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«B[u]v_8n�k/_8acbtnoW"^Bn�W"_�^;^5k/_�Y|`;noY|acf2[u]G_o]vb�^+no^:_8Z��ûf 6 �|f R ]Gf(mYf T � n�W"^:Z8^\[u]G_�]Gb�^+no^;_�ZX]G_8^
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VXW"^j`;acf"Z8n�_�h"`+noY|acf�aGkÒnoW(^eZ8�iZ$no^:b s�]GZBZ�h"`{W�noW"]vnBn�W"^ek/_�Y|`;n�Y<acf¥]vnBn�W"^8�8acY|f�nBaGkÒn�W"^
[L^;f"m"h"x|h"b s�]vZjf"^:pGx<Y<pGY<d"x|^G�·VXW(^�_�^;b�]GY|f"Y<f(p®k/_8Y<`+noY<aGf�`;a?^�²�`;Y<^;f�n�Z¾sl^:_8^�^:Z$noY<b�]vn�^:m
k/_�acbíÊ����ÇÈ+Â?Ío��Ñ®Ñ��G�!��h"Z8Y<f"prnoW(^¾b2^;n�W"a?m(Z¬aGkÒ�?^:`+noY|acf å � 3 ]GZ§m"^:Z8`:_�Y|dL^;m�Y<f��?^;`;noY|acf
� � 3 �

VXW"^�Z8�iZ$no^:b Y<Z�m(^:Z�Y|pcf"^;m°k/aG_�h"Z8Y<f"p²Z8Y<b2["x<^��öÃÔÆ·���GÍ�`;acf�no_8acx¬n�^:`{W"f"Y|µ�h"^:Z�]Gf"m¨n�W"^
[L^;f"m"h"x|h"b ]Gf"pcx|^eY<ZB_�^:Z$no_8Y<`;n�^:m�n�a�x<Y|^¾s§Y|n�W"Y<f�]�Z�b�]Gx<x�m"Y|Z8n{]vf"`:^ek/_8acbìqc^;_8noY|`�]Gx~]Gf"m
noW"^BZ8�iZ8n�^:b Y|ZlnoW(^:_�^+k/ac_�^BY<f"`:]G[u]Gd"x|^BaGk>x<]G_�pG^Bb2aOqG^:b2^:f�noZ;�"ò�^:f"`;^5noW"^\["_8ac[U^:_8n�Y<^;Z}aGk
noW"^¾f"acf?y!x<Y|f"^�]G_X[(_�^:m(Y<`;n�Y|qG^¾[Uacx<^óy�["x<]G`:^;b�^;f�nB]vx<pcac_8Y|n�W"b ]G_8^¾m(^:b2acf"Z8n�_o]vn�^:m�h(Z�Y<f(p�]
È+ÃÔÊwÂ?�7�G����Ñ�qc^:_8Z�Y|acf�aGk�noW(^.b2aim"^:x�avkSn�W"^�Z8�iZ8n�^:bìY<f¥�?^;`;n�Y<acf � � ³ �

