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Time Domain vs. Frequency Domain
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Time Domain vs. Frequency Domain
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Discrete Fourier Transform

A The Discrete Fourier Transform

Fourier analysis is a family of mathematical techniques, all based on decomposing signals into
sinusolds. The discrete Fourier transform (DFT) is the family member used with digitized
signals. This is the first of four chapters on the real DFT, a version of the discrete Fourier
transform that uses real numbers to represent the input and output signals. The complex DFT,
a more advanced technique that uses complex numbers, will be discussed in Chapter 31. In this
chapter we look at the mathematics and algorithms of the Fourier decomposition, the heart of the
DFT.

The Family of Fourier Transform

Fourier analysis is named after Jean Baptiste Joseph Fourier (1768-1830),
a French mathematician and physicist. (Fourier is pronounced: forea, and is
always capitalized). While many contributed to the field, Fourier is honored
for his mathematical discoveries and insight into the practical usefulness of the
techmiques. Fourier was interested in heat propagation, and presented a paper
in 1807 to the Institut de France on the use of sinusoids to represent
temperature distributions. The paper contained the confroversial clamm that any
contimious periodic signal could be represented as the sum of properly chosen
simsoidal waves. Among the reviewers were two of history's most famous
mathematicians, Joseph Lows Lagrange (1736-1813), and Pierre Simon de
Laplace (1749-1827).

While Laplace and the other reviewers voted to publish the paper, Lagrange
adamantly protested. For nearly 50 years, Lagrange had insisted that such an
approach could not be used to represent signals with corners, ie.,
discontinuous slopes, such as in square waves. The Institut de France bowed
to the prestige of Lagrange, and rejected Fourer's work. It was omly after
Lagrange died that the paper was finally published, some 15 years later.
Luckily, Fourier had other things to keep him busy, political activities,
expeditions to Egypt with Napoleon. and trying to avoid the gmllotine after the
French Revolution (literally!).
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Forward DFT vs. Inverse DFT

Time Domain

Forward DFT
X[ ]
0 N-1
N samples
éverse DFT

Frequency Domain

ADWALNNAU cdvAuntdu cosine HSD sine

e X[ ] Im X[ |

0 N/2 0 N/2
N/2+1 samples N/2+1 samples

(cosine wave amplitudes) (sine wave amplitudes)

AN /
N

collectively referred to as X[ |



Coding: find ReX[] and ImX

N -1

ReX[k] = ) x[i] cos(Qmki/N)
i=0
N -1

ImX[k] = - Y x[i] sinQnki/N)

i=0



Coding: convert ReX[] & ImX[] to ReX[] & ImX[]

= ReX [k
ReX k] = L3
N/2
_ | | Re X [k]
| | ImX [k ] y
]mX [k ] - = Aa amplitude vas cosine wave #dmanun (k/N) x sampling rate
N/2
ImX [k ]
except for two special cases: #s amplitude 1es sine wave #ifiaad (k/N) x sampling rate
= ReX [0
ReX[0] - 0]
N aogntiundud f Goold sample rate
aenouaﬂ 2 INuov f LWSI: k umtomnnao N/2
AYov k = N/2 Ap AWA sampling rate / 2
= Re X [N/2
X [N2] = V2]

N



Example
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Assignment:
OUYNAIWAUDVATYTYITUCDTUT 31USzNDUAIANUADEISUIY LUU cosine wa: sine NJ amplitude LAQ

Uoangtulwa Excel (sampling rate = 100 Hz)

