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Abstract : In this paper, we propose a filter structure whose output satisfies the velocity and acceleration constraints for
any input signals. In the field of factory automation, step signals are sometimes converted into trapezoidal waves to satisfy
the intended velocity limitations. This helps the operators avoid overload in industrial robots. In some cases, physical
protection of the equipment, safety, and ride quality can be ensured by limiting the characteristics of input signals in
actual plants. A signal-limitation filter is proposed for the input signal to satisfy the intended signal limit. In the previous
study, a signal-limitation filter structure was provided as a simple unit-feedback control with a saturation function. The
filter structure in the previous study had a delay between the input and output signals becaud@duistdidesign

gains considering both the saturating and non-saturating cases. To solve this problem, we propose a novel filter structure
that includes feedforward and feedback components. Applying this filter structure with feedforward terms including
saturation enables us to fulfill the desired limitations for arbitrary input signals. We evaluated the proposed structure in
a signal-limitation filter that simultaneously limits the velocity and acceleration. The simulation results demonstrate the
effectiveness of our proposed filter.
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1. Introduction arbitrary input, such as the case in which a person performs an

In tracking and positioning control, a time-varying signal is OPeration.
used as a reference signal. In the field of factory automation, a Letu be the desired signal to be applied, which is guided by
trapezoidal signal is used to limit the maximum velocity value the operator or controller. In addition, letbe the signal that
to avoid overloading robots. Additionally, acceleration and jerk IS to be actually applied to the system.ulBatisfies the signal
are important factors for improving operability and riding qual- limitation, it is ideal to satisfw = u. On the other hand, i
ity. Therefore, signals whose acceleration and jerk are limiteddoes not satisfy the signal limitation, a signahat satisfies the
are widely used in various applications [1]-[5]. Given a partic- limitation must be generated; it has a trajectory approximately
ular input signal pattern, a preliminary design that satisfies thddentical to that ofu. This study aims to design filters to gener-
above limitations can be developed. ate an appropriate based on the above conditions.

However, when a person manipulates devices, or when a con- In this study, we consider a filter structure that simultane-
troller provides a control input signal through a feedback con-ously satisfies the desired velocity and acceleration limitations
troller based on sensor signals, preliminary design signals thafor arbitrary input signals based on the structure of the model
satisfy the above constraints cannot be generated. For exampl8/Tor compensator (MEC)[6],[7] proposed by the authors. The
in the acceleratgbrake operation of automobiles, limitations MEC is a specialized structure that compensates for model er-
cannot be added easily because the driver's operation is nd@rs when they occur. In a velocity-limitation filter, the veloc-
known in advance. Thus, to prevent erroneous operations b}}y component of the filter output satisfies the desired veloc-

the driver, the operation signal must be filtered online to meetty limit. We propose a structure for a signal-limitation filter
the limitations. that simultaneously limits the velocity and acceleration. Fur-

In this study, we develop a signal-limitation filter that lim- thermore, we verify theféectiveness of this structure through a
its the velocity and acceleration components of signals in reanumerical simulation.
time. Previous studies have proposed signal-limitation fil- This paper is an extended version of the proceedings of the
ters that limit the velocity[1]—[3], acceleration[1], jerk[4], and SICE Annual Conference 2017 [8]. We include the results from
torque[5]. Such filters areffective for use in flexible arms and  OUr evaluation of the proposed signal-limitation filter and dis-
are developed with a simple feedback structure with a saturatioffUss its ability to limit the velocity and acceleration, simultane-
function. However, these structures have the problem of delay§“5|y-
between the input and output signals, as gain design consid-
ering both the saturation and non-saturation casedflisudt.

Therefore, such filter structures make iffidiult to deal with an Figures 1 and 2 respectively show the velocity and
acceleration-limitation filter proposed in a previous study [4].
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Vsat are used to satisfy the limitations on the velocity and acceler-
ation for the control input signal. The third objective attempts
to maintain the shape of the original signal while satisfying the
- signal limitation. Therefore, in tracking or positioning control,
the signal-limitation filter should preferably output a signal that
is as close as possible to the input signal within the limit. The
fourth objective is similar to the second, especially when the
Fig. 1 Previous velocity-limitation filter. input signal satisfies the limitations. In the previously proposed
filter structure, this objective cannot be achieved, irrespective of
Asat how the gain is chosen. The fifth objective is to design a simple
structure for filtering and saturation that can be implemented
easily in a microcomputer. This should ultimately facilitate im-
plementation in various systems. This is a great merit at the
K, design stage, even compared with existing methods such as the
reference governor.
The generalized form of the proposed signal-limitation fil-
ter is shown in Fig. 3. Because the purpose of this study is
the simultaneous constraint of velocity and acceleration, an

