standard if complex aspects are
incorporated. However, the inclusion of biomechanics into the present draft will show its possible
role in the manikin structure and applications.

Part 1: General requirements
(Introduction, Scope, structure and basic contents - draft / checklist for making a draft)

1. Introduction

The computer manikin is an electronic model of the human body for illustrative purposes and for
ergonomic evaluation of physical environments and objects modelled in the computer. The manikin is
the means to perform, for example, anthropometric, postural, functional and biomechanical
evaluation for the designs of work stations, machines and other work equipment. It is an effective
tool when integrating several ergonomic aspects (e.g. anthropometric and postural) into one type of
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testing and evaluation of designs. The manikin is also a universal and flexible design tool for any
application. As new types of machinery come into operation, specific dimensional standards may not
be available for all of them. In these situations the manikin is a useful tool to fit the designs for

prospective users.

The manikins available so far vary with respect to the functions and features they afford, as well as to
their fidelity and usability. In the present developmental stage, the most sophisticated manikins may
require powerful hardware and special training of vsers, whereas, the most simple ones may be easier
t0 use but of restricted value for designing. The models of the whole human body may need to be
still less detailed, whereas specific component models, for example the hand, may offer additional
properties for the evaluation of objects manipuiated by it. The choice of manikin for the design task
is, to a great extent, a trade-off between these kinds of different features.

This standard is intended to ensure that computer manikins for the design of machinery are accurate
and reliable in their anthropometric and biomechanical aspects, taking account of usability and
possibly ensuing restrictions for sructural complexity or functional versatility. The other aim is to
ensure that the users of manikins will be aware of the possible errors and or limitations the use of the
different types of manikins may involve.

2. Scope

This European standard establishes the general requirements for computer-aided manikins intended
for the design and evaluation of the work space at machinery. These requirements concern the
anthropometric and biomechanical properties of the manikins, the extent 10 which they represent the
human body and the intended user population. The standard also specifies requirements for the
documentation of the manikins in respect to these properties and for the guidance of the user.

This standard is intended primarily for the developers of the manikins. It can be used also asa user's
guide for the selection of manikins and for evaluation of their usability and accuracy for the specified

use.
3. Normative references

4. Definitions
- computer manikin (man model): electronic model of human body

- ete.

5. Purpose of the manikins
(description of e.g. the sitvations in which maniking are needed to ensure anthropometric
considerations of the designs)
- General benefits of using maniking
- visualization of designs for common evaluation {collaboration between different
specialists and users)
- quick evaluation (with reservations on e.g. the existence of the electrical environment
model)
- quick determination of different dimensional options (for different user groups, for
different postural options, for different structural sotutions, for different adjustment
options)
- etc.
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6. Ty

Factors contributing to particular needs for using manikins

- novelty of the designs (lack of dimensional recommendations, difficulty to find reference
solutions for full-scale evaluation)

- constructional aspects; size, complexity, etc. of the object (difficulty of constructing full-
scale models)

- critical dimensions of the operations (fitting into, reaching to, etc.)

- need to study dimensions in the concepiual stage of designing

- need to construct dimensionally appropriate mock-ups, simulators, etc. for full-scale tests

- lack of representative test persons

- elc.

pes of manikins and their field of use
Geometric representation
- 2-D manikins (body templates) / in relation to purposes, objects of use, limirations, etc.
(see below)
- 3-D manikins / in relation to purposes, ... , ... etc.
- stick, wire frame, surface, volume, solid / (continued as above ...)
Motional capability
- articulation, number of moving joints and segments (e.g. in the neck and trunk, and in the
hand and fingers) '
- degrees of freedom of the joint movement (e.g. trunk; bending frontal/fateral, twisting)
- constraints (e.g. angular limits of the joint movements)
- possibilities for simulation of movements (or animation), level of automated simulation:
balance control, automated behaviours (e.g. sitting, walking, running, grasping)
Anthropometric versatility
- parametric / nonparametric
- selection of the user population? (if not European?)
selection of ethnicity
- selection of gender? (if not only the "operator")
- age?
- selection of the common-percentile sizes
- selection of the typical body types (somatotypes)
- selection of the critical combinations of percentile values (worst case scenarios
- selection of the percentile values for the body parts (x,y.2)
- modification of the geometric shape (in addition to scaling Xx,y,z)
Monte-Carlo modelling, percentage of the population accommodated
Biomechanical versatility
- 2-D/3-D
- static/dynamic
- gravity forces, lifting / pushing, pulling, etc.
- output: absolute values / comparison to the reference values (recommendations)
- percentage of the maximum allowable / percentage of users capable
- etc.
------------------------ in relation 10 the: +~s-=-veeemmmmme oo
Purposes
- drafting, designing, visualization, rapid evaluation, dimensional evaluation, postural
evaluation, simulation and evaluation of movements, motion study, biomechanical
evaluation, etc, ‘
Objects of use
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- stationary work stations (static postures, fitting, reaching, viewing)

- larger activity areas (moving, standing, walking, etc.)

- special environments (accesses, passage ways, exceptional postures and movements e.g.
stooping, kneeling, etc.)

- etc.

7. General requirements for the accuracy of the manikins
(factors affecting the accuracy of the analyses/determinations performed with the help of a manikin)
Structural
- link structure
- segmentation (geometry of the segments, displacement of the moving joints to fulil
actual dimensions in movements, a special point; shoulder, movement of the center of
rotation in reaching) '
- hierarchy of structure, constraints of the movements, optimization of movement
proportions
- compression/deformation of muscles (and abdomen), e.g. buttock/thigh area: skin and
soft tissues when standing/sitting - different options for the form in different situtions /
integral feature of the geometry
Anthropometric
- errors in selected data in respect to intended user population
- errors due to lacking data on body shape
- errors in percentage calculation (especially stature path in common-percentile manikins}
- errors due to rough geometric shape (e.g. polyhedral or ellipsoidal shape)
Biomechanical
- body segment mass data
- displacement of the mass centres of the segments
- distributions of masses of the segmensts
joint torque data (strength data)
- biomechanical models (formulas)
Other
- indication of body contour and joints, reference lines/angles/landmarks etc., in
anthropometric respect (e.g. heel and vertex if hair and shoes exist, frankfurt plane,
location of shoulder point, grip point, etc.)
- excessive abdomen, pregnancy?
- internal structures (e.g., bone, muscle, fat)
- clothing (e.g. light, heavy, arctic, protective, military-special protective, personal
armour)

8. General requirements for the usability of manikins
(factors affecting the acceptability of the use of manikins in the design process)
Learning '
- learning time (g.g. general structure, number of items to select, difficulty of decisions)
- response time to operations (visual feedback)
- consistency with other design programs or ergonomic/human factors applications
Ease of routines {effectiveness)
- access 10 and from the design program (ease of transferring manikin/environment from
program application to another, if needed)
interactivity between manipulation of the manikin and modification of the environment
(possibility of performing both at the same time)
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ease of manipulation of the postures (e.g. in reaching operations)

ease of quick changing between standing and sitting, or other basic/library posture
options

ease of positioning the manikin, e.g. in respect to the reference points (SRP, SIP, etc.)

Ease of making anthropometric selections/decisions

ease of selection of the needed percentile combinations / ease of manipulation of the
dimensions |

Ease of visual judgements

ease of perceiving the dimensions (quality of contour lines, landmarks, etc.)
displaying of e.g. viewing fields, reach zones, comfort zones

ease of perceiving the movements (indication of the operated joint angles in 3-D
manikins)

9. Requirements for the documentation of the manikins
(documentation for which the developer of the manikin is responsibie)
Field of use

intended use of the manikin
limitations in the use (from anthropometric point of view)
etc.,

Validation, verification

anthropometry :

- what anthropometric sources/populations are used

- what are the differences/errors (in = % / cm / mm) between the manikin and the
sources, in central dimensions, in central postures, in central percentiles

- etc,

biomechanics

- what biomechanical models/formuias are used

- what strength data/values are used

- what are the differences/errors between outcome of the manikin and original
reference values, in central postures

- etc.

User guidance
(in addition to technical manual)

in anthropometric respect

- e.2. how to select percentile options for a specific evaluation tasks
in biomechanical respect

etc., in respect to a great many of the aspects described in this draft

Martti Launis, 19. 8. 1997, a preliminary draft for the ad-hoc group (manikinf.doc)
Peter Jones-edited and modified 20 08 97

Martti Launis, some minor additions 22 08 97 {manikin2.doc)

Peter Jones-re-write-"English version” 28 08 97 (MANIKIN3/Macv)

Martti Launis, minor changes, 28 08 97 (manikin3.doc)
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Report

1 Opening of the meeting

Prof. Hans W. Jirgens opened the meeting and welcomed the experts of CEN/TC 122/WG 1
‘Anthropometry °.

Prof. Roy Kalawski welcomed the experts on behalf of the Depantment of Human Sciences
at the Loughborough University. He wished them a successful meeting.

2 Approval of the draft agenda

The agenda as given on page 3 was approved.

3 Appointment of an Editing Committee for drafting the resolutions

Mr. Mike Gray (United Kingdom), Mr. Bernard Vahdevyver (France) and
Dr. Hans Jorg Windberg (Germany) were appointed to draft the resolutions of this meeting.

4 Approval of the report of the 22nd meeting of CEN/TC 122/WG 1 held in
Cadenabbia, Haly, from 12 to 13 May, 1997 (see doc. CEN/TC 122/WG 1 N 250)

The report of the 22nd meeting of CEN/TC 122/WG 1 ‘Anthrropometry * held in Cadenabbia,
ltaly, from 12 to 13 May, 1997 was approved without amendment.

5 Report on the results of the eleventh plenary meeting of ISO/TC 158/SC 3
‘Anthropometry and Biomechanics ’ held in Tampere, Finland, on 1997-06-25/26

Prof. Hans W. Jiirgens and Mr. Kazushige Suzuki reported on the results of the 11th plenary
meeting of 1ISO/TC 159/8C 3 'Anthropometry and Biomechanics * held in Tampere, Finland,
on 1987-06-25/26 as follows:

1) 1SO/TC 159/SC 3 agreed:

- to allocate the New Work Item Proposals ISO/NP 15535 ‘Anthropometric database ’
and ISO/NP 15536 ‘Ergonomics - Computer manikins and body tempiates* to
ISO/TC 159/5C 3IWG 1;

- to adopt the new titles of three New Work Items as follows:

-- ISO/NP 12852 ‘Ergonomics - Reach envelopes

-- ISO/NP 14738 ‘'Anthropometric requirements for the design of workstations at
machinery ’

- ISO/NP 15537 ‘Selection of persons for testing of anthropometric aspects of
industrial products and designs ’
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2)

3}

4}

5)

-5-

As CEN/TC 122 ‘Ergonomics * has already prepared European Standards relating to
ISO/NP 15534 ‘Ergonomics - Access dimensions for the design of machinery ’,
ISO/TC 159/SC 3 will request 1SO Central Secretariat to initiate fast track procedures for
the adoption of EN 547 Parts 1 to 3 as ISO Standards.

ISO/NP 15535 ‘Anthropometric database * will be dealt with by ISO/TC 159/SC 3.
Although, there is a CEN Work ltem with a similar title, it was considered that the
contents are different.

ISO/NP 18536 ‘Ergonomics - Computer manikins and body templates * will be discussed
under the leadership of CEN/TC 122/WG 1 ‘Anthropometry *. As some member countries
of ISO/TC 159/SC 3 show interest in the activity, ISO/TC 159/SC 3 will nominate liaison
representatives to the relating meetings of CEN/TC 122/WG 1.

If ISO/NP 15532 ‘Anthropometric principtes and data for safety distances * has already
been dealt with by another ISO Committee (e.g. by ISO/TC 199 *Safety of machinery ).
The Secretariat of ISO/TC 159/SC 3 will contact the Secretariat of ISO/TC 159
‘Ergonomics * and the 1SO Committee which is handling the Work Item, as well as the
ISO Central Secretariat, to discuss how to deal with ISO/NP 15532.

For further information see document CEN/TC 122/WG 1 N 258.

Concerning ISO/NP 15532, Mr. N. Butz reported that the envisaged International
Standard should specify human body measurements as basis for the establishment of
safety distances (see doc. CEN/TC 122/WG 1 N 264).

ISO/TC 199 ‘Safety of machinery’ has produced the following International
Standards/Draft International Standard:

a) SO 13852:1996 ‘Safety of rﬁachinery - Safety distances to prevent danger zones
being reached by the upper limbs * {Identical with EN 294:1982)

b) ISO/DIS 13853:1997 ‘Safety of machinery - Safety distances to prevent danger

zones being reached by the lower limbs ’ (Identical with EN 811:1996)

¢) 1SO 13854:1996 ‘Safety of machinery - Minimum gaps to avoid crushing of parts of
the human body ’ (ldentical with EN 348:1893).

Mr. K. Suzuki requested the member bodies of 1ISO/TC 159/SC 3 to nominate experts for
the Work Items :

- ISO/NP 15535 ‘Anthropometric database ’, and
- ISO/NP 15536 'Ergonomics - Computer manikins and body templates *,

which have been allocated to ISO/TC 159/SC 3/WG 1. The experts should be nominated
to the Secretariat of ISO/TC 159/SC 3 by 24 October 1997 (see doc. CEN/TC 122/WG 1
N 288).
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6 Status of the project EN ISO 7250 ‘Definitions of basic human body measurements
for technological design ’ (ISO 7250:1986)

Mr. N. Butz reported that the European Standard EN ISO 7250 ‘Definitions of basic human
body measurements for technological design * (1ISO 7250:1996) has been ratified by the CEN
Technical Board on 1897-08-12.

The European Standard has been prepared in co-operation with CEN/TC 122 *Ergonomics ’,
and supercedes the Draft European Standard prEN 979.

This European Standard shall be given the status of a national standard, either by publication
of an identical text or by endorsement, at the latest by January 1998, and conflicting naticnal
standards shall be withdrawn at the latest by January 1998.

7 Project ‘Safety of machinery - Anthropometric requirements for the design of
workstations at machinery ’ {see docs. CEN/TC 122/WG 1 N 244, N 253, N 255 and
N 256}

The manuscripts of the Draft European Standard on ‘Safety of machinery - Anthropometric
requirements for the design of workstations at machinery * {(English, French and German
versions) have been distributed to the experts of CEN/TC 122/WG 1 on 1987-09-10 (see
docs. CEN/TC 122/WG 1 N 255 and N 256).

Mr. Antonio Carmona informed the experts of CEN/TC 122/WG 1 that a new anthropometric
survey in Spain revealed that the Value PS5 for "b, Grip reach; forward reach” (see Table A.1
in Annex A "Anthropometric data") is 606 mm.

