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Abstract— Il. MULTIFUNCTIONAL ACTUATOR
Multifunctional actuators are expected to be applied to hu-
manoid robots, since these actuators are small, and have aA. Composition of multifunctional actuator
lot of functions. However, they are difficult to use well in a
multipurpose system. Since humanoid robots are a multipur- A multifunctional actuator is an actuator module which

pose system, this difficulty should be overcome. On the other is equipped with a motor, some sensors, a micro controller
hand, human can conduct multipurpose operation under various unit(MCU), and else. A composition of multifunctional actua-

environments. In this paper, an intelligent multipurpose control . - . .
method is proposed. This method is based on human’s operation tor is shown in Fig. 1. A multifunctional actuator can produce

scheme. And, an intelligent multipurpose control system using the motor's temperature and the present position etc. of the
multifunctional actuators is constructed based on the proposed actuator to the user in accordance with the command instructed

method. The effectiveness of the proposed method was confirmedby the host computer. It can give softness to the output by
by experiments. changing its own proportion control gain. In case of a past
single functional actuator, the load to the user’s control of the

. _ actuator is large, since it makes the user do the design of the
Recently, concern for a humanoid robot has risen. A maiynro| machine and the equipment of the sensor, etc. On the

purpose of these robots movement is a realization of a flexibigyer hand, in case of multifunctional actuator, it can let a user
movement in the same way as a human. However, this is Véf¥,re easily perform complicated control because of dividing
difficult to be achieved. Realization of a movement (Especially,o role on the host side and the actuator side. Based on these

running, and jumping) to need softness of joint becomes & 5on 5 multifunctional actuator is effective for the field of
main problem. Therefore, flexible and multipurpose contrgha obot from which a complex control is demanded.
with which position and softness of the actuator are satlsﬂBdThe characteristic of position-torque of the multifunctional

at;\hefsan;]e t|meh|n dth?‘ ch?ngmg Sf'tuhat'(.)n. IS net;essar¥ actuator is shown in Fig. 2. The softness of the actuator is
$ for the method of softness of the joint so far, so tne%ﬁ'bitrarily set by a compliance slope shown in Fig. 2. If this

was given virtual by the position control Qf the actuatpr. | idth is widely taken, it becomes a soft output since the
this method, there are some problems like as causing portion gain becomes small. In this paper, the width of

delay in the motlon_control system. The motor Cor‘tm"e(’:'ompliance Slope is defined as the softness of the actuator. The
for the small_ robqt IS _dev_eIOped to solve these prOblem&utput torque value at a certain position is controlled by the

and_ fche multlfungt|0nallzat|on O.f the_actuator advapces. {Qrget position (It is described later as an actuator target in this
addition, an effectiveness of multifunctional actuators is sho per) and the softness of the actuator. The vector (softness
by applying it to a small humanoid robot in specific operatio \output torque value) with the elements of the softness and

[1]. Therefore, the de.velopment'of thg humanoid robot contrme output torque value is described as a torque characteristic
can be expected using a multifunctional actuator. Howev lue in this paper

a multipurpose control (to satisfy a position, softness, an
output torque at the same time ) of the multifunctional actuator

|. INTRODUCTION

. . . . I . com Iiance/
is difficult since a multifunctional actuator coordinates the slope (e AV
P P it actuator |

softness by changing its characteristics. - Host target mcu | amp: ’|
On the other hand, the research on human operation hagcomputer gggigg;

been done so far [2][3]. And human’s operation control scheme velocity i ‘ |

has been clarified. Thus, its scheme is expected to be built into L sen [l
bot position,temperature,- - - i

robo S'_ . . . . k \Single function actuattﬂ
In this paper, constructing an intelligent mu!tlpurpose con- N Multifunctional actuator ———

trol system using multifunctional actuators is aimed. The

method to construct such control system is proposed by by Fig. 1. Composition of a multifunctional actuator

focusing on human’s operation control scheme. And the effec-
tiveness of the proposed method is confirmed by experiments.



toraug [kgeml motion control method is focused, and the intelligent mul-

tipurpose control method which is based on their method is
proposed. In addition, the control system is designed based on
the proposal method.