Currently, signal-limitation filters have a simple feedback _ .. . L
- . . . anti-windup mechanism is added to the general system of the
structure to which saturation functions are added, as shown in

Fias. 1 and 2. The velocity compbonent of the outout sianal _Ssignal-limitation filter in reference [9]. As shown in the figure,
'9S- ) v y P utput signatis,,, o filter applies compensation only when the limit is not satis-
used as a part of the feedback signal, and a compensation |ant

. . . ed; the input signal is nearly equal to the output signal. Here,
is added to the reference signal to generate the optimum tar- put s19 y €q putsig

. L . : . Fi(i = 1,---,n) is afilter, F 1 is its inverse or pseudo-inverse
get trajectory. Each gain is determined by the time required to.'( ) . ! 1 P .
filter, whereF; is mainly an integrator anl~ is predominantly
reach the target value.

. S . . a differentiator. Figure 4 shows the form of the saturation func-
However, setting the gain is felicult in these filters. If the

. . - tion. The limit value of the saturation function is set to a de-
gain is set such that theftiirence betweemandu'is small, the . o e .

o . sired value, and when that limitation is satisfied, the input value

response waveform when the limit is satisfied is good, but the . .- o : .

. . is generated (the function within the limit is a linear function of

response waveform is delayed otherwise. For these reasons, tg?ope 1)

gains are set in a comprehensive manner under the conditions Let u be the input signal. First, it is converted to the velocity

of saturation and non-saturation. Therefore, even if a signal is . . . .
. - . .~ ¥~ “or acceleration component of the input signal by th&eden-
input such that satisfies the velocity and acceleration limits,

. . . . . tiator. At this time, the dferentiator is overlapped such that

the output signal is delayed relative to the input signal. There-. . .

. ' ) ) it becomes the signal to be limited. For example, when con-
fore, using such filter structure designs makesfiiailt to deal : : . . . )

. ; . . . verting the signal to an acceleration signal, thedentiator is
with an arbitrary input signal, such as in the case when a person ; . . . .
superimposed twice. After being converted into a signal to be

operates a control system.

limited, a desired limitation is satisfied by a saturation function.

&
y
|
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Fig. 2 Previous acceleration-limitation filter.

3. Structure of Proposed Signal-Limitation Filter

3.1 Filter Design Motivation and Proposed Filter Struc-
ture

Based on the results of previous research, it is indispensable
to design a filter that does not cause delays. In this study, the
signal-limitation filter is designed to satisfy the following re-
guirements: Fig. 3 Generalized form of the proposed filter.

e The maximum and minimum velocities of the output sig-
nal satisfy the designed velocity limit. Lout g

e The maximum and minimum accelerations of the output
signal satisfy the designed acceleration limit. Xoat prannnnnsy

e The signal diference between the input signiand output

signalud’is small. —Xeat

¢ If signalu satisfies the intended limitation, trajectorig€t) ™ : Xsat Lin
andu(t) are extremely similar. :

e The filter can be realized with a simple feedback structure. ~ —————"======"~ —Xsat

The actual control system has various limitations, and it is
necessary to satisfy these limitations for the safety and physi-
cal protection of the equipment. The first and second objectives Fig. 4 Saturation function.
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The signalu™satisfying the limitation is generated by the inte- Vsat

grator. At this time, it is shaped by adding the compensation u s + v |1
inputeto the velocity or acceleration signal, making it possible | s+1
to output a signal close to the input signal while satisfying the
limitation.

