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Abstract
Code of Project : Social 035/2556
Project name : A development of laboratory exercises in telecommunication

engineering based on software-defined radio systems
Researcher name : Mr.Ditsapon Chumchewkul

This research is a development of laboratory exercise in telecommunication
engineering. The objective of this research is to provide a tool to for classes in
telecommunication engineering. GNU Radio, development software of software-
defined radio communication systems, is used to develop laboratory exercises
concern to principle of telecommunication engineering. According to the results
from this research, this software can be considered as efficient learning tools for
student. Instructor can easily improve their laboratory exercise at no cost. However,
this software must be installed in computer with Linux operating system which is not
widely used. Parts of this research will be used by the class of TEE2205 principle of
communication, department ' of . telecommunication engineering, faculty of

engineering, Rajamangala University of Technology Rattanakosin.
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AYINUIENANYDITEUUHRATADN TN T0da Uy 10ui19a75 (information
signal) 9 ngUnsaldedyy I UYeId0da1S communication  channel)  TluGianiasu
doyaaliegnagndesmiudednis dygindeyaniesnainuuainiidadeyalaeiilias
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flazdeeen  Liloussginguszasddnadsfinnsindngamnag wriunszuIunsLegLan
(Modulation) [1] ierniadyaadifiauauiffimnzaudenisdsiudesdoans laoilt
Audfldsuiiuandiseenluanniia. Tuniendufuiiniafuildnisiuegian
(Demodulation) Lileutasdnygaisuldlinaredudyarannasduiy  madanisueg
wadayaaaunsoulseantiuaesUsgnnmanlaun nstegandueunagn (Amplitude

Modulation) Wag N15ueRLEALTeLN-(Angle modulation)

D

Amplitude
Modulation
Frequency
Modulation
!
Phase \ .' 1| |
Modulation ~ 1 [ | |! i
h TR
.JJU ol |\
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AN 2-2 NSUBALEH "ﬁy QIULUUAN 9

nsuBgaRideaNEYn (Amplitude ModUlation) [Humns/asuulaesmaganes
”z:yzyﬂmﬂ?{uwmﬂlﬂmmmmaaé’iyzyﬂmﬁayja ansauUvefduisdealiun nsuegwen
WUUN  N1suBgLasikuy DSB-SC (Double Sideband Suppressed Carrier) n13uagian
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m(t) unudayaadoyafifouridnintostandslssunsussuealad (Normalize) 1ilol¥a
waundga A, lhAu 1 sgldhdygradlfnnnsuegeauuuieduinuedaunselui

Sam ()= Ac[L+m(t)]cos(27f ) (2.1)
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LoNndgnvesdyanumniinisidsuudadlunmudyanadeya a nawe 9 Tunsdid

a

NIUBALAALUU DSB-SC amﬁumwimmﬂmsmamLammmamummu

Sps_sc (t)= Amit)cos(2A4t) (2.2)

o W o Y b N o oA 1Y) =~

dmsudyanlaann1suegiaaiuy SSB wag VSB tuasiidnuaziduiediunydl
VOINTUOLARLUY DSB-SC ‘VJﬂﬂiwmimﬂumwummimamﬁmmé’manmmmqmﬂim
AMNdensosdaalndeane Sideband MideIns

MsNegw@nleu (Angle modulation) Wunsidsuudasuvesdyaaniunvly
muvuInvesdyyiudeya awnsowdseantaidu nsueguanuuu FM (Frequency
modulation) wag NMsuagaAwuU PM (Phase modulation) drusunisuegianuuu FM 18u
nswWasunlasaudvesrduniidenasesiudyyiudeua dyaiunltaainnisuenian

< = ct A a ¥ =~ a

wuu FMazidugnadulalyiddiveunagadu A uazilainuiidy

fem = fo+kem(t) (2.3)

dlo Kk, Ao Frequency sensitivity waz foiuminuaresrauny  dmsunisuogianwuy

PM 1 Jumsiagumlaunavesdygraipdunaiidaenndesnudyiudeys dyqyiuilian
nMIueganiinaNduRusvdyaInteyadisaun) sHelul

Spw () = A, cogJ2f t + k,m(t)] (2.49)
e k, ABA1 Phase sensitivity
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29350308371 (Fiter) Aeonsasiniidnmsetindla 4 Ageulvdnyaalniiiludag
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gunsniUsTLAM L Besistor) Waiiudseq (Capacitor) hagunainiviend1 (Inductor)
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FoNTWIIiDN1580NUULLASRAINUANITINUATUAY 9 WU Aafiniges (Mixer)  A1A
Wawmas (Filter) mmmﬂammm (Amplifier) N1ANBALan (Modulator) LLaWﬁuamam
(Demodulator) 4Uugiu wusﬁfmm31anwu6uaa'ivwaamst,mu SDR fidnwaednmi 2-4
nanfen1svihnuludiulszunanady g uaLuus (Baseband) nsgyinlasniigUszuiana
Fildneufmesdiuyana (Personal computer) W3 ovmigUss1nanaTuInian (Embedded
devices) dyaaiisunardslusguvdaanssonia Front end avgnasdingaunsal Analog-
to-Digital ‘Converter (ADC) #az.Digital to-Analog Converter (DAQ) ileidausiofiuniae
Ussinanadaman miseuszinanadagiadilideulussuuiedisuwuy SOR fvaneguwuy
Inseveglustuesaunsaiusesnmn Field Programmable Gate Array- (FPGA) 3@ Digital
Signal Processing! (DSP) Al uenainiusienaldlusunstidnsuganiuussuudoasuuy
SDR tlemnuazaaniunsiamgUnsal



