
 
 

 

  
Abstract—A new systematic framework for nonlinear 

observer design that allows the concurrent estimation of the 
process state variables, together with key unknown process 
or sensor disturbances is proposed. The nonlinear observer 
design problem is addressed within a similar 
methodological framework as the one introduced in  [8,11] 
for state estimation purposes only. From a mathematical 
standpoint, the problem under consideration is addressed 
through a system of first-order singular PDEs for which a 
rather general set of solvability conditions is derived. A 
nonlinear observer can then be designed with a state-
dependent gain that can be computed from the solution of 
the system of singular PDEs. Under the aforementioned 
conditions, both state and disturbance estimation errors 
converge to zero with assignable rates. The convergence 
properties of the proposed nonlinear observer are tested 
through simulation studies in an illustrative example 
involving a biological reactor.  
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moni2oring purposes J1RL# For 2;e Aombined s2a2e and 
dis2urbanAe es2ima2ion 2asHG an obser=er Aan be 
emplo?ed# "n 2;e Aase oE linear s?s2emsG bo2; 2;e BellD
HnoBn Salman Eil2er and i2s de2erminis2iA analogue 
realized b? .uenbergeris obser=er JKLG oEEer a 
Aompre;ensi=e solu2ion 2o 2;e problem under 
Aonsidera2ion# ,oBe=erG mos2 A;emiAal and p;?siAal 
proAesses are in;eren2l? nonlinear and nonlinear 
obser=ers need 2o be designed 2;a2 are Aapable oE direA2l? 
Aoping Bi2; 2;e proAess nonlineari2ies# %;e nonlinear 
obser=er design problem is muA; more A;allenging and 
;as reAei=ed a Aonsiderable amoun2 oE a22en2ion in 2;e 
li2era2ure leading 2o =arious approaA;es Bi2; diEEeren2 
me2;odologiAal A;araA2eris2iAs J1G]D1YL# %;e presen2 
researA; BorH aims a2 2;e de=elopmen2 oE a neB 
s?s2ema2iA and praA2iAal ErameBorH Eor nonlinear 
obser=er design 2;a2 alloBs 2;e AonAurren2 es2ima2ion oE 
2;e s2a2e =ariablesG 2oge2;er Bi2; He? unHnoBn proAess or 
sensor dis2urbanAes# "n par2iAularG 2;e nonlinear obser=er 
design problem is Eormula2ed and addressed Bi2;in a 
similar me2;odologiAal ErameBorH as 2;e one in2roduAed 
in  JeG11L Eor s2a2e es2ima2ion purposes onl?G and Erom a 
ma2;ema2iAal s2andpoin2G =ia a neB s?s2em oE Eirs2Dorder 
singular W(+s Eor B;iA; a ra2;er general se2 oE neAessar? 
and suEEiAien2 Aondi2ions Eor sol=abili2? is deri=ed# - 
nonlinear obser=er Aan 2;en be designed 2;a2 possesses a 
s2a2eDdependen2 gain Aompu2ed Erom 2;e solu2ion oE 2;e 
abo=e s?s2em oE singular W(+s# )nder 2;e abo=e 
Aondi2ionsG i2 Aan be pro=en 2;a2 bo2; s2a2e and 
dis2urbanAe es2ima2ion errors Aon=erge 2o zero Bi2; 
assignable ra2es# Finall?G 2;e perEormanAe oE 2;e proposed 
obser=er is e=alua2ed in an illus2ra2i=e bioreaA2or 
appliAa2ion 2;roug; simula2ion s2udies# 
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2;a2 represen2s 2;e d?namiAs oE a proAessG B;ere x is 2;e 
proAess s2a2e =eA2orG y is 2;e =eA2or oE measuremen2s and  
w is 2;e =eA2or oE unmeasurable proAess or sensor 
dis2urbanAes# %;e d?namiAs oE 2;e dis2urbanAes is 
go=erned b? 2;e eNos?s2em 
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%;e problem oE state and disturbance estimation 
beAomes a pure s2a2e es2ima2ion problem B;en one 
Aonsiders 2;e eN2ended s?s2em[ 
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is 2;e eN2ended s?s2emks s2a2e =eA2orG B;iA; 

mus2 be es2ima2ed =ia an appropria2el? designed 
obser=er#   

- speAial Aase oE 2;e abo=e problem is 2;e state and 
sensing error estimation problemG B;ere 2;e dis2urbanAes 
aEEeA2 2;e sensing de=iAes onl?G and in an addi2i=e Ba?[ 

 

( )
( )
( ) ( )wqxhy
wsw
xfx

+=

=

=

!
!