Because it is a structure based on the MEC[6],[7], if the input
signal satisfies the limitation, the input signal to the compen-
satorCeg is a zero signal. As such, the compensator does not

L
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Ve

work, and the compensation inpait 0. The anti-windup con- 1
troller[10]-[15] was also used as a compensator. In this case,
if the signal satisfies the limitation, the signal by the compen-
satorCaw becomes a zero signal. At this time, the infputput Fig.5 Velocity-limitation filter.
transfer function when the limit is satisfied is

s+ 1 — +

ing the gainCgg. Therefore, it is better to choose the gains
(1) based on the transient response atftevith trial and error.
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3.2 Velocity-Limitation Filter[9]

If Fi = Fiforalli=1,--.n 0/u=1is satisfied and the input  \ye construct a velocity-limitation filter based on the general-
signalu is generated as the output siguallf F;* is a pseudo-  jzed form of the filter in Fig. 3. Figure 5 shows the construction
inverse filter to ensure propriety and is set to function as anf the proposed velocity-limitation filter. The filter structure
inverse filter in the signal band of G converges ta. Onthe  contains an integrator, fierentiator, and saturation function.
other hand, when the input signal does not satisfy the limit, thethe |imit value of the saturation function is set to a desired
compensato€rg acts to suppress the signaffdrence between  |imit value of the velocity component of the signal.
the input signali and output signal.” The input signali is converted into a velocity component of
The design oCrg must compensate for thisftiérence. Fur-  the input signal by the @ierentiator. After this conversion, the
thermore, the second objective—that the signéiedénce be-  gesired limitation is satisfied by the saturation function. Next,
tween input signali and output signaliis small—depends on  py returning to the output signal by the integratosatisfies the
the magnitude of the constraint and the input signal. For examye|ocity limitation.
ple, when it is desirable to shape the signal such that it satisfies |, Fig. 5, the P controller is used as the compensatorkand
the velocity limit of the lamp input, the fference between the s the proportional gain. The time constanbf the diferen-
output satisfying the limit and the lamp input cannot be fulfilled tjator is assumed to be afficiently small valuez = 0.001, to
with any compensation. In the design@ts, although the in-  approximate the exact value of thefdrential value.
put signal sequence itself is unnecessary, the frequency charac-\when the signali satisfies the velocity limitation shown in

the signal become important.

Because we focus herein on the structure of the proposed
signal-limitation filter, its specific design will be the subject of
future research. For example, when the frequency distribution
of the input signal is known, it isféective to investigate the [N (2), if the limit is satisfied when the input signal to the satu-
frequency characteristic of the signal passed through the filtefation function is equal to or less th&qa,, &(t) = 0 is satisfied;
[17, F* and to set the gain based on the comparison betweeg:herefo.re, the input gigna[ to .be cqmpeqsatgd is 0. The filter
the frequency distribution and the limit amount; in this case, thedynamics when the limitation is satisfied is given as follows:
gain is consideredfective. 1

As a design guideline, if the proportional gain@xg is large, = . 3)
the compensationfiect for suppressing the error increases. s+l
However, windup is likely to occur in the case of saturation. If 7 is set to be small in consideration of the band of the input
On the other hand, reducing the gain reduces the compensatisignal,Uis extremely close ta. On the other hand, when the in-
effect. Further, it is diicult to desigrCeg so as to include the put signal does not satisfy the velocity limitation, the compen-
integrator insofar as windup is likely to occur. Thus, we con- satorCgg shapes the signal’s velocity component. The propor-
clude that it is better not to include the integratoGigs. tional gainKy is adjusted, and its value is set such that windup

As an example, consider the case of selecting the@airof cannot occur.
the signal-limitation filter. First, set the test signal by selecting
a signal that does not satisfy the intended signal limit, such as-3 Acceleration-Limitation Filter[9]
the velocity limit, in part of the waveform. Letj| t,] be a time Figure 6 shows the configuration of the acceleration-
range in which the test signal does not satisfy the signal limit.limitation filter based on the generalized form of the filter in
Then, the test signal is applied to a signal-limitation filter with Fig. 3. The acceleration is limited by adding oné&efientiator
certain initial gains. We focus on the output of the velocity- and one integrator to the velocity-limitation filter, as shown in
limitation filter at timet, and later. Because the waveform of Fig. 5. The proportional—derivative (PD) controller is used for
the output depends on the settled gains in the signal-limitatiorcompensatoCrg. The valueKy is the proportional gain, and
filter, we can change the transient response after tirbg tun- Ky is the diferential gain. The time constantis the same as

1
s+ 1

&9 = Ki (t«s) - u(s)). @)

cl
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that of the velocity-limitation filter. The input signal is con-
verted into an acceleration signal by twdfdrentiators. Next,
the desired acceleration limitation is satisfied through the satu

No.1, January 2018

In Fig. 7, the compensator is used as PD control for the in-
put/output deviation. The anti-windup controller is used for PD
eontrol. The valueXy andK, are the proportional gains, and

ration function. The acceleration component is returned to theKp andKp; are the diferential gains.

output signal satisfying the limitation by the two integrators.

