
 

 

 

Abstract—Spinning satellites operate well in discovering 
celestial universe with economic resources. The satellite experiencing 

disturbances is modelled and simulated for 0.1, 0.6 and 1.2 N m 
external loads. Reference Input Full State Feedback algorithm 
(RIFSF) is implemented to control the satellite spun around unstable 
axis under those loads. Controller gains are tuned involuntary to 
achieve deadbeat spinning response without disturbance effects. A 
robust stabilization in terms of eliminating the disturbances as high as 
1.2 N m is achieved for the spinning satellite. However, those gains 
are not unique and they depend on the optimization relaxations. 100 

iterations about three minutes of simulation time have been spent to 
achieve maximum overshoot of 1.18%, rise time of 6.7 s, settling 
time of 8.4 s, and approximately zero steady state error. The 
simulations appropriately decide with the analytical estimations 
based on dominant poles of the satellite. 

 

Keywords—Deadbeat RIFSF controller, space disturbance 

rejection, spinning satellite stabilization.  

I. INTRODUCTION 

PINNING techniques have been in a use for more than 40 

years of space explorations [1]. The objectives are for 

long-life satellite mission such as sciences, 
communications, surveillance, and reconnaissance, i.e., 

scanning the star field or the Earth’s surface or atmosphere. 

Spin-stabilized attitudes are adjusted by occasionally firing 

thrusters as desired. Guidance, navigation, and control 

comprise senses, actuators, and algorithms and all those are 

deployed to orient the satellite at the required spin rates. 

Typically, advanced control algorithms are required such as 

nonlinear estimators for coupled roll, pitch and yaw cases [2]. 

Most of the satellite attitude controls are based on 

proportional-derivative-integral (PID) method [3]. 

Conventional PID controllers are not robust enough for many 
applications such as large time delays, time-varying processes, 

disturbance interactions, and visible nonlinearities [4], [5]. A 

fast-recursive self-tuning PID was applied to control a 

spinning satellite under external loads [6]. A robust spin 

stabilization of the satellite was achieved around the 

longitudinal axis. Controller gains were optimized to eliminate 

the effect of external disturbances. Digital PID controller is 

more capable of exhibiting a deadbeat response due to 

sampling mechanism which reduces transient period. Optimal 

self-tuning controllers are generally sought to obtain a 
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reasonable degree of robustness in the on-line tuning manner. 

Ziegler-Nichols rules are widely used to systematically tune 

PID gains based on either 25% maximum overshoot or the 

evaluation of amplitude and frequency of a system [7], [8]. 

However, not all real world systems are of the second order 

characteristics and fine tuning is usually required to obtain 

reliable designs. Numerical methods and computer-aided 

software such as MATLAB® have been broadly utilized in 
designing PID control laws [9]. The last two decades have 

seen several implementations of self-tuning PID controller and 

adaptive control systems [10]-[14]. Sirisena and Tang used 

pole placement approach to develop self-tuning controller for 

multivariable system based on bandwidth and damping ratio 

as tuning parameters [15].  

The state space method has been in a use for over 100 years 

and was introduced to control designs in the late 1950s by R. 

E. Kalman [16]. The late 1950s Kalman introduced the ideas 

of state-variables, controllability and observability. Zadeh and 

Desoer had a significant impact in promoting the state-space 

method [17]. During the 1980s reliable numerical methods 
were developed for dealing with state-variable designs and 

computer-aided software for control design [9]. The state-

variable methods were gaining momentum particularly in the 

USA. Also, research groups in England led by Rosenbrock, 

MacFarlane, and Munro extended the state space applications 

to multi-input multi-output systems. In the end of the 1980s 

the frequency domain method is used in connection with state-

variable method [17]. The state-variable methods were found 

more computationally advantageous than the frequency 

domain method. Self-tuning PID, full-state feedback and 

RIFSF were compared for the deadbeat performance of 
spinning satellite [18]. RIFSF performed better than PID and 

FSF in reducing overshoot by about six times. Steyn [19] 

developed a fuzzy logic controller to solve the problems posed 

by a low earth orbit small satellite. The algorithm showed 

better results than a linear quadratic regulator. Shanmuga et al. 

