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ZZTix ljf ) gﬁ LEd. 1. Here we will study Control Engineering.

%Llﬁﬁﬁ jiﬁf% o\ , XT% W (Fﬁlhﬁﬂ %L Lé%j) \= 2. The objective of this subject is to make a target

EU%‘S LA %1;1 i ARXEAHZ LT system (plant system) achieve a desired task.

fﬁ] Z 13, i 'J% ;(*L L%% L L’CJ}%ﬁD By R %‘ 3. Let us take an example of a walking robot.

AET.

ZDEE Kj{ V)j; TrRy b »% ;gféﬁ@l%f < 4. In this case, the input represents the set of

N Hj jj TaerRy O % f;éﬁ f ;—EQD torques acting on the joints of the robot, and the

i E% % };_f Ly E9. output represents the set of joint angles or their
velocities.

iévfgfj mejf LT, eRy z)s‘ﬁ;ﬁff%gﬁj— 5. For a given set of trajectories of joints as a

oy 0)%5%’2 i EFZ; 5 Z 5 TwWn 5 X, desired output, which represents a walking

%Llﬁﬁﬁ Eévﬁigf 1z @g%:% Y — /%;%gaj—é 7~ motion of the robot, the control objective is to

&’)O)ﬂﬁ%ﬁ v 7‘51“ sz‘é & T, generate the desired joint torques which realize
the desired walking pattern.

?E Iz, %ﬁﬁﬁ@ di/é‘;gf A LET. 6. Next, we will show a control procedure.

XL oIz, ?ﬁbljiﬁfl )%TL% DET /Iﬂ‘gf ﬁjLz 3. 1. Firstly, we construct a model of the plant
system.

%7 /I/ﬁ:,t (]w\) wjff W fE'/UO) i M??‘_w%%éé% 8. The model mathematically describes the

Iz uE L 7~H DT, input-output characteristics.

AN [jO)jf{ﬁ L LT, 133_ F;'g;ﬁ%o‘u 7% 9. For modeling, transfer functions and state

f?jtz;s H, Zhd ajfﬁ T ﬁ; g@ LE7. equations are utilized, which we will study later.
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10. /j( 1’}55\; L7=FETF I )d’ LT ‘i ‘Lfé‘a”é & 10.  Then, we design a controller for the model.
oy
et LET.

1. % ‘Lj‘%‘?”é X, 1ﬂlﬁﬁl anjr;) 75_‘» 5\; 4 %5 7o 11. The controller generates an input which
5 %wm“ LET. achieves the control objective.

12 bjﬁé“mj, %ﬁﬁ%&% DET A Ka)m{i - 2, 12. In what follows, we will study how to model
ELr )= Lypou ShE LD . .
MBS ORI f R LTV £, plant systems, and the different kinds of

controllers.
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Here we will study the modeling methods.

As mentioned before, transfer functions and
state equations are known as modeling methods.
First we will study the transfer functions.

We study the Laplace transforms in
mathematical preparation for the
derivation of transfer functions.

The Laplace transform of a function f(¢)
with respect to time 7, is a function F'(s)

with respect to a complex number s .

The Laplace transform of the function f(¢) is

defined by F(s) = I f(H)e™dt and we write
0

F(s)=L[f ().

On the other hand, the transformation from a
given F'(s)to the original time function f'(¢)
is called an inverse Laplace transform.

The Laplace transform allows us to solve linear
ordinary differential equations easily.

For a given differential equation with respect to

the function f(¢#) , the Laplace transform



»\*

15T =

F(s) F‘;ﬁv’g" V) JLﬁ 5)( : 270 F9. converts it to an algebraic equation with respect
to F'(s).

0. /%: Eﬂfc%%ﬁ%ﬁ )ﬁr ” F(S) Fa';EJ L TR X 9.  We solve the algebraic equation for F(s) and
if 555 2 gﬁ/ %ﬁﬁ WA kT, ff@fﬁh\ apply the inverse Laplace transform to the
ﬁﬂé?@% f(@) 7&;}(&)5 T ENTEET. solution. Then we obtain f(#) which is the

solution of the original ordinary differential
equation.
Leomhds o BEBELZAS

10.  FEERIECR, H%EFE.EJ1'“5(/ S MBS 5« 10. The Laplace transforms of elementary
Qﬁﬁfo@ r ﬁxé‘;n S5hTBY, Zhd j}&f L functions, time derivatives, integrations and so
< ;i,.’.% @ﬁ _%lj FH’C“% F7. on are well known. They are readily available

as formulas.
v df (¢ For example, the Laplace transform of the time

1. ﬁJK L, Eg%( f(t) @H%EFHW 9 f( ) 11. dr (1)

derivative of the function f(¢), that is ——,
o df (1) dt
Z 2d g, L2 =L f(t)]— 7(0) T dr (1)
. dt is given by L{ } [f(t)] f(0).
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27 v 7R u ()&, 7% B v i function (impulse function) O(f) are often
3 %;E]g() S(HNHY £ utilized in Control Engineering.
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described by differential equations.