When the signall satisfies the velocity and acceleration lim-

In Fig. 6, the compensation input signal by the compensatoiitation shown in Fig. 7, the signal applied by the compensator

Ckg is expressed as

9 = {2 | bo@

When the limitation is satisfied in (4), becaugg) = 0, the

N 1
ti(s) - mu(s)

IS

S

)[0- o). ©

=) (9 - (). ™)

ex(s) = (Kx + Kp

e(s) = (Kv + Kp2
TS

input signal to be compensated is 0. Here, the filter dynamics

when the signal satisfies the limitation is

B 1

a
u  (rs+ 1%

(®)

As in the case of the velocity-limitation filter, if is set to be
small in consideration of the band of the input signals as
close as possible to. The compensatdCrg modifies the ac-

celeration component when the limitation is not satisfied. The

proportional gairk and diferential gaink, are adjusted, and

If the input to the saturation function is less than or equal to
Xsat, the compensation input signagt) ande,(t) are equal to
0.

Here, (5) provides the filter dynamics when the limitation is
satisfied. Ifr is set to be small in consideration of the band of
the input signalu’is as close as possible tio The compensator
Crg modifies the acceleration component when the limitation
is not satisfied. The gains are adjusted and error feedback is
performed so that the output signal is close to the input signal.

When the signal passed through the saturation function is in-

error feedback is performed such that the output signal beCorm:"l%grated and saturated, the influence of the original saturation

close to the input signal.

It is necessary to design each gain by considering the stabil

ity of the feedback loop in the linear region of the saturation
function. When the frequency distribution of the input signal

is known, the design based on the signal passed through the

second-order dierentiator is &ective.

3.4 Proposed Velocity-Acceleration-Limitation Filter

In actual applications, there are cases limiting the velocity,
acceleration, etc. simultaneously. In addition to the velocity-
and acceleration-limitation filters, we consider a filter that
simultaneously achieves velocity and acceleration limitation

based on the generalized form shown in Fig. 3. Figure 7 shows

the constructed velocity-acceleration-limitation filter. This fil-

ter uses an anti-windup component[10]-[15] as a compensator
drrom the above

in order to increase the degree of freedom of the compensat
and compensation capability.

The input signali is first converted into its acceleration com-
ponent by the dferentiator. After conversion into the signal to

be limited, the desired limitation is satisfied using the satura-

tion functionAsy. Next, the limited acceleration component
is returned to the velocity componenthrough the integrator,
and the saturation functio¥isy; limits the velocity magnitude.
The limited velocity componentis used as the feedback signal
for compensation.

Asat
u s 2| T al1] v |1 u
(rs+1) ‘ — S S
e
Crp
N - —>(1;
(s +1)2 T

Fig. 6 Acceleration-limitation filter.

function must be preserved, as shown in Fig. 7. For the accel-
eration component of the output signal to be within the limi-
tation, g—;ﬁ must satisfyamin < g—;& < amax Here,U’is the

second-order integral of the limited acceleration.

aet) = f Vsat( f Asat(é(t))dt) dt,

S50 = Ve [ AcatitO)e).

2
d d ( [ Asat(aa»dt)

@D(t) = avsat
dv(t) = 89(t) = a(t) (unsaturated case)
0 (saturated case)

tj‘—tzzﬂ(t) is a(t) or 0. The acceleration signal
a(t) satisfies the acceleration limitation aﬁzgiﬁ satisfiesmin <

2 o .
&0 < amaxat all times.

4. Simulation
4.1 Simulation of Velocity-Limitation Filter

We simulated the velocity-limitation filter. In this example,
Kx = 86 is selected by trial and error using a test signal. In
Fig. 8, u(t) = sin(%t) is used as the input signal. The dashed
and solid lines indicate the input and output signals, respec-
tively. The first and second rows from the top in the figure
respectively indicate the jout and velocity signals. Figure 8

Asut Vsat

/—

(50)

s+ 1 —1

1
(ts + 1)?