[20] also used a fuzzy algorithm to control a low earth orbit 

small satellite. The required performance was reasonably 

achieved in the presence of disturbance, uncertainty and 

various nonlinearities. 

This paper shows the successful implementation of RIFSF 

algorithm to control a spinning satellite under moderate 

external disturbances in terms of negligible overshot, swift 

response, and zero steady state error. A MATLAB® batch of 

M-file script and SIMULINK® was used to model and 

simulate the loads of 0.1, 0.6 and 1.2 N m disturbing the 

spinning satellite.  
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II.  MATHEMATICAL APPROACH 

A. Dynamic Equations 

The non-linear equations of satellite dynamic system can be 

shown as [1], [2] 

𝑇𝑥 = 𝐼𝑥𝛼𝑥 − (𝐼𝑦 − 𝐼𝑧)𝜔𝑦𝜔𝑧

𝑇𝑦 = 𝐼𝑦𝛼𝑦 − (𝐼𝑧 − 𝐼𝑥)𝜔𝑧𝜔𝑥

𝑇𝑧 = 𝐼𝑧𝛼𝑧 − (𝐼𝑥 − 𝐼𝑦)𝜔𝑥𝜔𝑦

}                 (1) 

where Tx, Ty, and Tz are torques around x, y, and, z axes. Ix, 

Iy, and Iz are mass moment of intertie around principle axes. 

αx, αy, and αz are angular accelerations around x, y, and, z axes 

ωx, ωy, and ωz are angular velocities around x, y, and, z axes. 

Neglecting the coupling nature for a small roll, pitch and 

yaw attitudes [21], [22], a linearized model of the satellite 

spinning around the longitude axis is derived as. 

𝑇𝑧 = 𝐼𝑧𝛼𝑧 = 𝐼𝑧𝜔�̇� = 𝐼𝑧�̈�𝑧                     (2) 
A set of first-order differential equations in the vector-

valued state of the system is composed below 
𝑥1 = 𝜃𝑧

𝑥1̇ = 𝑥2 = �̇�𝑧 = 𝜔𝑧

𝑥2̇ = �̈�𝑧 = 𝛼𝑧 = 𝑇𝑧 𝐼𝑧⁄ + 𝑇𝑑

}                    (3) 

where x1 and x2 are state variables, 𝑥1̇ and  𝑥2̇ are state 

variable derivatives. 𝜃𝑧 , �̇�𝑧 , and �̈�𝑧 are spinning angular 
displacements, spinning angular rate, and spinning angular 

acceleration around z axis respectively. Td is external 

disturbance of solar pressure.  

The system matrix (A), the input matrix (B), the output 

matrix (C), and the direct transmission matrix (D) were chosen 
as. 

𝐴 = [0 1
0 0

] , 𝐵 = [0 1 𝐼𝑧⁄ ]𝑇, C=[1 0] and D=[0]. 

B. RIFSF Control Algorithm 

Introducing the reference input into the system, the control 

effort (u) can be shown for zero steady state error.  

𝑢 = −𝐾𝑥 + 𝑁𝑟 = −[𝐾1 𝐾2 ⋯ 𝐾𝑛] [

𝑥1

𝑥2

⋮
𝑥𝑛

] + 𝑁𝑟     (4) 

where K=[K1 K2] is full state feedback vector. r is reference 

input.  The overall reference input gain can be given by 

𝑁 = 𝑁𝑢 + 𝐾𝑁𝑥                   (5) 

[
𝑁𝑥

𝑁𝑢
] = [𝐴 𝐵

𝐶 𝐷
]

−1

[1 0 1]𝑇             (6) 

where Nu is explicit reference input gain and Nx=[Nx1 Nx2] is 

reference input gains corresponds with full state feedback 
vector.  

