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Abstract: An Attitude control system plays the important role to maintain the satellite to desired attitude
orientations. The intended application of NANO satellite in low earth orbits (LEO) helps find transient
responses with and without controllers. LEO satellites typically orbit at an altitude ranging
between160-2000 km. LEO satellites are widely used for remote sensing, navigation, and military
surveillance applications. The Nano NPSAT-1 satellite attitude control systems (ACS) are described in
this research work. The high pointing accuracy attitude estimation and feedback control systems are
presented. The design specifications have been taken to meet the accuracy requirements (desired value
< 0.2 seconds) of Nano satellite attitude control. The feedback signal from on-board sensors compared
with reference orbit trajectory and implementation of the Proportional Derivative (PD) controller is
constructed. An algorithm of Nano satellite (NPSAT-1) attitude control is implemented using MATLAB
Tools. In addition, the closed loop poles help find the gain of the system using Root Locus (RL) methods.
The satellite control system is used to improve the transient response like overshoot and settling time of
the system. Thus, the design of attitude control to improve the rise time, the settling time, the maximum
overshoot, and no steady state error was carried out.
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1. INTRODUCTION

The Attitude Control System (ACS) is important to maintain the satellite into
prescribed/determined orbit from perturbed/disturbed orbit. The attitude (Roll angle, Pitch
angle, and Yaw angle) of satellite changes due to the orbital perturbation. It is mandatory to
control & correct the attitudes of the satellite into the actual orbit [1], [2]. This paper presents
the design of the attitude controller for NANO satellites as given below
o NPSAT-1 Satellite

The controller used to reduce the oscillation due to the perturbation forces affects the
attitude of the satellite.
The effects of satellite dynamics without controller and with controllers are compared.

@Assistant Professor Dr.
bProfessor Dr.

INCAS BULLETIN, Volume 12, Issue 1/ 2020, pp. 145 - 156 (P) ISSN 2066-8201, (E) ISSN 2247-4528


mailto:mraja@ddn.upes.ac.in
mailto:omprakash@ddn.upes.ac.in

M. RAJA, O. PRAKASH 146

Controller motor

QHQ-JITO E{s): Designed U(S}_F_ Amplife '""3[9]; Dc T{S)_; Satellite system gﬁ(s}.

Fig. 1 Satellite Attitude Control System [3]

The design of Proportional — Derivative (PD) controller has been introduced for various
transient responses of the NANO satellite attitude corrections. Figure 1, shows the satellite
attitude control system, with actual attitudes measure by Gyros, which can be compared with
reference attitudes [3]. The comparator produces the error signals E(s) fed to the controllers.
PD controllers are introduced in the satellite control system. The steady state is settled exactly
at 1 (zero steady-state error). Hence, there is no need for integral control. The PD controller
generates the Armature voltage (Va) supplying the DC motor to control armature current (1)
in the input circuit. The DC motor acts as an actuator, DC motor output is Torque (T). The
armature coil consists of shaft used to drive the load. The Attitude determination and control
system (ADCS) has considered the satellite inertia load [3]. In the input circuit, due to variation
in the armature voltage, the output circuit of satellite inertia (Load) induces the angular
velocity (®). This angular velocity has generated, because of the mutual inductance in the
secondary circuit. In secondary coil is induces the back-e. m. f (b) due to the changes in the
current in the primary coil. The torque is inversely proportional to the armature current shown
in equation (1)

T=Kl, 1)

K=Torqueconstant; T o I,

Fig. 2 Armature controller DC motor [3]

Figure (2) shows the armature-controlled DC motor, where Rais armature resistance, La is
armature inductance, Vypis back e. m. f voltage, J is the moment of inertia, b is the back e. m.
f constant, Itis field current [3]. The magnitude of back e. m. f voltage is opposite to the input
voltage.

Vr=Kk ® 2

Hence, equation (2) the angular velocity is inversely proportional to back e. m. f voltage. The
back e. m. f is expressed as V/(Radian/Sec). In the proposed design considered back e. m. f.
constant is 0.85. In ACS, V,, = 0.85 V generates the angular velocity o (1 Radian/Seconds).
The one Ampere current (1) produces the torque 0.85 (Nm). Since, the torque is proportional
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to the armature current. This is highly used to control the attitudes of Nano satellite [4]. The
transfer function of armature-controlled DC motor is given in equation (3)

T(s) _ K
Va () - L, s+R, (3)

Table 1. ACS DC Motor design Parameters [3]