Therefore, the experts of CEN/TC 122/WG 1 agreed to change the value P 5 for b, Grip
reach; forward reach” from 615 mm to 605 mm.

Further amendments in doc. CEN/TC 122/WG 1 N 255 are as follows:

a) Table 4 'Sitting, working area limits for arms ’
The value for C, was changed from 425 mm to 415 mm

b) Table 6 'Raised sitting, space requirements for legs and feet ’
The value for B was changed from 1040 mm to 1094 mm (B =2 C =2 +» 547 mm =
1094 mm).

The CEN Central Secretariat will be requested to submit the revised manuscripts to the CEN
Members for CEN enquiry.

8 Project “Safety of machinery - Human body measurements - Computer manikins for
the design and evaluation of work space at machinery *

At the last meeting of CEN/TC 122/WG 1 held in Cadenabbia on 1997-05-12/13,
Prof. P. Jones, Mr. M. Launis and Prof. R. Ortengren had been requested to prepare the
scope and structure of the envisaged European Standard on Computer Maniking for the
Design and Evaluation of Work Space at Machinery.
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The draft prepared by the Ad hoc Group was presented to the experts of CEN/TC 122/WG 1
by Mr. Martti Launis {see doc. CEN/TC 122/WG 1 N 257).

The Ad hoc Group has suggested that the European Standard ‘Safety of machinery - Human
body measurements - Computer manikins for the design and evaluation of work space at
machinery * be divided into the following Parts:

- Part 1: General requirements
- Part 2: Structures and dimensions.

The above draft was discussed in detail at the meeting in Loughborough and appropriate
amendments have been agreed. The Ad hoc Group (Dr. Kazutaka Adachi, Prof. Peter Jones,
Mr. Martti Launis and Prof. Roland Ortengren) will revise the draft in accordance with the
results of discussion.

The experts of CEN/TC 122/WG 1 have been requested to send any comments on the drait
to Mr. Martti Launis (Telefax: +3 58-9-2 41 46 34) by 31 QOctober 1997.

Comments on this projects have been received from Mr. Nico Dellemann, Netherlands {see
Annex 3 of doc. CEN/TC 122/WG 1 N 265).

Dr. K. Adachi presented the current status of international standardization of computer
manikins prepared by the Japanese Ergonomics Committee (see doc. CEN/TC 122/WG 1 N
263).

9 Project ‘Selection of persons for testing of anthropometric aspects of industrial
products and designs * (see doc. CEN/TC 122/WG 1 N 212)

Mr. Mats Bjurvald presented his comments on the Working Draft ‘Selection of persons for
testing of anthropometric aspects of industrial products and designs *.

He recommended that persons with different acquaintance with the product in question are
engaged for the test. When analyzing the test data, a difference is to be made between
experienced and unexperlenced test persons, concerning the use of the product or design
under test. The test results shall be weighted, giving the data of the unexperienced test
person the value of 0,8 of the value of the experienced one {for further information see-doc.
CEN/TC 122/WGE 1 N 262).

The experts of CEN/TC 122/WG 1 agreed to establish a Sub-Group (Mrs. V. Andersen,
Mr. M. Bjurvald, Mr. M. Wichil and Dr. Hans J. Windberg) with the task to prepare the text for
the Draft European Standard/Draft International Standard.

In accordance with the Vienna Agreement, it has been agreed, to submit these drafts for

parallel voting - to the CEN Members and to the member bodies of ISO/TC 159/SC 3 {see
doc. CEN/TC 122/WG 1 N 258).
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10 Technical Report Notatlons for physical dimensions and anthropometric body
measurements ’

Prof. Roland Ortengren and Mrs. Vibeke Andersen tabled a draft for a CEN Report on
‘Notations for physical dimensions and anthropometric body measurements ' (see doc.
CEN/TC 122/WG 1 N 261).

The purpose of this document is to explain the use of notations for physical dimensions at
workplaces (reach distances, space requirements, passages, openings, etc.) and
anthropometric measurements in EN 547 Parts 1 to 3.

The experts of CEN/TC 122/WG 1 are requested to check the above document and send any
comments to Prof. R. Ortengren by 31 December 1997.

Mr. N. Butz is requested to send a good example of a CEN Repori to Mrs. V. Andersen and

Prof. R. Ortengren. Mrs. V. Andersen and Prof. R. Ortengren will revise the document on the
basis of comments received.

11 Establishment of a European anthropometric database for all age groups

The proposed contents of the Work Item ISO/NP 15535 *Anthropometric database * had been
prepared by Prof. Toru Itani, Chairman of ISO/TC 159/SC 3 (see doc. CEN/TC 122/WG 1 N
251).

The experts of CEN/TC 122/WG 1 agreed to establish a Sub-Group (Mrs. Greta Bolstad, Mrs.
Carola Vincent, Mr. Mike Gray and Prof. Peter Jones) with the task to prepare a first Working
Draft on the 'European anthropometric database for all age groups , incorporating the
contents of document CEN/TC 122/WG 1 N 232.

Prof. Hans W. Jirgens proposed that every CEN member should try to provide the
anthropometric data of their own poputation.

The experts of CEN/TC 122/WG 1 are requested to send any comments on this Work ltem
to Prof. P. Jones by 31 December 1997.

12 Project ‘Safeguarding crushing points by means of a limitation of the active
forces ’

Mr. Mike Gray reported on the results of an investigation on safeguarding crushing points for
doors which close automatically at the Health and Safety Executive Laboratories in Sheffield,
United Kingdom.

Prof. Hans W. Jlrgens reported that a document has been prepared in Germany on a
literature review and comparison of available data concerning forces to which people can be
exposed without risk of injury (see doc. CEN/TC 122/WG 1 N 234), He proposed that an
attempt should be made in every European country to analyse the specific accidents. He
emphasized the lack of funding for pre-normative research on this subject.
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Allocation of work to the experts of WG 1

1)

2)

4)

14

Mrs. V. Andersen and Prof. R. Ortengren are requested to prepare a CEN Report on the
notation system for the European Standards EN 547 Parts 1 to 3. The experts of WG 1
are requested to send any comments on document CEN/TC 122/WG 1 N 261 to
Prof. R. Ortengren by 31 December 1997.

Mrs. V. Andersen, Mr. M. Bjurvald, Mr. M. Wichtl and. Dr. Hans J. Winaberg are
requested to prepare the text for the Draft European Standard/Draft Internaticnal
Standard on the ‘Selection of persons for testing of anthropometric aspects of industrial
products and designs *.

Dr. K. Adachi, Prof. P. Jones, Mr. M. Launis and Prof. R. Ortengren are requested to
revise the Working Draft on 'Safety of machinery - Human body measurements -
Computer manikins for the design and evaluation of work space at machinery * in
accordance with the results of discussion at the meeting of WG 1 held in Loughborough.

The experts of WG 1 are requested to send any comments on document CEN/TC 122/
WG 1 N 257 to Mr. Martti Launis (Fax: +3 58-9-2 41 46 34) by 31 October 1997.

Mrs. G. Bolstad, Mrs. C. Vincent, Mr. M. Gray and Prof. P. Jones are requested to
prepare a first Working Draft on the ‘Establishment of a European anthropometric
database for all age groups ’.

The experts of WG 1 are requested to send any comments on this Work Iltem to
Prof. P. Jones (Fax: +44 -15 09 22 30 03) by 31 December 1997.

Other business

1)

2)

3)

15

Mr. N. Butz informed the experts of WG 1 that the next plenary meeting of CEN/TC 122
‘Ergonomics * will be held in Madrid, Spain, from 11 to 13 March, 1998,

Mrs. V. Andersen presented a publication with the title ‘Inappropriately Applying
Athropometric Methods for Ergonomic Design Testing * by Kristie J. Nemeth and
Marvin J. Dainoff, Centre for Ergonomic Research, Miami University, Oxford Ohio, USA
(Annex 1 of doc. CEN/TC 122/WG 1 N 260).

Mrs. V. Andersen informed the experts of WG 1 on a letter received from the Romanian
Institute for Standardization concerning the scope and application of EN 547 Parts 1 to
3 (see Annex 2 of doc. CEN/TC 122/WG 1 N 266). Prof. H. W. Jlrgens agreed to
answer this letter,

Approval of resolutions

No resolutions have been required.
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16 Dates and places of the next meetings of WG 1

1) A joint meeting of CEN/TC 122/WG 1 ‘Anthropometry * and CEN/TC 122/WG 4
‘Biomechanics " will be held in Salzburg, Austria, from 23 to 24 March, 1998.

2) The 25th meeting of CEN/TC 122/WG 1 will be held in France from 28 to 29 September,
1998.

17 Closing of the meeting

On behalf of the experts, Prof. Hans W. Jlrgens expressed his thanks to Prof. Peter Jones
and Mrs. Inga Whitehouse for the most cordial hospitaiity in arranging the meeting of
CEN/TC 122/ WG 1 at the Loughborough University. He then thanked the experts of WG 1
for their valuable contributions and closed the meeting.

N. Buiz Prof. Hans. W, Jargens

but/mgi
1997-10-17
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Current status of international standardization for computer manikins
(for CEN/TC122/WG1)

1997 9 22724
Research Institute of Human Engineering for Quality Life
1. Intriducrion

Although most systems simulating human movements on computer were offered in the field of
computer graphics (CG), these systems mainly reproduced approximated images of human movement, and
were unable from the standpoint of dimensions and mechanics to reproduce assessments of movement
characteristics that went along with using products like assessments on compatibility with products and
environments. This led to development in R&D institutions around the world of computer manikins for
ergonomically assessing product designs and work spaces based on manikins equipped with data related to
specific human forms. Unfortunately it was hard to compare assessment results for all types of computer
manikins because of wide
variation in the quality and functions of individual programs, and international standardization of computer
manikins was sorely needed. To that end, we are conducting research and development aimed at enacting
ISONP15536 Computer manikins and body templates based on survey (*1) and international standardization
{(*2) study projects for computer mannequins.

This paper offers ISO/TC159/SC3 liaison experts attending the CEN/TC122/WG1 Conference an
overview on the current status of SO and CEN standardization for the computer manikins examined through
these projects as well as the current status of research and development on computer manikins in Japan.
(*1) Survey Study Project on Computer manikins [4/1/1996 to 3/31/1997]

(¥2) International Standardization Study Project on Computer manikins(4/ 1/1997 to 3/31/1998]

2. Current status of international standardization for computer manikins
2-1.History of ISO standardization for computer manikin

The history of ISO standardization for computer manikins is outlined below.
(1)Computer mannequin standardization has been debated from the beginning, but was set back by sluggish
SC3 activities.
(2} In July 1995, questionnaires sent to SC3 P members in an effort to survey whether several tabled work
itemns including computer manikins would be targeted for study in the future led to the conclusion that these
items needed to be pursued.
(3) In September 1995, the results of the above questionnaire were confirmed at the 10tk TC159/SC3 Plenary
Meeting held in Berlin.
(4)Seven issues were raised to the level of work items based on SC3 P member voting implemented between
May and August of 1996.
(7)The voting results prompted registration of this issue with the ISO Central Secretariat in October 1996 as
NP15536 Computer manikins and Body Templates.
(8)In June 1997, it was decided at the 11th TC159/SC3 Plenary Meeting held in Tampere, Finland that CEN
(European Committee for Standardization)/TC122 /WG1 who had already initiated standardization activities in
line with the Vienna Agreement would assume a leadership role on this work item, and that the ISO would
cooperate with standardization by assigning liaison experts to the CEN Committee.
2-2. Adjusting the definition of computer manikins

Technology for daily life, work and other environments as well as for the products used in those
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environments is rapidly advancing on the one hand. On the other hand, we now see drawbacks like
mishandling, misjudgment, accidents and the negative impact on health that result because these environments
and products are not compatible with humans, and the drawbacks are further exacerbated by a rapidly aging
society. It is therefore essential that we understand the characteristics of the people who use the products and
that we develop technology for pre-assessing human compatibility if we hope to maintain safe daily life and
working environments by eliminating accidents and stress before they occur due to mismatches between
human and product environments as we master more diverse and sophisticated products. Computer manikins
are one such human compatibility technology.

The term computer mannequin used here refers to a human compatibility technology that reproduces
vartous human characteristics in a computer(computer mannequin in a narrow sense)and uses this computer
mannequin to directly assess ideal environments and products constructed in the same computer. It also refers
to the system of researchers and designers outside the computer who conduct evaluations while monitoring the
computer screen (computer mannequin in a broad sense). Computer mannequin is defined more specifically as
outlined below,

(1)Basic definition
A computer mannequin is a simulation model that is used to estimate interaction between humans and
environments.
(2)Definition based on needs (testing tool)

A computer mannequin is a testing tool that is used to estimate mismatches between  humans and
environments as well as for detecting factors  such as those leading to accidents and fatigue.
(3)Definition based on needs (innovation tool)

The pursuit of performance in human-based products is an inevitableproblem for all companies who
manufacture products used by people. Incorporating high-added value like convenience and comfort to
product performance for example demands investigative, inventive design work that looks at performance
starting from upstream levels such as concept design.

Computer manikins have not be seen in product design to date, and yet it will be a useful tool for specifying
and visualizing ongoing interaction between humans and environments in investigative, inventive design work.

2-3. Views on basic concepts for standardization

* Propose computer manikins as a human compatibility assessment technology. (All the definitions above
form the basic concept of 2 mannequin.)

* Propose expanding the use of computer manikins to design work for daily life environments like offices and
homes rather than limiting their use to work environments and specific industries.

* Propose that human characteristics also take into account various races as well as the elderly.

* Propose that characteristic postures and movements for various races be taken into account for posture and
movement.

* Devise some means to stay ahead of advances in computer technology and modeling.

* ISO/TCI159/8C3 has offered ISONP15536 Computer manikins and Body Templates as an international
standard for computer manikins. As such, we ought to construct a basic concept for manikins using a form
developed based on ISO7250 and assume at least the limits of dimension assessments, dynamic loads and field
of vision for the basic concept since there is little chance of full human compatibility at this point anyway.

2-4. Views on the applicable scope

* Expand the applicable scope of this standard to design work for daily life environments such as offices and
homes rather than limiting it to work environments and operating environments for automobiles and airplanes.
* Consider standardization in the form of core functions + field-specific options rather than a uniform
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standard in order to achieve broader applicability across diverse fields. Also set it up so that assessment items
can be defined by usage rather than limiting functions because usage
varies with individual fields.