Qlaastusunaaid



¢ x(®) t x(t) t x(®) ¢ x(®) LaagonNnuaQ #1

0.00 8.0000 0.25 -1.0000 0.50 8.0000 0.75 5.0000
0.01 8.8822 0.26 -1.3152 0.51 7.2576 0.76 4.5470
0.02 9.3825 0.27 -1.7486 0.52 6.1868 0.77 3.7054
0.03 9.5011 0.28 -2.2758 0.53 4.8397 0.78 2.5143
0.04 9.2584 0.29 -2.8606 0.54 3.2847 0.79 1.0340
0.05 8.6928 0.30 -3.4576 0.55 1.6026 0.80 -0.6575 "
0.06 7.8574 0.31 -4.0154 0.56 -0.1175 0.81 -2.4687
0.07 6.8165 0.32 -4.4801 0.57 -1.7837 0.82 -4.3003 10| oy
0.08 5.6411 0.33 -4.7999 0.58 -3.3066 0.83 -6.0502 ¢« % 5, .
0.09 4.4042 0.34 -4.9285 0.59 -4.6044 0.84 -7.6198 ) 3 I |8 Al :
0.10 3.1761 0.35 -4.8292 0.60 -5.6079 0.85 -8.9193 ’ L ‘ '. :’ ! !
0.11 2.0205 0.36 -4.4781 0.61 -6.2648 0.86 -9.8731 2 % .' ) 4 ‘. )
0.12 0.9905 0.37 -3.8663 0.62 -6.5427 0.87 -10.4237 £ 0 N { . $ L {
0.13 0.1258 0.38 -3.0017 0.63 -6.4316 0.88 -10.5349 g M "“".b.%. S H 7 s
0.14 -0.5489 0.39 -1.9087 0.64 -5.9440 0.89 -10.1940 . .'..m.° 1 s ) :
0.15 -1.0249 0.40 -0.6281 0.65 -5.1151 0.90 -9.4122 *os® e |
0.16 -1.3091 0.41 0.7848 0.66 -4.0005 0.91 -8.2237 R 4
0.17 -1.4226 0.42 2.2638 0.67 -2.6729 0.92 -6.6839 10 .0.,:
0.18 -1.3981 0.43 3.7345 0.68 -1.2182 0.93 -4.8658
0.19 -1.2772 0.44 5.1192 0.69 0.2695 0.94 -2.8557 i
0.20 -1.1065 0.45 6.3417 0.70 1.6937 0.95 -0.7485 w Time
0.21 -0.9336 0.46 7.3314 0.71 2.9610 0.96 1.3577
0.22 -0.8033 0.47 8.0286 0.72 3.9868 0.97 3.3672
0.23 -0.7538 0.48 8.3877 0.73 4.7002 0.98 5.1921
0.24 -0.8139 0.49 8.3809 0.74 5.0484 0.99 6.7563

1.00 8.0000




ImX(t) ReX(t) ImX(t)

0.00 0 0 0.26 0 0
0.01 0 -50 0.27 0 0
0.02 150 -100 0.28 0 0
0.03 0 -200 0.29 0 0
0.04 250 0 0.30 0 0
0.05 0 0 0.31 0 0
0.06 0 0 0.32 0 0
0.07 0 0 0.33 0 0
0.08 0 0 0.34 0 0
0.09 0 0 0.35 0 0
0.10 0 0 0.36 0 0
044 0 0 0.37 0 0
0.12 0 0 0.38 0 0
0.13 0 0 0.39 0 0
0.14 0 0 0.40 0 0
0.15 0 0 0.41 0 0
0.16 0 0 0.42 0 0
0.17 0 0 0.43 0 0
0.18 0 0 0.44 0 0
0.19 0 0 0.45 0 0
0.20 0 0 0.46 0 0
0.21 0 0 0.47 0 0
0.22 0 0 0.48 0 0
0.23 0 0 0.49 0 0
0.24 0 0 0.50 0 0
0.25 0 0

N-1
ReX|k] = x|
=0
N-1
ImX[k] = —

l

2mki

cos(——)