3. For example, we consider the behavior of the
mass-spring-damper system, shown in the
figure. In this system spring and damper are
attached to the wall and the cart.

4, The force applied to the cart is defined as the
input # and the displacement of the cart is
defined as the output y .Then the differential
equation describing the behavior of the cart is
obtained as
A £

dt’

5. We can get the relation between the input and

+hy(t) = u(?).

the output by solving this equation, but this
procedure is very difficult.
6. We can get such a relation easily by using the

Laplace transform.
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Suppose that the displacement of the cart is 0
and moreover the cart is stationary. Then we can
transform the equation with respect to the
time-derivative of y to the algebra equation

with respect toY ,ms*Y +¢esY +kY =U

by using the Laplace transform.

Here Y and U represent the Laplace
transforms of y and u, respectively.
The ratio of ¥ to U 1is called the transfer
function and is denoted by G(s).

Next we will explain one of the advantages of

transfer functions.
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Since, in general, algebraic equations can be
solved more easily than differential ones, the
transfer functions allow us to obtain the output
more easily.

We see this by using an example.

Consider the mass-spring-damper system.

We calculate the output corresponding to the
input given as a step function (we call it the step
input) .

Such an output is called a step response.

The Laplace transform of the step input is given
1

by U(s)=—.
s

The Laplace transform of the output is given as

a product of the transfer function G(s) and
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the Laplace transform of the input U(s) .

So we have the Laplace transform of the output

1 1

s s+1
Here, it is known that the inverse Laplace

1 . .
transform of — is the step function.
s

Similarly, it is known that the inverse

is e’ and the

Laplace transform of
s+1

—t

inverse Laplace transform of is te

1
(s + 1)2
So we can calculate the output from the inverse

Laplace transform of Y(s) as

y(&)=1-e"(1+1).

In this way, we get the output by using transfer
functions.

Here, the Laplace transform, multiplication,
partial fraction decomposition and the inverse
Laplace transform are used as calculation tools.
These calculations are easier to do than solving
differential equations.

This is why getting solutions of algebraic
equations is easier than getting solutions of
differential equations.

Next, we will study the other modeling method,

namely, state equations.
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7. Z “Cbkﬁun'éji }%'3‘1 %ﬁ( Az LN {jj;fgi L 7. Now we can obtain the state equation for

7. the plant system.
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state equations.

U:’)EL\ D:ﬁzb‘(iﬁtb‘té Tlu‘/:;’)m/v:i:’)

OREE e ErERIRK

HAR:EA7EN

X3 IEIE]

[E7-1F) . oD bDETR, EbbnaBaL X o HnET

DLw>

Wil Rl 75 R EE A VEABE L AT nIER Y EE A,

t=A
X3 TE|Z]

th A . LA
22T THRZ) 1E, =72, BT, SV EBRTT,

x4 Thilzey)
BlELTEnbFT, LBk, 20 mEffiEoE . TEoT) LML TT,

x4 T8H43)

& L BB

B . i, Az E x o ko

i

X5 [~THd=0]
(T 1k [R0T) L LTTR, Arnsb o,

T LW
)‘c5 E&YT D)
[E %%J :J:def1n1t10n“(ﬁ‘ &)éé# 5%’%‘;@%&'

1%

bic, TR BET 5 - L T,

R e V2] Rl lChlx Z

219 22 Ealx /
1 ESEICHOWT, BRI ESL T

\)
g
L\
(

o~

%8 T—EClk]
P 72RO IS D B B S BT

180



L&V FES5TLILE

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

6. KREARER DA A

EREH 1 AH1HA

U Y

— G(s) —

w(: 12AOBRE&FORLY
()22 OBEEHEORILY

2AH

KiesEs ZAHSHH

d X(t) = Ax(@) +Bu®

y(t)= Cx(t)

i (t) o 0o 1 0] = 0 0
d [x(t) 0 0 0 1| |xi) 00 {u,u)}
At |xa(t)|  |Am Asz Agg Agy| |xa(t) Bar Baz| |ua(t)
x4(t) Ay A A Ay |xa(t) By By

vi(t)) {1 0 00
yva(t)| {01 0 0

2dih

x1(t)
x2(t)
t)

)

(
(
xa(
(

v): 12ACBEEOAE
wty:2>2BOBEGO/HE

S oe 7 fbohike LchEi 1.
LRI EA AR LE L

ATeDn Lo < NAT

(M ORI 1% 21
Lo

UL, fefiscr A i s
D ﬁm L Uner bk Eear,
ZHICH L, wéﬁ%ﬂf B EAD 4

S

KRBT 2

_Ei

[0
—o 3.

KNIt sro i) zF o”;;”‘”i\”?ﬁ
29 < Hu

%mﬁ@ﬁﬁﬁ%%%kam%iﬁ

EYNIEALY) @%ﬂﬁﬂ Mgl L anbon 5.

