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Table 1 Classification of Fundamental Geometry
Elements

2RE FAsD gl

e AR
Y % & A9 (Operating Method)
+ First Center point, Second
Center point, Radius
I Center Point, Radius
A1 | CYLINDER |CEft
r Axis endpoint, Second axig
endpoint,
Length of other axis,
Height ( @¥ o] E}Y )
- Point, Width, Height,
Depth
- Point, Length of box
A-1-122 BOX BAE)
I Comer, Other comer,
Height
- Point, Point, Half-depth
A-1-1-3 TORUS L} Point, Point, Direction




CEFRAEIHEA A3 A AR

IAngle
+ Point, Major Radius, Minor|
radius, Angle
F Point, Point, Direction,
lAngle, Radius
(Angle & f€&o] old
FHE TE o)
I Point, Radius, Height
Number of side
A-1-1-4 PRISM . . .
I Point, Point, Radius,
Number of side
I Center point, First radius
Second radius, Height
A-1-1-5 CONE . . .
I Point, Point, Radius
Radius
+ Point, Point, Half-depth
 First point, Second point,
A-1-1-6 LINK . . .
[First radius, Second radiug
[Depth
 First corner, Other corner,)
Height, Point, Angle,
Length
I First corner, Center point|
A-1-1-7 WEDGE , .
Opposite corner, Height
+ First corner, Center point,
Opposite corner, Length
Width, Height
+ Point, Radius (x), Radius
, Radius (z
A-1-1-8 ELLIPSOID 2 . (@ .
: I Point, Radius (x=y=z
sphere)
- Body, Point - Body,|
iPoint, Direction, Direction
A-1-1-9 MARKER ] .
| Point - Point,
irection, Direction

s B 4
davs 2§ |

Table 2 Classification of File Format
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A-1-5-1

DXF  AUTO CAD #d #xo=z 7p
DWG =Hg B3
PARASOLID *x_t *x_b *xmt_txt *.xmt_bin
59 §4x5 A
STEP *step *stp 59 FAAE 71F
IGES *igs *.iges 59 FAAE 713
ACIS  [sat o §3xE 713
CATIA [H%43 3D cad Z223Y9
PROE aFE T A o|n,
UG *.cgr (catia)
*.prt (pro engineering, unigraphics,
SOLIDWORKS| solidworks) 5 <]
g3AE 71

Table 3 Classification of Constraint Elements
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AJoz FEsY] Aty
el AEL

ENAZE ol &4

% 4 o
REVOLUTE R
A-1-6-1 JOINT JATELE 3] &3l
o] &3] (1 DOF)
Bl = e}
AL CYLINDERICAL | HZAE&F JALEE
JOINT Al HFEE ol&H (2
DOF)
dAAgeN AR e
2 A9 Fo] A= Z#EE
arsz| TR oo aae @ Azl
F3e Agsl7) %,
o}&4} (2 DOF)
¥ BE A9 FUE T
22 ue PALEH 2
A-1-6-4 [PLANAR JOINT| B@#% 2% @
o082 HEETE
3 Zsle o34 (3DOF)
suel #2 we YR
A-1-6-5 | SCREW JOINT ACPIIC S 4
TFE e o4 (1
DOF)
A-1-6-6 | FIXEDJOINT | 5 wgoze 2AYL
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TF£ 8 ©]&4] (0 DOF)
DISTANCE [ = EA Alole] AgE
A-1-6-7 JOINT FANEE TF&8I=
o] &4 (5 DOF)
LAz =AY 3 A9
A-1-6-8 S”Jfﬁi“ 29 el JHeEUE
5 g3tE o34 (3DOF)
TR B Hoz
ATPONT 2AZHA e EAF
A-1-6-9 | ELEMENTARY | AZ¥ w, spherical joint 9}
JOINT Ze 9488 3 element (3
DOF)
5 709 revolute joint A}o]<]
GEAR ZTHl g Aogozy
ALEI JONT | gear AT £3eEE an
o] 4]
TRANSLATION I shtel w8 e
A-1-6-11 BALETUHE &3t
JOINT 0] 2 2](1 DOF)

3] A}k
FORCE |
TORQUE € A4

L Az 549 A %o

21k 1 8paka)