IA
=~
IA

N| =

IA
N| =

#2



X X frequency X ImX[k] frequency

0.00 0 0 0 0.26 0 0 26
0.01 0 1 1 0.27 0 0 27
0.02 3 2 2 0.28 0 0 28
0.03 0 4 3 0.29 0 0 20
0.04 5 0 4 0.30 0 0 30
0.05 0 0 5 0.31 0 0 il
0.06 0 0 6 0.32 0 0 32
0.07 0 0 7 0:33 0 0 33
0.08 0 0 8 0.34 0 0 34
0.09 0 0 9 0:35 0 0 35
0.10 0 0 10 0.36 0 0 36
0.11 0 0 11 0.37 0 0 37
0.12 0 0 12 0.38 0 0 38
0.13 0 0 13 0.39 0 0 39
0.14 0 0 14 0.40 0 0 40
0.15 0 0 15 0.41 0 0 41
0.16 0 0 16 0.42 0 0 42
0.17 0 0 17 0.43 0 0 43
0.18 0 0 18 0.44 0 0 44
0.19 0 0 19 0.45 0 0 45
0.20 0 0 20 0.46 0 0 46
0.21 0 0 21 0.47 0 0 47
0.22 0 0 22 0.48 0 0 48
0.23 0 0 23 0.49 0 0 49
0.24 0 0 24 0.50 0 0 50
0.25 0 0 25

#3

otherwise

k
Frequencylk] = 5 X Sample Rate



X ImX[k] frequency X ImX[k] frequency

0.00 0 0 0 0.26 0 0 26
0.01 0 1 1 0.27 0 0 27
0.02 3 2 2 0.28 0 0 28
0.03 0 4 3 0.29 0 0 29
0.04 5 0 4 0.30 0 0 30
0.05 0 0 5 0.31 0 0 31l
0.06 0 0 6 0.32 0 0 32
0.07 0 0 7 0.33 0 0 33
0.08 0 0 8 0.34 0 0 34
0.09 0 0 9 0.35 0 0 35
0.10 0 0 10 0.36 0 0 36
0.11 0 0 11 0.37 0 0 37
0.12 0 0 12 0.38 0 0 38
0.13 0 0 13 0.39 0 0 39
0.14 0 0 14 0.40 0 0 40
0.15 0 0 15 0.41 0 0 41
0.16 0 0 16 0.42 0 0 42
0.17 0 0 17 0.43 0 0 43
0.18 0 0 18 0.44 0 0 44
0.19 0 0 19 0.45 0 0 45
0.20 0 0 20 0.46 0 0 46
0.21 0 0 21 0.47 0 0 47
0.22 0 0 22 0.48 0 0 48
0.23 0 0 23 0.49 0 0 49
0.24 0 0 24 0.50 0 0 50
0.25 0 0 25

Amplitude
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w

N

3
Frequency (Hz)

ReX [k]
ImX [k]

#4



Amplitude

o N O

Amplitude

1 2 3 4 5
Frequency (Hz)

6.000

4.000

2.000

0.000

0.00

-2.000

-4.000

-6.000

ReX [k]
ImX [k]

0.25

0.50

Time

= 1sin(2nt)
= 3 cos(4mnt)
= 2 sin(4mt)

0.75

=4 sin(67tt)#5
X:(t) = 5sin(8nt)

X1
X2
X3
X4

1.00

—o— X5



Amplitude
N B (o))

o

1 2 3 4 5
Frequency (Hz)

15

Amplitude
o

-10

<1.5

ReX [k]
ImX [k]

= 1 sin(2mt)
= 3 cos(4rt)
= 2 sin(4mt)

AB9MIAANREL TAELIN X1 Xy X3 X, Xs WAdLATLAN

0.50

Time

@ 0.75

=4 sin(67tt)#6

X:(t) = 5sin(8mt)

P 1.00



Orthogonal Frequency Division Multiplexing (OFDM)

c Figure 2.30
T Parallel data
transmission on
several subcarriers
with lower rate

t

JSuneudoyaunn 18 subcarriers 1Qg2IUWD AovldKay a sub. gdgnuadvdoya OFDM t6fu DAB, DVB, 4G
ucia:Awdagdanuuin KwAuuA 15 kHz MIKlagavudidayiaudiudunIn Ws:uu 2G Aovldus:g:uiniiv 200 kHz