Parameters Value
Torque constant, K 0.85
Armature Inductance, L, 0.003H
Armature Resistance, R, 1 Ohms (Q)
Back e. m. f. constant, b 0.85

Table 1 shows the ACS design parameters; the sensitivity of Gyro is (V/ (deg/Sec). In
order to measure the actual attitude from satellite the Gyro gain chosen is one. (Gyro Gain =
1). The second order characteristics equation is consider for satellite attitude dynamics. The
Nano-satellite time domain transient response signal has reached the maximum value. The
transient response of satellite such as rise time, overshoot, settling time has improved with
controller [4]. This control torques is use to stabilize the orientation of a satellite into actual
path in orbit [5].

2. LITERATURE REVIEW

A perturbation is a deviation from some typical or expected movement. These irritations, or
varieties in the orbital components, can be arranged having in view how they influence the
Keplerian components. In orbit, the common varieties in the component, brief period varieties
are occasional in the component with a period no greater than the orbital period. The satellite
orbit changes due to the perturbation forces affecting the highest pointing accuracy attitude
control and the determination system, which is used to keep the satellite into the predicted
trajectory. The attitude control design needs a suitable controller to trigger the actuator for the
required demands. At LEO, satellite control relies on magnetic torquers, which can interact
with GEO (Earth) magnetic field as the resultant torque is used to control the Nano or Small
satellites. Fischell, R. E, (1963) “Passive Magnetic Attitude Control for Earth Satellites”,
Advances in the Astronautical Sciences, Volume 11, Western Periodical Company
Hollywood, Calif. The research worked on the vertical stabilization scheme, which has been
incorporated in the low earth orbit [6]. The research discussed about the satellite attitude
control using magnetic actuator (or) magnetic torquers in low earth orbiting satellite. The
magnetic torquer consists of solenoid coil, the current ‘I’ in the coil produce the magnetic flux
that interacts with GEO magnetic field vectors. The research work, how this magnetic field
generates the control torque to controlling the satellite with suitable algorithm/control laws
[6]. The attitude control system of small satellite relies on magnetometer signal. WH Steyn,
(2001), “Comparison of Low-Earth Orbiting Satellite Attitude Controllers Submitted to
Controllability Constraints”, [7]. The works present the magnetic torque control of the satellite
dynamics. The attitude control is introduced mainly in the satellite orbital plane not only in the
equatorial plane. The work has further proposed that the magnetic field can be taken as
periodic changes in the earth’s atmosphere. The stabilization platform is achieved by the
magnetic moments produced by the satellite body, which, consists of magnetic torque rods.
This field interacts with a GEO magnetic field and produces the control signal to the actuator.
In the orbit, Dipole is considered as a non-rotating platform with the combined earth magnetic
field [7]. By applying the above-mentioned theory on the stabilization of small/Nano satellite,
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the attitude control is achieved by magnetic torques or magnetic moments. Jonas Elfving,
(2002), the author of “Attitude and Orbit Control for Small Satellites”, presents various sensors
and estimations, which are used to predict the satellites current position, velocity, attitude and
angular velocity [8]. The current work discusses the designs pointing accuracy of a satellite
when using different sensors and actuators so that a craft does not get too expensive. The work
based on experiments analyzed the satellite minimum solar radiation pressure at higher
altitude, which has more effect on satellite, but influences aerodynamic drag that we have
discussed in the atmospheric drag [8]. The orbital elements in the satellite change due to the
periodic variations in solar pressure. For calculating the radiation in solar pressure, it is more

important that the satellite focus on the SUN.

The design the Nano satellite attitude control transient response of using PD controllers.

3. METHODOLOGY

Defining the desired control system
specifications (fransient responss)

.| Finding the dominant pole for
- the desired specification
Finding the
compensator‘controller .
I
pole andfar zero ‘Actual attitude
(Pitch, Roll, Yaw)
+
ef. Aftitude
Finding the loop gain of the
overall control system Generates the
contral signal
-
Werify the response through simulatior
Select the satellitz parameters Stahilize the
satellite In to
(pass Ly L) desired attitude
[

Fig. 3 Flow chart for design of satellite attitude controller

Discussed Control System Design Response Specifications:

Settling time < 0.2 seconds,
Improve the Peak time, Rise time,
Reduces the overshoot (Damping),
Zero steady state error.
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4. DESIGN ALGORITHM FOR PD CONTROLLER

The Proportional-Derivative (PD) controllers has been introduced for Nano satellite/plant
attitude control. In flowchart (See Figure 3) illustrate a design steps of PD controller.

