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Abstract—Telecommanding enables the control of aiteh vehicle
during the flight. The Command system uses FM madtidn on a
UHF-Band link. In this paper, an FM demodulator bas on
CORDIC algorithm is presented. CORDIC is an effiaie method
which provides iterative solutions for trigonometti hyperbolic,
arctangent functions etc.

Keywords—FM  demodulation,
MATLAB

CORDIC, telecommanding,

l. INTRODUCTION

The purpose of the telecommand system is toesas a
primary control link between ground station andcgpeaehicles.
It plays a vital role in telecommunicating the infation
necessary to the success of a space vehicle'somisshich
cannot be loaded into the space vehicle, prioatadh.

Many commands are necessary to the routineatiperand
control of spacecraft functions. Some are meantcfanging
mission emphasis if unusual or unexpected conditi@me
encountered. Some others are required to correctethatic
operations or partially salvage the mission if suaaft failure
modes occur. Usually, all of the commands will fallo two
categories (1) the real time (RT) commands for cviity
scientific experiments and inhouse subsystems (GR)O
activating deployment mechanisms, terminating thghtf in
case the launch vehicle fail posimanger to the safety of the
people and (2) the data commands for initiating itakb
manoeuvres and remote programing of spacecraft ctarg
While the real time commands constitute definitedvpatterns,
adata command can have any pattern.

Command systems are characterised mainly bypdheer of
commands that they are capable of handling. Thypest of
command systems are in use in space vehicles. ateyone,
tone-digital, and digital command systems. Earlglites used
tone command system or tone digital command sysBerth the
systems are prone to transmission errors and hiavied
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handling capacity of RT commands. Typical spacécuif
present day requires commands of the order of onéwbd
thousand. Digital command systems have the capahil
supplying large number of commands at a high conthrate.
This system is amenable to incorporation of errontol
techniques for guarding the commands against irdiwreors
and scrambling techniques for maintaining privacy.
Telecommanding is a digital communication procésgieneral
model of TC system comprising of two segments,

namely, ground and on-board is shown in Fig. 1.
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Figure 1. General model of TC system

Modulation technique used for telecommandm§requency
Modulation (FM).The design and operation of a comda
system is influenced by the need for high accurangd
reliability . Accuracy is measured by the systemfslity to
receive commands without error or at least wittia limits of
some prescribed error probability. It is a functioof
communication link capabilities as well and limitats, and
channel noise.

In this paper, an FM demodulator based on DB@R
algorithm is presented. CORDIC which stands for idomte
Rotation Dlgital Computer was introduced by Jack Volder in
1959[1]. Initially it was used to calculate sinedamosine
functions. It is a hardware efficient algorithm whiuses only
shift and add operations. In systems where muttiitbhn and
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division are computationally expensive operationd enemory
is limited, CORDIC algorithms are very useful.FM dodation
basics and FM Digital receivers are discussed enti&n Il
Section 1l discusses implementation of CORDIC alhon
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The cosine mixing term and sine mixing terra aultiplied
with the incoming FM signal. Both mixers oscillaé the FM
carrier frequency w The total mixing operation produces a real
(in-phase) and imaginary (quadrature-phase) baseban

based FM demodulator in MATLAB. Section IV shows component. Adding the in-phase and quadrature-phaseband

simulation results.

1. FM MODULATION AND DIGITAL FM RECEIVERS

A. FM Modulation
Let the message signal and carrier signal be,

Xm(t) = Am Sinont 1
Xc(t) = AcCcost 2

then frequency modulated signal is given by,
y(t) = Ac cos(2ft + 2.k | xm(t))dk) (3)
[ Xm(T) dt = Ay cOS(20Ft) 1200, @)
where K is the maximum frequency deviation

y(t) = Ac cos( 21ft + k Ay, cos(20fpt) /120 Fy)
= Ac cos(2ifct + Bcos(21ft) (5)

Wherep is the modulation index given by,

B= k/n (6)

B. Digital Telecommand Receiver

Frequency modulated signal is received by éhecommand
receiver. It is a double superheterodyne recei&éer passing
through RF and IF stages, FM signal is down comgeto an
intermediate frequency of 10.7MHz. Conventional etypf
telecommand receivers used analog FM demodulaiigstal
signal processing can offer moresystem flexibility,
programmability & easy upgrading than fixed anakygtems.
Therefore analog IF signal is sampled and a compéseband
FM signal is generated out of it. Complex dataeseyated by
mixing the FM signal with a cosine and sine locstibator as
shown in the Fig. 2.
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Figure 2. Generation of complex baseband FM signal

components results in the complex baseband FMIsigna

| = #2{Re (]} )
Q= i#e{im[e"“]} ®)
Complex baseband FM signal is given by,
y(t)fm-baseband: AC/Z{ Re [ é.y(t)] +j Im [ ejy(t)] } (9)

This complex baseband signal is used for Fiabulation.
Basic idea behind all FM demodulators is to extragwse from
the modulated signal and then differentiate for beovery of
original message signal.