ADC [P

Baseband | pw» User
processor

DAC |

AR 2-4 - WUFIUTBUUHDA1SHUU SDR

2.1 1Usunsu GNU Radio

1Usunsu GNU radio [3] \HuTUsunTud s uMsennwUURas AL ST UL AR TUUY
SDR  UszLav Open  source.  fidalenaalviyanatialy Download lUfnkauuiaTas
poufialnosTaldseUuUfIRNT Windows v Linux ldlaglidealdane fléanuaisn
aaﬂLLUUizUUﬁaaﬂ3163’63’3EJmiﬁ'ﬂu@aﬂ’liﬂﬁzmamaé’zy;ngm g ﬁlé’gﬂ%’mm%wﬁaéw
auysalinderiieldusiuiulaseser Python Uagdsarunsainmnlugasiis 9 iisidy
dmsunsidonupmnzAsldfien s O/Cit | MsimuasEUudealsuuu SDR #ild GNU
Radio finsviranudisnndl 25 _nissenuuuntsusyananadayayium o Hnunnsrieae
1Usunsy GNU Radio %ﬂﬂﬂaﬂﬁgﬂUuLﬂ%aﬂﬂauﬁ’JLﬁ@%ﬁ?‘l&‘Uﬂﬂﬁ (Personal computer) 314
seuuUURN15AUlad (Windows operating systems) 1#139aUnd (Linux operating system)
TUﬁLmimwmmamWiamaaqmimmuﬁuaﬁvwaamsuumsamau‘mmaﬂéﬂwaﬂmmm
Ms\dendafvTguUaoaTte nsileuraiesutazdsteyagnnnatondmiunisldaud
aafunardsnsginlddiemsld Audio port veslaiosmewings »eldgunsal ADC uag
DAC Wion1sifesiaiunia RF Front end tfienissuasdaanasianaisainie uan NI
mmm%jqﬂﬂiiﬁﬁﬁ%aiﬂ Universal | Software radio Peripheral (USRP) [5] ¥83u3®w
ETTUS Research LLC@4sas5uUn1silionsisgunsallsaouaginsotidmednsniiigs



10

Interfacing RF
dul ’ d | |
modute A Transmitting
Personal computer antenna
,,,,,,,,, with GNURadio_  Transmitter
Interfacing RF
module Front end . Receiving
~ antenna
Personal computer
with GNU Radio Receiver

A il 26 gUnsalsu USRPN2000 Series

2.2 Tusinsu GNU Radio companion (GRC)

Tusunadiviumuasnsisuresssuudemsild GNURadio 19a1w1 Python Tu
M {lidemanisegenuuulsinaifioruamsvinyudsligass 9 lalasde
ogalsfmuielidlévuarunsainuilusunsuldlasayasninndety {Waunszuuds
a1an30ldlUsunsa GNURadio - cormpantion” [3] &5 Juimsasiletvilviimunszuu SDR
ANansARNUUUNIILIBSFEUGARasTs  Aaandl 2 uansdnvaznsiaunlusunsy
Tngld GNU Radio companion MAIs@oRLUYsEULAsastudiaLsruvatusaliluga
Uszanawadayanasing 4 Tulusunsuiitonsimnsng 4 awlddosmssuiinsideusety
Audio port TCP/IP UDP uaguesn USRP lalagdny
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Data from USRP

W, s
” PP e \-ﬁum‘wvwi

5350

KHe
Post Demod

b e e |

20 B
i [ | ad Ror Lyt

(n) ()
amdi 2-7 Freganstdulusunsu GNU Radio Companion (1) TUsunINAATURMUY
S2UUAeA5LUY SDR (1) fregeran1ssnaesszuLieds

3 msdnssuazldenlusunsy GNU Radio uuiniesnaufianesilészuuufonig
aund

nsfndelusunsy GNU  radio  anwsadesisldvisfuiaiosnenfinmesild
spuuUfoinisiulmdussiatesaenfnesildsr uuURtRnsaynd msfindalusunsy GNU
Radio ua¥ GNU Radio companion  aduuLAzesmeufianesdslissuuufianisaynd
Ubuntu a@snsansesildnanswuaniaistudrureanisiadeanlig Binary uaznsaeylng
27 Source code lnpnTy wunsnislunishassvinldlasieduldsumsinmsendoya
TneUT¥m Ettus  research  [51-Inonigldauiaiasaeninnesasldszuuujoanisaynd
Ubuntu ansnsafnislalnennsiienlimdseluily Terminal

sudo apt-get install python libboost-all-dev libusb-1.0-0-dev

Eden M &9 T3 <)) 0540u & rmutr 3

8-3ubuntul_1386.deb) ...