* Make the fields for which core functions are applicable the ones where the items designed are relatively
hard compared to the human body, such as automobiles, office furniture and everyday appliances, and assume
that people are operating the items in ordinary clothing. Also stress
dimensional design, and imagine evaluations like reach, range of mobility and field of vision.

* Use the computer mannequin as a testing tool for estimating mismatches between humans and environments
as well as for detecting factors such as those leading to accidents and fatigue.

* The pursuit of performance in human-based products is an inevitable problem for all companies who
manufacture products used by people. Incorporating high-added value like convenience and comfort to product
performance for example demands investigative, inventive design work that looks at performance starting from
upstream levels such as concept design.

Computer manikins have not be seen in product design to date, and yet it will be a useful tool for
specifying and visualizing ongoing interaction between humans and environments in investigative, inventive
design work.

2-5. Comparison to CEN concepts

Table 1. Comparison of computer mannequin concepts

ISO CEN

Fields of Application Expand assessments to daily life Analysis and management in airplane
environments like offices and homes rather | cockpits and automobiles as well as in work
than limiting them to work environments and production environments.
and operating environments for automobiles
and airplanes.

Validity of Models and|  Standardize a range that will preserve Standardize a range that will preserve

Interpretation of results| the integrity of assessment results such as the integrity of assessment results. Also
standardizing the mobility of people at clarify current status and assumptions
specified dimensions within a range with based on the results in order to prioritize
XX amount of deviation. the results, Models must be collected for

evaluation.

Software Development|  Stipulate a platform for developing Proposed problems are outlined below.
various computer mannequin functions in Methods and procedures used in
order to ensure broad applicability across computer software as well as in graphic
various industrial and research fields. planning and imaging are rapidly being
Add various functions to the platform and developed. Programs now run on personal
stipulate the method used to construct computers as well as on work stations, but
easily updated models. quality, functions and ease of use vary

with the program.

Specifications Do not stipulate human models by Proposed problems are outlined below.
conceptualizing evolving systems, but Internal human model structure, software,
rather indicate the standards that ought to applications and user control methods
be preserved. _ must be specified in order to establish

Consider standardization in the form of adequate functions.
core functions + field-specific options for
broader applicability across diverse fields.

Target User Ergonomic experts as well as people People with experience in human body
with experience in human body measurement, workplace design and
measurement , workplace design and computer technology. Even so, there isa
computer technology. Carefully consider chance that decision-making and
the user interface in terms of ease of explanatory guidelines will be prepared
understanding and use in order to provide for those with little experience and that
intuitive user control. well-illustrated software will be designed

Product and space designers
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1.3.7 #24[CEN/TCI2YWGIEFISBEABEREAN., EE VA b

OPEAN COMMITTEE FOR STANDARDISATION
CEN/TC 122WG 1 COMITE EUROPEEN DE NORMALISATION
"Anthropometry EUROPAISCHES KOMITEE FUR NORMUNG

DIN Deutsches Institut fiir Normung . V. - D-10772 Bedin

To the expetts
of CEN/TC 122/WG 1
*Anthropometry*

CEN/TC 122/WG 1 N 269

Your refereace QOur refereace T (4 49 30) Berlin
but/ami 26 01-23 95 1998-02-02

Meeting of CEN/TC 122/WG 1 "Anthropometry” in Salzburg, Austria

Dear Madam,
Dear Sir,

The 24th meeting of CEN/TC 122/WG 1 "Anthropometry" will be held from Monday 23 March to
Tuesday, 24 March, 1998, at the

wirtschaftsférderungs-institut (WIFT) Salzburg
Julius Raab-Platz 2a

5020 Salzburg
Austria

Part of the building: C {3rd floor)
Room 339

Phone: +43 - 662 - 88 88 - 411
- 412
Fax: + 43 - 662 - 88 32 14

The meeting will be opened on Monday, 23 March: 1998 at 10.00 h a.m. The draft agenda of the
meeting is given overleaf,

In consultation with Dr. Aleid Ringelberg, Convenor of CEN/TC 122/WG 4, and Drs Pieter de
Vlaming, some experts of CEN/TC 122/WG 4 “Biomechanics" are Kindly invited to attend the
meeting of CEN/TC 122/WG 1 “Anthropometry”. In this meeting, the experts of WG 1 and WG 4
have the opportunity to discuss joint matters in the field of Anthropometry and Biomechanics in
general and especially on working postures, prEN 1005-4 "Safety of machinery - Human physical
performance - Part 4: Evaluation of working postures in relation to machinery" and the proposal
"Safety of machinery - Anthropometric requirements for the design of workplaces at machinery" (see
doc. CEN/TC 122/WG 1 N 255).

.
SECRETARIAT DIN — mailing address: D-10772 Berlin {for visitors: Burggeafenstr. 6. D-10787 Bertin
DEUTSCHES INSTITUT FUR NORMUNG e.V. Teb: + 493026012395 = Fax: + 49 30 26 0L 12 31
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-2.

We would like to ask you for an indication by 06 March, 1998, whether you intend to be represented
at the meeting or not.

Copy: Dr. A. Ringelberg (Convenor of CEN/TC 122/WG 4 "Biomechanics”)
Mr. Pieter de Viaming (Secretariat of CEN/TC 122/WG 4)
Prof. Toru Itani, Chairman of ISO/TC 159/8C 3
Mr. K. Suzuki, Sec. of ISQO/TC 159/SC 3
Dr. Adachi, Tsukuba City, Japan

Encl.: Registration form
Map of the location of the meeting
Hotel list

ciiwpwintexteleinlad\122-1.5al
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Draft Agenda

1

2

10

11

12

13

14

15

16

17

18

Opening of the meeting (10.00 h)
Approval of the draft agenda
Appointment of an Editing Committee for drafting the resolutions

Approval of the report of the 23rd meeting of CEN/TC 122/WG 1 held in Loughborough, United
Kingdom, from 22 to 24 September, 1997 (see doc. CEN/TC 122/WG 1 N 267)

Report on the results of the plenary meeting of CEN/TC 122 “Ergonomics” held in Madrid,
Spain, from 11 to 13 March, 1998

Project "Safety of machinery - Anthropometric requirements for the design of workstations at
machinery” (see docs. CEN/TC 122/WG 1 N 255 and N 256)

Draft of prEN 1005-4 "Safety of machinery - Human physical performance - Part 4: Evaluation
of working postures in relation to machinery” prepared by CEN/TC 122/WG 4 "Biomechanics"
(see doc. CEN/TC 122/WG 1 N 268)

Project "Selection of persons for testing of anthropometric aspects of industrial products and
designs"

Establishment of a Eurcpean anthropemetric database for all age groups
Project "Ergonomics - Computer manikins, body templates"
Project "Safeguarding crushing points by means of a limitation of the active forces®

Notation system of anthropometric measuremenis used in the European Standards (to be
published as a CEN Report)

Project "Ergonomics - Reach envelopes"
Allccation of work to the experts of WG 1
Other business

Approval of resolutions

Dates and places of the next meetings

Closing of the meeting
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138 #24ECEN/TC122/WG1 (3A23~24H., FN Y 7V 7) KEEkRE

# 24 [@ CEN/TC122/WG1 (3823 H~24H. ¥V Y 7TIL2) ST, IvE2—FTF-F
Bl 2 I FHIIH10 [Project”Ergonomics - Computermanikins, body templates” | TRIEE E Mlzo 5
|EEOBDI. I €a— i F VEBERT Fhy 2 7V —70EHTH S Mr. Launis 25 .
CEN O3B RDE 25 (2nd draft, BEFt4, 1.3.103) FHEZFEMAENL COFIFT ML 2D
7 Rky 2 # N — 7D A ¥ 5— (M Launis, Prof.Oertengren, Prof, Jones, JE3) 12 DB TEAR &
Nite FOH, CORBIHELTT Fhy 7 7V — 7THTHIFICERL TBELwEW)IZ L £
72, BESBEILHOLPLHIOFF 7 MCERBLTCBWTIZLWEDHERIZ X Y| Mr. Launis 2
5 Juegens HE~. COHEICHT 2 4EOFBI2BEREL T AR W HEEFSH Y, 2H
ENBEHOFEBRHERL o7

FRRw 2N =FDAY -3 1 BEOFHCEA L. FITME2MCBLTEREL, 8
NENERETREOBY TH b,

cFS 7 ME2RRICIE. EBHTRVWARYTDH 50T, RETHILEFD S,
CHECBSMERTVEIVEa - TF MBI L THBEREZERTRETH 5,

ST, BEIBERCBELTOARN, F1FI7AEEDRNILEET S,

SHEANFEDOI LD
- SRE D% 25 B CEN/TC122/WG1 EFI &L, 1998 E9F28H~29H 7 5 Y AN = - ADIBIS &
FUTHEET I LFRESNT,
<k 4 B D 26 Bl CEN/TC122/WG1 EFISRIE, 4 BRHICKED S 780 — TISO BRO XA
BENBEOT, BRBOFLER ANTI999E4 A8H~9H LA F V7 DOIEFHHICHLEF v T T
¥'7 (Cadenabia) TR SN b 2 & & 2o 72,
CaAVEI—FITRFIELT
B AN R ILA%, [ Draft document for presentation at Salzburg, Austria, 23/24 March 1998 Safety of machinery
- Human body measurements - Structure and dimensions of computer manikins for the design and evaluation of
work space (ISO )] (&# 2. 3210) OBEHRALT o/, UTKERERT,
ZHOFI7 N, BEOENSSERIIET L. RE2ACRADN—Va IR TEHHY
Prof. Juegens, Mr. Butz, Mr. Launis, Prof.Ocrtengren, Prof. Jones (23T L. FHR D Mr. Butz B 5&
B£BIra¥—ri%EfEhTwna, FEEIC, ISO IXB1T 5 NP15536 Computer manikin and body
templates D A ¥ N — 12 b EF LERERD 2, 1SOD A YN~ B LT BEROKOWY 2310
AL RbFALFS Y IPOBRANEELNL, ARD., TLEHBETRERERZEFD
5o

BMIALZOR, IV Ea—y <R3 ABEAROBMO—oTH Y. HAMEIGHIER
DIBTIT TR, —BRESCEEHAEELELATVS, Fio, FAWELT TR TV
VRO ZR LTS EW) ETH D, LI2D5o T, FED at machinery & V) BEFITHIBRT &
TH5b,

Ty a—FAFEYEARTS BEPTHSI,. BUREICLER T — #1X1807250 KEDWT
S LEEERLTWS, LAL, JZRFRSACEHIEBZT CRATS T, E6KHED
SUEBE ML TR LB ERT A LESlD %, 8510, EFOXBREED L OFHR
UHSOMBEERL, AREAIL ChoOMEEHEETIROMEXL T D,
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ZAICH LT, Prof. Qertengren 7 5 R0 X ) R ERAT, ,

ISORE, FHAVERT U= arkhvo Ll DEEFERLTBY, BWEED
P, BRERELTELDBILIEBROMALAE LR LORESE L IILETH S, i, HIEES
EBI:DDERIZ LB T I,

2RI Mr. Launis 2* 5, CEN O#IEE [2nd draft, for the meeting in Salzburg, 23-24 March 1998, CEN/
TC 122 WG1 Project "Safety of machinery - Human body measurements - Structare and dimensions of computer
manikins for the design and evaluation of work space at machinery” (CEN%) | (&#+4. 1.3.1018) OE
HAEH o7z,

CORCB|LT. —HRELF v 7V A POFEL L o T TIBEST IR TWE W, BER.
BRETRELSETERTAFELZ T Fhy 2 70— 7 TRE Ui, 22T, BETEESE
ERRFIET AR BOAZHR N, ¥4 5372 GEHFE) BEDLEV, L) g TERS
—B L7, $abb, EHFHNEEEIBTIHSOAEZHRD) T LICT 5,

OB AVEL-FTRFUFEDL IR LDOPIEBTETCHLENEREN VB XS CAIIT
LNz T Mr.Lanis i X2 I ¥ a— ¥ 3 X VOBREKCHETL7VEYF— 2 a Y AOHP R &
BLTiThbhi, i, FT2REOERTA —F 7=l CEoT. 3RkTHAI Y E2—
¥ < %% ¥ (JACK, SAMMY, RAMSIS, ERGOSHAPE) DHBMIThN/, &5, CEN OHEERH
T E2—FIAX VDI —F WL L TVEOIT L, ISONHBERETAF Ly ORRELE
E—=5y Pl ThBL W) ATHEND D . COAOTHEDLERLETHDL L) 2 LR
3 (A

R Prof. Certengren* & , AEREHHME & 13V o Td | [SO7250(CENT250) IR ST W 2 BIEE 750
PORTAFVEELILEATRETHY, 72, TEDDFozwrF L oFiEL DEEME
EEDBFL VL) IETEND o720 F /2. Prof. Jones DIRF T, ISOPRE L - HBROAEN, <
FFOBEBICBHLTPIRILBAZARIC R 2TV 5B O T, BEED Part 1: General principles and
requirements % CEN |22 { ¥, Part 2: Structure and dimensions % ISO fl4E- Tk &I e vk
KAH Y. RBERIZ, Part 11T BEAM, 9844 F3KF TIC Prof. Jones T D (REHHTR I
A EEA O 2nd draft) . Part 21337 2 BRI, 98ES AR E TICRILICES (BREHRIZISORED
BER) L) & iholz Pat IOERERMB . 9F3AEKTH S, CENEIOH L7 2nd draft
CRLT, BLODR-—VILHH [TAFVOEFEBELILEDTLEION? ] EnH T AL P
LT, £H*5EHE. &, 2603 008FAET I L Lz, T2, 13—V & 4L 99r3—
VI ANEREOLD, FOBVRT ] VI HIELTE, BEREERLTEDILWIZ LS
e olze &6IC [6. Accuracy of the use of manikins| &, BREFEETHEWEWHI Z L2 HAL. [8.
Requirements for the documentation of the manikins | Tid, BHENLZ T 70 —-FEEDLI EICLA
B, BIHENLGBAEIRL I L E L7, Hippoit DIERERMBIIAHETH 545 BNBEHS L. B
VOBRE LT EUTRIEBLACMECRZ2O2VEMAD VN TRRENOIFEEEL2nE YA X
VEVRLILFTELCOT, HL7A VN () OELCEEECBLTERER LR TR
vk, RESN. B, 2nd draft DFRBEIZDH 5 at machinery 13, BIEOHF RN A
DR THZ L PHHBRLTIEE ) P LRBELAN, KBS, |

ZOR, EHEEL L T4 5280 ~29 0 ICRAMSISICBIT 5 & v R YW AT X Y 4TSI, H
PHEETER VR LITEDH o 72A5, Prof. Qertengren BB NT A L3 TH 5B,

EBWETHR, TFRYZITN—TDAN=HET Y, BEMEICOVWTHELEI I LIZhols,
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SBMBTHROT PRy 7 TN~ T A N—BL
st £l : 2nd draft, for the meeting in Salzburg, 23-24 March 1998, CEN/TC 122 WG1 Project "Safety of

machinery - Human body measurements - Structure and dimensions of computer manikins for the design and

evaluation of work space at machinery" (CEN %) (1.3.103H)

S 7 K0 — TELAF O 1st draft #, [5. Purpose of the manikins] %+ 2nd draft T3 Introduction &
BTLE o7, AV Ea—vis v OERICELT, —DIE Lo TH R draft €0 5o Part ]
DL Y F Lk Prof. Jones DT 5 o Part 1 iZBT 2R ESHIITRHROEY -

Prof. Qertengren © 6 & 8
Mr, Launis . 7
Prof. Jones . 5
¥ 7=, informative annex X ERIT 5 Z LT L7,
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1.3.9 2nd draft, for the meeting in Salzburg, 23-24 March 1998
CEN/TC 122 WG1 Project "Safety of machinery - Human body measurements - Structure and dimensions
of computer manikins for the design and evaluation of work space at machinery” (CEN %)

2nd draft, for the meeting in Saltzburg, 23-24 March 1998

CEN/TC 122 WG1

Project "Safety of machinery - Human body measurements - Structures and dimensions of
computer manikins for the design and evaluation of work space fEmachinery)

Preamble

This draft is a partially extended version of the checklist-version presented at the Loughborough
meeting in September 1997. The checklist-version was discussed and generally accepted to form the
basis for further development. In the present draft, only descriptive parts in the beginning of the draft
are written as running text (clauses 1-5), and for the rest only minor amendments have been made.
Clause 5 in the former version, Purpose of manikins, has now been included in clause 1, intoduction.