A
Max ctuator target

torqug

- - — A. Human’s motion control method
A position [deg]

To know the method which is adjusting the viscoelasticity

A:ComplianceSlope .. .. . .
and the joint angle of the joint by human is an important

-Max

torque factor and problem for developing a humanoid robot [4]. Up
to present, there is much examination concerning human’s
Fig. 2. Relationship between the position and torque motion control method. For example, an examination about the

movement of human arm. In these studies, it is made clear that
the human adjusts viscoelasticity predictively. And it is made
B. Characteristic of an multifunctional actuator clear that the human improves the adjustment by learning in

Because the multifunctional actuator can let a user mo%multiple trial. However, a human’s concrete motion control
easily perform complicated control, use as the actuator thod has not been clarified yet. Understanding from these

the joint drive of the robot can be expected. However, t{§SUlts is that a human has a musculoskeletal system model,
multifunctional actuator is difficult to use as a multipurpos8"d @ updatable mental model which is provided by interaction

device, because it performs positioning in the user’s arbitra th the enwronment. Plus, human is doing the foregast and
proportion gain. For example, there is the case of can control by using these models. Therefore, the achievement

achieve the actuator target when the softness of the actudtbf’® multipurpose control can be expected by building these
becomes higher. model and control knowledge into the controller.

Driving data of a multifunctional actuator (made of Futaba ' the situation without an external interaction with the
RS302CD) is shown in Fig. 3. The control purpose of thignvwon,ment, human need not learn. In such a snuapon,
time is purpose position = 50 [deg], output torque value (gpmans musculoskeletal system model has been established,

the purpose position) = O[kg/cm], softness = 80[deg]. In ord@Pd it does not need to update. o _

to satisfy the torque characteristic value which is aimed for, 1 n€refore, the model's update by learning is not considered
a set value to the actuator is 50 [deg] of the actuator tard@tthe present study, and realization of the multipurpose control
and 80 [deg] of the compliance slope. However in this cad8 the situation without external interaction is aimed at. To

it is driven from O degrees at an initial position to only 4@chieve this purpose, the model of the control object and the
[deg]. The cause that cannot be driven to a target positiGANtrol knowledge are built into the controller.

is that the proportion control gain of the actuator is smalg__ Construction of the controller

Since such phenomenon becomes a problem in the robotic | _
control, a multipurpose control of a multifunctional actuator " this study, the model of the controlled object and the con-

that satisfies the position and the torque characteristic valud@ knowledge are built into the controller using a predictive
the same time is necessary. fuzzy control. The predictive fuzzy control is a control method

which predicts the future state of the controlled object, and

50 selects the control instruction by evaluating the predicted result
4 1 [5]. There is a fact that human also controls its movement
40 predictively. Therefore, this control method is suitable for the
35 1 intelligent multipurpose control that is aimed in this paper.
® 30 1 The inference process by the predictive fuzzy control is to
3% 25 ] achieve the multipurpose control of a multifunctional actuator
‘g 20 ] is shown in Fig. 4. U is a candidate of the control instruction
& s ] composed of the actuator targed{) and compliance slope
10 (CS).
s Current position, and +-1 [deg] from current position are
the candidates ofA7". And currentC'S, and +-1 [deg] from

L currentC'S are candidates of thé's.
There are nine candidates of the control instruction. All
Fig. 3. Driving data of RS302CD the combinations (nine kinds) of these each candidates are

candidates of the control instruction. All these instruction
candidates are evaluated by the fuzzy inference based on the
IIl. I NTELLIGENT MULTIPURPOSE CONTROL METHOD  control rules, and the control instruction candidate with the
Human has achieved a flexible and multipurpose operatibighest evaluation is instructed in to the actuator as a control
under various environments. In this chapter, the humairrsstruction. Human's control methodology are described as



control rules by using DO-if rule [6][7]. Control rules are
shown as follows

e DoU is C1[AT,14,CS,14] if error with the target position
(X.) is good and error with the target torque character-
istic value () is very good.