ú �Jh å5ÅÇÆUÑjÉGÍ8� ðuõ Ê�Å:Ñi�+�
´}acf"mÙpc_�]G["WÙb2a?m"^;x<x|Y<f"p�Y<Z\]�sl^:x<x&y�^;Z8n{]vd"x<Y|Z�W"^;m�no^:`{W(f"Y<µ�h"^�]Gf"m�]�f�h"bjdU^:_�aGk=no^ó¶in8y
dLaiacz�Z�^+¶?Y<Z$n.Y<f"`;x<h"m"Y|f"p�noW(acZ�^2aGkX��]G_8f"ac["[¨�+�B�G�7�}� 0��c�c��� ��VXW"acb�]�� 0��G�c��� � � ^:x<x|Y<^;_
� 0��G�D0O� ��]Gf(m � ]�sXnoW(_�ac[×]vf"m°�?b2Y|n�Wã� 0��c�c��� ��V�a¿]�qcacY|m¨h"f"f(^:`:^;Z�Z�]G_8�×m(^;n{]vY<x��~n�W"^
ø}ÅÇÍ8Ñ�dLaGf"m�pG_o]G["W�aGk·n�W"^�W"Y<pcW(^:_=x<^+qc^:x|Zlavk·noW(^¬Z$�?Z$no^;b¼Y|Z�[(_�^:Z8^:f�no^;mgY<f�� Y<pGh"_�^ ³ �/d �
]Gf"mwnoW(^�s}ac_8m�dUacf"mrpc_�]G["WwaGkUn�sla.avkLn�W"^XZ�h"d(Z8�iZ8n�^:b2ZlY|f å �cVXW"^§ac[U^:frx<aiac[j`;acf�no_8acx
dLaGf"m�pc_�]G["W°�/Z�^;^g�?^;`;noY|acf å � 0O� ]G["[U^�]v_�ZeY|fÖ� Y|pch"_8^ 3 VXW"^�Z$�?Z$no^;b f"aGf"x<Y|f"^�]G_8Y|n�Y<^:Z
]G_�Y|Z�^�k/_�acbùn�W"^X]Gf"pGx<^+y!b�aim"h"x<]vno^;m\no_o]vf"Z8k/ac_8b�^;_�ZSaGkÌ��]G_�f(ac["[®� 0��c�c��� `:aG_�_�^;Z�[Uacf"m"Y|f"p
noaen�W"^Bz�Y|f"^:b�]vnoY|`�n�_o]Gf(Z8k/ac_8b�]vn�Y<acf(ZlY|f"W"^:_8^:f�n�Y|f�noW(^BY<f�qG^:_8n�^:mg[U^:f"m(h"x<h"bè["_8acd"x<^;b¥�
VXW"^rm"^;no]GY<x|Z\aGk�noW"^w[U^:f"m(h"x<h"bíb�aim"^:x~]G_�^jn�W"^rZo]Gb2^r]GZ�["_�^;Z�^;f�n�^:m�d�� � ]�sXnoW"_8ac[
]Gf"m��?b2Y|noW�� 0��c�c�c� �

VXW"^X_�^;Z�h"x7noY|f"p5Z8�iZ$no^:btW"]GZ ©"qG^�Z$n{]vn�^:Z��ÔnoW"^�[U^:f(m"h"x<h(b]Gf"pGx<^�]vf"mr]Gf"pch(x¤]G_Sb�acb2^:fiy
noh"b���noW"^¬`�]G_$n�[UacZ�Y7noY<aGf�]Gf"m�b�acb2^:f�n�h"bè]Gf"m�n�W"^Bb2aGnoaG_}]G_8b�]Çnoh"_8^¬`;h"_�_8^:f�n � �"VXW"^
[L^;f"m"h"x|h"b b2a?m(^:x~`;acf�n{]GY|f"Z.]®f�h"bedL^;_¾aGk ç `:acb2[Uacf"^:f�n�Z.Y|fÙm"^:_8Y|qv]vnoY7qc^w`:]Gh"Zo]vx<Y|n��
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]Gf"m���]GZ�m"Y<Z8`:h"Z8Z�^:m�d�� � ]�sXn�W"_�ac[�]Gf(m��ib�Y7noW¸� 0��c�c��� �LnoW(Y<Z\x<^:]Gm"Z5n�a�`;acf"Z$no_o]vY<f"^;m?y
Z8no]vno^�^:µ�hu]ÇnoY<aGf"Z ½ Y|fgnoW"Y|ZX`�]GZ8^¾`;ac_�_8^:Z�[Uacf"m(Y<f"pwnoawn�W"^�Z8�iZ8n�^:bßÃÔÆ·�+Íó�ÄÃ0��Ê2�G�0ÍóÃZ_c�
VXW"^�`:ac_8_�^;Z�[Uacf"m"Y|f"pwZ�^;f"Z�Y7noY|qiY7n���Z$�?Z$no^;bìWu]GZ 0�� Z$n{]vn�^:Z�]GZ}s}]GZ�]Gh(n�acb�]ÇnoY<`:]Gx<x7�wpc^;f?y
^:_�]vno^;m¹k/_�aGb noW(^¥Z$�?Z$no^;b dUacf"m¸pc_�]G["W¸h"Z�Y|f"p�n�W"^®Z�aGkÔn�s}]G_8^�»¥VXV ��»¥VXV\� 3G�c�c�c�
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]Gf"m�Z�Y|bjh"x¤]ÇnoY<aGf"Z:�
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DC motorPower supply unit Internal gear Motor gear

SS:[Electrical] DCS:motor TF:k_g TF:r SS:[Mechanical]