Theoretically, the damped frequency of oscillation is wa = @n+/1 — 2, wy is the natural
frequency of oscillation (rad/ seconds). The plant is referred as satellite dynamics. PD
controller proportional gain K, and derivative Gain Kgq in the system [9]. The design of satellite
control systems consists of two parts, one is Attitude determination (AD) another Attitude
control (AC). The satellite subsystem is used to determine the attitude, predict the future
attitude, and control the attitude of satellite. This paper includes the attitude control parts of
the Nano spacecraft/satellite attitude corrections [10]. The main part of ADCS is actuator and
spacecraft dynamics, controllers and attitude sensors. The satellite attitude sensor such as Gyro
is used to determine the actual attitudes. The satellite reference input signal is compares with
feedback signal from the attitude sensor. If there is any variation in the feedback signal with
respect to reference/pre-determined attitude, then initiate the actuator to generate the control
torque/forces. The damping ratio is desired types of oscillation. The first part of equation
Jwntjwq indicates the real value; second part indicates the imaginary value. As per the design

specification the settling time less than 0.2 seconds is calculated by {wn = L 20 [9].

02
tan (34.3) = ;—8 = wg=13.64
Imaginary axis
Desired .
dominant pole Moment of Inertia of NPSAT-1
24.67 0 0
@y =[ 0 2263 0 |kg-m?
0 0 11
343 deg
1 Real axis
k L =207

Fig. 4 Location of S-Plane

To determine the imaginary part value it is required to find the angles from closed dominant
pole, therefore draw the line from closed dominant pole to origin of the s-plane (or) frequency
plane. ® = cos? () = cos (0.826) = 34.3 as shown in Figure 4 (Here, for design point of view
the overshoot percent is taken as 1% (equal to a damping ratio of 0.826) [9].

Various steps to be followed for design of Attitude controller

STEP 1. Define the desired control system specification (transient response and steady-state
error).

STEP 2. Find the dominant pole for the desired specifications.

STEP 3. Design the compensator/controller pole and/or zero.

STEP 4. Calculate the loop gain of the overall control system.

STEP 5. Verify the response through simulation.

An algorithm of Nano satellite (NPSAT-1) attitude control is implemented using
MATLAB Tools. In addition, the closed loop poles help to find the gain of the system using
Root Locus (RL) methods. The design simulation considered such as Satellite Attitude
determination (SAD), Satellite Attitude Prediction (SAP), and Satellite Attitude Control
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(SAC). The SAD is the process of computing the orientation of satellite with pre-determined
point accuracy from on board sensors. The SAP is the process of estimating the future attitude
of the satellite model. The SAC is the process of controlling the orientation of the satellite.
Table (2) shows the design parameter of Nano satellites considered for simulations [11].

Table 2. Design parameters for Nano satellite attitude control

NPSAT-1

Satellite Details

550 km altitude, Low Earth
circular orbit (LEQ)

0.0011068 rad/s

Altitude

Orbital angular

velocity, Q
Ixx 24.67 kg-m2
lyy 22.63 kg-m?
Iz 11 kg-m2

Attitude Control: NPS Aurora Satellite (NPSAT-1)

The principle moment of inertia of NPSAT-1 satellite is [24.67, 22.63, 11] kg-m?. The angular

velocity of the satellite is 0.0011068 rad/s at 550 km Altitude [12]. The closed loop response
of roll attitude dynamics is f—((ss))

The input of the model is torque and output is actual attitudes (Roll angle, Pitch angle,
and Yaw angle) of satellite [13]. The sensitivity of Gyro is (V/(deg/Sec).

For getting the actual attitudes from model, the feedback signal is compared with
predetermined attitudes. The errors signal as generated from comparators and transfer to

Armature control DC motor. The DC motor acts as an actuator.
NPSAT-1 Roll attitude control system

The comparison of reference roll and feedback signals measured from Rate Gyro’s (RG)
produces (Ref. from figure 1) the errors in the system. The errors are minimized from
controllers and generate the control torque to the satellite dynamics.