In Loughborough it was decided that the standard be divided into two parts viz:
- Safety of machinery - Human body measurements - Computer manikins for the design and
evaluation of work space at machinery, Part 1: General principles and requirements —> Li‘/B 01 20s
- Safety of machinery - Human body measurements - Computer manikins for the design and 243/
evaluation of work space at machinery, Part 2: Structures and dimensions - 3 / 37 e
20 FTI N L

This division was arosed from the difficulties-in specifying the structures and dimensions of the
manikins in the present stage of development. However, it is possible to start drafting the basic
requirements for computer manikins (Part 1). Part 2 will be a later task, when the anthropometric data
for the European population have been specified and the requirements for the next generation of
manikins are available.

At the meeting in Loughborough it was suggested that the anthropometric data would be integrated to
the manikin by referring to the measurements listed in EN 979/ ISO 7250 (what has been done in the
cases of other standards prepared so far). This should be carefully discussed at the present meeting.
EN 979 /IS0 7250 can be used as a reference for modifying or scaling the manikin to describe
ditferent populations, but it does not provide directly applicable measurements for constructing them
(links, widths, depths etc.)

Other basic questions of anthropometric interest would be: N -
- Is there need for unifying the gender of the manikin, in accordance to EN 547-3 — B =R /Iﬁ a’Bi 8
- What are the needed percentile options, in order to be in accordance to EN 547-3 (P1, P5, P95,
Pog)? s 941v Q4L 9 41 fffﬁs% g};é_ 13T 33
- How would these extreme percentile values be integrated in the structuring of the body shape
(e.g. thin, heavy)?
- In general, is there a need for specifying dimensions, or their combinations, for the set of
"standard manikins*, which would serve as "standard test persons” for testing dimensioning of
the work spaces? (In Loughborough, discussion was focused mainly on the requirements for the
anthropometric accuracy of the manikins in relation to real humans.)

Also the role of biomechanics in this standard still needs to be discussed. It has been questioned
whether this field is still too imprecise or too complicated from the standardization point of view. The
inclusion of biomechanics into this draft only shows its possible role in the manikin structure and
applications.
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Part 1. General requirements
1. Intreduction
1.1 Need for computer manikins

The dimensions of the human body is the starting point in the dimensioning of spaces at machinery {or:
spaces, fumiture and other equipment). Generally, appropriate design solutions can be achieved e.g.
by using anthropometric data in designing, and selected test persons in the testing of models and
prototypes. In many cases full-scale testing may require too much time or be too costly, however. The
space to be tested may not be available yet, or, involvement of the test persons representing variation
in the sizes of the prospective users may be difficult. if the work space can be modelled by a computer,
computer manikins can be used as models of humans in these design phases.

The computer manikin can be used e.g. for simple visualization of the geometric relationship between
the human and the physical environment. Various sophisticated and automated functions of evaluation
can also be integrated into the manikin, e.g. indication of reach zones, visualization of viewing fields,
biomechanical calculation of required strength, simulation of movements, etc.

Computer manikins .can never replace real test persons entirely, however. Real persons provide for the
test situation not only their physical dimensions, but also their differing motional capabilities, perception
capabilities, their assessment of the ease of performance, assessment of various functional properties
of the design, as well as their feelings of comfort and acceptance.

1.2 General benefits of using manikins

The computer manikin helps discover the possible dimensional shortcomings of the space quickly and
easily. Critical dimensions restricting operations, stch as fitting into & restricted space or reaching
objects, can be quickly assessed in relation to the extreme body measurements, or even to their
unfavourable combinations, which would normally require test persons selected from a very large
population. Different structural solutions and adjustment options of the design can be fitted to the
prospective users in only one design session. In the design team, the manikin facilitates collaboration
between different specialists and users. '

The computer manikin, as used appropriately, generally shortens the entire design process and
reduces the costs of desighing. The use of manikins results in less iterations in the design process and
less need for corrections to the final prototype. In the early stages they can be used for preparing
preliminary dafts with relatively high accuracy anthropometrically. They can be used for determining
the dimensions of mock-ups used in fitting trials, or for dimensioning prototypes for anthropometric
testing of the space. When the postural aspects are obvious, and the needed accuracy is not high, the
manikins can even be used for making the final design. (The ergonomic design process is shown as a
whole in the European standard EN 614-1. Instructions for selecting persons for the testing of
anthropometric aspects of designs are presented in EN XXX.)

In general, the computer manikin is an effective tool when it integrates several ergonomic aspects into
one and the same test situation. The manikin is also a universal and flexible design tool for any
application. This is essential in the designing of entirely new machines or spaces, when no specific
recommendations on the dimensions exist, and no reference solutions for full-scale evaluation are
avaitable.

1.3. Problems involved in the use of computer manikins

The use of manikins does no ensure approppriate design solutions automatically, and they can even
be misused. The designer may use them in an inappropriate way, e.g. by accepting awkward postures
or by providing too little space for movements. He or she may not be aware of the inherent limitations
the manikins, either, both in the anthropometric, motional and biomechanical respect. As the
complexity of the manikin systems increases, the links to these human properties may also become
difficult or impossible to trace.
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The manikins available so far vary with respect to the functions and features they afford, as well as to
their accuracy and usability. In the present developmental stage, the most sophisticated manikins may
require powerful hardware and special training of their users, and be unreachabie to many designers.
The most simple ones may be easy to use but of restricted value for designing. The systems may also
differently emphasize such components as anthropometric versatility, biomechanical capabilities,
graphical visualization, geometncal design, simulation, animation, etc. The choice of manikin and the
associated design system is, to a great extent, a trade-off between these different features.

This standard is intended to ensure that computer manikins for the design of machinery are accurate
and reliable in their anthropometric ({(and biomechanical)) aspects, taking into account usability and
possibly ensuing restrictions for sructural complexity or functional versatility. The other aim is to ensure
that the users of manikins will be aware of the possible errors and limitations that the use of the
different types of manikins may involve.

2. Scope

This European standard establishes the general requirements for computer-aided manikins intended
for the design and evaluation of work spaces at machinery (or; spaces, fumiture and other equipment).
These requirements concemn the anthropometric and motional {{and biomechanical)) propetrties of the
manikins, particularly the extent to which they represent the human body and the intended user
population. The standard also specifies the requirements for the documentation of the manikins in
respect to these properties and for the guidance of the user.

This standdrd is intended as a guide for the design and selection of manikins and for evaluation of their
usability and accuracy for the specified use.

3. Normative references

4, Definitions

Computer manikin (human model): computer representation of static and functional anthropometrics of
the human body

Body template (two-dimensional human model): articulated, two-dimensional contour model of the

specified anthropometric dimensions of human body {(a set of body templates can afford the needed
variation of static anthropometics)

Body part
Body segment
Sagittal plane?
Mock-up?
Fitting trial?
etc.

5. Review of typical features of manikins and their need
5.1 Geometric representation

Two dimensional human models

The two-dimensional (2D) body template is a physical human model used for the evaluation of
conventional projection drawings of the space. The body template as a computer model is the simplest
type of computer manikin, and suitable for two-dimensicnal designing. The 2D human models are easy

to manipulate and perceive, and a model of the environment is also easy to make. They require little
capacity of the computer,
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The use of 2D manikins is suitable for sketching, and sufficient in general when the spaces and
location of work objects are critical as observed in lateral plane, i.e. the work task requires the operator
{(person) to choose postures and move the body parts mainly in the sagittal plane. This is normally the
major mode of whole body movements in many workplaces.

Three-dimensional human models

Three-dimensional (30) computer manikins can modef the diversity of human postures and
movements. Their geometric complexity varies from simple stick models depicting the skeleton, and
from wire-frame models depicting the body surface partially, to more perceivable surface (and volume
and solid) models. Stick models may be used for specific applications requiring a lot of capacity from
the computer, e.g. for complex simulation and biomechanical calculation. A surface mode, if detailed
enough, can give already a realistic view of the human body.

30 manikins involve several difficulties in the perception and manipulation of postures. Also
construction of the 3D environment is more time-consuming. 3D manikins are thus generally less
suitable for preliminary sketching, but effective for visualization and evaluation of final designs.

5.2 Postures

It is desirable that the postures of the manikin are easy to change or choose, and that they correspond
to those of real humans. However, the more natural movement capabilities that are achieved, the more
difficult the manikins become to move. Therefore, some structural limitations or constraints in the
movements may be needed.

Number of moving joints

A large number of body segments and moving joints enables natural and versatile movements of the
body, and extreme postures of the trunk and neck. For the determination of the dimensions for normal
standing or sitting postures, a smaller number of segments can be sufficient. The simple 20 manikins
have normally from 6 to 11 moving joints, and their posture can be manipulated relatively easily joint by
joint. The 3D models may have as few as 15 joints, or even more than 70 joints, if the fingers and
spinal column are to be moved naturally.

Degrees of freedom of joint movement

Each joint has degrees of freedom (axes of rotation) which vary from 1 (e.g. in fingers) to 3 {e.g. in
trunk; frontal bending, lateral bending and twisting). The center of movement may be movable, too
(particutarly in shouider joint). For practical reasons, e.g. ease of manipulation of the posture, some of
the joint movement options may be constrained.

Angutar limits

Each joint may have angular fimits determined for the above joint movements. These limits may
indicate the whole range of the possible movement, described in dynamic anthropometric data, or,
comfort limits determined for a specific activity, e.g. for steering a vehicle, or limits for the evaluation of
the work activity associated with machinery, see prEN 1006-4. For this same reason, the extent of the
joint movement may be constrained. In the chain of the links, the joint movements may be
hierarchically constrained, the joint movement proportions predetemined, or some other assumption of
movement pattem integrated. For the determination of optimal dimensions with the help of simple
manikins, angular limits may not be needed at all, however.
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5.3 Anthropometry

Parametricity

The anthropometric dimensions of the manikin may be fixed (usually in two-dimensional manikins). In
. this case basic anthropometric options (such as gender, somatotype and percentiles) can be achieved
e.g. by their sufficient selection in the library of the files.

The manikin may also be parametric, i.e. anthropometric as well as angular data are stored into files as
parameters. This allows selection of the user poputation, and within the selected population any
anthropometric option, depending on how the data are arranged and how they can be manipulated.

Percentile options

The available anthropometric data are normally statistically arranged by gender and by age. Within
combinations of these groups the dimensions of the manikin are presented as percentites, for example
as P5, P50, and P95. (In some European anthropometric standards for the design of machinery the
gender groups are unified, however, as presented in EN 547-3.)

If both sexes are to be presented separately, it is desirable that the basic geometry of the manikin is
available separately for men and women (this is not the rule for the existing manikins).

Ideally, the dimensions of the manikin should be separately adjustable, as percentile values as well as
absolute values. For practical reasons, however, the designer may need a small number of
predetermined body size options representing medium size as well as extreme sizes,

The most simple percentile options are common-percentile manikins, i.e there is one manikin
representing a size group e.g. P5, PS0 or P95 man or woman. This simplification involves inherent
problems in the detemination of the extreme percentiles. The medium-sized, P50 manikin can correctly
match P50 values in all measurements. The small and large manikins cannot be unequivocally
constructed, however. P5 and P95 are normally fitted to match the P5 and P95 statures of the
measuments, which leads to much smaller deviation in all length measurements on the stature path
(i.e. the length of neck, trunk and lower limbs). The depth and width measurements of the P5 and Pg5
manikins can in practice match the corresponding P5 and P85 values of the measurements, but this
ensues a combination which is more rare in reality.

In practice, when accurate determinitions of . 9. leg space or sitting height are needed, at least two
proportionally different types of extreme body size would be needed:

- PS5 manikins having P5 stature and P5 limb length

- PS manikin having P5 stature and PS5 sitting height (trunk length)

- P95 manikin having P95 stature and P95 limb length

- P95 manikin having P95 stature and P95 sitting height.

Furthermore, two or three options of the body types are needed for determinition of minimum space,
such as thin and heavy, or somatotypes such as endomorphic, mesomorphic and ectomorphic (rotund,
muscular and thin).

For the determinition of some critical dimensions, manikins representing worst case combinations of
some extreme percentile measurements may be needed, too. Typical examples of them, needed in the
design of any work station consisting of a table top, are the combination of maximum abdomen depth
and minimum upper arm length, indicating the shortest possible hand reach over the edge of the table,
and, the combination of minimum abdomen depth and the maximum lower leg length, indicating the
deepest possibie leg space depth.

in many cases there is a need to determine the dimensions of each body segment separately, such as
their length, width and depth. In addition, the geometric shape of the manikin may need to be modified,
for instance to adapt the body segments to each other.