Fig. 7 Velocity-acceleration-limitation filter.
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shows the response without velocity limitation. Because there
is no limitation, it can be confirmed that the trajectory of the
input signal corresponds to that of the output signal.

Figure 9 shows the transient response with the velocity-
limitation filter. We set the maximum and minimum velocity
limit of the velocity-limitation filter as 80% of the maximum
velocity amplitude of the input signal. It is confirmed that the
input signal is output at the part where the limit is satisfied and
that the maximum velocity can be followed to the input sig-
nal at the part that does not satisfy the limitation. Because the
limitation is not strict, a signal close to the input signal can be
output without delay.

Figure 10 shows the case in which the maximum and mini-
mum velocity limit of the velocity-limitation filter is set as 50%
of the maximum velocity amplitude of the input signal. It can
be confirmed that switching from the maximum to the mini-
mum velocity is performed instantaneously. By the velocity-
limitation filter, the input and output trajectory are as close as
possible despite the severe signal limit.

Next, Fig. 11 shows the synthetic wave of the trigonometric
functionu(t) = sin(3) + sin(&) + sin(%t). Here, the limitation
rate is 50%. Compared with si)(the maximum value of the
velocity is a very large signal, but it can follow the input signal
as close as possible within the given limit. Furthermore, the
presence or absence of compensation can be confirmed in the
part where the limitation is satisfied and in that where it is not.

4.2 Simulation of Acceleration-Limitation Filter

Similar simulations were performed for the acceleration-
limitation filter. In this exampleKy = 75 andK, = 220 are
selected by trial and error using a test signal. Figure 12 show:
the response waveform wherft) = t3sin(2)et is applied.
From the top in Fig. 12, the first, second, and third rows re-
spectively show the jout, velocity, and acceleration signals. It
is a response with no limitation, and it can be confirmed that
the output signal is similar to the input signal.

Figure 13 shows the case in which the maximum and min-
imum acceleration limit of the acceleration-limitation filter is
set as 80% of the maximum acceleration amplitude of the in-
put signal. It can be confirmed that the output signal is close
to the input signal without delay because the limitation is not
strict. In addition, the input signal is generated at the part thai
satisfies the limitation, and it can follow the input signal with
the maximum acceleration in the part that does not satisfy the
limitation.

Figure 14 shows the response wh&h) = t sin(2t)e‘%t is
applied. Here, 50% of the maximum acceleration of the input

1/0 signal of the filter
T T T

[F-input
[—output]

1, January 2018

1/0 signal of the filter
1F T T T

1 1 1 1
15 20 25 30

L
10

Velocity
T

I
20
time

10 15 25

Sine wave respons®saf = 0.8Vmax-

1/0 signal of the filter
T T T

[--input
[—output]

3 o0 3 g
-1t L 7‘\"‘ L \n L L L ]
0 5 10 15 20 25 30 35 40
Velocity

.5 . - input
= AL A LA
-05F ,
0 5 10 15 20 25 30 35 40

time
Fig. 10 Sine wave respons®said = 0.5Vmax-

1/0 signal of the filter
T T -

| K
20 35
time

15 25 30 40

.11 Synthetic sine wave responggy| = 0.5vmax-

1/0 signal of the filter
T T

time

Fig. 12 Synthetic wave responsgasa = co.

10 15 20 25 30

Velocity
T

I
20
time

10 15 25 30

Fig. 8 Sine wave responsis,d = co.

signal is set as the limitation in the filter. It can converge to
the target value without overshoot and confirm the presence or
absence of compensation both in the part that satisfies the limi-
tation and in that which does not.

4.3 Simulation of Velocity-Acceleration-Limitation Filter

We simulated the velocity-acceleration-limitation filter. In
this exampleKy = 100,Kp = 120,K, = 100, andKp, = 1 are
selected by trial and error using a test signal. Figure 15 shows
the response without limitation. The following input signal is
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1/0 signal of the filter
T T T

time

Fig. 13 Synthetic wave responses,d = 0.8amax- Fig. 17 Synthetic wave respongesa = 0.5Vmax, |8sa=0.58max-

Position 1/0 signal of the filter
T =T T T

time

Fig. 14 Synthetic wave respongezad = 0.58max- Fig. 18 Synthetic wave respons®sad = 0.8vmax |2sad=0.8amax-

1/0 signal of the filter maximum acceleration amplitude of the input signal. It is con-

i i firmed that the input signal is generated at the part where the
limit is satisfied, and the output signal can follow the input sig-
nal at the part that does not satisfy the limitation. The input
signalu and the output signal &re similar in Fig. 16.