A-1-7-6 | BUSHING FORCE | 3]A® 82| SPRING|
DAMPER

ACTUATOR € &

& Zd diF #HA

A-1-7-7 AXIAL FORCE ur5re] FORCE & 4

Fo & oigh
A7 ROTATIONAL N

AXIAL FORCE TORQUE & 4§

Table 5 Classification of Contact Elements

END EFFECTOR 9] #¢i
HWAAES 1A Hadt
ar

2X0] A olE AW
EAE A & x84
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dHHE 2 F A H
SPHERE L CONTACT ¢
A-1-8-1 TO B
SPHERE L BASE,
SPHERE IACTION
dEvE Z 5 Cl: A-1-82 IN/TO BODY
g Fo igh BOX |[CONTINUOUSk% 2349
HzHEke]  SPRING| SPHERE | CONTRACT [Z2E A 2]
A-1-7-1 SPRING FORCE
DAMPER A-1-8-3 /TO Ao ov)>
ACTUATOR & CYLINDER - SPRING;
3 Fo]l  hFH SPHERE COEFFICIENT
Al ROTATIONAL 3 Avae]  SPRING] A-1-8-4 IN/TO - DAMPING|
SPRING FORCE DAMPER TORUS COEFFICIENT
ACTUATOR & & ALes CIRCLE | DISCRETIZE @3  E3
A2 FAG A 9 [TO CURVE| CONTACT Plolel whaaie
TRANSLATIONAL _ 3
A-1-7-3 FORCE o) & 2 H)ak o Aot CURVE TO o) o>
FORCE & ¢ o CURVE DYNAMIQ
M2 FAT A 4 FRICTION
ROTATIONAL = A | _%- ] SPHERE
A-1-7-4 o 5t 3] A whek o) A-1-8-7 TO ICOEFFICIENT
FORCE
TORQUE & 3§ SURFACE STATIC
A-1-7-5 SCREW FORCE A2 FHZ A Fel
- kA Rk



Aex - DG - ojed  FFALIFIHAA] A B A A2
EXTENDED FRICTION + Dependant coordinate
word .
SURFACE ICOEFFICIENT I Independent coordinate
TO - Generalized force
A-1-8-8 SURFACE I Centrifugal force
SURFACE com [ 744 (augmented method)
0 Mg+ T E= Qi+ Q!
SURFACE (Equatio .
B-2-2 - £8F 4 (recursive formula)
32 Ag2RRe AlZgo|MEg 28 24 DB nof
Agzrel Agdolde A% a2 272 motiony [T = B (MY + @32 -Q)=0
a3 ¢EHHAY HEE TS o AER
2ol BHSHS UBUY 98 AAEH BE) 33 wum HolE S 24 DB
9 27124, a8z FAE +5HFAY FRE Agaio B B2 93 a4 oun)
2 FAH9 Table 6,72 AE2RY AlEdHolAE olde] BAz Hrlaio T8 BAMEQAE
AE ase AN EFE LT A, Zosia 9o ole g8 F 2dgl 3
A4 2 044 2 A59NE A WHYREL
Table 6 Classification of Initial Condition TA387) 9sto /‘]'%510‘] Atk Table 8~11 & =&
239 243 B8 9% 249 A48 BRE

UHAAZ, T ¥ 4 3
F Mass
- Inertia(Ixx, Ixy, Iyy, Iyz,
lzz, 1zx)
. .. .. I Density - Young's
Geometric Physical initial
B-1-1 Modulus
condition L Poisson's Ratio
F Volume - Center off
Gravity
F Initial velocity
I End time
I Time step
I State Matrix
L L Maximum Interpolation|
B.12 Integrator initial Order
condition I Maximum Time step
F Initial Time step
+ Error Tolerance
F Numerical Damping
Table 7 Classification of Equation of Motion
4dAW3| FH a9
Bl - Mass matrix
Used | Generalized coordinate
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Table 8 Classification of Animation Analysis and
Evaluation

e
i
z
job

z

4 9
I Play/Pause Animation

=2
o

- Play/Pause Fast Animation
- Inverse Play/Pause
lAnimation

L Inverse Play/Pause Fast
- Animation Frame

C-1-1 + Seek Animation Frame

Animation control
+ Go to First Frame

I Go to Last Frame

+ Decrease One Frame
I Increase One Frame
I Stop Animation

F Record Animation

I Star Frame

Co12 Animation - End Frame
configuration - Frame Step

F Repeat

I Angle

C-1-3 Scope

I Pont-to-point
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+ Expression
- Entity

Table 9 Classification of Post-Processor analysis and
Evaluation of Geometries

' The magnitude of the
translational displacement of
™ center marker in the inertia
reference frame.
+ The x, y and z components of the
X translational displacement of
C-2-1-1 [Position| TY center marker in the inertia
TZ reference frame.
Tew= vyt Seu= v~ A, S'Q
PSI | The 3-1-3 Euler angle of center
THET| marker measured in the inertia
A reference frame.
PHI | 4 ;o= R,(d) R (&) R (&)
' The magnitude of the
translational velocity of center
™ marker in the inertia reference
frame.
b The x, y, and z components of
TX the translational velocity of
TY | center marker in the inertig
TZ reference frame.
C-2-1-2  |Velocity| P T I NGy R R T
I The magnitude of the angulan
RM | velocity of center marker in the]
inertia reference frame.
I The x, y, and z components of
RX the angular velocity of center
RY marker in the center marker
RZ reference frame.
Wwe=AT. W,
' The magnitude of the
C-2;1-3 Accelera ™ translational acceleration of
tion center marker in the inerti
reference frame. 2‘
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F The x, y, and z components of