5.4. Indication of hand movement geometry (reach and work zones)

To facilitate designing, the reach zones or recommended hand movement areas can be visualized by
arcs or spheres, or indicated by other means, without changing posture to demonstrate it.

. 5.5. Indication of viewing geometry

The viewing fields (fields of eye movement or peripherial viewing), as well as comfortable sight lines
can be visualized in various ways. Recommendations or limitations concerning viewing distances can
be similarly demonstrated.

5.6. Simulation of movements
(are the dynamic aspects of manikins to be covered in this standard?)

The control of balance is a prerequisite for the simulation of movements. In order to examine the
balance of the whole body, the data on the masses of the body segments and their displacement are
required. The balance control may be automated, and typical postural behaviours can be integrated so
that postures can be maintained, and continual movements (e.g. walking) simulated.

5.7. Biomechanical calculation
(the same comment as above)

Mass data are required in biomechanical calculation of the required strength as well. in addition, data
on human strength (joint torque data) and its variabiity are required. Biomechanical models {formulas)
have been constructed to combine.the co-operative actions of differrent muscle groups in different
joints, and in their different positions.

Biomechanical versatility

- 2-D/3-D

- static/dynamic

- gravity forces, lifting / pushing, pulling, etc.

- output: absolute values / comparison to the reference values (recommendations)
- percentage of the maximum allowable / percentage of users capable

- etc.

6. Accuracy of the use of manikins
{tactors affecting the accuracy of the analyses/determinations performed with the help of a manikin),

Structural

- link structure and segmentation (geometry of the segments, number and displacement of the
moving joints to fuifil actual dimensions in movements, a special point: shoulder, movement of
the center of rotation in reaching)

- hierarchy of structure, constraints of the movements, optimization of movement proportions

- compression/deformation of muscles (and abdomen), e.g. buttock/thigh area: skin and soft
tissues when standing/sitting - different options for the form in different situtions / integral feature
of the geometry

- excessive abdomen, pregnancy?

- intemnal structures (e.g., bone, muscle, fat)

Anthropometric

- errors in selected data in respect to intended user population

- errors due to lacking data on body shape '

- errors due to percentage calculation (especially stature path in common-percentile manikins)
- errors due to rough geometric shape (e.g. polyhedral or ellipsoidal shape)

Biomechanicai

- body segment mass data
- displacement of the mass centres of the segments
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- distributions of masses of the segmensts
- joint torque data (strength data)
- biomechanical models (formulas)

Other

- indication of body contour and joints, reference lines/angleslandmarks etc., in anthropometric
respect (e.g. heel and vertex if hair and shoes exist, frankfurt plane, location of shoulder point
grip point, etc.) _

- clothing (e.g. light, heavy, arctic, protective, military-special protective, personal armour)

7. Usability of manikins
(factors affecting the acceptability of the use of manikins in the design process)

Leaming .
- learning time (e.g. general structure, number of items to select, difficulty of decisions)
- response time to operations (visual feedback)

- consistency with other design programs or ergonomic/human factors applications _

Ease of routines (effectiveness) _

- access to and from the design program (ease of transferring manikin/environment from program
application to another, if needed)

- interactivity between manipulation of the manikin and modification of the environment (possibility
of performing both at the same time)

- ease of manipuiation of the postures (e.g. in reaching operations)

- ease of quick changing between standing and sitting, or other basic/library posture options

- ease of positioning the manikin, e.g. in respect to the reference points (SRP, SIP, etc.)

Ease of making anthropometric selections/decisions

- ease of selection of the needed percentile combinations / ease of manipulation of the
dimensions

Ease of visual judgements

- ease of perceiving the dimensions (quality of contour lines, landmarks, etc.)

- displaying of e.g. viewing fields, reach zones, comfort zones

- ease of perceiving the movements (indication of the operated joint angles in 3-D manikins)

8. Requirements for the documentation of the manikins
(decumentation for which the developer of the manikin is responsible)

Field of use

- intended use of the manikin

- limitations in the use (from anthropometric point of view)
- etc.

Validation, verification
. anthropometry
- what anthropometric sources/populations are used
- what are the differences/errors (in = % / cm / mm) between the manikin and the sources,
in central dimensions, in central postures, in central percentiles
- etc.
- biomechanics
- what biomechanical modets/formulas are used
- what strength data/values are used

- what are the differences/errors between outcome of the manikin and ariginal reference
values, in central postures
- etc.
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tser guidance
(in addition to technical manual)
- in anthropometric respect
- e.g. how to select percentile options for a specific evaiuation tasks
- in biomechanical respect '
- etc., in respect to a great many of the aspects described in this draft

Mariti Launis, 19, 8, 1997, a preliminary draft for the ad-hoc group (manikini.doc)
Peter Jones-edited and modified 20 08 97

Martti Launis, some minor additions 22 08 97 {manikin2.doc)

Peter Jones-re-write-"English version® 28 08 97 (MANIKIN3/Macv)

Martti Launis, minor changes, 28 08 97 (manikin3.doc)

Peter Jones-comments of the committee added (30 09 97) Manikin3.2Mac

Martti Launis, re-written the beginning of the draft, 20 03 98, (manikin4.doc)
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7075 A% | CMMainMenu/ModelessDialog.cpp

Function Name:
void ModelessDialog::OnBtnDaihyou()
HELEA Y VSN ET SR L —F

Parameters:
L.

Returns:
L.

Function Name:
void ModelessDialog::OnBtnDataload()
FA XFHD — PR VRSN BIETSAEL—F 7,

Parameters:
L.

Retumns:
ZL.

Function Name:
void ModelessDialog::OnBtnDataSave()
A XERE—T RS VP MENBIIETSRBEL—F >,

Parameters:
L7 O

Retumns:

zL.

Function Name:
void ModelessDialog::OnBtnRangeReach()
E#EHBETERE Y VIR ET SR —F .
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Parameters:
L.

Returns:
L.

Function Name:
void ModelessDialog::OnBtnRange Visible()
THREFAFRRAS VI HENRICETERZV-F >,

Parameters:
L.

Returns:
ZL.

Function Name:
void ModelessDialog::OnBinSizeMod()
B4 AEERY VB ERBIETENRB L —F .

Parameters:
L.

Returns:

ZL.

Function Name:
void ModelessDialog::OnBtnPoselnit()
R LR Y VB ENRRICETINL NV —F .

Parameters:
L.

Returns:

L.

Function Name:
void ModelessDialog::OnBinFk()
R AEERY P ENRIIETSRENVN—F .

Parameters:
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zL.

Returns:
L.

7075 5% | CMMainMenn/OnBtnTemp.cpp

Fuinction Name:
AcDbEntity* selObj(AcDb::OpenMode openMode);

Parameters:
char *FILE_BASE (IN) R— A F4 L # } V.,
char *JOINT_POSITION_FILENAME (IN) [9#i S IEREW T 7 7 £ V4&.
char *SIZE_PARAMETER_FILENAME (IN) % 4 X7 E 7 7 4 V4,
char *JOINT_EXTENTION (IN) BA#i s EIEIEHR 7 7 1 V OIIET-.
char *SIZE_EXTENTION (IN) ¥ 4 X1§# 7 7 4 VOIET.

Returns:
L,

2 4 X7—% ABh

2.1 7F—-%u—F

7077 A% I CMDTLoad/LocalCalc.cpp

Function Name:
void CDiaTest::InitLocalCalc();

ARNTF—FDFTT74 V77 A NEDORE
Parameters:

L
Returns:

L,

Function Name:
void CDiaTest:;_OnSizeLoad();
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EIAARY YHFBENBICRBIENAINV-F Y ED 2.

Parameters:
L,

Returns:
Ll

Function Name:
void CDiaTest::CalcStep1();
FHAKRKEY B ENLR, 1FHCEHINZV-—F 2.
hall] DERARBE, AV Ph 77 ANDIE—,

Parameters:
char *FILE_BASE (IN) N— A7 1 L 7 MY
char *HQL_DATA_FILENAME (IN) HQL F—y AR T7 74 VA,
float hql{] (OUT) HQL 7 — & X — A DOEEHI.

Returns:
L.

Function Name:
void CDiaTest::CalcStep2();
ZHdARY yHHENE, 2EBCEBSNIV-F .
RIS AR & A X BHOHT.

Parameters:
char *FILE_BASE (IN) "— X574 L7 } ).
char *JOINT_POSITION_FILENAME (IN) BB EEAEH 1 7 7 1 VA,
char *SIZE_ PARAMETER_FILENAME (IN) ¥4 XH71H 7 7 1 V4.
float hql[] GN) HQL 7' — ¥ vX— XA DECH.

Returns:

ZL.

Function Name:
BOOL CDiaTest::OnInitDialog();
F47ayRy 7 AP ER SNV —F .

Parameters:
L.

Returns:

71



12 TRUE.

705 A% | CMDTLoad/modal.cpp

Function Name:
void CDijaTest::OnBtnFileSelect()
77 ANVERFICREI Shi Vv —F 1,

Parameters:
L.

Returns:
L.

Function Name:
void CDiaTest::OnBtnDtLoad()
BMARBARY W ENBICEBSNIV—F 2D 1,

Parameters:
L.

Returns:
L.

2.27—-49%—7

7055 ARG L CMDTSave/MODAL .CPP

Function Name:
void CDiaTest::OnBtnFileSelect();
77 A VBRI S EZ NV —F .

Parameters:
7L

Returns:
L

Function Name:
void CDiaTest::OnBtnDtSave();
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TR RIS RTRIEHENRSZ NV —F .

Parameters:

char *FILE_BASE (IN) X\— A7 4 L 7 } V).

char *JOINT_POSITION_FILENAME (IN) B LB 71 7 7 4 V4.
char *SIZE_PARAMETER_FILENAME (IN) ¥4 XA 1A 7 7 1 V4.
char *JOINT_EXTENTION (IN) BI&li s EERETEH 7 7 4 W DILET.
char *SIZE_EXTENTION (IN) ¥4 A5 7 7 4 LV OHIRF-.

Returns:
L

Function Name:
BOOL CDiaTest::_CopyFile(char* message, char* from_filename,
char* to_filename) {
T ANITE-N—F,

Parameters:
char *message (IN) JABREDOFRA v 2—
char *from_filename (IN) 2 ¥ —JCD 7 7 f V&
char *to_filename (IN) I ¥~ D7 7 1 4

Returns:
TRUE: 2 ¥ — )
FALSE: o ¥ — 48

3 AEGE

75 A% CMStat/LocalCale.cpp

Function Name:
void CDiaTest::InitLocalCalc()
YA TOSBERELLBICETSRLINV—F U1,

Parameters:
L.

Retumns:
L.

Function Name:
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void CDiaTest::InitHqIDT()
float *hql[], *perc(] DEVEHIL IV —F >,

Parameters:
float *hqlf] (OUT) & L2 — F® HQL 7~ %
float *perc[] (OUT) £ 2 — FDR—k Y ¥ 4 LF— 4.

Retumns:
L.

Fanction Name:
void CDiaTest::LoadDT()
T — F AR —F

Parameters:
int dt_cnt (OUT) 7 — % #.
intid[] (OUD) &1L 2— FOF— ¥ ID.
char origin_dt[J[] (OUT) £ L 2 — FOH 5 i,
char sex_dt[] (QUT) & L 2 — Fo#3l.
float age_dt[] (OUT) & L I — FDEH.
float *hgl[] (OUT) &L I — F® HQL ¥— % .

Returns:
L.

Function Name:
void CDiaTest::GetCondition()
HENRERTETEELARLIV—F V.

Parameters:
char origin[] (OUT) H & #b.
float age_from, age_to (OUT) D TR & LR

Returns:
L.

Function Name:
int sort_in_hql(const void *x, const void *y)
V- bEREIFIN—F .
Parameters:
int sort_key (IN) V— b3 5% HQL HFF D F—.
float *x, *y (IN) ¥V — FxIHOEF|RA ¥,
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Returns:
1: x[sort_key] > y[sort_key]
-1: x[sort_key] < y[sort_key]
0: x[sort_key] = y[sort_key]

Function Name:
int sort_in_height(const void *x, const void *y)
BRENX—-ATOV—bEFIV—F .

Parameters:
int sort_key (IN) V¥ — } ¥ % HQL HEZF D F —,
float *x, *y (IN) ¥ — P RDEFIFA V5.,

Returns:
sort_in_hql(x,y) £F L.

Function Name:
void CDiaTest::CalcDT()
HERY yOEHENRHICETIRLINV-F 2.

Parameters:
int dt_cnt (IN) 7 — ¥ k.
int MAX_HQL_ID (IN) HQL &5 D& K1E.
float hql_05[], hql_50[], hql_95[} (OUT) /-t ¥ ¥ L VD
HQL ¥— % &

Returns:

L.

Function Name:
void CDiaTest::_OnBtnFileSelect()
T A NVEIREY VA ESNIRFICETSNRENV-F 2.

Parameters:
L.

Returns:
L.

Function Name:
void CDiaTest::_OnlnitDialog()
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FAL7aTEEELBRICETISRLIV—F 2.

Parameters:
L.

Returns:
L.

Function Name:
void CDiaTest::_OnBinLoad AndCalc()
AR HRELEERY VP ENBICETERLIL-F 2.,

Parameters:
L.

Returns:
ZL.

Function Name:
void CPiaTest::_OnRdMale(}
BUHRY R ENRICEITINLIN—F 2,

Parameters:

char sex (OUT) #84R & /-4 5 % fR#F.

Returns:
L.

Function Name:
void CDiaTest::_OnRdFemale()
TR VB ENLRBIIETENRIN-F 2.

Parameters:

char sex (OUT) %I & 7=t 51 % {R3.

Returns:
L.

Function Name:
void CDiaTest::_OnBtnSave()
TR M ENTRICETERLN—F 2.
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Parameters:
L.

Returns:
7L,

7 y5 A% . CMStatyMODAL.CPP

Function Name:
void CDiaTest::OnBtnFileSelect()
T A NVEREY VRSN ETSREV-F 1.

Parameters:
L.

Returns:
zL.

Function Name:
void CDiaTest::OnBtnLoad AndCalc()
HaRR LR VO ENLBIETERD V=TV 1.

Parameters:
L.

Returns:

ZL.

Function Name:
void CDiaTest::OnRdMale()
BERy VAHENLBIIETINRLINV-F 1.

Parameters:
L.

Returns:
ZL.

Function Name:
void CDiaTest::OnRdFemale()
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KUERY VAR ENRHRICETENRZN-F 1,

Parameters:
L.

Returns:

zL.

Function Name:
void CDijaTest::OnBtnSave()
TR P ENTRBRIIETERANV—-F 1,

Parameters:
L.