1WWu Us:yandwauindo 15 MHz (1,710 - 1,725 MHz K$o 1,805 - 1,820 MHz)
S:UU 2G 13 FDM 1Q 15 MHz / 200 kHz = 75 channels
S:UU 4G 8 OFDM 1Q 15 MHz / 15 kHz = 1,000 channels (13 tn1)



Why OFDM?

e Jrutuncunduldoyoonuidnnuravmitdaldednu ua first ray U190 short path
dou second ray UI01A long path (U1AVBINII)

e douf overlap AU (UNGY 40%) d:ATRLAQ inter-symbol interference (ISI)

2.5 us symbol 1 ys delay
duration between rays
P -
Symbols at 400 kbps .
on first ray
Symbols at 400 kbps .
on second ray '
...7)‘ _‘___ __ Time

Inter-symbol interference

m ration GPvEIdIWDAUAIS IWDTRDEIVATL 1
Symbol duration Qlovg1DWDAUAIS IWDIHUBIVNIU overlap AU due to overlap of 40%

AoUud:IWU data rate Tagaa symbol duration WA




e 13 4 sub-carriers (frequencies) 81$nV1 data rate IHIALGU symbol duration 2:81538uU 4 i
910 2.5 us Wu 10 us

e &oun overlap Aulipsavikdalutiu 10% (doun overlap s:K319 symbol AcwAu - QancvAu)

10 s symbol 1 us celay
duration batwean rays
k| i
T ; D:lWU data rate Tagaa symbol
4 sub-carriers r duration WWia ntydsiwuvIUDU
el sl subcarrier unu
HSoldDVNSIWY data rate
Symbols on second ray = ALWUYIUDU subcarrier 14
4 SUb-CAMers - : B .
{50/ ig par aibicantar ~ lWoaa inter symbol interference
=
L. ~ Tl'm

iy

Reduced irter-symbol ntaderence
Que 1o overdap ol 10%



QPSK Spectrum

Y28 QPSK

Time Domain

Haaq
1 /\O/\ A AA /\.

=90
I
=95

- Lo

{3 random data ua: QPSK

waon1 Forward DFT o:lasyd

=M

R L
]
-E5

Frequency Domain
-105

1.5 z 35 i 15 4 45 5 =1 fi

& 5 Transmitted signal - Spectrum Anabzer “
55 ﬂ
1 sub-carrier
-5

http://www.etti.unibw.de/labalive/app/spectrumdemo/



3 sub-carriers

ason f, |
dedayIauusvga |

Sub-carrier du
V:SUNDUUPYNFA |



ucia: subcarrier d:2¢3a a Aula

Orthogonally spaced overlapping subcarriers 10 sub-carriers

Subcarrier Pea kﬁh‘* /\

Sinc function
side lobes

N

* Closely spaced subcarriers overlap

* Mote that subcarrier nulls correspond
to peaks of adjacent subcarriers for
Zero Inter-Carrier-Interference.

Frequency

haN

subcarrier Nulls

OFDM Signal Frequency Spectra




613 QPSK uaon1 Forward DFT »: é‘taaa‘mtsmnaomwuuuu 1,23 HSD 4
LWS1: DFT uada:la amp. HsaUSmiuua\) cosine ua: sine tidu

| |
) |
! ! ! J
, \ ) J
! ! \ ) \ | \ | )
) ’ n 4 ) y ) | ’
. ’ ) ’ 5 ’ | g
5\ g \ y X 4 ) r ° ,'
@ ‘\ ’ @ : @ ) @

