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Motion Simulation is torebuild the feeling ofpassengers in a vehicle from a
locally moving simulator The most popular dewte utilized in motion simulation is
Stewart platform. Stewart platform is a-slegree free device. Because Stewart
platform is complicated and hardto design, washout filters are often used to fulfill
motion simulation. The idea of vashout filters is toignore the frequency so that a
limited workspace of platformcan generateinfinite motion Originally, motion
simulation is developed to trainflight pilot. Nowadays, motion simulation not only is
employed in flight smulation, but also can be used in various vehicle simulations. We
design a spring device tobe added after the washout filter to reduce the chanceof
reaching the boundary of the workspace.

The position of 6-degree free platform is defined by (X, v, z roll, pitch, yaw). We
divide it into two domains, the shift domain &, y, 2 and the angular domain (oll,
pitch, yaw. Now we construct the relationship betwen each two vectors in each
domain respectively. We now focus orthe shift domain Figs. 1~3 are the mutual
relationships of each two vectors while other variables are zero. Theouter ellipses are
the approximation field of theavailable field, and the inrer ellipses are the safe zone
The fixed vector far away the origin the effective area is smaller. Hence, we can
approximate the boundary of shift domain as an ellipsoid. The ellipsoid is described
as

(+1}5) 2 L z? )

‘ ‘

1@0 160F 2

W

150

100+

Q
=]

3
=)
T

=)
T

y
&
=]

-1

S)

-150

3
o

-200

250 L L L L L L L
-200 -150 -100 -50 o] 50 100 150 200




Fig. 1 The mutual relation between x and y with z=0.
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Fig. 2 The mutual relation between x and z with y=0.
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Fig. 3 The mutual relation between y and z with x=0.
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Fig. 4 The mutual relation between roll and pitch with yaw=0.
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Fig. 5 The mutual relation between roll and yaw with pitch=0.
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Fig. 6 The mutual relation between pitch and yaw with roll=0.

The mutual relationships of each vector in the angular domain are shownin Figs.
4~6 while other variables are zeroThe boundary of angula domain can also be
approximate as an ellipsoid, and it is described as

2

rolzl+ pitch . YRW

1528 16° 1 2

We have defined the boundary ofthe working spaceand the warning zone and
dangerous zone are described in Table 1.

2)

Table 1 The equation of the working space surfaces.

XYy, 2 (roll, pitch, yaw)
Boundary Surface X (+1p) *? z’rofl  pitchf ypW
5+ o1 >t >
16°0 160 . £5%8 16 1
Warning Surface X (+15) °? zf rofl  pitchk ypw
>+ 1 , o 5 * ;
8 0 8 6 7°9 g




Dangerous Surface X L+ 15) i 1 zzroFI+ pitch y AW
120 120 11.85 12 1

We consider a continuous acceleration motion. InFigs. 7 and 8 the solid line is
the original position andthe dash line is the position after spring device. We can see
the dash line is very similar to the solid line. Thus, the feeling of pilot on the platform
is very similar even the sam&rom Fig. 8, we can find that while the original
trajectory is closer to the working space boundary, the new generated trajectory is
changed bigger. In the other wordg, iis harder to move the actuators while the
platform is closer to the working space boundary. In Fig. 8, we also can find the three
still part of the original trajectory, the new generated trajectory moves slightly toward
the original. InFig. 9, the solid line is the original length of actuators and red dash
line is the length of actuators after spring device. We can see thedash line is closer to
origin than the solid line obviously.
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Fig. 7 The displacement outputs after spring device.
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Fig. 8 The angular outputs after spring device.
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Fig. 9 The length of actuators after spring device.
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There is another way of dealing with the motion of simulators and is referred to
as the motion cue. It is often used in the scalled virtual reality emulation theaters.
Because this kind of application is an-lofie system, engineers can desigthe
platform variation to generate motion suby their experience. Because of this
property, there are two major advantages for motion cue. One is that because motion
cue is an oftline mapping, we can planthe whole motion to avoidthe movement of
actuators out of the working space. The other one is thaspecial movements can be