Returns:
L.

4 EX
4.1 BHER

787 % A% cmFKApi/emCalc.h

cmDtor --- Degree % Radian (213 3

Parameters:

x O ADENE

cmDtor --- Radian % Degree (ZZ#7 %

Parameters:

X O ANEERE
cmZero - HBE SNEFELUTHL2pHSE (EEDOXRTiE1)

Parameters:

x O ADERE
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cmPositive --- Yo S N-EFNEOEKTH 5 HHALE (REDRTIE 1)

Parameters:

x (D  ANELE

cmNegative — 52 SN AEFEORTH B 2HDL (REDRRIF] )

Parameters:

x @O ANEHE

cmSame - EEIN 2 ODEFRMETH 2 PHESE (BREORTIEL)
Parameters:

xy (O 22°0ANERE

cmCompare - 2 DDEHEOA/IEHLET S (REDRTIF 1)

Parameters:

x,y @ 22°0ADNEEE
Returns:

1 X>y

0 X=y

-1 X<y

775 A% | emFKApi/cmFKApih

Class: cmFKApi = S

cmFKApi();
“cmFKApi();

int setup();

int loadPose(const char *fname);
int savePose(const char *fname);
int initPose();

¢mFKSeg *prevSeg(int cId) const;

cmEFKSeg *currSeg(int cId) const;
¢mFKSeg *nextSeg(int cId, int nId) const;
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int doFK(int cId, AcGeMatrix3d &rotMat);

void jointVisibility(int);
void drawSkelton(int);

cmTrackBall *getTrackBall() const;
cmRangeChecker *getRangeChecker() const;

cmFKApi::currSeg - MED MR OFTZH 2 .

Function:

cld THES N/ ERTZ 5 X cmFKSeg ~DFS V¥ 2185 .

Parameters:

int cld @ BEHRE LR A0 1d

Returns:
BIED cmFKSeg ~DRA ¥ ¥ BRERT OBE13 NULL 28T .

cmFK Api::nexiSeg --- BIED RS RO OIMA DB 218 5 |

Function:

WALD Y > 7 158 5 |, cId THE & N A0S O EREE
ERT Y T A cmFKSeg ~DHRA V¥ 285,

Parameters: :
int cId O Bl & 2 5860 1d
int nld @ S DERL D D )EE
Returns:

FMEI D cnFKSeg ~D A ¥ ¥ | BEHRT OBAIL NULL #E3 .

cmFK Api::prevSeg - BIED LEN RO ONB ORI 21585 .

Function:

LD 7 EHADS | cld THE S -5 O P O ERAr
ZRT 75X cmFKSeg ~DRA V¥ %155 .

Parameters:

int cId @ HEi R & L5500 1d

Returns:

PO cmFKSeg ~DHEA ¥ RERT OBA1E NULL %587 .
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cmFKApiz:getTrackBall -—- } § v 7 K=V ~DFEL V¥ 255 .

Function:

I R—NF TV bNDOFRAL I EHS.

Parameters:
L

Returns:
cmTrackBall * Fo v 2R NANDRL T
~ emFK Api::getRangeChecker - TBRF = v h —~DHA ¥ 5 %2175 .

Function:

THREF v 2 TB4TT 27 hADKL V5 5B 5.

Parameters:
L

Returns:
cmRangeChecker * BT = v A —~DXRA ¥ ¥

70 7S5 L% . cmFKApifcmFKErrorCode.h
emFKCheckError - L9 — % Fx v 7 L, S —a—FeiRITS.

Function:

7 A N33 tstBxpr A% 51, er THES /AT —-a—-F%
BFD . BLTTV I —a YHFDEBUG A=Y 3 Y Ta vy A vanT
VAEA, IS5 — - F LS —FRELET7ANVE, T4 VHTE
AutoCAD D I= >y FADT I TICHAT S . L5 — 2= Fik cmFKError
Code TREHEEND A7 0iduy {} XOBRTI— V&R, throw SN
I.5—-— Fik catch (cmFKErmrorCode err) {} DR TRBEE NI TH 5 .

Parameters:
int tstExpr @ 7 A hFEEBoolean fE)
cmFKerrorCode err Iy #RITARELF—-a—F

81



Retumns:
2L

7875 L% | cmFKApi/cmFKSeg.h

Class: cmFKSeg

cmFKSeg(int sId, AcDbObjectld bId, AcDbObjectld jid, const char *name);
“emFKSeg();

NI, &8, IR T — %

int getld() const;
AcDbObjectld  getObjectId(int) const;
const char *getName(int) const;

AcDbBlockReference  *getEntity(AcDb::OpenMode, int);

/1 EHE

void setDOF(char);

char getDOF() const;

/f BEE, TTEDIE

int initAngle();

void setRangeAngle(int, double, double);

void getRangeAngle(int, double *, double *) const;
double getAngle(int);

void setAngle(int, double);

void setRotation(AcGeMatrix3d &);
AcGeMatrix3d getRotation() const;

LR, EER
int setJointPos(AcGePoint3d &);
int setBlockPos(AcGePoint3d &, AcGeVector3d &);

AcGeVector3d  *getWCS();

/f EEEATH G A& &

int read(ifstream &);
int write(ofstream &);
void visibility(int, int};

cmFKSeg::getld - FZ D cmSegType TH Id %1% 5 .
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Function:
AL D cmSegType T Id FF %K T . AutoCAD D Id TRV,

Parameters:
L

Returns:
int /4L D cmSegType T Id.

cmFKSeg::getObjectld - ZFHZ> AutoCAD ITDId 2125 .

Function:
AT D AutoCAD TP Id H 5 BT . cmSegType P Id TidZz\e.

Parameters:
intelmType () 70 v 7 /MR OBREDIKE

Returns:
AcDbObjectld A2 AutoCAD P TD Id.

cmFKSeg::setRangeAngle - S0 X, Y, ZBO W B Z AL Ty TS .

Function:
DT —H VEBEROFEAHHE L & B OBERIC
HLCRAGTEXAAEOLRETEYEY FT5.

Parameters:
int axis (@) HE/Y/Z)
double min () B/ANEIEAEG YT )
double max () BAEEAR(TIT ¥)

Returns:
L

cmFKSeg::getRangeAngle - HALD X, Y, ZHOWBRz AF L L TR .

Function:

L D T — A WEERER D K EAS IR L 7 AR OBERRIC
NHLTHETE2AEDLRETRERES.

Parameters:

int axis (D) X/Y/Z)
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double *min(0) ®/PEEEHE(S VT V)
double *max ) BKBEBEG 7V

Returns:
2L

cmFKSeg::setDOF -- BEHERZ Y 1T 5.

Function:

COBMNOBHOEHEYRET S .

Parameters:

charv(l) EHEZXRFATIVY M 2&L755

Returns:
2L

cmFKSeg::setDOF - HHE#183 .

Function:

ZOWOBHOBHEZES .

Parameters:
7L

Returns:

char BHELZERHETAY Yy b gL 75 5

cmFKSeg::setAngle --- Sz NH 5 1 MO EEAELZ Ly 55,
Function:
OO — A NVBEROIEEL: 1 icBT5 KL 5
BUOEERIH L CORE REAES Lty M5 .

Parameters:

int axis () #CYY/Z)

double angle () [EIEEHEG VT Y)
Returns:

=L

cmFKSeg::getAngle --- SN H 3 1 SO EEHERES .
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Function:
WO —H VEBEROREL 1HICBITS  EiEE 25
BREOBERIIE L TOREOREAFELET.

Parameters:

int axis () EHX/Y/Z)
Returns:
double EEEAEZ YT V)
cmFKSeg::getRotation - S DI EIEATH 217 5 .

Function:

A DL O EEEAT IS T B R BEATR A 5

Parameters:
2L

Returns:
AcGeMatrix3d EEFxEL]

cmFKSeg::setRotation --- SRAL OB EIETHZ 2 1§ 5.

Function:

BE DAL O LRI T 2 2 M7 E Y 195,

Parameters:
AcGeMatrix3d &rotMatr (@  BIEE{TFY

Returns:
2L

70T A% | cmFKApifcmPListh

Class: cnPList VU o

cmPList();

cmPList(const cmPList &pl);
c¢cmPList(int initSize);

virtual “cmPList();
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void append(void *pir);

int find(const void *ptr) const;
void insert(void *ptr, int addBefore);
void remove(int which);

int getLength() const;

void truncate(int start};

void copy(const cmPList '&pl);

cmPList& operator =(const cmPList &pl);
void *&  operator [](int i) const;

int operator ==(const cmPList &pl) const;
int operator !=(const cmPList &pl) const;

78 Z A% cmFKApi/emRangeChecker.h

Class: cmRangeChecker —————

cmRangeChecker(){ };
“cmRangeChecker(){ };

int setup(cmFKSeg *prev, cmFKSeg *curr, cmFKSeg *next);

int check(AcGeMatrix3d &m);

7R 7T L% . cmFKApi/cmTrackBallh

Class: cmTrackBall ==== ========

cmTrackBall(){ };
“emTrackBall(}{ };

void init(double size, int w, int h);
void start(int x, int y);

void motton(int x, int y);
AcGeMatrix3d matrix();
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7a Y7 A% . cmFKApifcmCalc.cpp

cmMatrixToAngle - {74 5 x,yz MIDEEHAK 2155 .

Function:
THHS x,y, zBICHT 2 FNFhoOREmARES
HWE¥5.

Parameters:
AcGeMatrix3d &mat o 77
double angle[3] O HEEAEGTYTY)

Returns:
L

70 7T A% . cmFKApifcmFKApi.cpp
cmGetFKApi --- cmFKApi DA Y A ¥ Y ANDEAL ¥ 5 24735 .

Function:;
cmFKApi DA Y A F Y ANDRA ¥ & %38T .

Parameters:
L

Returns:
cmFKApi * cmFKApi DA Y A Y Y ANDEAL ¥ 5

cmFK Api:setup --- cmFKApi 7 7 A &% Pt T 45 .

Function:
ARV Fit, AutoCAD iz — FE&hizarv¥a—¥ -5 F
- DR F — ¥ 17 Foward Kinematics(WEEBIZENC L 7 dS o 7o B — X% DT 5
7297 API %149 B cmFKApt 7 5 AL EL A Y AF Y A%, TRT
BE L L THET S . DWG 77 A VERABE LHER, L5 T
VT BLERHS .

Parameters:
ZL

Returns:
TRUEIEF#T
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FALSE RELT

cmFKApiinitPose --- 2 ¥ ¥ a2 — ¥ -T2 F VD FR— X2 L+ 3 .

Function:
AutoCAD O H LICHERREIRTWA I Yo —% - w5 F
DOR—-ZX% , 77+ N bOKY (EX) LT 5.

Parameters:
L

Returns:
TRUEIEERT

FALSE RERT

cmFK Api:loadPose --- K= X7~ ¥ 30— F§ 5,

Function:
fname TIRES NI T 7 ANV EE b OR—XF—F%a—FL,
AV 2—F TARFVOLEBEFEDOT -V IETWIEETS .

Parameters:
const char *fname (I) R—=AXF—=F D774 NVE

Returns:
TRUEIEEERT
FALSE RERT

cmFK Api:isavePose — R — A F— ¥ 2k — 7% 5% .

Function:

AutoCAD DHE LICHAERRINTWE IV Ea—F i F ¥
DE—-AF—F%E—7F5. ZDF— %13, cmFKApi:loadPose THEE
HIABNPUFETH D .

Parameters: :
const char *fname (I) R—ZXF=5D7 74 IVE
Returns:
TRUEEE#T
FALSE  EE#T
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¢mFK Api::doFK --- ERALEE % A ST M IIZHET 5 .

Function:
cld THRESN-BEOHREE (MBS, 7uvr) %
rotMat THEE L 7ATHI 2 RE T 5 Z LI & o TAEEIC
AEES 2 . &5 OMORERICELE T, ZOMAICHE
TBERED D BLIEOTAL & ) HARIOTTOIMOME %8
YICERETS.

Parameters:

int cId ) BERE 25O 1d
AcGeMatrix3d &rotMat (1) MEETT 7

Returns:
TRUEIEE#T
FALSE RERT

emFK Api::jointVisibility -— B MO FER - HEZHIHT 2.
Function:
BIE S OET -2 HIE T 5 . bool TIRE S NI-EN
TRUE 7% & i ZRAi &5 % FR L, FALSE % 5 il (FE=R)
295,

Parameters:
int bool O FTRBEERTTIZS

Returns:
L

cmFK Apis:drawSkelton --- A 7 )V b ¥ & —BREICERRT % .

Function:

AFN by E—BICERT S RESNETHETES .

Parameters:

int col Q FERTEE

Returns:
L
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7877 A% : cmFKApi/cmFKError.cpp

cmGetErrorMsg - SN 29— - a— FIZHETa A v b — %185

Function:
errtCode THRE SN/ — - 2— FiIte L5 —
A=V %EY . LF— Ayt~ cmFKError.cpp O
HTtLLS—.0-— F‘C’&:D:zgﬁ'éﬂfl{‘% .
Parameters:

cmPKerrorCode err(f) T %—-2—F

Returns:

constchar ¥ LTJ — R v —TVNFHI~DFRA ¥

7077 A% : cmFKApi/cmFKPoser.cpp

emnitFKApi --- % 5 £ DLSEFIH > 27 2 2 WH{LT 5 .
Function:

VARF VOLBHE Y A F AEDT 5 REKE,
AutoCAD 23 ¥ F “em_init_fkposer" & LCBE#E N3 .

Parameters:
ZL

Returns:
L

cmInitPose - ¥ 3 & > DL E LT 5 .

Function:

T AR Y DEBL I T 5 KGR,
AutoCAD {232 ¥ > F "cm_init_pose" & L TEEEN5 .

Parameters:
ZL

Returns:
L

Q0



cmLoadPose -~ ¥ 32 ¥ v ORBF -y 20— FT5.
Function:
THEVOEBTFT—F 20— FT 5. KEEIL,
AutoCAD {23 > F "em_load_pose” & L TEEFINSL .

Parameters:
L

Returns:
L
cmSavePose — A F VOREBF - F b —TF 5,
Function:
TAFVOERTF-F 2 —T7T 5. REEIIL,

AutoCAD {227 > F "em_save_pose” & L TEHFINS .

Parameters:
L

Returns:
2L
cmShowReach - 7 7 ¥ DERIFE ERT 5.
Function:
23 F VOTHOBRKEERLERBICERT S .

AutoCAD 1= 2> F "cm_show_reach" & L TEF IS .