e DO U is C2[AT,4 + 1.0[deg],C'Sqi4] if error with the %50 00 50 0 50 100 150
target position X.) is very good and error with the target Xe [deg]
torque characteristic Valugjfo IS very gOOd. Fig. 5. Fuzzy set used to evaluate a purpose of the position

e Do U is CI[ATyq — 1.0[deg],C'Sp1q — 1.0[deg]] if error
with the target positionX.) is very good and error with

the target torque characteristic valdg ) is very good. 050790 50 6 50 100 750 205 025 0 025 05

AT, and C'S,,, are last instructionX, is a difference of a Se [deg] Oe [kgem]
future position and a target po;sltlon, affifl is a difference (a) Se is very good (b) Oe is very good
of a future torque characteristic value and a target torque
characteristic value. And, is vector [S5.,O.]. S. is a dif- Fig. 6. Fuzzy set used to evaluate a purpose of the torque characteristic
ference of the target softness and the instruction candidatet&ie
softness O, is a difference of the target output torque value
and the future output torque value. When the control purpose
is changedAT,;; andC'S,;; become target position and target
softness regardless of the last instruction. Since such a control

rule exists for the candidates of all the control instructions, The composition of the multipurpose control system using
the candidates of the control instruction with the highegke muitifunctional actuator is shown in Fig. 7. The controller
evaluation is finally chosen as a control instruction. into which the model of the control knowledge and the
A fuzzy set to evaluate the error of the position is shown igontrolled object is an intelligent multipurpose controller. The
Fig. 5, and a fuzzy set used to evaluate the error of the torgsisntrolled object is a multifunctional actuator (made of Futaba
characteristic value is shown in Fig. 6. The set shown in figureS302CD) which is equipped with the 12mm servo horn.
5 shows that the difference of the target position and the futurge model is changed based on the state in the present
position is very good. Therefore, when the difference of thgosition etc. of a multifunctional actuator, and future states
target position and future position is @, will become the of the controlled object are predicted by using this variable
maximum 1. Thisy is an evaluation value to(.. The set model. The control instructions are evaluated and selected by
shown in figure 6(a) shows th&. is very good, and the seta fuzzy multipurpose evaluation using the predicted results,
shown in figure 6(b) shows thal. is very good. Mean value and it is transmitted to the actuator. Evaluation and selection
of evaluation value obtained from (a) and (b) is an evaluati@gji the control instructions by the intelligent multipurpose
value toTe. controller is performed every 0.1 seconds, and only when a
control instruction different from the last control instruction is

" L i Error with the target N N H H
Candidates| - [prediction] [Erer vt e | 76t e atcenie value | [Evalation] Selection selected, it is transmitted to the actuator.
Error with || Error with
the target || the target
f— softness || outputtorque
VeryGood
model Good leryGooc | \

IV. COMPOSITION OF THE SYSTEM

-l V. EXPERIMENT
1 NI

oo Voo Veyoesd —|_) To confirm the effectiveness of the proposed intelligent

U=€2—] prediction N NV 1 —>j[L|]_[L multipurpose control method, experiments by using the con-
= v e——— v f ne structed system were performed. The appearance of experi-

. AN AN AAE v=c1 ments is shown in Fig. 8. The multifunctional actuator (Futaba

U=Ck A= e . RS302CD) with the 12[mm] servo horn is a controlled object.
ContmIT contro The state of the actuator obtained from it is displayed in the
purposes — Hultifunctiona instruction monitor. The softness etc. of the actuator can be confirmed
through this monitor. In experiment 1, the comparison experi-

Fig. 4. Inference process of the controller ment with the data shown in Fig. 3 in Chapter 2 is conducted.

