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APPENDIX A

MODULATOR AND DEMODULATOR STRUC-
TURE

A.1 INTRODUCTION

In this appendix a discussion of an OM-OFDM modulator and OM-OFDM demodulator
structure will be presented. Throughout this appendix various figures (Fig. A.1 and Fig. A.2),
which represent the OM-OFDM modulator and OM-OFDM demodulator structure and the

subsequent positions there-in will be discussed.
A.2 MODULATOR STRUCTURE

As previously discussed, consider the discrete complex output bfpoint IFFT OFDM

signal, given by

m = — Y XN, n=0,1,.....N—1 (A.1)

N
_ AN L 2mk\ . (2mk Ao
— —Nk= (a+ ] k)-(cos<T)+jsm<T)). (A.2)
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Appendix A Modulator and demodulator structure

In Eq (A.1), Xk represents the complex signal, which may also be writteax asjby. This

signal may be modulated using the method which follows.

0 (my) 1 Nt (Znnk) : (ka)
Oy = = cos| —— | —bxsin|{ —— and A.3
in C N k:oak N k N (A.3)
O(my) 1 Nt (2Tﬂ‘]k) . <2T[nk)
Doy = = bycos| — | +asn| —— | . A4
2n = R &, Deoos( Ty ) i (5 (A4)

Here[l and0, refer to the real and imaginary parts of the OFDM message signelers
to a constant division term, whereds, and ®,, represent the equivalent discrete real and
imaginary OFDM phase mapping. The purpose of an OM-OFDM modulator is to transform

the incoming complex OFDM message signal into the signal shown below

cog 2rtfet + D4 (t) + Wos) — cog 21tfct + Do(t)) (A.5)

whereWqs is an offset term®;(t) and ®,(t) represent the equivalent real and imaginary

OFDM phase mapping. Applying the following identity [91]

cogz1) —cog ) = 25in<22521) -sin <21—|2-22) (A.6)
to Eq (A.5) results in
25in<¢2(t) — qzl(t) — %S) -sin <2thct + Pa() + w205+ cDZ(t)) : (A7)

In Fig. A.1, at(1) and (2), the incoming complex message signal is separated into its real

InputI R&S
Separation

+ cosl[.]

cos|.] e

sin[]

Output

I
DAC cos(2rrf t)
sin(2nfct)

sin[.]

Figure A.1: OM modulator structure
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Appendix A Modulator and demodulator structure

(Eq (A.3)) and imaginary (Eq (A.4)) components. Thereaf(3), the signal can be ex-

pressed adi, + Wos | Wheredq, = @ . Similarly, the signal at4) can be written as

(O (WhereCDz = @) . At (5), the signal can be expressed as(dng + Wos). Similarly,
at(6), the signal can be written as ¢d%;). In addition, at7) the signal can be represented
as sir{®1n + Wos) and the signal can be written as sii®y,). At (9) the signal can be

expressed as

cOYP1n + Wos) — cOP2n) (A.8)

5 Sin<¢1n+q"2c)s+ cDZn) sin <—¢2n+(§1n+q’,os) ‘

At , the expression can be written as

sin(®zn) — sin(®1n+ Wos) (A.9)
_ 5 Sin(—q)Zn‘H;ln‘Fqus) Cos(q)ln-i—q;)s‘F q)Zn) .

The subsequent signals are passed through a digital-to-analog converter (DAC). Thereafter

at@, the expression can be shown to be

) Sin(tbl(t) + Wos+ CDz(t)) din <—CD2(t) + ®1(t) + Wos

2 5 ) -cog2mft).  (A.10)

The expression @ can be represented by

o Sin<_¢2(t) +®+ Lpos) COS<CD1(t> + Wos+ Po(t)

2 2 ) -sin(2mfet).  (A11)

Thereafter the signals fro@ and@ are added to produce

P Sin(%(t) +L|';)s+ ¢2(t)) sn (—¢z(t) +<;1(t) + Wos

5 sin<_¢2(t> + c;l(t) + l'I"os) COS<CD1(t) + LIJ205+ Do(t)

) -cog2mfct)  (A.12)

) -sin(2rtfet).
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Appendix A Modulator and demodulator structure

Thereatfter it can be shown that Eq (A.12) simplifies to

cog21tfct + P4 (t) + Wos) — coq 2mfct + Pa(t)), (A.13)

which is exactly (Eq (A.5)) the signal that was required for transmission.