Parameters:
7L

Returns:
2L

cmHideReach - VA& F v OEERZBEALHEHET S .
Function:
232 EOTBEORABERZEE,SHEETS.
AutoCAD 12 2<% > F "cm_hide_reach” & L TEEHENS .

Parameters:
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L

Returns:
L

cmShowVArea — 3 ¥V OEF L ERTS .

Function:
TAFVOFREERGEEEICERT S .
AutoCAD 1227 > F "em_show_varea" & LTESFEE NS .

Parameters:
L

Returns:
ZL
cmShowVArea --- ¥ &2 ¥ DT HEET 2,
Function:
TAEFVOFREERFLrEEIOHEHET .

AutoCAD {2372 F "cm_hide_varea" & L TEEFENS .

Parameters:
L

Returns:
ZL

70 G L% | cmFKApi/cmFKSeg.cpp

cmFKSeg::getWCS - BfED T —H VEBRD T — )V FEERTORREES.
Function:
BOT— A VEERECS)DEEHE 7 — )V FEERIZERL
EEDRBHONY PVEET.

Parameters:
L

Returns:

92



AcGeVector3d * FEERD X, Y, ZEA 7 F VOERFINDEAL ¥ ¥

cmFKSeg:initAngle - S0 X, Y, ZEOREAFE R ¥ O XML 5 .

Function:
WALOT — o VEER DL HASHYE & & 5 RO EERIC
FLCHELTCWA2AEY EOICHHET 5.

Parameters:;
ZL

Returns:

TRUEIEEHE#T
FALSE REHT

cmFKSeg::getName --- S D cmAttCode TOHBIZF5 .

Function:
AT D cmAitCode TOERI KT . AutoCAD DRZBI TR V.

Parameters:
AcDb::OpenMode (I) AcDb::kForRead/AcDb::kForWrite
int elmType (I) 71 v 7 /MRS OBEDHEE

Returns:
AcDbBlockReference * LD AutoCAD KT —F~DKRA ¥ %
Bolzy 4 IHRBESNIEHE,
NULL %381 .

cmFKSeg::getEntity --- ¥ALD AutoCAD JEIR7— % 225 .

Function:
AL D AutoCAD 4R 7 — ¥ (AcDbBlockReference) % 1% 5 .

Parameters:
AcDb::OpenMode (@) AcDb::kForRead/AcDb::kForWrite

intelmType () 71 v 7 /BEH A OBHEDOIEE

Returns:
AcDbBlockReference * > AutoCAD R T — F ~DKRA ¥ ¥
Entity @A — 7 /IR L BE,
NULL %383 .
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cmFKSeg::setlointPos --- . DM R 7 — ¥ OfiELx v +$5.

Function:
BAL(cmFKSeg) 2 LT 2 EHED S b, ME S0 EEE
ty M5 ZOBEFER, EBED AutoCAD DR T — ¥ 12
BEEEATNG.

Parameters:
AcGePoint3d &pos () BUE &5 o0 FEIE{E

. Returns:

TRUEIEHHRT
FALSE RERT

cmFKSeg::setBlockPos --- B 70 v 2 F—F Divu@% v b+ 5.

Function:
HAZ(cmFKSeg) ¥ R T 2 EEDH b, 70 v 2 OEIE(EE:
ty MT 5. ZOEEEL, EBO AutoCAD DR F— 71
EEEZATRD .

Parameters:
AcGePoint3d &pos () BIHH =0 HEE(E
AcGeVector3d &vec OBEHE,P 7Oy ZADRZ ML

Returns:
TRUEIEE#T
FALSE RERT

cmFKSegiiread - AJ17 7 4 VA B — A s | EEEFTH 2 5ashts .

Function:
A7 7ANVAP) — L6, BEEATFIGX3) B FEHRAM,
—BNy 77T S . R AV y Fid, B AutoCAD DK
F— 7 OEETFICELEERALI L LV,

Parameters:
ifstream ifs& O AH77ANVAF)—A

Returmns:

TRUEIEH#T
FALSE RERT
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cmFKSeg::write --- BEEQBEATHEEA 7 7 A VA T —a~EEET.

Function:
B OBREOEEFFTIG)E , WA 7 7 A VA ) — A
NAFYF—FE LTEEHT . KAV y FTEHFIBINL
5— %1%, cmFKSeg:read o CHARLHTES .

Parameters:
ofstream ofs& O ®BH77A4NVAR] -4

Returns:

TRUEEE®T
FALSE RERT

cmFKSeg::visibility -— 0L & R 2 EROWHMEZHET S .

Function:

WA BRT 2 ER B, 7uv ) ORR-HEL
w5 .

Parameters:
intelmType () JNTorBLK
intbool @  FTAR-HEE

Returns:
L

70 75 5% . cmFKApifcmPList.cpp

cmPList::append - ' A MIRA ¥ ¥ BT 5.
Function: :
BEOKELA Y FJALOEKRBIC pr TRESRIZHS V5 %
BT 5 .

Parameters:
void*ptr () FA V¥

Returns:
L
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cmPList:;igetLength - J A FROBEFROKEE S .

Function:

BEDFRAVIVAMIGENDI R V5 O¥EEL .

Parameters:
L

Returns:
int KA VIO
emPList::truncate «-- RA Y ZBEER YA ML EIKRT S .

Function:
start TIRESNINMNB I VEORS ¥ 2T THBTS .

Parameters:
int start O  HBRZEEBLEVES VY OMUE

Returns:
L
cmPList::operator[] -—- fEE L7 RSf Y F 2 Y A 2 6E 3 .

Function:
i THEELLRS Y FIRFVFAT I RATS.

Parameters:
inti OFELZDL 7y 7 AES

Returns:
(void*)  iFHOHRAL V¥
cmPList::find - BB L72RA Y 2 Y A MoH A HTHNG |

Function:

pr CHREINLRA V¥B) A MBICHEPHL .

Parameters:

void*ptr (1) FA ¥

Returns:
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JAMCHEET S 457y o2 AES
VAMIFELR: -
cmPList:rinsert —— FEEL7-R A ¥ e LB Iz WATAS.

Function:
ptr TEE Eh/RA ¥ % addBefore THIE L 72
ATy P AFBFIHEATS .
Parameters:
void*ptr () KA %
int addBefore @ BALLWA 7Ty 2 2AFF
Returns:
L
cmPListremove — JEE L7 RA 4 2 ) A P DL HIERT 5 .
Function:
which TREXNIA Vv Fyv 7 AFFORA V5%
VA MPOEIBRTS.

Parameters:
intwhich (@ HIBRLZWA ¥ 7y 7 AF5

Returns:
L

cmPList::expand -— HA ¥ ¥ VA FOFA XRYIRT D .

Function:

RAVF VA INDOHA X% size TTHHETS.

Parameters:

int size O FERELIZVWYRFOFAX

"Returns:
el

cmPList::copy — FA Y F VA MEIE-T 5,
Function:
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RALFVAPEIE-TB,

Parameters:
const cmPList &pl () I ¥—3% L MDY X b

Returns:
2L
cmPList:operator = - KA Y VA b2 28— LTRATS.

Function:

RABEFOREZRT .

Parameters:
const cmPList &pl (HAAD L DY X b

Returns:
cmPList & this DEK

cmPList::operator == --- KA ¥ % J A FDORBIE L WIS .

Function:
A5 ) A MDODABTEE LIRS,

Parameters:
const cmPList &pl () LLET 21 A b

Returns:
ZoD} A MEHE LY TRUE
—oD) A MIERS: FALSE

cmPList::operator != —- HA ¥ ¥ ) A N OERBDRELZ > T EHPHARS .

Function:
KA ¥ ) A MNOABPRE o TVBPHARS .

Parameters:
const cmPList &pl () #4517 A b

Returns:

Zom) A MIRL A TRUE
Zom) A MiEE vy FALSE
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7075 A% . cmFKApi/fcmRangeChecker.cpp

cmRangeChecker::setup --- cmRangeChecker (LB R HHERET 5 .

AAV Y FiEA VAP Y RAERE, BENROE S AV FPERSRIL
YR —ESIIIRUET . AKX Yy FEFALSE 2B L&, 2D
23 ADMBD AV Y FOBEIFREES AW,

Parameters:
cmFKSeg *p () EEEX 7 A2 bOFELT A Y FADERA F
cmFKSeg *c () [HEEL 7 A Y PADERA ¥
cmFKSeg*n () HELT AV FDTFETAY IADEL V5
Returns:
TRUELEEE#RT
FALSE  RERT

cmRangeChecker::check - £ 7 A ¥ b %475 m THER S €72 HE,
BEEBRD YT A FOFEREL T X FCHT 5
REEAEFTEHBENTH 2000 LOBENS.
Parameters: ‘
AcGeMatrix3d &m (I) EEEATFI~DEH
Returns:
TRUE Bl A BE (7 BhiRA
FALSE  [lEnf B3 Epast

70 ¥ 5 A% . cmFKApifemTrackBall.cpp

emTrackBall::init -— F 7 v 7 F— VI LB fEHRz 9T 5 .
KAV FRIFF v 7R — Voo A Yy FERTETRICI-VT 5.

Parameters:
double size (T) Bigk 7 A b6y 7 LogE TOERNE
int w () AutoCAD @ viewport DIE
int h () AutoCAD @ viewport D &
Returns:
Ll
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c¢mTrackBall:start - b5 v 7 R— L8k % Fts+ 2 .

EBRICIE, FI v 72 R— VBRI OI -V VDR 2 ) — VEBETD
B HRETS.

Parameters:

int x () H—VIoXEEHE
int y () #—VNOYEEHE
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22 TarT AREHHA
1 AitEd
TYVa—F v iEy VAT AEERT 5125725 T, ¥ P Mechanical Desk Top(EL T MDT) %&£ -
T, TREYF- I ERRTLLEFHYE T, T/ ATA-FAT
C:¥CM¥run.bat
DFALAYEFTNIY) v 2 LTTEW, MDTOXH EFICB#H 25000 ¥
(Pentium 233MHz, 96MB RAM, VRAM 4MB D358)o

2 A4 Ana—
MDTCI V¥ a—% -whFrdarbO—A$50044 /- A2a—%X b EF51H, 27
VA b % v 235
Command: cm_main_menu
ERALTFEV,
A4 YR a— ik, DT OMELIPORT RS U PFRFENRET,
- B — AL - [RIEA1L
S RF—F AlH [a-F] [£—7]
- BEEHER (AR E ]
CE L TE%) [94 X
- fEEEFT  [EhegER] RFIESR ]
-HETHERY > [BLA]

R A A A A S
i : 3 S S
i Wi S ;
RSl 2
“ S T
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\ .
o SRR %
R
8 = :
B
; Y i 58
R 3
5 Y
8 = S
.............................. 5
& = 2
S e -
i R

UFCEREROESY VIZDVTHALE T,

3 K= XAk
S AFATE FITH. TRAEVOLREEHRLNY FVTHLENSHHOT, 20 9] £7 ~
P, HLka~vr FoA4 b
Command: cm_init_fkposer

EATLTT &y,
4 A4 XF—5 AT

IV o= -2REFVOFL AFROF—F AHCE [0 - F] &7 BhHcE [—-7]FS
vERLET, LTIC. #hPhoBEICOWTHIALI T,
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4.1 ¥4 XF—ra—F
AA VA2 -0 F|FKy 2T L BOX I %74 FodBnEd, AL 7740V
NT7ANVEE [77TANVER] Ky U CHELIT. CORFVE2W|TE, 774 VBEAO T4
TOZRy ZJANRRENETOT, BYURT77ANVEBIRLTLFEE N, 774 VG T HERE.
[F—Fgkdi] R¥  EBLTCF—2 ADEFVET,

MDT DHIFHCI L D, IV o -5 -3 F v DOHF A A FHE T4V ¥ LOF— ¥ HARREY
TEHTLHZLEEEEL D, FEN L FETIOBRELFTVE T, P~V 5LALB, TV FS
47k

Command: cm_size_load
Command: cm_init_pose

EANILTT SV, 2B, om_size_load DETIZEH 1 505D 5,

4.2 HAXF—s2—7

AAVRAZa—D [E~T]| Ky 2WFTL @ADL %T74 ¥ FyrBEhET, EFXAL 774
NDTTANERHEE A TEBANT S, BERAL 77 AVEER [77ANVEBR] Ky vicko
TRRENBFA TRy F ARNTHEIRLET, 77 I VB2 RER. [F— Y EBEAA | Ey v %
MLTF— A ETVEF T, TCUEFETE 77 A NERELLEBSE. 207 74 Vi EEES
NETOT, EEL T 7ANIZEFEELZVWEIEEL TR Y,
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x*:\'\< A i :
%}\ S :
;“\\\Q% Wﬁ& e
,\ -
SR e
3 R
o R \:}\“‘\\% AN i :

5 4R
[AEREB RS 2T L, KBABF— I R— 205 7 — ¥ 2 HAAATHEFHLEZ L hitm &

ZAONLOBRERZERLLY LB L THEREE -7 LT 520D =2 -2 FRLE
T

T [DB77AVOER] K¥ VI WF— I R—A 77 A BRAOFA TOrFy 7 2%
E, BELRTF—FIN—AT77ANEZERLIT, RIZ, F—FR—2AROLI— FD S 5, et
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CHWA LI - F2RUHT 2005 — (Mg, 25, #5) 2T L 7, HEHEOLMFITAND
CEMBENE T, EWEEHICT S L eMERIHRL Y T5, T2, FHOGWMEZEICT S
Y. EROEREOSFARBELEVET, CROEDEEY LTS [DBDSEARARETE] Ky v
R L, AREEATHESRET, RELGORBL Ly FF—SEWFRY TT v T T4V FUK
FRENTTOT, FRFADT 4V FTTOK EAHLTLLEE N,

SHESNEREFEOERE 7 7 A VCESHT ORI REFRF— s ESRLIAF 2/
L33, BEXMTT7AME DB 77 4 VOBR] OFRY b LICHBWICRES LI T2, FA
HTT7ANEBEEETHILOTHRTT, REARF-sHERL] Ky v 2WHFL, "DB77
£ NEHPSIEF R BRIz D" (05,5095} std" V) 77 A NVEDT 7 A VPERERE T,

ol =
[N Gy

05: BEO~ 10—k F A NT— 5 DF

_50: HE 40~ 60 #

_95: HE 90~ 100
2B L E3, #izid DB &7 "female20.txt" &9 5 &, "female20_05.5td", "female20_50.std",
"female20 95s5td" D3 DD T 7 A NHFERShE T, COMBIZ L o TEEENLE N —LY TN
DEBIF— 7 7 7 4 Mt T A XF— 5 AR EE-> TYAF v OH A XICKBREEH T &AW HE

T¥o

6 BHE

COUAFATE AV — P TARSFVOEBERL YA AEERTRLCT LA 2 —PEREIN
TwEY,

6.1 %%

A v Ama—0 [F8] Ky E@TE, 9V ¥a—F -ThF yOEBEEET 2 2O OHH
W4y FIRERINE T ERSNEHEY 1 ¥ FY 2B LAHER, MDTOIY Y FADT 4 —
AMET, 2, 3EEsc ¥ —RMLTLAES W, DTIREBORBE Y 1+ ¥ FYERLET,

By 4 ¥ Foicid, UTFORBEIRTHEERS Y RATA ¥ EORRVEEEATVRET !