                                                       ZRb 

 

For 2;e s2a2e and sensing error es2ima2ion problemG 
speAial resul2s Bill be presen2edG B;iA; signiEiAan2l? 
simpliE? 2;e design oE 2;e obser=er# 

%;e approaA; 2;a2 Bill be 2aHen in 2;is BorH is 2;e 
observer error linearization approaA; ZJeLG J11LbG B;ere 
2;e obser=er is designed so 2;a2G aE2er Aoordina2e 
2ransEorma2ionG 2;e error d?namiAs is linear and Bi2; 
presAribed eigen=alues#  

Venerall? speaHingG 2;e degree oE diEEiAul2? oE 2;e 
obser=er design problem depends on 2;e na2ure oE 2;e 
eigen=alues oE 2;e lineariza2ion oE 2;e eN2ended s?s2emG 
in par2iAular B;e2;er 2;eir Aon=eN ;ull inAludes 2;e origin 
ZspeA2rum is in 2;e Uiegel domainb or does no2 inAlude 2;e 
origin ZspeA2rum is in 2;e WoinAarl domainb#  

%;e EolloBing deEini2ions Bill be needed Eor 2;e res2 oE 
2;e paper[ 

• Vi=en a se2 oE eigne=alues 1 n, ,"λ λ G a AompleN   
number µ is said 2o be nonresonant Bi2; 2;is se2 oE 
eigen=alues iE i2 is no2 rela2ed Bi2; 2;em 2;roug; an? 

rela2ion oE 2;e Eorm 
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= ∑µ λ G B;ere 1, nm ,m"  

are nonnega2i=e in2egers no2 all zero#  
• Vi=en a se2 oE eigen=alues 1 n, ,"λ λ G a AompleN 

number µ is said 2o be of type ( )C,ν  Bi2; respeA2 2o 
2;is se2 oE eigen=alues iE 2;ere eNis2 Aons2an2s QC >  

and Q>ν suA; 2;a2 
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µ λ  Eor an? 

nonnega2i=e in2egers 1, nm ,m"  2;a2 are no2 all zero# 
   -s Bill be seen in 2;e neN2 seA2ionG nonresonanAe 
Aondi2ions Bill arise iE 2;e speA2rum oE 2;e lineariza2ion 
oE Z]b is in 2;e WoinAarl domainG o2;erBise 
( )C,ν Aondi2ions Bill arise#  
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B;ere  
nn RRRf →× #[ G ## RRs →[ G ρRRRh n →× #[  are 

real anal?2iA EunA2ionsG Bi2; ( ) QQGQ =f G ( ) QQ =s G 
( ) QQGQ =h # - nonlinear obser=er Eor  Z]b Aan be designed 

EolloBing 2;e me2;odolog? in2roduAed in JeG11L# - loAal 
diEEeomorp;ism ( )wxz Gθ=  is soug;2 2;a2 maps 2;e 
s?s2em Z]b in2o 
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B;ere A is a ( ) ( )## +×+ nn  ma2riN and #+→ nRR ρβ [  
is a real anal?2iA EunA2ion Bi2; ( ) QQ =β # -s long as suA; 
a 2ransEorma2ion Aan be EoundG ZYb Aan be used as 
obser=er d?namiAs and 2;e in=erse 2ransEorma2ion Aan be 
used 2o reAons2ruA2 2;e s?s2em s2a2es[ 
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"2 2urns ou2 2;a2 2;e unHnoBn 2ransEorma2ion map θ  
mus2 sa2isE? 2;e EolloBing s?s2em oE singular W(+s 
JeG11L[ 
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%;ereEoreG 2;e problem oE in2eres2 reduAes 2o 2;e s2ud? oE 
2;e W(+s Z`b and 2;e proper2ies oE 2;e solu2ion# %;e 
EolloBing Wroposi2ions are direA2 AonseIuenAes oE 2;e 
resul2s in JeL and J11G1KL respeA2i=el?# 
 
