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Abstract

Being complex and high-order, robust controllers designed by H., loop shaping are
difficult to implement in practice. To overcome this problem, we propose the algorithms,
Genetic Algorithm (GA) based fixed-structure H. loop shaping control, to design a robust
controller. GA can be used to solve the H., loop shaping design problem under a structure-
specified controller. The performance and robust stability conditions of the designed system
satisfying the H,, loop shaping are formulated as the objective function in the optimization
problem. The designed controller contains simple structure with lower order and still retains
the robustness and performance specification. Additionally, in this research, the performance
weighting function, which is normally difficult to obtain, is determined by using GA. The
requirements in terms of time domain specifications are utilized in order to get the optimal
weighting parameters; thus, highest optimal stability margin is achieved. To extend the
proposed controller for being a nonlinear controller, fuzzy system is applied. The proposed
control system is implemented on a pneumatically driven robot arm which consists of 3
prismatic joints and one revolute joint. Simulation results show that the robustness and
performance of the proposed controller are almost identical to those of the controller designed
by H. loop shaping method. Experimental results verify the effectiveness of the proposed
technique. Moreover, the proposed technique is adopted to control other control systems (both
SISO and MIMO systems) to verify the consistency of the proposed controller. Finally,
Particle Swarm Optimization (PSO) is adopted to find the optimal controller parameters and
the results are compared with those of GA.
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H.,, loop shaping control



unanga

o ~ a v o a Qady . 3

dmuguiesnuunTagmainmsiadugiunseueyoulia ( H, loop shaping) 1iu
Tassafududounazdrduge shlvoindemnirlilszgadldan eudilymidinandiseiuinaue

E3

madadnruguimualaseadelddromaianistadugiuiesouwesduilin laoudnn13i513
WUFNTTUN00BNUUDIZUIAIUANLUUAINY  HanmsIisaiugnssuamsoiwn lsunilymins
panuuudInIuguimualasead1eld Tasaussouzuazifonlvvouddosnmanuninuvesszuni

A Y o a v o a aqdy Y < U do o J . .
panuUUNdoAndednmANANIIadugIuso Uy Ui HAN mTuilanduTngilszaed (objective

9

. = o = £
function) Gluﬂmummimm:mmqﬂ AINIVANNDDNLUVVIUD

= @

o o v ] o Y
SUAINUN Iﬂiﬂﬁiwllll“]fﬂ“]ff]uua::mﬂﬁllﬂ
v

v Y ‘o
totguinauons Iy GA W109nuUUHeNTY

a

v
C°'l111EISJ}E]ﬁWWHﬂﬁMiiﬂuzLLﬁgﬂ'ﬂﬂﬂﬂﬂu ‘Llﬁ]ﬂiﬂﬂﬁ Gl‘lNTL!'J
£ a v v A o 1 o qy Y a A dy v
ﬂfﬂlﬂfﬂ“ﬂﬁﬂﬂﬂﬂgﬂﬂﬂuﬂﬂqﬂﬂ?ﬂ ﬂ’JEJ!fV]ﬂuﬂﬂQﬂﬂTJ‘ImGh’i‘ﬂ'ﬂllﬁ]f‘)\?ﬂTiHﬁﬁll'5'iElum“lf%’)ﬂ]!Lﬂ%ﬂ’JWllﬂhlﬂﬁWN
9 1 1 A =2 k2 % Y 3 o 1 g a 9
Avamsuazmigegavesdiioaiosnmldgega  Tumsverednuguldidudinivgulidusadu
o 9 a N A £ @ 1 J A Y . . e .
ﬁ1ﬂ1ﬁﬂﬂ1hlﬂ1ﬂﬂlﬂﬂuﬂﬂ“ﬁ“]5 FEVUNDDNUVUVIUNATDUN U UIUA 4 ununsenoudie prismatic joints 3
1 o o < 1 @
@ 1L revolute joint 1 si’l}'fl(ﬂ'f] Namiinammi‘mamuﬁﬂﬂﬁlmu’nﬁm5ﬂuzua:mmmﬂummmmuqu

v o

¥
~ Y A @ a a quy Y I X a a
ﬂﬂﬂﬂllﬂﬂﬂziﬂﬁmﬂﬂﬂﬂtﬂﬂuﬂﬂ?iﬂﬂﬁmﬁWH?Qi@Ul@ﬂf@uwuﬁ wansnaaoaasliriunlsednsnag

v
A Ya

a Ao Yoo 4 Y o A o A Ao v v
VDIUNAUANUUTUD uanmﬂum%ﬂ"l@mamﬂmwuauqm SISO itag MIMO maﬂuﬂumﬂmm”lmm
A Ao = 9 v o ) = = a a
MANANUUTUDU ‘V]"IEJ’Q(F] PSO h],ﬂQﬂuHJﬂG]ﬂmu GA 1uuwssummuﬂsﬂumﬂuﬂﬁzﬁmmwiumsm

Aoy

V) 6
JanUszasavaslasinis
1, L'ﬁaﬁnLauﬁ%mﬂmﬂumiaammué]’amuqﬂﬂLi:;JuL%aLﬁu nRlavsaalidudan uas
% a 1 nl' a 6 s & a v 2
sanIndudsziuanuasnudanaiisuussnnfeeiuazarsuniu luszoulddwiadugeld

2. NaNLEReITMTIRINTINET0AVaINATA HANNITTIATINNZMUUNTT tNARANIIAN

FUFIUITALULL Hy, (Hoo loop shaping) uaziuaawdfiienugnsa ihaliaansndmualassaing
maa"qﬂmuquvlﬁ A9 q@muQu%m’lmsmﬁwvlﬂﬁmuvlﬁﬁﬁa

3. Wadngndlfnuwainuszuuifanylidudaidugs 19 SISO uaz MIMO 1ialdidu
wwaminmsh 116939 lugaawnasw

4. Lﬁaﬁ@umui'@mimmsﬂ‘mﬂﬁaui:uuﬂ’mﬂﬁamjuﬂuﬁmunaﬁwau ThRaussous

P A ° v a o @ o & <

annndudarldifemaih Wl fnwasaulugaswnssanald

5. Lﬁaﬂ'a’LﬁLﬁ@mms’wﬁalumsﬁﬁ%’m:%dnﬁfﬂ%'mﬁﬂ%ﬂmﬁ'umm’:‘ﬁ’g’u‘lmi