- R—AXF—g (o= F] [e—7] [kl F% >~

- HEE-F I (ASAF] "o R] FVUFEFT ¥

- EEEAE TSI ORIR] K5 >~

CEREE-F Sy 28]l V) —RE] SVFRS Y

- BRIEH  THS  JR-EE| [RAF VMY IRR-HE] SUART Y

CEEAE AR X)L (Y. TZ) BEAL2E A T4 56 X UTERFET

LFTEREFROERSY VIZOWTHBLET,
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F rOEGrOPRE (L) CETICE (8] Ry 2L T,
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HEo 1 v Foo [v—7] K& v28TE ROLI L7 4V FUPRERESNET,
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() KREY T,
6.1.2 fHl#EE-F
2V a—¥ - TREVyOLERHETEL Y — 7oA ARFHEE— FTEBRTEE T,
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3.2 ISO EREMEHER ()

Safety of machinery - Human body measurements - Structures and dimensions of computer

manikins for the design and evaluation of work space

Introduction
A computer manikin (computer-simulated human body model) can posses s a wide range of attributes,
including anthropometrical measurements, biomechanics, emotional sensations and temperature sensory
perception., etc. Research in the field of human body shape modeling is quickly aanncing, and cognitive attributes
will eventually have to be taken into consideration in the future. This rapid technological advancement is a major
factor that hinders smooth establishment of standards. Nevertheless, it might be possible to establish a standard of
the most fundamental requirements (minimum requirements) for computer manikins.
We suggest that the standard should be divided into two parts viz.:
Safety of machinery - Human body measurements - Computer manikins for the design and evaluation
of work space, Part 1: General requirements
Safety of machinery - Human body measurements - Computer manikins for the design and evaluation
of work space, Part 2: Structures and dimensions
The first part of this report describes the minimum requirements for computer manikins: namely the minimum
requirements related to the anthropometrical measurements which are necessary to generate human body models
in computers as well as to use them for evaluation of the geometrical design of work space.
The second part may be taken into consideration when the anthropometrical database for the European

people is completed, or the requirements for the computer manikin of the next generation are established.

Part 1: General requirements
1. Introduction

Technology for daily life, work and the products used there is rapidly advancing. But the mismatches
between technology and its user are tangible as incidents of mishandling, misjudgment and accidents as their
results. The negative influences to the health caused by them should be considered at the same time. These
mismatches might be accelerated by the rapid aging society. To avoid them or at least to minimize them the
designers should have an enough knowledge about the human characteristics and make full use of them to reflect
on their products. The computer manikin might help this procedure. This should be useful to evaluate the

compatibility between the products and the user in advance without making a real model like a mock-up.

1-1. Definitions of computer manikins
The term Acomputer manikin® is used generally in two means, namely as a human model which reproduces
various human characteristics in a computer and as a system in which designers assess their ideal environments
and products constructed in the computer by using this model or this model would assess them voluntarily. Here
a computer manikin is defined more specifically as outlined below.
Basic definition;
a computer manikin is a simulation model which is used to estimate interaction between humans and

environments.
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Its will be used as;
a. testing tool
A computer manikin is a testing tool which is used to estimate mismatches between humans and
environments as well as for detecting factors such as those leading to accidents and fatigue.
b. innovation tool
It is an inevitable theme for all companies producing products used by human beings to develop the
products which have human-oriented properties. When a product should be intended, it might be necessary
at the concept level of planning to consider its convenience and comfortableness as added value for the
product performance. Computer manikins should make it possible in investigative, inventive design work

to specify and visualize ongoing interaction between humans and environments.

The first part of this report describes the minimum requirements for computer manikins, namely the minimum
requirements for the anthropometrical measurements which are necessary to build up human body models in
computers, and then the minimum required precondition when this computer human model evaluate geometrical
design of work space. Detailed functions related to its structure, dimension and dynamic load are described in the

second part of this report,

1-2. Aim of establishing standard
The standard described in this'report aims to achieve the following two purposes.
a. To provide a guideline which computer manikin users can use when he select manikins for a specific
purpose.
b. To indicate the computer manikins developers the specifications of the function that must be fulfilled by

computer manikins,

(1) Guideline for computer manikin users in making selection for specific pufpose
A computer manikin is an electronic model of a human body used for the evaluation of the human
use suitability of an environment or product design constructed in a computer. For example, a computer
manikin allows effective assessment of the anthropometrical and geometrical design of a workstation,
machine, mechanism or work equipment.
When a new type of machine is developed, specific dimensional standards ever established may
not apply to every aspect of the machine. In such case, a computer manikin might be able to provide a
useful function by indicating a guideline for creating a suitable design for specific machine users.
(2) Guideline for functional specifications of computer manikins
The manikins available so far vary with respect to the functions and features they afford, as well
as to their fidelity and usability. In the present developmental stage, the most sophisticated manikins
need powerful hardware and special training of users, whereas, the most simple ones may be easier to
use but of restricted value for designing. The models of the whole human body may need to be still less
detailed, whereas specific component models, for example the hand, may offer additional properties
for the evaluation of objects manipulated by it. The choice of manikin for the design task may mean a

trade-off between these kinds of different features.
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With this background, the standard described in this report should serve an effective guideline
jdentifying the functional specifications required in developing accurate and reliable manikins in
anthropometry and geometry for designing of a work space while ensuring operational ease, structural
sophistication and function diversity limitations.

1-3. General benefits of using computer manikins
The use of a computer manikin generated in compliance with the standard provides the following benefits.
a. Visualization of design allows anthropometrical and geometrical evaluation that can be conducted with the
participation of both specialists and users.
b. Quick anthropometrical and geometrical evaluation is possible when designing an environment and a

product in a virtual space.

2. Scope of the application

This standard specifies general requirements for computer manikins that are used for the evaluation of work
environment design.

This standard refer to the human body measurements method designated in ISO7250 (Basic human body
measurements for technological design) which was established for the purpose of quantifying the size and shape
of people for optimization of the technological design of workplaces and home environments, and provides the
indexes used for constructing a manikin model inside a computer.

This standard specifies requirements related to design assessment from the viewpoint of human use suitability
based on a particular user population group (age, gender, race, etc.) and on the physical characteristics represented
by the manikin model, especially as far as anthropometrical measurements and geometrical attributes are an
important consideration.

This standard also includes requirements to stipulate characteristics of computer manikins and to describe
operatorts guidance,

This standard is designed mainly for computer manikin developers, but this standard also might be used as
a guide when users select a manikin model for a specific purpose and evaluate the operational ease and reliability

of a computer manikin.

3. Fields of application

The public welfare is greatly dependent on the anthropological and geometrical relationship with various
factors such as clothing, places of work, transportation, homes and recreational activities. This standard is
presumably designed for the field of application in which technological design is performed to ensure

anthropometrical and geometrical harmony between human beings and their environments.

4. Related standard

IS0O7250 Basic human body measurements for technical design
5. General requirements for computer manikin functions

5-1, Functions

(1) Posture change and body shape generative function
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The manikin model must be able to change its posture by bending joints in the same way humans do
and maintain a human-like body shape in each posture position.
(2) Reachable range indicative function
This function must output or display the reachable ranges of hands and feet and their dimensional
relationship with the surrounding environment.
(3) Visual field indicative function
This function must output or display the visnal field in each posture position as well as the perceptive
view of the surrounding areas.
(4) Motion simulative function
The motion simulative function must simulate actions based on the principle of dynamics, and the
generated movement must change according to applied external force. In comparison, animation
petforms interpolative generation of motion based on mathematical processing, and it does not have
to satisfy the principle of dynamics or provide diversity of motion in accordance with applied external
force. For example, if the weight of an item being lifted by a manikin model changes, the lifting
motion also varies accordingly in computer simulation. In animation, however, a manikin model
always displays the same motion regardless of a change in the weight of an item being lifted.
5-2. Structure of manikin model
(1) Dimensional data
The data used for the manikin model generation must comply with the human body measurements
designated in ISO7250.
(2) Link structure
The manikin model must have joints equivalent to the following joints in human bodies, or more: joint
between the cranium and vertebra, joint between cervical vertebra and thoracic vertebra, joint between
lumbar and sacrum, shoulder joint, elbow joint, wrist joint, hip joint, knee joint and ankle joint.
(3} Body surface structure
The standard does not specify the method of generating the body surface. However, the circumferences
on the generated body surface must comply with the measurements specified in ISO7250.
(4) Degree of freedom at the joint

The Degree of freedom at the joint must be equal to or higher than the indexes indicated in Table .

Table 1: Degree of freedom at the joint
Joint Degree of the freedom
Joint between cranium and vertebra
Joint between cervical vertebra and thoracic vertebra
Joint between lumbar vertebra and sacrum
Shoulder joint
Elbow joint
Wrist joint
Hip joint
Knee joint
Ankle joint

b2 = W YN W W W W
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(5) Joint structure
The joint structure must be indicated (ex., pin joint}. Movements beyond their flexibility limits must be
restricted.

(6)Visual field, visual range
With the eye level or the midpoint between the two eyes of the manikin model as the reference point,
the manikin model must have a visual field in the forward direction equivalent to that of humans.
Further improvement can be made by adding indications of the manikin model1s focus area and shifting
of the viewing direction according to eyeball movement.

(7) Anthropometrical diversity
1t is desirable to use a human body measurement database of the applicable user population group (age,
gender, race, etc.) that complies with ISO7250. It is also desirable to enable the selection of typical
body shapes of the applicable user population group (age, gender, race, eic.).

5-3. Evaluation method (indicative items for objective performance)

(1) Adequacy for generated body shape
Place the manikin model in a standing position and a sitting position, obtain the manikin measurements
at locations corresponding to the body measurements specified in IS07250, and indicate the results.

(2) Adequacy for the range of motion of the joint
In order to indicate that the range of motion of the joint of manikin model accomplishes that of humans,
list the sources of database used in the software for the range of motion. If possible, also indicate the
year in which the data is collected, the number of samples, the location of data collection, and the
gender and age of samples.

(3) Adequacy for reachable ranges
Place the manikin model in a standing position and a sitting position, obtain the manikin measurements
at locations corresponding to the body measurements specified in Sections 4.4.2, 4.4.5 etc. in ISO7250,
and indicate the results.

(4) Adequacy for visual field indication
In order to indicate that the visual field of the manikin model accomplishes the visual field of humans,
list the sources of database used in the software for the visual field. If possible, also indicate the year in
which the data is collected, the number of samples, the location of data collection, and the gender and
age of samples.

(5) Adequacy for motion simulation
When the computer manikin has a motion simulative function, measure the spatial deviations in each
motion and indicate the results to verify that simulated motions of the manikin model are adequate to

movements of humans.

6. General requirements for operational ease of computer manikin
6-1. Integration with computer-aided design systems (CAD)

The manikin model and a product being designed must be on the same computer display, and must be

simulaneously operational.
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6-2. User interface

It is desirable to provide a graphic user interface that allows the computer manikin to be operated easily. It
is recommended to aliow the use of the mouse for easy control of manikin models positioning and posture
change.

6-3. Easy to search and select for anthropometrical characteristics
A system is desirable in which the operator can get a manikin model suitable for a specific evaluation

purpose only by inputting certain items, such as the gender, age, height and weight, instead of inputting all human
body measured characteristics.

6-4. Function for evaluation

A system is desirable that allows graphical display for the reachable ranges.

7. Requirements of information for computer manikins (the documents responsible to manikin developers)
7-1. Fields of application

a. The presumed situation in which the developed cbmputer manikin is used must be indicated.

b. Restrictions in use must be indicated. (from the anthropometrical point of view)

¢. Sources of all applied data, such as human body measurements and the range of motion of the joint, must be

indicated.

d. Information of deviations described in section 5-3 must be indicated.
7-2. User guidance (in addition to the technical manuals)

Anthropometrical guidance

Example: Method to select percentile options for certain evaluative purposes

7-3. Computer manikin operating environment

a. Computer environment recommended for computer manikin generation

b. Input/output file format

¢. Operating pfocedures

Definition of terms

(1) Evaluation for human use suitability
Assessment of the ergonomic aspects of a product or environment design to determine the degree of how
well the product or environment will adapt to human characteristics (body measurements, body shapes,
motions, sensitivities, sensory perception, cognition).

(2) Manikin model
A human body model simulated by a computer. It is generated based on numerical data in compliance
with the human body measurements specified in ISO7250.

(3) Computer manikin
A system which uses a computer-simulated manikin model for the direct evaluation of an environment

or product constructed in a virtual space on a computer, or a system that allows researchers and designers

to evaiuate an environment or product using a computer.
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(4) Posture
General term for static body attitude and position.
(5) Body shape
A figure having a human body proportion. A human body shape varies based on human body
measurements data, such as height, upper arm length and chest circumference.
(6) Reachable range
Spatial limit of extended arms and legs.
(7) Motion simulation
Simulation of posture change and positional change of body parts such as arms, legs and head.
(8) Visual field
Visible spatial area that can be perceived without head movement.
Central visual field: An area with high levels of sight and color distinguishing capability for high-
precision information perception.
Peripheral visual field: An area in which only eyeball movement enables focusing on information for
instantaneous acquisition of specific information from a noise-containing environment.
(9) Typical body shapes
Human body shapes defined with the combinations of the following conditions: 5, 50 and 95percentiles
in height, and with obesity, standard or slender figure in the user population group. '
(10) Joint structure
A structural system simulating human body joints.
(11) Link structure
Simulated model of bones and joints in a human body.
(12) Body surface structure
Body surface structure consisting of skin, fat tissue and muscle.
(13) Degree of freedom of the joint
The number of directional axes on a assumed local coordinate system over which a joint can rotate.
(14) Range of motion of the joint |
Limit of joint movement in the spatial axial direction.
(15) User population group

A group of people having one or more common attributes such as age, gender, race, locality and occupation.
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