HHMEND L, W &@io&mf/h

T—2NH FT.

ZouRy h7— N - 0@%%ﬂ&@, 6.

Ko v s s K e s 2K h o

HIH R 5o

£, W oolEofmEc Tl ) T

¥

conKy MEoAN A W H orn, 8
hodz A T

%iﬁﬁfi%Twmm%iﬁh

181

We have studied transfer functions and state
equations which are used to model plant
systems.

An advantage of transfer functions is that it is
easy to get the output.

However, transfer functions are applicable only
to single-input single-output systems*.

On the other hand, state equations are applicable
to multi-input multi-output systems which have
multiple inputs and outputs.

An example of a multi-input multi-output

system is the robot arm shown in the figure.

This robot arm has two joints and is a two input

system whose joint torques are inputs.

This robot has two outputs which are joint
angles.

Since this robot is a two-input two-output
transfer functions not

system, are

applicable.
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9. Lo, ?l‘afé;éwﬁ%?“mifémii@?“(“%?‘ 9. On the other hand, a state equation can
A trzze 75>@§Eiﬁ”. represent this robot by the equation next

to the figure.

10. —ooXHiz i é”ﬁ%ﬁ 5 @i%?“/bﬁi,@ﬁ{f;b\ 10. Thus an advantage of state equations is
% N S f’gﬁ”,ﬁ J) %Ll %T] %‘%{ @é%ﬁ %%’;:ﬁ% & being able to represent multi-input
7 /I/{ b‘jj;f{ L Mm 1" )éfiﬁﬁ%%@%lﬂgf multi-output systems which transfer
g, functions are not able to represent¥.

11. i“(“(%7‘/wga)“757’g%m{/ib . 11.  Up until now we have studied how to model

plant systems.
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*Note that transfer function matrices are applicable to linear multi—input multi-output systems.
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Finally, I will introduce some different kinds of

In this framework, the input applied to

determined

The toaster only toasts during a set time without

In this framework, the output (the state of the

bread) can be affected by the initial conditions

Even if two slices of bread are toasted one after

the other during the set time, their states are

The second controller is called feedback

By
T4—K 74T — Rl Z4—F 3Tl
s RO N EEERC BEMNSBRETRNHDS
%L\Ni AN iipgkvné Lo &:w‘b
MBI E R 2 iEROREEZ T LE 1.
7. typical controllers.
s é X7 40— K74+ 0— ]\%Llj%ﬁ“(j” 2. The first is called feed-forward control.
B E 1< L b/JVJ X < W Eh
U % ~o AU & W D ik 8.
ﬁﬁ‘i:ﬁ%&) % ?&‘“C“ﬁ‘. the plant system is
independently of the output.
%J LLTHh—R% H%ﬁ%ﬁiiﬁ‘_ 4. We consider a toaster as an example.
HoT A BV >
bz g —aEE SO, B 5.
faf’/iﬁ RNEEF =y 78T, 5% 725%1, \ checking the condition of the bread.
TWAHEITTT.
ERY-A YL Cx )7 I b

@%&i ?Elﬁl]m‘%@ ok EREY T
D B OB k5T H S DIk E)
75)54{/1'3 LTLENET. and environment of the plant system.
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control.
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In this framework, the determined input

is dependent on the observed output.



1. flelLczrars 2z

12. =7 a3
N

LwiE> FWVE Lol S Lk Ll’) :tv
A}

13. :@,% ,ﬁﬁﬁ%@ﬁﬂ@ e o)

é

14. =72 oficl, BHoSE 30CTh
m@f%iﬁﬁﬁr%zmwﬁfs%@mﬁ
z?ﬁ ?é k#ﬁ%if

I 9 1295 3 R ey L/é‘
ffes A . ‘A RT AT — Rl

H A& Ex

WEASNEA .

X3rma¢ﬁ¢r1
*Ati iﬁi%@%@ﬁffﬁibf%ﬁ%
%FWﬁJ&wwitfﬁﬁﬁﬁzj

X5 BEant-)
N—, HHIR 8 & e T D = kT,

o T

nw BAY  goTn
B =7 a2 OIREERET D,

%7 TEk) X8 [hEh3)

ﬁkjiﬁbé &Tﬁo_®ﬁ$%ﬁof i
I %% EW, ALK WE mrne0 T,

Li/yf

> < 72
S ﬁa‘rﬁa Lﬁ&io H AGE ]

&

X 10 TEHIT 3
FALED 7’;*@;_2 %<7i: l;;:";%\:-’; I\::’;_Zg /j\j_/va
B amEE HEL, R . RERE

11.

12.

13.

14.

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

We consider an air conditioner as an
example.

An air conditioner heats up or cools down a
room when the observed temperature of the

room is different from the set temperature.

This framework overcomes variations of the
initial conditions and environment of the plant
system.

Suppose that the set temperature is 20 C in
the example of the air conditioner. The set
temperature can be achieved even if the initial

temperature is 10 C or 30 C.
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