TX the translational acceleration of]
TY center marker in the inertia
TZ reference frame.
Vs A, VA, W, Y
L The magnitude of the angular
RM | acceleration of center marker inj
the inertia reference frame.
+ The x, y, and z components of]
RX the angular acceleration of
RY center marker in the center
RZ marker reference frame.

L7

i'v'g =A7‘

Table 10 Classification of Post-Processor analysis and
Evaluation of Constraints
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C-2-2-1

Revolute

Pos1

I The rotational angle of the z-axis
of action marker with respect to

the z-axis of base marker

C-2-2-2

[Translationall

Pos1

+ The translational displacement of
action marker relative to the
base marker along the z-axis of

base marker

C-2-2-3

Spherical

Pos1

L The Psi the]
orientation of action marker

angle when

with respect to the base marker
is expressed in the Euler Psi
Theta-Phi angle

Pos2

+ The Theta angle when the
orientation of action marker with
respect to the base marker i
expressed in the Euler Psi-Theta

Phi angle

Pos3

 The Phi

orientation of action marker

angle when the
with respect to the base marken
is expressed in the Euler Psi-
Theta-Phi angle
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Table 11 Classification of Post-Processor analysis and
Evaluation of Constraints’ Reaction Force

il 4
) ' The magnitude of the
FM_Reaction, R .
C-2-4-1 - translational force action a
_Force X
the action marker.

 The x, y, and z components of

the translational force

FX_Reaction PTCV . .
applied at the action contact

C-2-4-2 Ccve
_Force v point in the inertia reference
. frame.
FY_Reaction
f 2= f 2T f 7
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‘o|t}. Table 12 oA #Ho) ule

 The translational displacement of F The X, y, and z components of
. . Force . .
b action marker relative to the - The the translational force action
08
base marker along the z-axis of FZ Reaction|Other| at the action marker in the
C-2-2-4 | Cylindrical base marker joints| base marker reference frame.
, . - T
+ The rotational angle of the z-axis| Force F= (ALY,
Pos2| of action marker with respect to C2e43 'TM_Reaction  The magnitude of the torque
the z-axis of base marker Force action at the action marker.
I The rotational angle of the x-axis|  The x, y, and z components of
Posl| of action marker with respect to . the rotational torque applied
) TX_ReactionpTCV| . o
. the z-axis of base marker at the action contact point in|
C-2-2-5 | Universal - - cve L
- The rotational angle of the x-axis _Force the inertia reference frame.
. \%
Pos2| of base marker with respect to The values are always zero.
. . TY_Reaction r.=0
the z-axis of action marker C-2-4-4 a
I The translational displacement of _Force L The x, y, and z components of
action marker relative to the The | the forque action at the
Pos b ker along th is of TZ_Reaction . .
ase marker along the x-axis o other| action marker in the base
base marker _Force |joints| marker reference frame.
~ The translational displacement of v, (A, T,
C-2-2-6| Planar action marker relative to the
08
base marker along the y-axis of] 4. ZERADBY =SR7YH BEF
base marker
+ The rotational angle of the z-axis E2E8A DB & ASxHY AARdE A E
Pos3| of action marker with respect to) Agd 2a" 4L AFs7) Y43 ARE AF
the z-axis of base marker 3l RE84 DB & B4 EESA, 754 EFE
L The relative displacement from a4 yZgoly EERA, AA BEELA, A
C-2-2-7] Screw |Posl| base marker to action marker i o] EEQA HIEH EERAEE EFHIZ
z-axis of base marker t}.

4.1 & (body) ZER24 DB

EAEE84 DB © ALEERE FA%E 71
2 NEAHQA BA 2dy ARE AFsH, B
Ao ¥4 RAEAHS FY3r] T BELL
EARELA
AWg HYFu Jom, Fig 3 oA B4 BES
29 FAE FAE F Uth

Table 12 Classification of Body Module Elements
according to View Points. (Please refer to