The transfer function of a spinning satellite implementing 

RIFSF controller can be expressed as 

𝑥1 𝑟⁄ = 𝜃𝑧 𝑟⁄ =
(𝑁𝑢 + 𝑁𝑥1𝐾1 + 𝑁𝑥2𝐾2) (𝐼𝑧𝑠2 + 𝐾2𝑠 + 𝐾1)⁄          (7) 

RIFSF has two poles which are directly influenced by the 

moment of inertia and control gains. However, the reference 

input constants have an implicit effect on the system 

performance. 

The state variable derivative can be written after 

substituting the first part of the control effort. 

�̇� = 𝐴𝑥 − 𝐵𝐾𝑥                   (8) 
The characteristic equation of the closed-loop system is 

det[𝑠𝐼 − (𝐴 − 𝐵𝐾)] = 0               (9) 

Equation (9) is an nth-order polynomial in s in terms of the 

gains K1, …, and Kn. Assuming the desired roots locations are  

𝑠 = 𝑠1, 𝑠2, … , 𝑠𝑛                 (10) 

The corresponding control characteristic equation is 
(𝑠 − 𝑠1)(𝑠 − 𝑠2) … (𝑠 − 𝑠𝑛) = 0          (11) 

The K vector is obtained by matching coefficients (11) with 

the characteristic equations of (9). The dominant second order 

poles approach is considered here due to unfeasibility when 

higher order characteristic equations used. The poles are 

selected to satisfy the two conditions of controllability and 

observability. 

The controllability matrix ∁ is computed as 

∁= [𝐵 𝐴𝐵 ⋯ 𝐴𝑛−1𝐵]             (12) 

The system is said to be controllable for ∁ is nonsingular. 

The observability matrix 𝒪 is calculated by 

𝒪 = [𝐶 𝐶𝐴 … 𝐶𝐴𝑛−1 ]𝑇            (13) 

The system is said to be observable for 𝒪 is nonsingular.  

C. Simulink Diagram  

A rigid satellite was considered with mass distribution 
symmetry around x and y axes. An inherently unstable satellite 

with two poles at the origin was studied. The satellite moment 

of inertia matrix was chosen from [2].  

[

𝐼𝑥 𝐼𝑥𝑦 𝐼𝑥𝑧

𝐼𝑥𝑦 𝐼𝑦 𝐼𝑦𝑧

𝐼𝑥𝑧 𝐼𝑦𝑧 𝐼𝑧

] = [
1000 0 0

0 1000 0
0 0 5000

]  𝐾𝑔𝑚2 

The implementation of RIFSF controller for spinning 

satellite dynamic model including the disturbance 

representation is given in Fig. (1). References [6], [21], and 

[22] show similar implementations but the disturbances were 

excluded. The uncontrolled satellite has transfer function as 

𝑥1 𝑟⁄ = 𝜃𝑧 𝑟⁄ = 0.0002/𝑠2 
Using the superposition technique, the overall transfer 

function with the implementation of RIFSF controller for a 

spinning satellite is given by. 

𝑥1 𝑟⁄ = 𝜃𝑧 𝑟⁄ = 16 (𝑠2 + 7.2𝑠 + 16)⁄  
The overall transfer function with disturbance rejection for 

the spinning satellite is given by. 

𝑥1 𝑟⁄ = 𝜃𝑧 𝑟⁄ = 0.0002 (𝑠2 + 7.2𝑠 + 16)⁄  
 

 
Fig. 1 RIFSF control for spinning satellite with disturbance model 
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III. DISTURBANCE AND DEADBEAT SPINNING 

Satellites’ thrusters produce jet forces for control attitude 
and orientation ranging from 1 to 400 N [2]. However, natural 

disturbances such as gravitational, magnetic and solar 

radiation pressures cause small torques on the order of 10-3 N 

m on satellites’ panel surfaces [1]. On the other hand, larger 

torques is expected due to micrometeorite disturbances. 