As per the design, specification of NPSAT-1 settling time is < 0.2 seconds and the
considered, closed dominant pole is —20+13.64j. The error signal is expressed in e (t), Satellite
input/reference roll signal (¢rer) iS expressed in degree. The output of the satellite system is ¢

®.
I Vin Tin - o
I g Kp 0.85 N 0.04 ¢ K
i 1
i " 0.0035+1 s+004 s
Reference roll angle dc motor armature  Spacecraft with inertia Actual roll angle
Kd 0.85

Back emf constant
PD controller

Fig. 5 NPSAT-1 Roll attitude control system
The step response of the roll attitude transfer function without controller given below.
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NPSAT-1 Roll Response without controller

16— T T T T T T
: System: cl2
141 i Peak amplitude: 1.55 b
! Overshoot (%): 55.1
12 : At time (seconds): 17.4
i System: cl2
1 -
@ ! !
El i y i
Z ggli | System:cl2 i |
g ’ : ERiselime (seconds): 6.5 :
< i
06 fi i i b
[ !
[ !
04 H ! ! 1 i
[ !
[V !
o !
02l i i i 1
bt !
I 1 1
i il 1 1 | 1 i 1 |
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Time (seconds}

Fig. 6 NPSAT-1 Roll attitude response with step command

Figure 6, clearly shows the damping of the roll attitude system overshoot that is of is 55.1%.
The oscillation gradually reduces with settling down at time 108 seconds (we need to reduce
it to < 0.2 seconds). The system does not have steady state transient response errors S0, the
Integral (1) controller is not required [12].

The NPSAT-1 roll attitude dynamics clearly indicates, that there are three poles in the
dynamics, namely, one on the origin of the s-plane, another is -0.0639 and -333.264 to find
the angles 01, 8, and 83 from closed dominant pole to other poles and zeros. There are no zeros
in the pole-zero plots. This method is used to design the PD compensated controller by using
root locus analysis and find the zero location. For, finding the PD controller zero (z), the line
is connected from complex pole to pole at the origin and pole at -0.0639 and -333.264. Let us
assume the complex pole considered as ‘A’ [13]. The angles from the complex pole (Equation
4) A = 180° — (summation of angle measure from complex pole to other poles) + (summation
of angle measure from complex pole to other zeros)

A=180- (6, + 6, + 65) )

w Imaginary axis -

closed dominant pole Dominant Pole

13.64

118 807 I St

8 ST ul
-313.264 00830 o : PD Controller's Zero o
Real axis
o = 7
w
Fig. 7 CDP to Other Poles Fig. 8 PD Controller
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6, = 180 - [tan-l 5] = 145.7°
20 ||
_ _ _1 [ 1364 _ o
9, = 180 [tan [—20_0_0639” = 145.614 (5)
05 = [tan-l ||| = 2493°
—333.264—201 |

We substitute the Eqn. (5) angles from closed dominant pole (CDP) to others poles 64, 6,,
and 65 in equation (4) = 180 — (145.7 + 145.614 + 2.493) = -113.807°. Now, we find the PD
compensated zero from Figure (8) from angle measured from complex pole A (-113.807°).

Using the geometry shown in Figure 8, tan (180° - 113.807°) = 2103_624 To design the PD

compensator zero (zc) from above geometry we calculate the value —13.98. Now, the PD
controller dynamics is K (s + 13.98). The K is the loop gain [14]. Since the system has three
poles, so there are three root locus; one travels from origin to negative real axis, another two-
root locus start at -159 + 108i (Break in point) then, travels perpendicular to the real axis.
Figure (9) shows, that the NPSAT-1 Roll Root Locus response indicates a gain of 3700 at
overshoot (1%),while the damping ratio, & is 0.826, undamped natural frequency, w,, is 192
(rad/Sec). Here, we considered one percent overshoot (1%) a damping ratio equal to 0.826 to
calculate the angle from given equation (5)

® =cos™ (¢) = cos™ (0.826) = 34.3° (6)

Draw the straight line at angle 34.3° from origin left of the s-plane, when this line is crossing
to RL at pole -159 + 108i record the loop Gain as per damping ration 0.826.

System: o

NPSAT-1 Roll RL Response Pesk amplituda: 1.11 NPSAT-1Roll Response with PD-compensator
Overshoot {%): 112 .
e 0. |01 0@ 0% ] Hlime sens) 00251 : ‘ ‘
B S M e [ = System: &3
w0 fT\-\\ Seiting ime (secondsf 0,129
: Syseml ‘ B e iy
Gain 37e+03 i i
Lt Poie: -159 + 1081 1
e Damping: 0.626 ysla
2 o 098 Overshool 5} 1 1 08t | Riseum
5 | Frequency [radis} 152
g
g« g
T [0 :
% 2
< £
<
g W Wm0 5w mw ) \/\ | !
5 \J 045
T i - 1
E 2 i
. 09% , 3 i }
“ 1 021 i
/.
£0 P
bt 0% 082 038 07 036 035 b
. I . 1L e . glii \ . i . . .
a0 %0 20 w0 00 & 0 0 005 01 015 02 025 03 035
Real Axis (seoonds"] Time (seconds)
Fig. 9 NPSAT-1 Roll RL response Fig.10 Response with PD