� á��Ò��à~é�ëqÚfç~öZÜVçbì2çbêbÚÎå

y-velocity

x-velocity

angular-velocity

Sf:zero_velocity

R:r_p

1

SS:[x]IS:m_cR:r_c

SS:[drive] De:PositionINTFS:x

1 SS:[a]

1 SS:[y]

� Ü(�Ò��á�àyêèçyöZÜVçbì2çbêbÚÎå

�IéîßZô_'ZôDû2öZÜ<çbì{çyêbÚÎå7ç^ÿ2Û�Ýqà�ÞíÜ�Ý�Ø9Þ�ßqà~á�âVã

VXW"^�]Gx<pGac_�Y7noW"b aGk�VS]Gd"x|^ 0 s�]vZ2`;a?m(^:m¿Y<f â `;no]�qc^�� â `+n{]�qc^v� 0��c�c��� ]Gf"m²h"Z8^:m¿noa
pc^:f(^:_o]Çno^ln�W"^l©"pch"_�^;Z~h"Z8Y<f"pB]BVSaGZ�W"Y|du]¬x<]G[(noaG[e_�h(f"f"Y<f(p � ªBà5ô¡ð>Y|f�h?¶�� � ªBà.� 0��G�c��� �
ú � g ` Í+Ã�ç+�0Ã�ÅÇÆ��{È+�0ÃÔÊ2�G�ÄÃ�ÅÇÆ

Ø!n�]G["[U^�]G_8Z k/_�aGbªn�W"^X^+¶?[U^:_�Y|b�^;f�noZÒ_�^;[LaG_8no^;mrW"^:_8^�noWu]vnÒ]�x|Y<f"^:]G_>k/_�Y<`+noY|acfjb2a?m"^;x(Z8h(k¤y
©u`:^;Z:��ò�aOsl^;qG^:_;�in�W"^Xb�^+noW"aimw`�]vf2dU^X_�^:]Gm"Y|x|�¾^+¶ino^;f"m"^:m2noa\b2ac_�^}Z�ac["W(Y<Z8n�Y<`:]vno^;mrk/_8Y<`óy
noY|acf�b2a?m(^:x<Z;�ck/ac_}^ó¶(]Gb�[(x<^§noW"acZ8^BaGk�ò�Y<_8Z�W"ac_8f�]Gf(m®»¥Y<x|x<^;_B� 0��c�c�c� ]vf"m � ]Gf�h"mu]vZ�m"^
¯°Y|nw�+�}�G�7� � 0��c���c� �(¯°Y|n�W"Y<fgnoW(Y<Z§`:acf�n�^+¶in��ÌnoW"^;_�^¾]G_�^\n�sla�h"f(zif(aOs§f¥k/_�Y<`+noY|acf®`:ai^-²wy
`:Y|^:f�noZWf 6 ]Gf"m"f R �Ì«¬Z�k0]G_�]GZ§noW(^¾Z$�?Z$no^;bËaGh(no["h?nBY|Z�`;acf"`;^:_�f(^:m��ÌnoW"^;Z�^.n�s}a�k/_8Y<`+noY<aGf
`:ai^-²2`:Y|^:f�n�b�]��2dL^�_�^;["x¤]G`;^:m�d�� � ]Gf(mQo R  f R L þ@ba Odc D7e f 6 �?VXW�h"Z;�?k/ac_=noW"^¬["h"_8[LacZ8^:Z
aGkS`:acf�no_8acx��(acf"x|��noW"^�Z8Y<f"pcx|^\`:ai^-²2`:Y|^:f�n8o R f"^:^;m�dU^.b2^�]vZ�h"_8^:m��
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�,é�ßZô P ôi�Åçyêyéîå7á�êyéîØZß�êyã9Úfñ^á�àyê¤ä�à~éîñiêyé�Ý�Ø