Definitely, the design structure of a satellite in terms of the 

mass moment of inertia may reduce the effect of disturbances. 

Analysis and discussions of the main results obtained from 

this work are shown. Three external loads of 0.1, 0.6, and 1.2 

N m representing space disturbances expected on spinning 

satellite were considered. The uncertainty of RIFSF control 

law to disturbances’ unwanted input was considerably small 
and did not affect the performance of the controller to 

changeable set points. 

Figure 2 shows the responses of external disturbance loads 

of 0.1, 0.6, and 1.2 N m. As can be seen, RIFSF responded 

well for three cases studied and all the amount of disturbances 

were disappeared by 11 s of simulation time. The controller 

performed well by adjusting their gains K1, K2, Nu, Nx1, and Nx2 

to eliminate unexpected external disturbances. It was not 

expected that the satellite during spinning operation encounter 

larger unrealistic disturbances than 1.2 N m. All the 

disturbances in two seconds had a half effect on spinning rate. 
And their effects were reduced by about 10% in three seconds. 

The effectiveness of completely eliminating the disturbances 

was obtained in a short time. However, opposite loads due to 

disturbances of 0.6 and 1.2 N m appeared during 3-10 s. 

The contributions of RIFSF controller in rejecting 

disturbances till 1.2 N m are shown in Fig. 3. Clearly, the 

controller compensated all the disturbances by producing 

opposite torques in the short period of simulation time. In 

reality, saturation effects were seen by the controller for the 

two disturbances of 0.6 and 1.2 N m and highly opposed 

torques of 0.72 and 1.38 N m were appeared at about 4.5 s. 

Back-calculations and/or enhanced anti-windup techniques 
were found useful to prevent the controller fall into this 

problem [6]. It releases the thruster’s saturation which 

occurred when the sum of the block components exceeded the 

output limits. Nonetheless, the algorithm took about 10 s to 

converge into the actual spinning operation and cancel all 

disturbances. The satellite only needed that time to being spun 

without the unwanted inputs. Actually, RIFSF algorithm 

slowly reacted for the disturbances of 0.6 and 1.2 N m.  

 

 
Fig. 2 Effects of three disturbance responses 

 

Figure 4 shows how external disturbances were eliminated 

and the satellite could spin effectively without them. The 

exerted disturbances on the spinning satellite were 

considerably small, and overall no significant deviations have 

been noticed with respect to the applied spinning rates. The 

spinning divergences of 0.048, 0.023, and 0.004 degrees were 
recognised in connection with the unwanted disturbances of 

1.2, 0.6, and 0.1 N m respectively. Thus, the spinning 

divergences may be ignored in terms of the stepped command 

spin of one degree and they gradually disappeared. The 

deadbeat responses were obtained from three cases, 

particularly for the disturbance of 0.1 N m with the deviation 

of 0.004 degree. Log10 scale was preferred to obtain compact 

plots for Fig. 3 and Fig. 4. 

Three scenarios of ramp disturbances of 15, 45, and 85 

degree were used to investigate a spin-stabilized satellite and 

satisfactory deadbeat specifications were seen for 45 degree-

ramp command as shown in Fig. 5. The simulation and 
analytical computations are agreed well. The controller was 

designed based on the damping ratio of 0.9 and undamped 

frequency of 4 rad/s. Clearly, increasing ramp slopes caused 

unstable spinning displacements and velocities where high 

vibrational operations are expected at higher ramp command 

than 45 degrees [22]. Gradual increases are seen in spinning 

rates for the three scenarios.  

Table I shows statistics obtained from implementing RIFSF 

controller for three disturbances with ramp spinning 

commands of 15, 45, and 85 degree. Clearly, using a set point 

of 45 degree to command a spinning satellite under moderate 
disturbances seems reasonable in terms of deadbeat responses 

of zero steady state errors. The ramps of 45 and 85 degree 

slowly converged in comparison with 15degree ramp 

command due to the low rate of spinning observed due to 

those disturbances. The spinning response to 15 degree ramp 

was undervalued comparing with 85 degree.  