QLawI:ANWARGUTD 83as sin(A + B) = sin(A)cos(B) + cos(A)sin(B) fusnquca:ANUATS 1R +/- fiou
nstd 1. f(x) = sin(x + 45) = sin(x)cos(45) + cos(x)sin(45) = \/% sin(x) + \/% cos(x) = (+, +)

nstu 2: f(x) = sin(x + 135) = sin(x)cos(135) + cos(x)sin(135) = - \/—15 sin(x) + \/% cos(x) = (-, +)

nsal 3: f(x) = sin(x + 225) = sin(x)cos(225) + cos(x)sin(225) = —\/—15 sin(x) - \/% cos(x) = (-,-)

Ased 4: f(x) = sin(x + 315) = sin(x)cos(315) + cos(x)sin(315) = + \/—15 sin(x) — \/% cos(x) = (+, =)



Transmited
bis 10!001!01010010"
Modulaton
Information as a . Transmited ¢= 3157, 45° 22% 115
function of fraquency symbols 315°, 45° 135° 225°
Serial -» parallel
¢ =315 ¢=435"| ¢=223"| =T ¢=0F 0=45" ¢=135"| ¢ =225
Inverse
FFT
~60 kHz 45!!12%-30&& ~15 kHz OkHz ¥ 15kHz ¥ 30 kHz 45”&%
\
WA AR IAVANG S N7 U VA
4
o B
Information as a . ”
function of tme il f AU
A J
Mix to RF WSUQOovM

In-phase component

Quadrature component

n1sn digital modulation Qo3
Quadrature phase shift keying (QPSK)

wcda:AuadovdvannAu (orthogonal)
wa\)m Inverse DFT Iuaswo cosine/sine
wave ypvLCaANUA UAIWIUAUTUDINA
$ulldus:an5nw Lws1=AovidtaionnA
Haled

Forward Discrete Fourier Transform (Forward DFT)



eNB transmitter

Bits for UE 1 BitsforUEZ2 Bits for UE 3
} 4 v
Modulation Modulation Modulation
Senal » Senal » Senal »
paralie| paraliel parallel
2 Awa g N TEITITIE
(cl-lannels) Resource element mapping

Inverase FFT \

Parallel —» senal \juaturureu analog

l‘ sUilqed (serial)

Analogue transmitter

UE 1 receiver
4G LTE (Long Term Evolution)
Received bits
1- eNB = Evolved Node B
Dernodulation eNB Ao Base Transceiver Station
f UE = User Equipment
Parallel »
seral
1
Resource element selection
Forward FFT
11efreeeeeeeeeet
Serial —» parallel
Analogue receiver

|y - 7

|



BEY
o
b-carri EEEEEEEEEEn
One su ddoad EEEEEEEEEEN
(15 kH2) EEEEEENEEEEE
AEEEEEEEEEEN
HEQDO®NNMESD
o CrEEEEEESEEEE D
[SERSESESRSRSESE 1 1 1 1 1 1 1 1 1 FeRcEoasacysy
SEEEEEEEEER EERE SRR
EEEEEEEEEEN EEEC U0 T
prEpporr EANEEEEERER
Frequency dEnpocrrEEEEEEEEEE
—p !
Time One symbol
(66.7 us)

ANSIaNISAUAUDY OFDM A Base Transceiver Station (BTS)



Why 15 KHz for sub-carrier spacing ?

We can draw the following conclusions. If the sub-carrier spacing were much less than
5 kHz, then the system would be prone to interference between the sub-carriers at high
mobile speeds. If it were much greater, then the system would be prone to inter symbol
interference in large. cluttered cells. The chosen sub-carrier spacing i1s the result of a
trade-off between these two extremes.

mao sub-carrier spacmg uajd 9« lElEJ\)C‘IDﬂ']SSUﬂDUlUDlﬂaaunlSD qQ LU Uusn UUSﬂIWﬂD"IUlSDH\)
ALWU sub-carrier spacing uad d: laaomamsmo inter- symbol interference (ISl) _
LWDIH data rate LilGu AGDVIS symbol duration Nduav

n:nunntuaouaua (random data + QPSK) 1UudfiHuQi sub-carrier spacing a:Gavidutriita
m?un:nua?uu:o 1 GHz (mobile comm) v:1Q sub-carrier spacing 1N1AU 15 KHz
AUagundWATU sub-carrier spacing fo: Wagumu



Transmitted power

F
100% re-use 33% re-use
in cell centre at cell edges
A A
r k3 .