Proposition 1:  Let  

ρRRRhRRsRRRf nnn →×→→× #### [G[G[  

and #+× nRR ρβ [  be real analytic vector functions with  
( ) ( ) ( ) QQGQGQQGQQGQ === hsf , ( ) QQ =β  and 
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∂
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w
hQ
∂

∂
= G ( )Q

y
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∂

∂
=

β # Denote by ( )Fσ  and ( )Sσ  

the spectra of S and F respectively. 
Suppose: 

1. There exists an invertible ( ) ( )## +×+ nn  matrix T 

such that [ ]QHBAT
S
PF

T +=








Q
 

2. All the eigenvalues of A are non-resonant with 
( ) ( )F Sσ σ$ . 

3.  0 does not lie in the convex hull of ( ) ( )F Sσ σ$ . 
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Then there exists a unique analytic solution ( )wxz Gθ=  
to the PDE (7) locally around (x,w)=(0,0). The solution 

has the property that ( ) ( )0,0 0,0 T
x w
∂ ∂  = ∂ ∂ 

θ θ  and so, 

θ  is a local diffeomorphism. 
 
Proposition 2: Under the notations of Proposition 1, 
suppose: 
1. There exists an invertible ( ) ( )## +×+ nn  matrix T 

such that [ ]QHBAT
S
PF

T +=








Q
 

2. There exist C > 0, 0>ν  such that all the eigenvalues 
of A are of type ( )C, ν  with respect to ( ) ( )F Sσ σ$ . 
3. There exist C > 0, 0>ν  such that all the eigenvalues 
of F and S are of type ( )C, ν  with respect to 

( ) ( )F Sσ σ$ . 
Then there exists a unique analytic solution ( )wxz Gθ=  
to the PDE (7) locally around (x,w)=(0,0). The solution 

has the property that ( ) ( )0,0 0,0 T
x w
∂ ∂  = ∂ ∂ 

θ θ  and so, 

θ  is a local diffeomorphism. 
  
&emarH 1[ -ssump2ions 1 and K oE ei2;er Wroposi2ion 

impl? 2;a2 [ ]
F P

H Q ,
0 S
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 is an obser=able pair# 'n 

2;e o2;er ;andG iE [ ]
F P

H Q ,
0 S
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 is an obser=able 

pairG i2 is alBa?s possible 2o Eind ma2riAes A, B, T B;iA; 
sa2isE? 2;e ma2riN eIua2ion oE -ssump2ion 1G Bi2; % 
in=er2ible and A ;a=ing presAribed eigen=alues#  

 
&emarH K[ )nder 2;e assump2ion 2;a2 ( )Fσ  and ( )Sσ  
are disMoin2 se2sG i2 is possible 2o s;oB 2;a2 2;e pair oE 

Aomposi2e ma2riAes [ ]
F P

H Q ,
0 S
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 is obser=able iE 

and onl? iE 2;e EolloBing Aondi2ions ;old[ 
ab Z H , F b is an obser=able pair  
bb Z HR + Q , S b is an obser=able pairG B;ere R is 2;e 
solu2ion oE RS – FR = P#  
*ondi2ion bb implies 2;a2 no eigen=alue oE S is a 
2ransmission zero oE Z F, P, H, Q b# 