 

 
Fig. 3 RIFSF control for spinning satellite with disturbance rejections 

 

 
TABLE I 

COMPARISONS OF THREE DISTURBANCE RAMP COMMANDS 

Ramp slopes 

(degree) 

Responses 

(degree) 

Mean rates 

(degree/s) 

Convergence times 

(s) 

15 10.76 0.23 28 

45 45 1.03 52 

85 86.38 60.31 54 
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Fig. 4 Spinning satellite with disturbance elimination 

 

 
Fig. 5 Three ramp disturbances on spinning satellite 

 

IV. CONCLUSION 

A spinning satellite has been modelled based on external 

disturbances and successfully controlled by RIFSF for a 

deadbeat performance. Simulations are developed to on-line 
adjust gains to set point changeable characteristics in terms of 

environmental disturbances. RIFSF uses impracticable large 

gains for deadbeat tracking and for satisfactory agreements 

with calculations in terms of overshoot, rise time, settling time 

and steady state response. The satellite mass moments of 

inertia have played a pivotal role in ensuring the stability. 

RIFSF shows good robustness and stability margin for 

realistic environments.  

Reduced-order estimator may be used to confirm the 

selected root locations. For verifying the controller 

performance in terms of uncertainty, 𝐻∞ robust controller 

algorithm may be designed. 

APPENDIX 

M-file MATLAB® script used to produce this work is 

provided below 
clc 
clear all 
s=tf('s'); 
stepp=1;   % step input to check specifications 
rampp=0;   % ramp input to calculate actual angular velocity and 
acceleration 
stepp0=2;   % disturbance 

input=stepp0;   % rampp or stepp 
sl=tan(10*pi/180)  ; % slope of ramp input=sl/s^2:  sl<1 for small 
change with time & sl>1 for large change with time  
IA=1 ; % INPUT amplitude 1 degree   IA/s step input 
w=0 ;% uncertainty in PID; w=0 unbiased pid; w=0.1 10% 
uncertainty 

t_s=10000; % simulation time (s) 
mx_st=0.1; % maximum step time 
mn_st=0.01; % minimum step time 
i_st=0.01; % initial step time 
CG=180/pi; % Conversion gain from radian to degree  

Hs=1 ; % unity feedback gain 
wn=4 ; % play with undamped freq for optimal rise time 
(w=0.15&eta=0.9:stable step input),(w=0.5&eta=0.8:stable ramp 
input) 
f=wn/(2*pi); 
eta=0.9;   % play with damping ratio for optimal overshot and settling 
time 
ce=[1 2*wn*eta wn^2];%characteristic eq. of closed loop 

r=roots(ce) 
r1=r(1)  %characteristic eq. stable poles 
r2=r(2) 
p=[r1 r2] 
denn=(s-r1)*(s-r2) %characteristic eq. 
num=[0 0 1]   
denn=[1 -r1-r2 r1*r2] 
h=tf(num,denn) 

figure (1) 
rlocus(h) 
hold off 
% pole placement method 
Izz=5000 % moment of inertia 
A=[0 1; 0 0] % state matrix 
B=[0 1/Izz]'  % input matrix 
C=[1 0]  % output matrix 

D=[0] % transmission state matrix 
CM=[B A*B]   % controllability matrix 
OM=[C;C*A]   % observability matrix 
detCM=CM(1,1)*CM(2,2)-CM(2,1)*CM(1,2) 
detOM=OM(1,1)*OM(2,2)-OM(2,1)*OM(1,2) 
if detCM==0 
    disp('The state matrixes A and B are not controllable') 
     disp('The plant is not controllable') 
end 

if detOM==0 
    disp('The state matrixes A and C are not observable') 
     disp('The output is not observable') 
end 
N=[A B;C D]; 
IN=inv(N); 
Nr=[0;0;1]; 
Nxu=IN*Nr; 