(a) (b)

Figure 4.6 Example implementation of fractional frequency re-use when using OFDMA. (a) Use
of the frequency domain. (b) Resulting network plan.



e GSM (2G) & re-use factor 1agegaua 1/3 (33.33%)
e CDMA (3G) i re-use factor 100% finssunaugaiiseasiaszudng cell (nn cell Wpandwiiewsumun)

e OFDMA (4G)
o Cell center: re-use factor 100% I AnuaRIndT NN wildsunauty

o Cell edge: re-use factor 33.33%

re-use factor = 1/3 (33.33%) re-use factor = 1/4 (25%)

https://sites.pitt.edu/~dtipper/2720/2720_Slides4.pdf



chswno=05u18 OFDM Aresul Uuasivonn square wave Suidumsadvdayauuutdans (wired)
uuD1MA/DdMA (wireless) 18 square wave TJla

Value
A

Amplitude of sub-carrier
o

Interval between zeros 7' = 15 kHz

Amplitude daaula
tuacdamaas

~75 ~-45 -30 -15

0 15 30 45 60 75

Frequency (kHz)

Gould QPSK fivo:lasuil uazsudunu y tu log scale

| @ |5t Transmitted signal - Spectnm Analyer ]
55 |

dBvEHE

Gl

-5

-

-5

-&0

23]

-20

-9

-100

105

1.5 2 5 3 15 4 4.5 5 5% fi [ %3




N15ANUITLUNSZ 82195211719 SUb-carrier

. Sub-carrier 1,000  Hz
1 Sampling rate 10,000  Hz
- M 10,000 points
"4 0 0 w  phase change 50 points (200 symbols per second)

< ‘> 1008 DfDD'D 500.0 600.0 700.0 B00.O 500.0 1000.0 11000 12000 13000 14000 1500.0 1600.0

1.40E-01 StgsHY LO0E-02 MM
3 u 1.00E-03
1.20E-01 S:HJ1vY sub-carrier

1.00E-04
1.00E-05
1.00E-01
1.00E-06
B.00E-02 1.00E-07
1.00E-08
6.00E-02 1.00E-09 F . = 5 —
L00E-10 laa: sub-carrier QovDEgHIVAU 200 Hz
. ooe TaANCY9IN 4G WSS sub-carrier 1 kHz
200602 o sub-carrier UV 4G DEgNS:OU MHz
0.00E+00 1.00E-14 4___»
400.0 500.0 600.0 700.0 B00.0 900.0 1000.0 1100.0 1200.0 1300.0 1400.0 1500.0 1600.0 1.00E-15

cos? + sin? Log scale

(wavviusou AucazAduUAd)



Plot sine/cosine in Excel

Ho- o -
HOME = INSERT  PAGE LAYOUT FORMULAS DATA REVIEW  VIEW
‘-D &b Cut Calibri 11 AN T == - £° Wrap Text Number - [;-—‘
Paste B Copy - BIU-7-d-A-=SE= €= EM &C - $-% 9 9% Condinal
- <~ Format Painter = === =2= =Merge & Center ? 0020 Formatting ~
Clipboard M Font M Alignment T Number [
B2 - Jr | =3*SIN(2*PI()*10*A2) |
A B C D E F G H I
1 t sin(t)
2 | 0.0 0.00 sin(t)
3 0.01 1.76
4.00
4 0.02 2.85
5 0.03 2.85 3.00
6 0.04 1.76 500
7 0.05 0.00
8  0.06 -1.76 1.00
9 007  -2.85 0.00
10 0.08 -2.85 0.00 020 0.40 0.60 0.80 1.00
11 009  -1.76 oo
12 0.10 0.00 -2.00
13 0.11 1.76
-3.00
14 0.12 2.85
15 0.13 2.85 -4.00
16 0.14 1.76

y =a-sin(2m-f-t)

a Ao amplitude
f AD frequency (Hz)

tusUa=3ua:f=10 Hz



using System;
using System.lO;