Figure 17 shows the case in which the maximum and mini-
mum velocity limit of the filter is set as 50% of the maximum
velocity amplitude of the input signal. The maximum and min-
imum acceleration limit of the filter is also set as 50% of the
maximum acceleration amplitude of the input signal. The in-
put and output trajectories are as close as possible despite the
severe signal limit.

Next, the input signal is changed in the simulation. Figure 18
shows the response aft) = t3 sin(Z)e‘%t with the 80% lim-
itation. The maximum value of the velocity and acceleration
increases, and it can be confirmed that switching is instanta-
neous.

Figure 19 shows the case in which the maximum and mini-
mum velocity limit of the filter is set as 50% of the maximum
velocity amplitude of the input signal. The maximum and min-
imum acceleration limit of the filter is also set as 50% of the
maximum acceleration amplitude of the input signal. By our
proposed velocity-acceleration-limitation filter, the input and
Fig. 16 Synthetic wave respongesa] = 0.8max, |8sal=0-83max. output trajectories are as close as possible despite the severe
signal limit.

Fig. 15 Synthetic wave respongesa| = o, |agad=c0.

1/0 signal of the filter
T T T

used in Fig. 15:

3. o 4.4 Discussion
u(t) = t°sin(2)e™. (8)

The filter structure proposed in this paper can be thought of
Because there is no limitation, it can be confirmed that the tra-as improving the degree of freedom in the previously proposed
jectory of the input signal corresponds to that of the output sig-velocity-limitation filter and acceleration-limitation filters, re-
nal. spectively, shown in Figs. 1 and 2. For exampleKif= 1/t
Figure 16 shows the case in which the maximum and mini-in Fig. 1, dis equal to that in Fig. 5 when the input signal sat-
mum velocity limit of the filter is set as 80% of the maximum isfies the velocity limit. At this time, the degree of freedom
velocity amplitude of the input signal. The maximum and min- for adjustingCgg exists separately in our proposed filter. Sim-
imum acceleration limit of the filter is also set as 80% of the ilarly, for the acceleration-limitation filter, if we séty = 1/72,



SICE JCMSI, Vol.1, No.1, January 2018 7

1/0 signal of the filter 1/0 signal of the filter
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- input
|—output(proposed)
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I I 7
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Acceleration Acceleration
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- input

@ 0 3 ‘ *oulpul(proppsed)
T . i |--output(previous)
7500 2‘ 4 6 8 10 12 14 16 18 20 8 10 12 14 16 18 20
time
Fig. 19 Synthetic wave respongesa| = 0.5Vmax |8sal=0-58max- Fig. 21 Comparison of previous and proposed methegi = 0.5amax.
1/0 signal of the filter /O signal of the filter
10F T T T 10F i i i - input
— d
S S o outorevious)
-10Et L L L L L L L
'10(; 2‘ L‘l ‘6 é 1‘0 1‘2 1‘4 0 2 4 6 8 10 12 14 16 18 20
Velocity Velocity
20F T 20 T |- input
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o ot | ]
’2007 > " 5 s 0 I 1 0 2 4 6 8 10 12 14 16 18 20
50 Acceleration 50 . Accelt?ratlon .
‘ ‘ ‘ ;g‘tﬁutn( roposed)|
3 o SE —roulgul(gre\?ious)
T S J T R TR PR T T Fo 2 4 s 8 1 1@ 1 6w
time time
Fig. 20 Comparison of previous and proposed methag = co. Fig. 22 Comparison of previous and proposed methddy| = oo,
|asat=co.
Ky = 2rin Fig. 2,u/0i = 1/(rs + 1)? is equal to that in Fig. 6
. . . e . .. 1/0 signal of the filter
when the input signal satisfies the acceleration limit. 10F P . LV —
Figures 20 and 21 show the comparison simulation results 'S ot

of the acceleration-limitation filters shown in Figs. 2 and 6. In
Fig. 2,7 is made sfliciently small withKy = 1/7% andK, = 2r.
In Figs. 20 and 21, the dashed line denotes the input signal =
the solid line is the output of the proposed method, and the )
thick dotted line is the output signal of the previous method,