Nx1=Nxu(1) 
Nx2=Nxu(2) 
Nx=[Nx1 Nx2]' 
Nu=Nxu(3) 
%convert state-variable to pole-zero form 
[zo,po,k]=ss2zp(A,B,C,D) 
%convert state-variable to transfer function form 
[nump,denp]=ss2tf(A,B,C,D) 

tf_p=tf(nump,denp)% satellite tf 
%K = place(A,B,p) 
K = acker(A,B,p) 
save('satelitte_linearmodel11_m') 
sim('satelitte_linearmodel11') 
load('result.mat') % load angular displacement 
r=t_s/mx_st; 
m=29 ; % number of points choosing by the user for compact plot 

n=length(ans) ;  % vector points 
rr=round((n-1)/m);  % points for plot 
%m=round(n/rr) % numer of points for plotting 
figure (2) 
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plot(ans(1,1:rr:n),ans(2,1:rr:n),'-o') % plot angular displacement  and 
reference INPUT 
hold on 
plot(ans(1,1:rr:n),ans(3,1:rr:n),'-s') 
xlabel('Time (s)') 

ylabel('Angular velocity (rad/s) & Angular acceleration (rad/sec^2)') 
h = legend('Angular acceleration (rad/s^2)','Angular velocity 
(rad/sec)',2); 
set(h,'Interpreter','none') 
hold off 
load('result1.mat') 
figure (3) 
plot(ans1(1,1:rr:n),ans1(2,1:rr:n),'-.')% plot displacement 

hold on 
plot(ans1(1,1:rr:n),ans1(3,1:rr:n),'-s')% plot input 
xlabel('Time (sec)') 
ylabel('Input & Angular Displacement (deg.)') 
load('u.mat') 
figure (4) 
plot(u(1,1:rr:n),u(2,1:rr:n),'-*')% plot controller u 
hold on 

load('NxK1.mat') 
%plot(NxK1(1,1:rr:n),NxK1(2,1:rr:n),'-o')% plot control gain 1 k1 
load('NxK2.mat') 
hold on 
plot(NxK2(1,1:rr:n),NxK2(2,1:rr:n),'+', 'MarkerSize',16)% plot 
control gain 2 k2 
hold on 
load('Nu.mat') 

plot(Nu(1,1:rr:n),Nu(2,1:rr:n),'̂ ')% plot control gain 2 k2 
load('K1.mat') 
hold on 
%plot(K1(1,1:rr:n),-K1(2,1:rr:n),'-s')% plot control gain 1 k1 
load('K2.mat') 
hold on 
%plot(K2(1,1:rr:n),-K2(2,1:rr:n),'-d')% plot control gain 2 k2 
xlabel('Time (s)') 
ylabel('State space based on reference controller gains') 

load('disturbance. mat') 
figure (5) 
plot(ans6(1,1:rr:n),ans6(2,1:rr:n)) 
xlabel('Time (s)') 
ylabel('disturbance') 
load('uncertainty. mat') 
figure (6) 
plot(ans5(1,1:rr:n),ans5(2,1:rr:n)) 

xlabel('Time (sec)') 
ylabel('uncertainty') 
hold on 
hhh = legend('u','Nx2*K2','Nu',6); 
set(hhh,'Interpreter','none') 
hold off 
load('error.mat') 
figure (7) 

plot(error(1,1:rr:n),error(2,1:rr:n))% plot error 
xlabel('Time (s)') 
ylabel('error (rad)') 
hold off 
%theta_z/input=(Nx1*K1+Nx2*K2)/(Izz*s^2+K2s+K1)    
OVERALL TRANSFER FUNCTION 
NUM_Overall_TF=[0 0 (Nx(1)*K(1)+Nx(2)*K(2))]; 
DEN_Overall_TF=[Izz K(2) K(1)]; 