 
"2 s;ould be no2ed 2;a2 obser=er ZXb Aan be eNpressed 

in 2;e original Aoordina2es =ia 2;e in=erse 2ransEorma2ion 
1−θ G so 2;a2 xm  and wm  eNpliAi2l? represen2 2;e obser=er 

s2a2es[ 
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Finall?G i2 s;ould be no2ed 2;a2 2;e es2ima2ion error in 
2;e 2ransEormed Aoordina2es EolloBs linear d?namiAsG 
go=erned b? 2;e arbi2raril? seleA2ed ma2riN - Zdesign 
parame2erb[ 
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*onsider noB 2;e speAial Aase B;ere 2;e dis2urbanAes 
aEEeA2 2;e sensing de=iAes onl?G and in an addi2i=e Ba?[ 
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-lsoG suppose 2;a2 Eor 2;e design oE 2;e obser=erG 
linear ou2pu2 inMeA2ion ( )y Byβ =  is usedG B;ere B is a 
( ) ρ×+ #n  ma2riN# %;enG 2;e s?s2em oE W(+s Z`b 
beAomes[ 
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%;e solu2ion oE Z1Qb Aan be eNpressed as[ 
 

( ) ( ) ( )wxwx ωψθ +=G                                             Z11b 
 

 B;ere ψ  and ω  sa2isE? 2;e EolloBing s?s2em oE W(+ks[ 

( ) ( ) ( ) ( )x f x A x h x
x

∂
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ψ
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w
∂
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ω
ω Β                                 Z1]b 

 

"n 2;is Ba?G 2;e s?s2em oE W(+s Eor θ  Z1Qb is broHen 
in2o 2Bo deAoupled subDs?s2ems oE W(+ks oE smaller 
dimensionG and 2;ereEoreG 2;e Aompu2a2ional eEEor2 is 
signiEiAan2l? reduAed# W(+ Z1Kb is eNaA2l? 2;e W(+ Eor 
2;e obser=er design Eor 2;e dis2urbanAeDEree par2 oE 2;e 
s?s2emG B;ereas Z1]b is 2;e Aorresponding obser=er W(+ 
Eor 2;e dis2urbanAe d?namiAs# 

For ( )wxGθ  oE 2;e Eorm Z11bG Bi2; ψ  and ω  being 
solu2ions oE Z1Kb and Z1]bG 2;e obser=er Zeb 2aHes 2;e 
Eorm[ 
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B;ere 2;e Aorresponding gains are gi=en b? 2;e EolloBing 
eNpressions[ 
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"2 s;ould be no2ed 2;a2 in mos2 engineering 
appliAa2ionsG 2;ere are 2Bo Eur2;er simpliEiAa2ions[  

ib 2;e dis2urbanAes w are Aonsidered 2o be pro2o2?pe 
dis2urbanAes Ze#g# s2epsG rampsG sine Ba=esG e2A#b 2;a2 
EolloB linear d?namiAsG B;iA; means ( )⋅s  and ( )⋅q  are 
linear EunA2ions[ 

( )
( ) Qwwq

Swws
=

=
                                                           Z1Xb 

B;ere S and Q are ma2riAes oE appropria2e dimensions# 
%;en 2;e solu2ion 2o 2;e W(+ Z1]b is also a linear 

EunA2ion[ 
( )w w=ω Ω                                                               Z1`b 

B;ere Ω  is 2;e solu2ion oE 2;e ma2riN eIua2ion 
S A BQ− =Ω Ω # 
iib %;e d?namiAs oE 2;e proAess s2a2es ( )xfx =!  is 

;?perboliAall? s2ableG B;iA; means 2;a2 2;e eigen=alues 
oE i2s lineariza2ion are in 2;e WoinAarl domain# %;en 2;e 
resul2s in JeL lead 2o 2;e EolloBing[       

 

Proposition 3: Let n nf : R R→  and nh : R R→ ρ  be real 
analytic vector functions with ( ) ( )Q Q Q Qf , h= =  and 

( )QfF
x
∂

=
∂

G ( )QhH
x
∂

=
∂

#  

Suppose: 
1. There exists a ( )n n+ ×#  matrix T with Rank T = n 
such that  TF = AT + BH . 
2. All the eigenvalues of A are non-resonant with ( )Fσ . 
3. 0 does not lie in the convex hull of ( )Fσ . 
Then there exists a unique analytic solution ( )z x=ψ  to 

the PDE (12) locally around Q Qx with ( ) T
x

∂
= =

∂

ψ . 
 