~{-input

simulated with the input as Figs. 18 and 19. S B o s i e N oun J

[--output(previous)

Figure 20 shows the case where the input signal satisfies th % s s B 1 4 1 1
acceleration limit. Figure 21 shows the case where the accel- time
eration limit is 80% of the acceleration amplitude of the input Fig. 23 Comparison of previous and proposed methogi = 0.5vmax
signal. When the input signal satisfies the acceleration limit, the asal=0.58max:
output signal nearly coincides with the input sign&h both the
previous and proposed methods. On the other hand, in Fig. 21put signal, the solid line is the output signal of the proposed
both the previous and proposed methods satisfy the acceleratiomethod, and the thick dotted line is the output signal of the pre-
limit. However, the results confirm that the output signal of the vious method. The simulation proceeded with the same input
previous method is completelyftérent from the waveform of as shown in Figs. 18 and 19.
the input signal. Figure 22 shows the case where the input signal satisfies
In the proposed method, by contrast, although there is soméhe velocity and acceleration limits. Figure 23 shows the case
delay, the output signal is close to the input signal. As describedvhere the velocity and acceleration limit is 50% of the accel-
above, no delay occurs in the signal satisfying the acceleratioreration amplitude of the input signal. When the input signal
limit in the previous method, although windup occurs when asatisfies both limits, the output signal almost coincides with the
signal that does not satisfy the limit is applied. Conversely, if input signalu in both the previous method and the proposed
the gainsKq andK, for suppressing windup are given, a delay method. On the other hand, in Fig. 23, both the previous and
also occurs when the acceleration limit is satisfied. On the otheproposed methods satisfy both limits, but the output signal of
hand, in the proposed acceleration-limitation filter, by using thethe previous method is completelyfdirent from the waveform
design freedom o€gg, there is no delay for the signal satisfy- of the input signal. In the proposed method, by contrast, al-
ing the limit. The response to a signal that does not satisfy theahough there is some delay, the output signal is close to the

limitation is closer tau than with the previous method. input signal.
Figures 22 and 23 show the comparison simulation results )
of the velocity-acceleration-limitation filters. The values 5. Conclusion
made sficiently small withKg = 1/72 andK, = 2r in the In this study, we proposed a novel filter structure to satisfy

previous method. In Figs. 22 and 23, the dashed line is the inthe desired limitation on signals. The proposed filter structure



8 SICE JCMSI, Vol.1, No.1, January 2018

is designed such that= u holds when the signal satisfies the Freedom Model Matching Control System Using Switch, Jour-
limitation andd’is close tou when the signali does not satisfy nal of The Japan Society of Mechanical Engineers C, Vol. 71,
the limitation. No. 703, pp. 995-1002 (2005) (in Japanese)

N. Wada, M. Saeki: Design of a Static Anti-Windup Compen-
sator which Guarantees Robust Stability, Journal of Systems,
control and information, Vol. 12, No. 11, pp. 664—670 (1999)
(in Japanese)

By designing and simulating the proposed signal-limitation [15]
filter, we confirmed its fectiveness. Simulations with various
input signals showed that the proposed methodficgve for
various types of signals.

In thls StUdy, We dlscussed a COﬂtInUOUS-tIme 5y5tem HOWTHH\HHHH\HHHH\HHHHH\HH\HHHH\HHHH\HHHH\HH\HHHH\HHHH\HHHH\HHH\HHHH\HHHH\HHHH\HHHH\HH\HHH\HHHH\HHH\
ever, the design problem can easily be extended to discrete-time. .
systems, and we shall investigate this in subsequent researchl.IrOShI Okamma (Member)

The time response based on the characteristics of the input sig He received his M.E. and Ph.D. degrees from Osaka
nal, constraint of the saturation function, and gain of the com- University, Japan, in 2004 and 2007, respectively. He

¢ t be strictl th ticall but this i is presently an associate professor at Kumamoto Univer-
pensator must be strictly mathematically proven, bu IS1S 4 sity, Japan. His research interests include tracking con-

subject for future work. Furthermore, we will discuss the con- trol, analysis of non-minimum-phase systems, and data
figuration of a jerk-limitation filter in future work. quantization for networked systems. He is a member of
ISCIE and |IEEE.
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