added to generate more entertaining effects Because motion cue deeply relies on an
experienced engineer to arrange @good motion cuetrajectory of Stewart platform
positions, we attempt to build fuzzy rules to make the motion cue design more easily.
The performance of motion cue deeply depends upon the experience of the designer,
and it can usually be designed delicately. The disadvantage of motion cue is that a
well-designed motion cue always relies orengineers’ experience. Hence, we would
like to discuss a method that engineers can plan motion cue easier &vanthe
engineer is with less experience. Then, we focus on the trajectories of actuators. If we
can find the relationships between motions and the length of actuators, we can easily
design the motion cue without experience. Now we have a series of trajectory of
length of actuators. We have found some relations between motions and length of
actuators, and the main relations are described in table 2.

Table 2 The relations between motions and actuators.

Votion ctuator Firs | Second | Third |Fourth| Fifth | Sixth
Accelerate forward Shorten Shorten
Up slope Extend Shorten
Turn right Shorten Shorten

Although we have found some relations between motions and length of actuators,
it isnot easy to build afuzzy rule set. It is because it is hard to understand the physical
meaning that the motion cue provides. Hence, to focus on the trgjectories of the length
of actuators is not a good \@y to design motion cue. In order to satisfy the physical
meaning, we then focus on the position of the platform. Inthis study, as shown in Fig.
10, a processis proposed to design motion cue with fuzzy rugeof position of the
platform. While a film is obtained, we first classify the motion, and then map different
types of motions maps to different fuzzy models. Fuzzy rules areto formtrgectories.
Then, a pilot is to test whether the generated is realistic. If it is not good enoughthe
motion cue is tuned until the pilot satisfies the effects
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Fig. 10 The motion cue design process with fuzzy model.

We then have the following rule tables.

Table 3 The fuzzy rules of making a turn motion.

Radius of Curve Velocity Length of Curve| Variation Moving Rate of

Percentage of Y Y
L L L L S
L L M M S
L L S S S
L M L M M
L M M S S
L M S S S
L S L S S
L S M S S
L S S S S
M L L L L
M L M M M
M L S M S
M M L M M
M M M S S




M M S S S
M S L M M
M S M S S
M S S S S
S L L L L
S L M L L
S L S L L
S M L L L
S M M L L
S M S L L
S S L M M
S S M S S
S S S S S
Table 4 The Z variation fuzzy rules of upward slope.
th of the Short Normal Long
Acceleration
Slow L S S
Normal L
Fast L L L
Table 5 The moving rate of Z fuzzy rules of upward slope.
Short Normal Long
AcceleratidrEndtral the
Slow S S
Normal M
Fast L L
Table 6 The Z variation fuzzy rules of downward slope.
Short Normal Long
h of the
Acceleration
Slow L S
Normal L




Fast L L M
Table 7 The moving rate of Z fuzzy rules of downward slope.
Short Normal Long
_ Length of the
Acceleration
Slow S S
Normal
Fast L M

According to the film offered by Occam Corp., we utilizéhe fuzzy rulesto
generate the platform position. Fidl is the surge variation of an upward slope
motion, in which thesolid line is the trgjectory offeed by Occam Corp. and the dash
line is the trajectory generated by the fuzzy rule. Fig2 is the sway variation of an
turn right motion, in which the solid line is the trgjectory offered by Occam Corp. and
the dash line isthe trgjectory generated by the fuzzy rule.
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Fig 11 The Surge(Y) variation.
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Fig 12 The Sway(Z) variation.
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Table 8

ode Polling Event-driven Error
Process (Event-driven)
No Process 20.08ms 20.08ms 80us
1 Process 25.68ms 20.16ms 160us
2 Processes 25.71ms 20.24ms 240 u s
12 Processes 37.7ms | 20.24ms 240 u s
12 Processest i3 B~ A - 45.6ms | 20.36ms 360us
12 Processest i3 B~ A - 47.8ms | 20.36ms 360us
+IE @
12 Processest+ 15 B~H 7 s 20.36ms 360us
+|E F e+ Bk & P
12 Processest+ 15 P~H 7 S 20.36ms 360us
+play game £ B
12 Processest+ 15 B~H 7 s 20.36ms 360us
+E B IE £ Bl
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