&emarH ][ From a praA2iAal poin2 oE =ieBG 2;e proposed 
obser=er design me2;od reIuires 2;e de=elopmen2 oE an 
approNima2e solu2ion me2;od Eor W(+s Z`b and Z1Kb# "n a 
similar spiri2 as in JeG11LG one Aan de=elop a 
Aompre;ensi=e poBer series solu2ion sA;eme b? 2aHing 
ad=an2age oE 2;e real anal?2iAi2? proper2? oE all 2;e 
EunA2ions in=ol=ed# %;e AalAula2ions Eor 2;e poBer series 
solu2ion sA;eme Aan be eNeAu2edG up 2o a Eini2e 2runAa2ion 
orderG using s?mboliA Aompu2a2ions soE2Bare# 
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*onsider a 2?piAal bioreaA2orG B;ere bioA;emiAal 
reaA2ions 2aHe plaAeG resul2ing in biomass produA2ion and 
subs2ra2e Aonsump2ion EolloBing Oonod Hine2iAs[ 
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B;ere x is 2;e biomass AonAen2ra2ionG s 2;e subs2ra2e 
 

 

AonAen2ra2ionG sf 2;e inle2 subs2ra2e AonAen2ra2ionG D 2;e 
dilu2ion ra2eG K a reaA2ion Aons2an2G Y 2;e ?ield AoeEEiAien2 
and maNµ 2;e maNimal speAiEiA groB2; ra2e# %;e biomass 
x is measurable on lineG bu2 2;e measuremen2 Aould be 
subMeA2ed 2o a s?s2ema2iA error w# %;is is assumed 2o 
remain Aons2an2 o=er a Aer2ain period oE 2imeG bu2 
po2en2iall? undergoing s2ep A;anges# %;e obMeA2i=e is 2o 
es2ima2e bo2; 2;e bioreaA2orks s2a2e and 2;e s?s2ema2iA 
error Zs2ep dis2urbanAeb w# %;ereEore 2;e d?namiA s?s2em 
under Aonsidera2ion is[ 

( )

max

max
f

µ sdx = Dx+ x
dt K+s

µ sds 1=D s s x
dt Y K+s
dw=0
dt
y=x + w

−

− −
                                    Z1^b 

 

and 2;e obMeA2i=e is 2o design a EullDorder obser=er Eor 
2;is s?s2emG 2o es2ima2e 2;e unmeasured subs2ra2e 
AonAen2ra2ion s and 2;e error BG EolloBing 2;e me2;od 
de=eloped in 2;e pre=ious seA2ion# 

For 2;e design oE 2;e nonlinear obser=erG 2;e EolloBing 
W(+ needs 2o be sol=ed[ 

 

( )

( ) ( )

( )

max

max
f

µ sx,s Dx+ x
x K+s

µ s1+ x,s D s s x
s Y K+s

=A x,s +Bx

∂  
− ∂  

∂  
− − ∂  

ψ

ψ

ψ

                      ZKQb 

 

around a reEerenAe eIuilibrium poin2 Z s s sx ,s ,w b# 'nAe 
ZKQb is sol=edG 2;e nonlinear obser=er is gi=en b?[ 
 

( )( )

( ) ( )( )

( )( )

1

max
x

max
f s

w

ˆˆ sdx ˆ ˆ ˆ ˆ ˆ ˆ ˆDx x L x,s,w y x w
ˆdt K s

ˆˆ sds ˆ ˆ ˆ ˆ ˆ ˆ ˆD s s x L x,s,w y x w
ˆdt Y K s

ˆdw ˆ ˆ ˆ ˆ ˆL x,s,w y x w
dt

= − + + − −
+

= − − + − −
+

= − −

µ

µ     ZK1b 

 

B;ere 
 

( )
( )
( )

m m m
m m m
m m m

x -1

s

w

L x,s,w
! ! !L x,s,w = B
x s w

L x,s,w

 
∂ ∂ ∂  
   ∂ ∂ ∂   

                      ZKKb 

 

and B;ere !(x,s,w)="(x,s)+#w Bi2; -1#= A B− # 
- O-W.+ Aode ;as been Bri22enG B;iA; sol=es 2;e 