1. CORDICALGORITHM

CORDIC algorithm translates a point along a wiitle to
implement various trigonometric and hyperbolic flimas.
These functions corresponds to mapping betweerangatar
and polar coordinate systems. It has two operatimgdes
namely Vectoring mode and Rotation mode[2]. Vecipnnode
converts a vector from Cartesian coordinate systenpolar
coordinate.

x=Rdbs (10)
y=Rsin (1)
o=tan*(y/x) (12)
RZwy)" (13)

These are classic equations for translation betweetangular
and polar system. For FM demodulation vectoring enad
CORDIC algorithm is used.

Consider a point {(xyy,) offset from x-axis at an angke A
new point (¥.a,Yina) Can be created by rotating the initial point
around unit circle by an angbe

e R cos (14)
in¥= R siru (15)
¥ = R COSQ+a) (16)
ida = R sinQ+o) (17)

using trigonometric identities,

#a= R [co®t cOD - sinu Sin 0] (18)
$ha = R [Sim coP + cos Sin 6] (219
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from above equations, Figure 3 Rotation of a point about a circle
hal = Xin COS) - Yin SING (20) IV. SIMULATION RESULTS
el = Yin COD + X, SINO (21)

The proposed FM demodulator was tested & verifisthg
MATLAB software from Mathwork. An FM modulated sighis
generated with.f = 15KHz and §= 400MHz. At the receiver,
. . . FM signal is downconvertetb 10.7MHz. It is then sampled and

if coordinates x and y, are known and if @ai¥ina) = (R.0)  mixing is done to generate complex baseband FM akign
angle swept will be equal t6. This is rectangular to polar pemodulation is done using CORDIC algorithm. A lagktable
conversion[2]. In case of complex baseband FM s$jgrtaeach  containing arctan values is created and numbeextions taken
sample point let, as N = 40. At the demodulator output a smoothefimg pass

Xin = in-phase component (1) filter is also provided to remove spikes and spugicomponents.
¥ = quadrature phase component (Q)

msg signal

The vector is then rotated untif,y = O in a series of angle
steps®; that when summed give® (phase of the vector) as
shown in Fig. 3. Thengx, gives the magnitude.
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I signal
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! i Q signal
ta= £ 2 (22) 771 T T T T T ]
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Wheq +2 is used, rotation will occur in a cognter-clockvylse 2 e o 20 25 ‘350 T T——.
direction. When — 2is used, rotation will occur in a clockwise demodulated signal

direction.
Iterative rotation is expressed as,

! ! ! ! ! ! ! !
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i & —sgn(y) (23)
_ Figure 4.  MATLAB Simulation Results
X=X —-qy 2 (24) _ .
wy=vVi+dx 2 (25) Comparison of input SNR versus output SNR plotG@RDIC
+z= 7 — d atan(2) (26) based FM demodulator, arctan FM demodulator [6] and

baseband delay FM demodulator is shown in Fig. GBRDIC
Here (%Yo =(,Q) and 3 =0. After a number of iterations, Pased FM demodulator provides acceptable valu&Nét than

number of subrotations (N) becomes large, arctan demodulator. Frequency spectrum of the same
yn—0, Zy - atan(y/xo) and x = (+y?) Y2 K. demodulators are shown in Fig. 6. CORDIC based detators
where K = cos( atan( 2)). has very less harmonic distortion compared to dilier
zy will give phase of the vectd. Original message signal can
be retrieved by differentiating phase of the signal 2s

Y
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Figure 5.Input SNR Vs output SNR

baseband delay arctan algorithm cordic
T

Figure 6.  Frequency spectrum of three diffeFvitdemodulators

V. CONCLUSIONS

Based on the CORDIC algorithm, a digital FM demati has
been introduced. This method is based on quadrature
demodulation and is suitable for integration in itdig
telecommand receivers. MATLAB simulation result®wh that

this FM demodulator gives acceptable performanctims of
SNR and harmonic distortion.
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