=W N =

tpublic class MyProg {

5
6 O public static void Main(string[] Args) {
; 1 if (Args.Tength 1= 7) { ) siq input sampling cs:g output
. ) o luso text file rate Lluso text file
10 Console.WriteLine("ForwardDFT.exe [input file] [sampling rate] [output file]");
11 return;
12 - }
13
14 string input file = Args[0];
15 double sampling rate = Convert.ToDouble(Args[1]);
16 string output file = Args[’];
17
18 int N = 0;
19
20 StreamReader SR = new StreamReader (input file);
21 while (SR.ReadLine() !'= null) N++;
22 SR.Close() ;
23
24 B if (N & 2 1= 0) {
25
26 Console.WriteLine ("N must be an even number.");
277 return;
28 - }
29
30 double[] x = new double[N];
31
32 SR = new StreamReader (input file);
33 o for (int i = 0; 1 < N; i+4+) {
34
35 x[1] = Convert.ToDouble (SR.ReadLine()) ;
36 - }
37 SR.Close() ;
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// page 158: The Scientist and Engineer's Guide to Digital Signal Processin
pag g g g g

double[] ReX = new double[N/2+1];
double[] ImX new double[N/2+1];

for (int k = 0; k < N/2+1; k++) {
ReX[k] = ImX[k] = 0;
for (int 1 = 0; 1 < N; i++) {

ReX[k] += x[1] * Math.Cos((double)? * Math.PI * (double)k * (double)l / (double)N) ;
ImX[k] += -x[1] * Math.Sin((double)”? * Math.PI * (double)k * (double)i / (double)N);

}

// page 153: The Scientist and Engineer's Guide to Digital Signal Processing

double[]l ReX = new double[N/2+1];
double[] ImX = new double[N/2+1];

for (int k = 0; k < N/2+1; k++) {

ReX [k]
TmX [k]

ReX[k] / (double) (N/2):
-TmX[k] / (double) (N/2) ;

// exception cases

if (k == 0) ReX [0] = ReX[0] / (double)N;

if (k == N/”) ReX [N/”] = ReX[N/?] / (double)N;
}

StreamWriter SW = new StreamWriter (output file);

SW.WriteLine ("k\tReX [k|\tImX [k]|\tfrequency");
for (int k = 0; k < N/2+1; k++) {

double fraction = (double)k / (double)N;

SW.WriteLine(k + "\t" + ReX [k] + "\t" + ImX [k] + "\t" + String.Format("{0:0.000000}", fraction * sampling rate));

}

SW.Close () ;



(Wa input

Q‘{ ChUsers\chatc\,Documents\20 - Courses\ 2301466 Mobile Computing...

File Edit Search

— L >

View Encoding Language Settings Tools Macro Run  Plugins

Window 2 + v X
sHHERE s Mkl @x|BF(1E20
Eﬂiﬂputmﬁ|

1 [0.00 A

2 3.42 . G |

3 6.59 (gouduyadutlavn

4 9.31 LWS1: N GDVHISdDv

5 11.40 L o .