Module DB)
7 49
Geometric | Simple [FHF % A4 ¥y . 2882
view body DBD-2 3z
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(Dimension)| Assemble 84 %8 : 2F 24 DBD-3 4.3 0| Z2| 0| E{(manipulator) 2E 24 DB
body [HZ o] ZHole RELA DB = HAES B3
Cadfile B9 #4] %% : 712224 DB U &4 B30 gafze] £42 749 EX
import |A-1-5 FZ 842E Aodle EE. YuAoER 2XRA|AH
Auto (A2 RHd wal |Property ol I e EQLAE AHYse EE
calculate B HoE AN  FF R Table 14 oA &ol @& WY ZAIHY E£FE
Dynamic g BojZ&n glom, Fig 5 oA AYSeolEe A%
view kRS A}%XME% ax =9 Pz BE FAHL 2dFa Yo
(Property) |User input | 8} property S OB
49 D-1-2 #z Table 14 Classification of Manipulator Module
Elements (Please refer to Module DB)
| Bouy SINGLE BoDY | ez & KNRE | s A9
I-[: MULTI BODY 1DOF A4 =¥ : 7|84 DB
AfE B Al 3=
2~6DOF% 7 :Module DB F-1
o
Fig. 3 Diagram of Body Module Elements 2122 E Module DB F2-1 2%
4.2 -3 H|(driving system) ZE24 DB ANATZ ¥ Module DB F-2-2 32
757 2E84 DB £ AERRY 73, B3 7 i
Te Fojd AYe FYIES T4 YL A = 3 Module DBF-2-3 3=
gate, =g 2 ARE AFTCh Table 134 F %2 Module DBF-2-4 FZ
Foluwe FEAY £FE 245 YL, Fig 4
X TEA RELAY TAL 98 4 ok [ Manputais - 7121 22 2 A 5n | 1CoF |
2 COF
Table 13 Classification of driving System Module L SLOF
Elements (Please refer to Module DB) 4 COF
6 COF_|
z® 4 , . _ — scor |
B Wheel Type| Module DB E-1 3% Fig. 5 Diagram of Manipulator Module Elements
Driving System Track Type | Module DBE-2 %%
Module 4.4 MM (sensor) 2 ER L DB
Leg Type | Module DBE-3 = AARE 24 DB E A7|E Tl 54 %
Driving Sys. Astuater %EEE_ E—}E'\—O] TR 9\15% sk 785,_% A%
Tracy H- K o} Table 15914 Aol FFE BFa 9o
o, Fig6 oA AlX 9l E/E Uehia ok

TEy |

teg I

] prE 2 | CLE

[ actsaor l'-—"i Acwﬁg’_“—‘E gt |

CHEIMEY S| & &i@ gl
a2 3

Fig. 4 Diagram of Driving System Module Elements
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Table 15 Classification of Sensor Module Elements
(Please refer to Module DB)
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A |Fe Azt Aol -85 Function




ELES

ol¢d : FFALIEHA A23d A7

% S 9HExpression & A 9

Function Expression % 2 49
" : 71884 DBG-3 #H=E
14 £FH :Module DB G-2 #=

4
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Fig. 6 Diagram of Sensor Module Elements
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4.5 H O{(control) 2 ER24 DB
AAEZELA DB = AAMAA ZAR error

=%
=2

31
5]

FE R9F1 glon, Fig7 oA
9% £ Utk

Table 16 Classification of Control Module Elements
(Please refer to Module DB)
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PTP A
CP A9
Zz A
A& 4
A
HE A

8% o]

PTP MO & motion
CP Ho| I Algolithm l

4

<= Motion ©| U}, algorithm &

o] & 9

Motion & : Module DB H-2-
b 3

Ao} £F :Module DB H-1

2 23

Control
Module

STEP |
IMPACT |

| Coarol

Fig. 7 Diagram of Control Module Elements

4.6 Y72 (test bed) 2E22 DB
H1873 RELA DB £ JMAEHES) A 7)

2

38t} Table 17 914 3
I gled, Fig 8 dlAM 1
3 Ak Fig 9 oA test

5 2288 JMEEY H
Fhom BAFT 9t}

Table 17 Classification of Test Bed Module Elements

2

(Please refer to Module DB)

5 F Ao ¢ 44
Testbed A [HA A1E H7t #AH g
Testbed B A 9

o AAZ(AeE, e,

OPEN [lTE, Ad=Fd |

Testbed Module DB I-1-1 %%
Type 1|Testbed A-1 /- 2E Al H7t 5o &
Testbed A-2|&A A<
o . utEE HAE, FE
OPEN [, Zol&E 39 ..
Module DB I-2 32
Arx ZEF o] ZES
A FrtslHA 2R
TTeyS:e’ezchsimulaﬁon Nzgd Jge Aol =&
2 Al2E AdF H7}
Module DB I-3 %=

{_ Tesbod D—E: e R DR B AE]
TYIE2 EER Hoig &2 |
Huse | FEEEER

£8 HAE |
NPUT_ ]
0JTPUT |
Fig. 8 Diagram of Test Bed Module Elements
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