Overall_TF=tf(NUM_Overall_TF,DEN_Overall_TF) 
[wn,eta,poles]=damp(Overall_TF)%natural freq.,damping ratio,roots 
overall system 
sys_chara=[eta ,poles ,wn];  %characteristic of controlled system 

disp(' damping ratio             poles        natural frequency (rad/sec)') 
disp(sys_chara) 
figure (8) 
rlocus(tf_p)   % roots locations of uncontrolled satellite 
hold off 

figure (9) 
rlocus(Overall_TF)  % roots locations of controlled satellite 
hold off 
% position error for step input 
if input==stepp; 
Mps=max(ans1(3,1:n));% MAX overshot simulation 
for j=1:n-1 
    if(ans1(3,j)==Mps)% MAX overshot simulation 

  Tps=ans1(1,j);   %peak time simulation 
    end 
     if (0.9*IA)<=ans1(3,j) && ans1(3,j)<=(0.98*IA)   % settling time 
simulation 98% final response (within +-2% final value)  
          Tss=ans1(1,j); % settling time simulation 
    end 
end 
POSs=((Mps-IA)/IA)*100 ;  % PERCENT OF overshot simulation    

for j=1:n-1 
    ydt=((ans1(3,j)+ans1(3,j+1))/2); 
    ydtt=ceil(ydt*2); 
    if ydtt==IA || ydt==(0.5*IA) % delay time 50% final response 
    dts=((ans1(1,j)+ans1(1,j+1))/2);    % delay time simulation (sec) 
    end 
end 
for j=1:n-1 

    if (0.75*IA)<=((ans1(3,j)+ans1(3,j+1))/2)&& 
((ans1(3,j)+ans1(3,j+1))/2)<=(0.86*IA)  % rise time 10% to 90% 
final response 
       yrt=(ans1(3,j)+ans1(3,j+1))/2; 
        Trs=((ans1(1,j)+ans1(1,j+1))/2);    % rise time simulation (s) 
    end 
     
end 
sys_chara2=[Tss, POSs, Tps ,Trs ,Mps ,dts];  %characteristic of 

controlled 2nd order system  
disp('simulation characteristics') 
disp('settling time   percent overshot  peak time rise time  peak   delay 
time ') 
disp(sys_chara2) 
for i=1:length(wn)-1       % use wn and eta from 2nd order system 
(dominant roots) in the analytical calculations 
if wn(i)==wn(i+1) & eta(i)==eta(i+1) 

    wn=wn(i); 
    eta=eta(i); 
end 
end 
for i=1:length(wn)-1   
if wn(i)~=wn(i+1) 
   p1=min(poles) ; % large poles as dominants roots of 2nd order 
system 

   p2=max(poles); 
   if poles(i)~=p1 & poles(i)~=p2 
       p3=poles(i); 
   end 
   p=conv([1 p3],[1 p2]); 
   damp(p) 
  disp(' no analytical characteristics') 
end 

end 
if eta <=0.7071 
wr=wn*sqrt(1-2*eta^2) ;% resonant frequency at peak 
else 
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    wr=NaN; 
end 
Ts=4/eta/wn;  % settling time 
POS=100*exp(-pi*eta/sqrt(1-eta^2));  % percent overshoot 
Tp=pi/wn/sqrt(1-eta^2);   % time-to-peak 

wb=(-1.196*eta+1.85)*wn;  % bandwidth freq. 
Tr=(2.16*eta+0.6)/wn ;   %rise time 
Mp=IA/(2*eta*sqrt(1-eta^2)); % peak amplitude 
T=1/(eta*wn);    %time constant of transient response time 
sys_chara2=[ Ts, POS, Tp, Tr, Mp, T, wr, wb]; %characteristic of 
controlled 2nd order system  
disp('analytical characteristics') 
disp('settling time   percent overshot  peak time    rise time   peak   

time constant  resonant frequency    bandwidth frequency  ') 
disp(sys_chara2) 
end 
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