Ø�f"["h(n�ach(no[(h(ngmu]vno]�s}]GZ�p�]vn�W"^:_8^:m¨k/ac_2noW"^�`�]G_$n�s§Y|n�WÓnoW(^�[L^;f"m"h"x|h"b _�^:b2a�qc^;m��
� Y<pGh"_�^ � �0] � Z�W"a�s§Z�noW"^2Z8�iZ$no^:bßY|f"["h(n��/Ü � ]Gf"mÙnoW"^2Z8�iZ8n�^:bßach(n�["h(n��0b � ["x|aGn�n�^:m
]Gp�]GY|f"Z8n�noY|b�^¬�/Z�^:` � �vVXW"Y<ZSmu]vn{]§s�]vZ~h"Z�^;mjY<f.noW"^�]Gx<pcaG_�Y|n�W"báavkU�?^:`+noY|acf å � 3 ]Gf(mjdLavnoWo R ]Gf"m�noW"^wn�W"_�^;^2Y|f"Y|n�Y¤]Gx>Z$�?Z$no^;b Z8n{]Çno^:Z\sl^:_8^�^;Z8noY|b�]Çno^:m·��� Y|pch"_�^ � �0d � Z8W"a�s§Z.n�W"^
^:Z$noY<b�]vn�^:m�qv]Gx|h"^§aGkØo R ["x<aGn8no^;m�]Gp�]vY<f"Z$n�n�W"^�Y|no^;_o]vn�Y<acf2f�h"bjdU^:_;� � aGf�qG^:_8pc^:f"`;^5n{]Gzv^:Z
]GdUach(n�n�W"_�^;^\Y|no^;_o]vn�Y<acf(Z:� ª¬aGn�^5noWu]vn:�(Y|f�noW"Y|Z�`:acf�n�^+¶in��"n�Wu]vnXnoW(^5qG]vx<h"^¬aGk>noW"^\Y|f"Y|n�Y¤]Gx
Z8�iZ8n�^:bÞZ8n{]Çno^:Z~]G_�^lf"aGn~avkU]Gf��eY|f�n�^:_8^:Z8n:�cò�aOsl^;qG^:_;�cY|n Y<Z�f"^:`;^:Z�Z�]G_8�enoa5^;Z8noY|b�]Çno^=noW"^;b
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noaw©"n§noW(^.m"]vn{]w`:aG_�_�^;`;n�x|�c�uVXW(^.^;Z8n�Y<b�]vno^;m®qv]Gx|h"^\aGk½o R Y|Z
®o R  á¢+fÊ0��c¡ ª�b Ó þ Z � ³c¢c�

V�s}aÙ]vm(qv]Gf�n{]Gpc^;ZjaGk§noW(^�["W��iZ�Y|`�]Gx|x|��du]GZ8^:m¿^:Z$noY<b�]vn�Y<acf�]G["["_8a�]G`{W¿]G_8^�Y<x|x<h"Z$no_�]vno^;m
d��¥n�W"Y<Z¬^+¶?[L^;_�Y|b�^;f�n:��äÒZ8n�Y<b�]vnoY|acf�`�]Gf�no]GzG^j[(x¤]G`;^eacf ð �GÍó�§aGkÒnoW(^ja�qc^:_�]Gx<xSZ8�iZ8n�^:b��
]Gf"m®noW"^�z�f"a�s§f�[(W��iZ8Y<`�]vx�mu]vn{]wY|Z�k/h"x<x7��h"Z8^:m��

ú �Aí ÃlÍo��ÑGÃ�ç+�ÄÃÔÕG�wç{ÅÇÆu�0ÍoÅÇ�
B áqå�Ú û{ì2å�Ü�Ý�ï 4\áqïîöZÚ

rØZâVö9ê(êyéÊå�ÚfñiÝ�Ø9çbêyáqØFê � × �2ô �O�7çbÚÎñ

B ö9å�Ü�Ú^à�ÝqäIÜ<áqçyéîç�äaö9Ø9ñiêyé�Ý�Ø9ç g × '

ü�âDÚÎØZðjï�ÝFÝqâíéîØFêbÚ^àyë�áqï �	ï X �2ô&�fçbÚÎñ

ûZáqå�âVï�Ú�éîØFêbÚ^àyë�áqï �ih �2ô ��� P çbÚÎñ

j Ý+Û(Ú^à®Ýqâ9êyéÊå7éîçyá�êyé�Ý�Øíã9Ýqà~élk^Ý�Ø  þ �2ô<9�çbÚÎñ

�èâ9â�Ú^à�Ýqâ9êyéîå!éîçyá�êyé�Ý�ØíãZÝqà�élk^Ý�Ø  
 ��ô �7çbÚÎñ

×�ØZß�ï�ÚfçyÚ^êbâDÝ�éÊØ:ê mon �2ô �

ýIÝ�çyéîêyé�Ý�Ø�çbÚ^êbâ�Ý�éîØFê mqp �2ô �
õIá�ÜVï�Ú �
�(Ý�ØFêbàyÝ�ïîïîÚ^à�âVá�à~áqå�Ú^êbÚ^à~ç