W(+ ZKQb up 2o a Eini2e 2runAa2ion order $G AalAula2es 2;e 
obser=er gains =ia ZKKb and AonduA2s numeriAal 
simula2ionsG in order 2o 2es2 2;e obser=er ZK1b# 

"n 2;e presen2 s2ud?G 2;e EolloBing parame2er =alues 
Bere used in all simula2ions[ 

YQ#Qfs = G Q#RD= G K#QK= G Q#YY= G Q#^maxµ =  
and 2;e reEerenAe eIuilibrium is[ 

KR#Ksx = G 1#Xss = G Q#Qsw =  
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B;iA; Aorresponds 2o zero sensing error# 
%;e haAobian oE 2;e d?namiAs oE Z1^bG e=alua2ed a2 2;e 

reEerenAe eIuilibrium Eorms an obser=able pair Bi2; 
[ ]1 Q 1 G i#e# s?s2em Z1^b is linearl? obser=able#  

%;e proAess Z1eb and 2;e obser=er ZK1b Bere simula2ed 
Bi2; 2;e EolloBing ini2ial Aondi2ions[ 

( ) ( )
( ) ( )
( ) ( )

mKQ#Q KK#Q
m`#Q ]#Q
m1#Q Q#Q

x 0 = ,  x 0 =

s 0 = , s 0 =

w 0 = ,          w 0 =

 

%;is aAAoun2s Eor a uni2 s2ep A;ange in 2;e sensing 
errorG in 2;e presenAe oE nonDeIuilibrium ini2ial 
Aondi2ions#  

Figures 1D] depiA2 2;e eEEeA2 oE speed oE 2;e error 
d?namiAs Eor 2;e same 2runAa2ion order# %;ree diEEeren2 
se2s oE eigen=alues Bere usedG nsloBk ZDQ#QYGD1#YGD]#QbG 
nmediumDspeedk ZDQ#]YGDQ#RYGD]#^b and nEas2k ZD1#YGD]#QGD
]#QbG B;iA; are all nonDresonan2 Bi2; 2;e lineariza2ion oE 
Z1^b# "n all Aases s;oBnG 2;e 2runAa2ion order Bas $oY#  

 

 
Fig# 1[ %rue and es2ima2ed biomass AonAen2ra2ion Eor diEEeren2 se2s oE 
eigen=alues 

 
Fig# K[ %rue and es2ima2ed subs2ra2e AonAen2ra2ion Eor diEEeren2 se2s oE 
eigen=alues 
 

 
Fig# ][ %rue and es2ima2ed sensing error Eor diEEeren2 se2s oE eigen=alues 

 
From Figures 1D]G one Aan see 2;a2 2;e response oE 2;e 

obser=er Bi2; nEas2k eigen=alues Aon=erges 2o 2;e proAess 
response =er? Eas2G bu2 Bi2; signiEiAan2 de=ia2ions during 
2;e 2ransien2 periodG B;ile 2;e Aase oE nmedium speedk 
eigen=alues s;oBs a rapid response as BellG bu2 Bi2; 
smaller de=ia2ions# 'n 2;e o2;er ;andG 2;e obser=er Bi2; 
2;e nsloBk eigen=alues gi=es rise 2o a =er? sloB approaA; 
oE 2;e error 2o zero# 

%;e seleA2ion oE error d?namiAs eigen=alues isG oE 
AourseG appliAa2ionDdependen2# "E large s;or2Dli=ed errors 
Aan be 2olera2ed and 2;e se22ling 2ime Eor 2;e error is 2;e 
mos2 impor2an2 perEormanAe parame2erG Eas2 eigen=alues 
ma? be preEerable# $o2iAe ;oBe=erG 2;a2 using 
eigen=alues oE ;ig;er speed 2;an 2;e nEas2k eigen=alues 
s;oBn ;ereG resul2s in responses Bi2; eNAessi=el? large 
de=ia2ions in 2;e 2ransien2 periodG B;iA; appear 
unaAAep2able Eor all praA2iAal purposes#  