In experiment 2, to verify the flexibility of the system, the
experiment that changes control purposes is conducted.
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Experiment 1 is an experiment to compare the result by 3
the proposal method with the result shown in Fig. 3. Control 7%
purpose in experiment 1 is the same as the purpose used in |
Chapter 2. It is shown below.
{Purpose} target position:50[deg], softness:80[deg], output  7¢%
torque value:0[kg-cm](at the target position). 76
Results of experiment 1 are shown in Fig. 9,10,11. The data
shown in Fig. 9 is a transition of the servo horn position,
the data shown in Fig. 10 is a transition of the actuator Fig. 11. Time history of the softness
target, and the data shown in Fig. 11 is a transition of the
actuator's softness. The servo horn position finally became
48[deq]. Actuator target rose from 50[deg] to 58[deg], an
became 50[deq] finally afterwards. Softness of the actuator
was dropped from 80[deg] to 76[deg], and became 80[deg]Experiment 2 is an experiment to verify whether the pro-
finally afterwards. posal method can flexibly correspond to the purpose change. In

0 1 2 3 4 5 6 7 8 9 10
Time [sec]

Experiment 2



experiment 2, two control purposes (purposes 1 and purposes
2) are given. After purposes 1 are given; 7 seconds later,
control purposes are changed from purposes 1 to purposes
2. Control purposes of this experiment are shown below.
{Purposes 1 target position:30[deg], softness:30[deg], output
torque value:0[kg-cm](at the target position)

{Purposes 2 target position:60[deg], softness:90[deg], output
torque value:0[kg-cm](at the target position)

Results of experiment 2 are shown in Fig. 12,13,14. The data
shown in Fig. 12 is a transition of the servo horn position,
the data shown in Fig. 13 is a transition of the actuator target,
and the data shown in Fig. 14 is a transition of the actuator’s
softness. The servo horn position finally became 28[deg] in
purposes 1, and it finally became 58[deg] in purposes 2.
Actuator target finally became 30[deg] in purposes 1, and it
finally became 60[deg] in purposes 2. Softness of the actuator
finally became 30[deg] in purposes 1, and it finally became
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C. Consideration

At experiment 1, in order to satisfy a target position, it
is necessary to make the servo horn’s position reach almost
50[deg] as much as possible. And in order to satisfy a target
torque characteristic value, it is necessary to make actuator tar-
get and softness reach almost 50[deg] and 80[deg] as much as
possible. In a result which was shown in Fig. 3, a final position
was 40 [deg] though target characteristic value was satisfied
completely. The error of the target position and final position
was 20%. On the other hand, in the proposal method(Fig.
9,10,11), a final position was 48[deg]. The error of the target
position and the final position was 4%. Also about torque
characteristic value, finally it was satisfied completely, though
the maximum error of 16In this study that paid attention to
human’s control strategy, the purposes are considered as good
when these were satisfied to some extent. Therefore, these
results can be considered as control purposes were satisfied
well.

At experiment 2, in the case of purposes 1, in order to
satisfy a target position, it is necessary to make the servo
horn’s position reach almost 30[deg] as much as possible.
And in order to satisfy a target torque characteristic value,
it is necessary to make actuator target and softness reach
almost 30[deg] and 30[deg] as much as possible. In the case of
purposes 2, in order to satisfy a target position, it is necessary
to make the servo horn’s position reach almost 60[deg] as
much as possible. And in order to satisfy a target torque
characteristic value, it is necessary to make actuator target
and softness reach almost 60[deg] and 90[deg] as much as
possible. In purposes 1, the error of the target position and
the final position was 6.7%. And in purposes 2, the error of
the target position and the final position was 3.3%. Target
position was satisfied well in both purposes. Also about torque
characteristic value, in both purposes, finally it was satisfied
completely, though the maximum error of 15The size of this
error can be adjusted by a fuzzy set and the control knowledge.
It was judged that this error was able to be allowed by the
intelligent multipurpose controller. Therefore, these results can



be considered as control purposes were satisfied flexibly.

VI. CONCLUSION

In this paper, constructing the intelligent multipurpose con-
trol system by building human’s operation control scheme into
the controller was aimed. The intelligent multipurpose control
method using a multifunctional actuator was proposed, and
the intelligent multipurpose control system was constructed
with the proposed method. The actuator's behavior and the
transition of set value was examined by experiments. And as
a result, it was confirmed to be able to achieve a multipurpose
control that both the position and the torque characteristic
value [softness, output torque value] were satisfied. An in-
telligent multipurpose control using multifunctional actuators
was able to be achieved by the proposed methbd.
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