The MATLAB Simulation for closed loop system includes the DC motor dynamics of
satellite roll dynamics and PD compensator. As per the design specifications the considered,
system settling time is (< 0.2), the system responses after implementing the PD compensated
controller is 0.129 sec, the rise time is 0.0106, the overshoot is improved by 11.2 %, and the
peak time is 0.025 with 1.11 peak amplitude were achieved. The NPSAT-1 SIMULINK
responses of the roll attitude control diagram is shown in Figure 11. This model includes the
dynamics of armature-controlled DC motor cascade with spacecraft inertia considering the
back e. m. f. constant 0.85. To introduce the PD controllers K (s + 13.98), K is 3700 loop gain
calculating from Root locus analysis. The input step signal has considered for satellite control
model. The variation in transient response output are measured from scope block. Figure (11)
shows the NPSAT-1 Roll response without controller; one can notice that the peak amplitude

INCAS BULLETIN, Volume 12, Issue 1/ 2020



153 Design of High Pointing Accuracy NPSAT-1 SAC of Armature Controlled DC Mator with PD Controller

occurs at 18 seconds peak time [14], [15]. In addition, the response settles down at settling
time 108 seconds with zero steady state errors.
NPSAT-1 Pitch attitude control system
6 (s)

The closed loop response of pitch attitude dynamics is given by Gy
y

Vin ] a
ORI :D O '{;Emz d

de molor MBI Snasaceatt with inarlia

W

Referenca pitch angls | ‘ Actual Pich ange

1]

Kid

085 ]‘

PD controller Back end constant

Fig. 11 NPSAT-1 Pitch Attitude Control

The NPSAT-1 pitch attitude step response is shown in figure (11) without controller is given
below. Figure 12 (a) clearly shows that the damping of the roll attitude system has more
overshoot as 53.2%. The oscillation gradually reduces with settling down at time 102 seconds
(we need to reduce it to < 0.2 seconds) [15].

ystem: 3
NPSAT-1 Pich Response without controller kg 1 NPSAT-1 Pith Response wilh PD.compenszlor
16 ; ; ; — asto (- 112 ; ; ; ; ;
........ e seounds}, 00264
ﬂ z e et System: o3
| i Sysemel ] ﬁ\ Setng ime (secends} 0129
14 / { Peak ampliue: 153 L] ’
| { Overshonl (%) 532 Teed , S
| Attime (seconds): 17 | y | i
t2r AN i
i \‘ /\ Syslem: o2 “‘. System: o3 i
1 i L) Setling time (seconds: 102 _ __ U8 T i Fise e seconds 00105 §
Tt b e i fi i
| | i I
R | § |
Epgli | Sypemc ! gl ] i
E : ‘\%Riselime(secnnds)csz : g :‘: : :
< il i <l i
06T i i i i
i i 041 1 i
i i i i
paf|t i i i
i i i !
[ | ol I
i i A i
026 0 i i [ 1
[ i i i
| i I i
Ui i ‘ ‘ ‘ i ‘ Pl - ‘ ‘ ‘
0 ®m & ®  ® W W %0 O s 0 M5 02 05 03 0%
Time (seconds) Time {seconds)
(@) (b)

Fig. 12 NPSAT-1 (a) Without controller; (b) With PD controller

The steady state has settled exactly at 1 (zero steady-state error). Hence, there is no need
for integral control. The NPSAT-1 roll attitude dynamics clearly indicates that there are three
poles in the dynamics : one on the origin of the s-plane, another is -0.0761 and -333.2572
finding the angles 01, 62 and 03 from closed dominant pole to other poles and zeros [15]. There
are no zeros in the pole-zero plots. This method is used to design the PD compensated
controller by root locus analysis. Figure 12 (b) shows the NPSAT-1 pitch response, as per
design specifications Settling time 0.129 Sec, Rise time 0.0106 Sec, Overshoot (%Mp) 11.2
%, and peak time 0.025 Seconds at peak amplitude 1.11 were achieved.
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NPSAT-1 Yaw attitude control system
Y (s)

The closed loop response of yaw attitude dynamics is given by o)

I Vin ™ ¥ L

I . Kp ] 085 | | 009 J1 O
= + 0.003s+1 5+0.09 5
Reference Yaw angle de molor armature Spacecralt with Inerlia Aclual Yaw angle
A
A
Kd 0.85
PD centroller Back emf constant

Fig. 13 Dynamics of Yaw attitude control system

Figure (13) shows the NPSAT-1 Yaw attitude step response of the transfer function
without controller given below.

