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6. Root Locus Analysis 
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Root – Locus Method 

• Graphically obtains closed-loop poles as function of a parameter in feedback system. 
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Root – Locus Method 

1) K=0  
  : closed-loop poles = open-loop poles 

 
         closed-loop characteristic eq. ; 
         ⇒ closed-loop poles are asymptotic to open-loop poles for small K 
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Root – Locus Method 
n-m Poles 
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Angle condition 
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Root – Locus Method 
     

3) Real axis: angle condition  
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Example) 

4 open-loop poles, 1 open loop zero 
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Portions of the root locus 

n-m=3 
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4) Angle of departure 
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5) Double root        s=b 

Characteristic eq.  0)     ()( 2 =− bs

[ ] 0          ==bsds
d

At double root 

0)()( =⋅+ sBKsA ⇒  
)(
)(

sB
sAK −=

( ) ( ) 0

( ) ( ) ( ) 0
( )

( ) ( )( ) ( ) 0

dA s dB sK
ds ds

dA s A s dB s
ds B s ds

dA s dB sB s A s
ds ds

− =

− =

− =



28 

Root Locus: Summary 

1. K=0 
2. K>>1 
3. Real axis 
4. Angle of departure 
5. Double roots 
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a slight change in the pole–zero configuration may cause significant 
changes in the root-locus configurations 

System with 4 poles and 1 zero: two possible root loci  
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• Positioning system 
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PI control 
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PID control 
- Mass change,   - PI, I gain variation 
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Plotting Root Loci with MATLAB 
 
 
 1 0numK

den
+ =

rlocus(num, den) 
 
r=rlocus(num,den) 
Plot(r, ‘o’)   
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MATLAB Program 
% --------- Root-locus plot --------- 
num = [1 3]; 
den = [1 5 20 16 0]; 
rlocus(num,den) 
v = [-6 6 -6 6]; 
axis(v); axis('square') 
grid; 
title ('Root-Locus Plot of G(s) = 
K(s + 3)/[s(s + 1)(s^2 + 4s + 16)]') 



37 

End of root locus 
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Minimum phase systems:  
                                시스템의 모든 pole과 zero가 LHP에 있는 경우 
 
Non minimum phase systems: 
                                적어도 시스템의 한 개의 pole이나  zero가 평면의 RHP에 있는 경우 
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