« f�h"bjdU^:_waGk§Z8Y<bjh(x¤]vn�Y<acf"Z.aGkXn�W"^gb�aim"^;xlaGkB�?^;`;n�Y<acf � � 0 ��h"Z�Y|f"p�noW(^g[u]G_o]vb�^+no^:_8Z
aGklV ]Gd(x<^ 3 noacpG^;noW(^:_5s§Y|n�W�ä=µ�hu]ÇnoY<aGf ³c¢ �·sl^:_�^2b�]Gm"^jnoagqG^:_�Y7kÔ��n�W"^r["_�ac[U^:_$noY|^:Z\aGk
noW"^2]Gx|pcac_8Y|noW(b¥�ÌVXW"^rdu]GZ8Y<`w`;acf�no_�aGx<x<^;_B[u]v_o]Gb2^;n�^:_�Z.]G_8^��0h"f(x<^:Z8Z\aGnoW(^:_8s§Y|Z�^rZ8no]vno^;m �
pcY|qG^:f¥Y<f�V ]Gd(x<^ ³ �uVXW"^¾`:ac_8_�^:Z8[LaGf"m"Y<f(p�du]GZ8Y<ZXk/h"f"`+noY|acf"ZUÙ Ô � �Ì� s}^;_�^.noW"^�©u_�Z$n¬k/aGh"_
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s§W"^:_8^láµ×�Y|ZlpcY7qc^;f�Y<f�V ]vd"x<^ ³ ��Ø�fg]Gx|xu`�]GZ8^:Z;�?_8^:pch"x<]vnoY|acfwk/_�acbú]vf�Y<f(Y|noY<]Gx(W(ac_�Y|ë:acf�n{]vx
[L^;f"m"h"x|h"bß[LaGZ�Y|n�Y<acf�n�a�]�qG^:_$noY<`:]Gx�[L^;f"m"h"x|h"bß[LacZ8Y|n�Y<acf�s§Y|n�WÖ]Gf�Y<f"`;ac_�_8^:`+neY|f"Y|n�Y¤]Gx
Z8no]vno^�^:Z$noY|b�]vn�^\Y<ZXh"Z8^:m � n�W"Y<ZXY|Z§]rm(^:b�]Gf"m"Y|f"pr`:acf�no_8acx�["_8acd"x<^;b¥�

VXW"^._�^:Z8h"x|n�Z�]G_�^\Z8h"b�b�]G_8Y<Z�^;m�]GZXk/acx<x|aOs§Z

� T��UQ>MOýsr £ ]v_8n��Ä] � aGk?noW"^l� Y<pGh"_�^=Z�W(aOs§Z�noW"^=n�slaBZ8�iZ$no^:bªach(n�["h(n�Z���tì]Gf"mLu � �Ç]Gf"m
[u]v_8n.�/d � noW(^5`:ac_8_�^;Z�[Uacf"m"Y|f"pw`:acf�n�_�acx�Z8Y<pcf"]GxÒ�/b�aGn�ac_=qcacx7n{]Gpc^ � �?VXW"^\Y<f"Y7noY<]GxU]Gf"pcx|^
aGk>n�W"^5Y<f�qG^:_8n�^:m�[L^;f"m"h"x|h"bÚY|Zvu  n w 
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Y|f"Y|n�Y¤]Gx|x|��]vZ�Z�h(b�^;Z u  � �Ò�uac_.noW"^gx<]vn�n�^:_¾_�^�]vZ�acf�� f"a�`:acf�n�_�acxX]v`;noY|acfÖY|Zen{]Gzv^:f
m"h(_�Y<f(p�noW"^�Y<f"Y7noY¤]vxÒ`:acf�no_8acx}Y|f�no^:_$qv]Gx�� ¶ á�ï X  Ë�(f43 ]Gf"mÖn�W"^�[U^:f"m(h"x<h"b m"_8ac["Z
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h"f(Z�h"Y7n{]Gd"x|^5k/ac_�noW(Y<ZXx¤]v_�pc^5b2aGn�Y<acf��

� T��UQ>MOý�� Y<Z5n�W"^wZo]vb�^r]GZ.� Y|pch"_8^ ¢ ^+¶?`:^;[(n¾n�Wu]vn � ]Gh"Z8Z�Y<]Gf�s§W"Y|n�^wb�^:]GZ�h"_8^:b2^:f�n
3c¢



-2.5

-2

-1.5

-1

-0.5

0

0.5

1

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Time (sec)