-lsoG i2 mus2 be no2ed 2;a2 i2 is no2 onl? 2;e pspeedq oE 
2;e eigen=alues Zas measured b? 2;e eigen=alue 2;a2 is 
Aloses2 2o 2;e imaginar? aNisb 2;a2 aEEeA2s 2;e perEormanAe 
oE 2;e obser=erG bu2 also 2;e rela2i=e magni2udes oE 2;e 
eigen=alues# "n 2;e par2iAular problemG i2 Bas Eound 2;a2 
using eigen=alues 2;a2 are reasonabl? spread ou2G 
generall? ?ields be22er perEormanAe 2;an eigen=alues oE 
similar magni2ude# 

Figures RDX depiA2 2;e eEEeA2 oE 2runAa2ion order on 2;e 
obser=er response Eor 2;e nmediumDspeedk eigen=alues# "2 
is seen 2;a2 numeriAal Aon=ergenAe is aA;ie=ed Eor $o] 
and abo=e# %;e eEEeA2 oE 2runAa2ion order ;as also been 
s2udied Eor nsloBk and nEas2k eigen=alues# %;e resul2s are 
no2 s;oBn ;ere Eor bre=i2?# %;e resul2s Eor nsloBk 
eigen=alues Bere Iui2e similar in 2erms oE numeriAal 
Aon=ergenAeG B;ereas 2;e nEas2k ones Aon=erged a2 ;ig;er 
2runAa2ion order $oR# 
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%;e Aase $o1 needs speAial a22en2ionG sinAe i2 
Aorresponds 2o a Aons2an2 gain obser=erG Bi2; gains being 
eIual 2o B;a2 a linear design Bould ;a=e gi=en Eor 2;e 
linearized s?s2em# de see Erom Figures RDX 2;a2 2;e 
Aons2an2Dgain obser=er is signiEiAan2l? inEerior 2o 2;e 
nonlinear obser=er# %;e same be;a=ior Bas Eound in 2;e 
Aase oE nsloBk eigen=alues# 'n 2;e o2;er ;andG as 2;e 
speed oE eigen=alues inAreasesG 2;e response oE 2;e 
Aons2an2 gain obser=er ge2s Aloser 2o 2;e one oE 2;e 
nonlinear obser=erG B;ile a2 2;e same 2ime perEormanAe 
de2eriora2es due 2o larger de=ia2ions in 2;e 2ransien2 
period#  

Fur2;er simula2ion resul2s Zno2 s;oBnb ;a=e s2udied 2;e 
eEEeA2 oE size oE sensing error# "2 Bas Eound 2;a2G as 2;e 
size oE 2;e sensing error deAreasesG Aon=ergenAe Bi2; 
respeA2 2o $ beAomes Eas2er and 2;e disArepanA? be2Been 
nonlinear obser=er and Aons2an2Dgain obser=er beAomes 
smallerG beAause 2;e problem beAomes less nonlinear#   

 

 
Fig# R[ %rue and es2ima2ed biomass AonAen2ra2ion Eor diEEeren2 
2runAa2ion orders Eor 2;e nmediumDspeedk eigen=alues 
 
 

 
 
Fig# Y[ %rue and es2ima2ed subs2ra2e AonAen2ra2ion Eor diEEeren2 
2runAa2ion orders Eor 2;e nmediumDspeedk eigen=alues 
 
 

 
Fig# X[ %rue and es2ima2ed sensing error Eor diEEeren2 2runAa2ion orders 
Eor 2;e nmediumDspeedk eigen=alues 

T"# *'$*.)("$V &+O-&SU 
 

- neB design ErameBorH Eor nonlinear obser=ers 
Aapable oE oEEering reliable AonAurren2 es2ima2es oE 2;e 
proAess s2a2e =ariablesG along Bi2; He? unHnoBn proAess 
or sensor dis2urbanAesG Bas presen2ed# "n par2iAularG 2;e 
proposed nonlinear obser=er ;as a s2a2eDdependen2 gain 
2;a2 Aan be Aompu2ed Erom 2;e solu2ion oE a s?s2em oE 
singular Eirs2Dorder W(+s# di2;in 2;e proposed design 
ErameBorHG bo2; s2a2e and dis2urbanAe es2ima2ion errors 
Aon=erge 2o zero Bi2; assignable ra2es# 
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