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q(s)

xm�W{ nCh
8CY�cfjCX!Y
s|Y<c]qil�e|c�jm�"e|TiYPY�7dhkcfe]Y<�W}
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e|xms|{iY<{ xm�W{ �iY�qie]s~xzl�cfadcfe]Y<X!c!jm��e|TiY�euaby4Y
G(s) =

1

p(s) + q(s)e−sT

xzs|Y�e|TiY�� xm�WxzlkadcfY6{ hk�
c]Y<}
e]hkjm�©�i�9B@xm�baPY<�inmhk�iY<Y�s|h��in�jms�gih�jCl�jCnmhp}�xmlmX!jd{dY�lpc�lkY<xC{dhk�inW¡�yBjCc|cfhkgilka�x��Áe]Y<s�lkhk�iY<xms]hk�<xze]hkjm� ¡6e]jPcfq4}~T
e|s|xm�Wcf��Y�sP��qi�W}
e]hkjm�Wc�}<xz� g4Y!��jCqi�W{�h�� M @QP A ¡�}~TWxmy v O � � Y�nCh
8CY TWY�s|Y!c]jmX!Y"}
jC�W{dh�e]hkjm�Wc M«�iY<}�Y<c|c]xms]axm�W{!cfq C"}�h�Y<�:eGh��!e|TiY }<xmc]Y�jz�#x��iY<qde]s~xzlWc]adcue|Y�X xz�W{"c]qDC }
hkY��:eOjme]TiY<s]��hpcfY O ��jmsOe]TiY%Y�7dhkcfe]Y<�W}
Y%jm�BrG[cfe|xmgihkl�hk��hk�in }�jm�:e]s|jmlklkY�s~cGxz�4{ qWc]Y�e|TiY<c]YPs]Y6cfqil�e|c�e|j�{dY�e]Y<s]X!hk�iYPx yWxms|xmX�Y�e]s|h��6x�e|h�jC�"jz��xml�l#cfe|xzgWh�lkh��<h��Wn
}�jm�:e]s|jmlklkY�s~cGhk�/e]TiY�yWxmsfe|hk}�qilpxzs�}�xCcfY
��TiY<s]Y

deg p = deg q = 1
�
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� Y�}
jC�Wc]hk{dY<sUh��/e]TWhkc%c]Y<}
e]hkjm��{dY�lpxIa�c]adcue|Y�X"cU��h e|T/e]s~xz�Wcf��Y�s���qi�W}
e]hkjm�

G(s) = e−sT p(s)

q(s)
,

Mu� O
��TWY�s|Y

T > 0
xz�W{

p
xm�W{

q
xzs|Y s|Y<xml4yBjmlkab�ijmX!hpxzlpc�c|x�e|hkcf��abh��Wn

deg p ≤ deg q
hk�)jCs|{iY�s�e]j!{dY<xmlB��h�e]T

yWs]jCy4Y<sUc]adcue|Y�X"c M�h>� Ym�OjC�iY<c�c]qW}~T)e]TWxze
supRe s>0, |s|≥R |G(s)| < ∞ ¡d��jms%c]jmX!Y R > 0 O �� Y©�Uxz�:e%e|j Y�8�xml�qWxze]Y���jCs c]qW}~T@c]abcfe]Y<X"c�e]TWY

H∞ � cue~xzgihkl�hk��hk�in"yis|jmyBY�s]e]hkY<c�jz�OrO[%}�jm�:e]s|jmlklkY�s~c�¡de|TWx�ehpc<¡djz�J}
jm�:e|s]jCl�lkY�s~cG��h�e]T/e|s|xm�Wcu��Y<sU��qi�W}
e]hkjm�

K(s) = kp +
ki

s
,

MQv O
��TWY�s|Y

kp

xm�W{
ki

xms]Y
s|Y<xzl#}�j:Y�C }
hkY��:e|c<�

G

K

-
r e1

e
+

+
-

?e�
d−

+
�

6

e2

��h�nCqis]Y!�C�G_:e|xm�W{ixzs~{��WY�Y6{dgWxm}65���jm�D;WnCqis~x�e]hkjm�
� Y }
jm�4cfhp{dY�s�e]TiY cfe|xz�4{ixzs~{ ��Y�Y6{dgWxm}65 c|}~TiY�X!Y�jz�©��h�nCqis|Y �m¡ xz�W{ s]Y6}�xzlkl%e|TWx�e

H∞ � cfe|xmgihkl�h�eua�hkcY6o:qih
8�xml�Y<�Ce�e|j!e]TiY
e|Tis|Y�Y
e]s~xz�4cu��Y<s���qi�W}
e]hkjm�Wc
(1 + KG)−1 ¡ K(1 + GK)−1 ¡ G(1 + KG)−1 g4Y<h��in

cfe|xmgilkYm�

���9S����
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sq(s)

sq(s) + e−sT p(s)(kps + ki)
,

sp(s)e−sT

sq(s) + e−sT p(s)(kps + ki)
,

kpsq(s) + kiq(s)

sq(s) + e−sT p(s)(kps + ki)
,

xm�W{�e|TijCc]Y�e|s|xm�Wcu��Y<s���qW�W}¬e|h�jC�WcPs]Y<yis]Y6cfY<�:e%e]TiY�gBY�TWx&8bhkjmqis jz�Gx)s]Y�e|xzs~{dY6{¤{dY�lpxIa¤cfadcfe]Y�X h��
deg p <

deg q
xz�W{)jz�Jx��iY�qde|s|xml {dY�lpxIa�c]adcue|Y�X�h��

deg p = deg q
�

� Y�}�jm�Wc]hk{iY�sH;Ws~cueGe]TiY�}<xmc]YUjz� x
�iY�qie]s~xzl � euabyBY%}
lkjCc]Y<{�l�jbjCy =me|TiY%�iY�7beOyis]jCy4j:cfh�e]hkjm��¡m��h�e]TijCqdeGnmh:8bh��Wnx }
jCX�yWl�Y�e]Y
}~TWxzs~xm}
e]Y�s|hk�<x�e|h�jC�!jz� e|TiY 8�xml�qiY6c�jz�
kp

xz�W{
ki

c]jml:8:hk�in�e|TiY
yis|jmgilkY�X�¡bxzlkl�j��%c�jm�iY�e]j"; 7
e|TiY�lkjb}<x�e|h�jC�)jm�

kp

xz�W{)e|j!{iY
e]Y<s]X!hk�iYm¡i��jms%x"; 7dY<{
kp
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