Pendulum
Cart

� á���ýIÚÎØ9Þ9öVïîö9å�áqØ9Þ���á�à~ê�âDÝ�ç~é�êyé�Ý�Ø9ç

-1000

-800

-600

-400

-200

0

200

400

600

800

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Time (sec)

u

� Ü(�Ò�(Ý�ØFêbàyÝ�ï

�,é�ßZôy9{ô+x¤Ú^ß�ö9ïîá�êyéîÝ�Øíä�à~Ý�å�z�� w 
 Û®é�êyãíØZÝ�éÊçbÚ

f"aGY<Z�^BaGk Z$n{]Gf(mu]G_�m®m"^+qiY¤]vn�Y<acf �(f �D0 Y|ZX]Gm"m"^;m�n�aw^�]G`{W�ach(n�["h(n:�"VXW"Y<ZX`:]Gh"Z8^:Z�Z�acb2^
m"^+qiY¤]vn�Y<acf�k/_8acb¼n�W"^�Y<m"^:]Gx�Z�Y7nohu]ÇnoY<aGf��(d"h?nB]rZ8no]Gd"x|^\_�^:Z8h"x|n§Y|Z§Z8noY|x<x·]G`{W"Y<^+qc^;m��

� T��UQ>MOý�� Y<x|x<h"Z$no_�]vno^;Z§n�W"^jZ�]Gb�^¾Z�Y|bjh"x¤]ÇnoY<aGf¥]vZ\� Y<pGh"_�^ ¢ d"h(n¬s§Y|n�W�k/ach"_�m"Y|ÀL^:_8^:f�n
qv]Gx|h"^:Z¾aGk+�Ø×  0�f7f å � �ÌaG_e`:x<]G_�Y7n��c��noW(^ � ]G_8nj[LacZ8Y|n�Y<acf�Y<Zem(Y<Z�[(x¤]��c^;m²Z�^:["]G_o]vn�^:x7�
�/[u]G_8n��0] ��� k/_�acb noW"^ £ ^;f"m"h"x|h"b [LacZ8Y|n�Y<acfÞ�0["]G_8nÖ�0d �8� �+�Ø×  å `:ac_8_�^;Z�[Uacf"m"Z
^ó¶"]v`;nox7��n�arn�W"^�Z�Y7nohu]vn�Y<acfgavk~� Y|pch"_8^ ¢ �"noW(^.avnoW"^;_�noW"_8^:^�["x<avnoZXm"Y|Z�["x<]���noW"^�^+À·^;`;n

3G¡



-2

-1.5

-1

-0.5

0

0.5

1

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Time (sec)

n_U=1
n_U=2
n_U=3
n_U=4

� á��l��á�àyê�â�Ý�çyé�êyéîÝ�Ø

-3

-2.5

-2

-1.5

-1

-0.5

0

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Time (sec)

n_U=1
n_U=2
n_U=3
n_U=4

� Ü(�(ýIÚÎØ9Þ9öVïîö9å�â�Ý�çyé�êyé�Ý�Ø

�,é�ßZô(S{ôi����ÚÎñiê¤ÝqäpØFöVå�Ü�Ú^à�Ýqä,ÜVáqçyéîç�äaö9Ø9ñiêyéîÝ�Ø9ç�g ×
aGkS_�^;m"h"`;Y<f"p2noW"^�f�h"bjdU^:_�aGk~d"]GZ�Y|Z§k/h(f"`;n�Y<acf"Z;�Ì¦�aGh"pcW"x7��Z�[U^�]vziY|f"p"�I�Ø×  á³ pcY|qG^:Z
x|Y|n�n�x<^¬x<acZ8ZXY<f®[L^;_8k/ac_8b�]vf"`:^v�(s§W"Y<x|Z8n§Z8b�]Gx|x<^;_lqv]Gx<h(^:Z§aGk½�Ø×Ù]G_�^\h"f(Zo]vn�Y<Z8k0]v`;noaG_8�c�

3G�



0

5

10

15

20

25

30

35

40

45

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Time (sec)

Linear
Nonlinear

Nonlinear with noise

�,é�ßZôU�{�2ô�ü�â9êyéîå7éÊçyá�êyé�Ý�Ø�é�êbÚ^à~á�êyé�Ý�ØVç
� T��UQ>MOýÖH_� Z�W"a�s§ZgnoW(^�f�h"bjdU^:_�aGk.ac[?noY<b2Y<Z�]vnoY|acf¿Y|n�^:_o]ÇnoY<aGf"Z�_8^:µ�h"Y<_8^:m¨n�a²^;qv]Gx<hiy
]vn�^jnoW"^w`;acf�no_8acx~s}^;Y<pcW�n�Z�Ùj�J� � ]vn�^�]G`{W�Z8n�^:[���VXW(_�^:^rpc_�]G["W"Z.]G_8^wZ�W"a�s§f���VXW(acZ�^
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