Syslem )

NPSAT-1 Yaw Response without controller Peakampliute: 111 NPSAT-1 Yaw Response with PD-compensator
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(a) (b)
Fig. 14 NPSAT-1 (a) Without Controller; (b) NPSAT-1 with PD controller (Yaw)

From Figure 14 (a), it is clear that the damping of the yaw attitude system has more overshoot
as 40%. The oscillation gradually reduces with settling down at time 49.9 seconds (we need
to reduce it to < 0.2 seconds) [16]. The steady-state has settled exactly at 1 (zero steady-state
error). Hence, there is no need for integral control. As per the design, specification of NPSAT-
1 is settling time is < 0.2 seconds at closed dominant pole occurs at 20+13.64j. To design the
PD compensator zero (zc,) from the geometry we calculate the value —14.014. Now, the PD
controller dynamics is K (s + 14.014). The K is the loop gain. The loop gain found from the
root locus at 1% maximum overshoot is 1650. Figure 14 (b) shows the NPSAT-1 yaw attitude
response with PD compensator. This includes the dynamics of satellites and orbital
perturbation at the low earth orbiting satellite.

Table 3 shows a comparison between the Nano satellite attitudes (Roll, Pitch, Yaw)
transient response of control system for NPSAT-1 without controller and with PD
compensated controller.
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Table 3. NPSAT-1 Nano Satellites Attitude Responses

Roll Attitude Dynamics | Pitch Attitude Dynamics | Yaw Attitude Dynamics
R Without With Without With Without With
Specifications
controller | controller | controller controller controller controller
Rise time (sec) 6.5 0.0106 6.2 0.0106 4.7 0.0106
Overshoot (%) 55.1 11.2 53.2 11.2 40 11.2
Settling time (sec) 108 0.129 102 0.129 49.9 0.129
Peak time (sec) 18 0.025 8 0.025 12 0.025

NPSAT-1 Satellite Transient Responses

W Without Controlier

Overheot{8] Ko lime [Ser]  Semting Tiemefie]  Peak Timefsee) K 1

Roll Attitude Dynamlcs

e (Sax]  Setting lened ] |m|-..,. tweshost ]

PItCh Attitude Dynamlcs

Hie Time (iex]  Setting limoiee]  Peak Fimefe)

Yaw Attitude Dynamlcs

Fig. 15 NPSAT-1 Satellite Transient Response (Comparative analysis)

Thus, PD controllers has introduced K (s + 14.014), where K is the loop gain calculating from
root locus analysis as 1650 at 1% overshoot. The oscillation of satellite due to the perturbation
forces measured different time domain specification and variations in maximum overshoot
expressed in (%).

This indicates the damping of actual to the critical value [17], [18]. As per the design
specifications, settling time is less than 0.2 sec, after implementing the PD controller in the
feed forward loop, the settling time 0.129 Sec and Rise time 0.0106 Seconds.

6. CONCLUSIONS

The NPSAT -1 design parameters are [l = 24.67 lyy = 22.63 I, = 11] kg-m?, Q = 0.0010239
rad/s (at 550 km Altitude) Low Earth circular orbit (LEO). The compared responses of satellite
with controller gain K value 3700 for NPSAT-1 LEO satellite are shown in Figure (15) where
the outputs transient response of Nano satellites (NPSAT-1) analysis of without controllers
and with PD compensated controller were compared. It is noticed that attitude responses of
Nano satellite without controllers has large overshoot and settling time (NPSAT-1 is %Mp =
55.1%, & ts = 108 seconds).

The PD controllers has been introduced in the forward loop of satellite dynamically. It is
uSsed to increase the transient response (Overshoot and Settling time) of the system. The
output responses of Nano satellite after implemented PD controllers of NPSAT-1 is %Mp =
11.2%, & ts = 0.129 seconds.

The Nano satellites comparative analysis with PD compensated system has achieved as
per the design specification, settling time < 0.2 seconds; the NPSAT -1 Nano satellites output
attitude transient response meets the design requirements.
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