A.3 DEMODULATOR STRUCTURE

In Fig. A.2, the subsequent positions in the OM-demodulator structure are presentgd. At

F—— — — — — — —
M@Q |
|+ & |Output
| |
| |
| sin(2nt.1) ) T |
® © @) @)
| §:2vJoz(,B)sin(2nfct-0.5%5) ‘é_' 29 |
——————————————————————— J
Figure A.2: OM demodulator structure
in Fig. A.2 areceived OM-OFDM noise-free signal is given by
cog2rfct + @1 (t) + Wos) — cOg 2fct + Po(1)). (A.14)
Alternatively, Eq (A.14) may also be written as
. [ Dot) —Dy(t) - W . D1(t) + Wos+ Po(t
25|n< 2(t 21( ) Os) .sin <2Trfct+ () + 2°s+ 2( )). (A.15)

At (2), the signal can be expressed as

(zsin 22020~ Yer) i (g P20+t 2l

2 2
2sin( P2 = P1l) =Wos) (g PLU T Post Palt)
2 2
2
— (2sin( 22V =010 = ¥os) o, 2mft + Paft) + Post Pa(t)
2 2
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Appendix A Modulator and demodulator structure

= 1—cos(4Tfet + @1+ Wos+ D2) — coS(— P + P1 + Wos)
1 1
+§ cos(2Py + 4rfet) + > cos(4Tttfet +2P1 +2Wes) . (A.16)

The low pass filter (LPF), befor®), removes the high-frequency componentsf{4); this

results in
1—cos(—Da(t) + D1(t) + Wos) . (A.17)

A 4t order low pass Butterworth filter proved to be sufficient to remove these high-frequency
component signals. In addition, the delay introduced by the Butterworth filter needed to be

compensated for. A®), the signal can be expressed as
cOS(—Pa(t) + P1(t) + Wos) - (A.18)

The signal at4) undergoes an analog-to-digital (ADC) conversion. The signdatan be

written as
—®2n + D1+ Wos (A.19)

where®;, and®,, represent the equivalent discrete real and imaginary OFDM phase map-

ping. Thereafter &), the signal can be expressed as

sin <¢2” — P W"S) . (A.20)

2
At (7), the signal can be shown to be

1

sin (q)chDzlanos)

The signal at8), can be expressed as

(A.21)

(cos(2mfct + Pq (t) +Wos) —coS(2Ttfct + Do (1)) - sin(2mtfct)  (A.22)
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Appendix A Modulator and demodulator structure

1 . 1.
= 3 sin(4rtfet + P4 (t) + Wos) — > Sin (@1 (t) + Wos)

ST @y (1) + 5 Sn(@ (1)), (A23)

As previously mentioned the LPF removes the high frequenaf (% components of the
signal. In addition, the delay introduced by the Butterworth filter needed to be compensated

for. The signal af9) is written as
1. 1.
5 Sln(q31(t)+wos)+§ sin(dz(t)). (A.24)

Applying the following identity [91]

sin(z) —sin(z) = 2005( il er 22) .sin (Zl ; 22) , (A.25)

to Eq (A.24), this results in

Cos(tbl(t) + q>22(t) + LPos) &n (¢2(t) - d>21(t) - "’os) . (A.26)

The signal af9) is passed through an ADC. As previously mentioned the sigfaliat

1
. (A.27)
Sin (q)Zn—q)zln—qus)
At the signal is written as
COS(®1n+¢’22n+LPOS) .sin (q)an)ZlanOS)
(A.28)
sin <¢2n_¢21n—q"os)
o)
_ COS( 1n+q)2n+qus).
2
At @ the signal can be expressed as
P Wos+ @
in+ Yos+ 2n (A.29)
2
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Appendix A Modulator and demodulator structure

At @ the signal can be written as
®1n + Wos+ Don. (A.30)

At (5) and @ there are two equations (Eq (A.19) and Eq (A.30)), with two unkno®pns
and®, (Wosis known). To obtair13), Eq (A.19) and Eq (A.30)®) and(12) are added, this

results in
(—q)Zn + CDln + qus) + (q)ln + qus"’ q)Zn) - 2chn + Zqus- (A-31)

At , the signal can be written aB;, and at@, the real part of the message signal is
extracted. In order to extract the imaginary components of the message signal, Eq (A.30)
(@) is subtracted from Eq (A.19))), this results i, which can be shown to bef,,.
Thereatfter, a@, the imaginary part of the message signal is extracted. Both the real

and imaginary components fro@ and @ are combined to form the complex received
message signal seen.
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