6 12.72 0WYAQWUIIUDUA

7 13.20 nlgufvld 130

g 12.85

9 11.72

10  9.95 y

Ln:1 Col:1 Pos:1 Windows (CE LF) UTF-8 INS




(Wa output

ADaud 1: A1 k
ADAUU 2: USU1EU cosine (amp.)
ADAUU 3: USuneu sine (amp))
ADAVU 4: A WA (Hz)

E}f *CA\Users\chatc\,Documents\20 - Courses\2301466 Mobile Computing\SourceCode\DFT\output.txt - Notepad++

Eile Edit 5earch View Encoding Language Settings Tools Macro Run Plugins Window 72

s HHE B & 2ty xx(BE(ST1EEEDEHE ®| @
B inputid £ = outputixt ﬁl\
1k ReX [k] ImX [k] frequency
2 0 0 0 0.000000
3 1 2.30926389122033E-16 1.00020798886909 1.000000
4 |2 5.0843418860808E-106 1.99804463584569 2.000000
5 3 -8.88178419700125E-18 3.00057868635388 3.000000
6 4 2.24709140184132E-15 3.99994360536388 4.000000
7 5 3.40172334745148E-15 5.00102307901056 5.000000
8 © -2.08721928629529E-15 -0.000213662223220243 ©6.000000
9 7 -5.06261699229071E-16 0.000299680039879462 7.000000
10 8 -1.92734717074927E-15 -6.92284846405622E-05 8.000000
11 S =7.172715225139109E-16 -0.000289112617122194 9.000000
12 10 1.95399252334028E-15 0.000470228201832077 10.000000 ~

Mormal text file

length: 2,816 lines:53

Ln:23 Col:49 Pos:1,185

Windows (CE LF)

UTF-8

INS




Expo

npx create-expo-app@latest --template blank fdsueilin to-do
Ansa Android studio https://docs.expo.dev/get-started/set-up-your-environment/?platform=android&device=simulated

Android Studio Meerkat | 2024.3.1 Patch 1
More actions -> Virtual Device Manager -> Medium Phone APl 36 -> Start

npm install @react-navigation/native
npm install @react-navigation/stack


https://docs.expo.dev/get-started/set-up-your-environment/?platform=android&device=simulated

IS Appjs X

)5 Appjs > @ App
import { StatusBar } from 'expo-status-bar’;
import { StyleSheet, Text, View } from 'react-native’;

export default App() {
return (

View style={styles.container
Text>Hello world! Chatchawit</Text
StatusBar style="auto"

View

)5

styles = StyleSheet.create({
container:
flex: 1,
backgroundColor: '#fff',
alignItems: 'center’,
justifyContent: ‘center’,




IS5 Signinjs @

screens 2 JS Signin.js > ..
import React from "react”;
import { View, Text, Button, StyleSheet } from "react-native"”;
import { useNavigation } from "@react-navigation/native”;

SignIn = () {
navigation = useNavigation();
return (
View style={styles.container
Text style={styles.title}>SignIn</Text

Button title="Go to Main" onPress={() navigation.navigate("Main")
Button title="Go to Credit”™ onPress={() navigation.navigate("Credit™)
View
)3
b5
styles = StyleSheet.create({
container:
flex: 1,
justifyContent: "center”,
alignitems: "center”,
padding: 2@,
>
title:
fontsize: 24,
marginBottom: 20,
>
1)

export default SignIn;




J5 Main.js e

screens » JS Maingjs > ..
import React from ‘react’;
import { Vview, Text, Button, StyleSheet } from
import { useNavigation }

} from ‘@react-navigation/native’;

Main = () {

navigation = useNavigation();

Main Screen</Text
Button

title="Back to Home
onPress={()

navigation.goBack()

tyle
container:
flex: 1,
justifyContent: ‘center’,
alignitems: 'center

eet.create({

¥

title:
fontSize: 24,
marginBottom: 20,

ort default Main;



J5 Creditjs @

screens > JS Creditjs > ...
import React from "react’;

import { uqemav1gat10n } Trum

Credit = () {
navigation = useNavigation();

PPTHPH (

container

e ) title}>Credit Screen
Button
title="Back to Home"

onPress={() navigation.goBack()

styles = StyleSheet.create({

container:

flex: 1,

justifyContent: 'center’,

alignitems: 'center’,

¥
title:

fontSize: 24,

marginBottom: 20,

default Credit
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