Installer Packages

We provide standalone binaries for all supported platforms. These binaries are generated eyery weekend.
'

AN 2-8 N5AARILUSHNSU GNU radio
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Aondsannisiadelusunsy GNU  Radio  asvuip3osrenfinnesdsld
seuvUFiRnsayndiduiiFeuiesud fl¥auannsaFonldaulusunsy GNU  Radio
Companion llaensdenldlusunsumesivauasfinsiAds  “gnuradio-companion”
dm3uTusunsu GNU Radio uneuealdmids “grc” wnilasazusinglusunsudanini 2-7
(M wthasTusunsudsznoudeay Aufivhau uar dnluga dmsuiuyemuguns
vhauveslsunsuegduuuvemieing. dulugaivihisusslugauszananadyao
fne 1 Feldauannsalisndanuasduduiuivhousesaniduiledeurousasluga
dsheiu madenseusazudenidsnefuildlasnsadnundiigaidiousesig q asudu
Aiusvasusagiugaanninnszildfensnadubandnilugaiidoenisusuudsindy
awUsnguisdmsuuslosiuseie q 31 Hedesnimeaeulsunsuiiimunduliden
iy Build waz Generate suduiitoadashid Python Mduiusrulusunsuiiesnuuuly
sioandulivhmssulusunstlaeiSenany Build uay Execute mudduifiodssulusunsy
Tagagusnglsunsuiieenuuuliuuntheefsinegdlunini 2-9 ()

®
¥
=

B

DB

f
=

- -+ [W U idgets ]

|L [[;D;.:W\dwlﬂ el o 5 e AT /LB aratories, 1541 signals top_block py
Exacuting: Yo me /rmutr Al Az (laborak onies, Lans!_signalsftop_blotk py'

mty/Hul#e/ Laborataries /Labs |_sigralsfiab (4. speetral re: H-\gﬁ'. — S"‘J g otk machine sse8 7 32

(n) (%)
AW 2-9 Sl USRS GNU Radio (n) naswaitluswnsy ¢y shogananisidan

] I

LUswn3s-GNU Radio- Companion_Hlalgauszaianadon)insig 4 lidenldvane
suuvu Tnefilugaszananadaanamdnsignianldlunisdaiigaiinug ifinisiiseazien
famsnedt 3.1 Tuuserlgatuglfouamnsodiuddsui seaaunsvinusig 4 1élae
daszaaun13nea Doubleelick ﬁuﬁaﬂiu@aﬂszmawaﬁzuumﬂwm 1 Wiedantdnsdmiu
NFUTULAIAN
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M19197 2-1 lupaussinanadyaunldusenaunsinvigernu)dins

il Tupa n13ldau
1 Signal Source e OWLﬁWQﬂﬂguﬁligig’lmﬁhﬂ 9 919 Qﬂﬂgui%ﬂ Lavgn
AAvAmEEY
2 Constant source Auindyaiaueaad
3 WX GUI Scope sink | T0dgyysunngsian
4 WX GUI FFT sink Sandnasuniannuivesdyano
5 Throttle Amueshsnsdnduanadussuudeans
6 Add Lugadmsunisuindayaad
7 Subtract Lupadmsunisaudayaa
8 Multiply Lugadmsunsnadeyain
9 Low Pass Filter Tugansean i
10 | High Pass Filter lugansesannudigs
11 Band Pass Filter Iu@aBand pass filter
12 Band Reject Filter | lunaBand reject filter
13 | Delay L9aniaaia

4 wAdeinedesiunisdesisuuu SDR

firinusTusunss GNU Radior taunmitlusggndldeuiisludiuresnisiiaums
AouLArUIIgNa1eIULUY WRTINAUIITY Wireless@Virginia . 31naa1dun15Ane
Virginia Polytechnic Institute and State University taiauilusunsa Open Source SCA
Implementation — Embedded (0SSIE) [6] fteldusznaunisaeuiisniu SDR uazn1s
doanslimelaeimuilusunsaiiiy GUI 983 GNU Radio fiansnsaimunlsiine nnsidonse
gunsninguenuesgUszanananldlusin g GNU radio @insald Audio port iilon1s
Fauld usiitesessunistdnulunsalfifiasuivesnasdndayarm(sampling w1t
Fudusiosliounsal ADC  kay DAC-thaidy uenNNToUABAIATNG 11T UUTHv
ETTUS ResearchrLLC Wmamqﬂﬂiajﬁﬁ%a’i’l Universal _Softwareradio Peripheral (USRP)
Fesesiunsidousioguisalliaeasinietesesnsaisagy aUnsaisu USRP N2000 Series
fidnwarsanmin 2-5 “Tusunsu OpenBTS (71 Aunildlisuluunisd1 GNU Radio unld
suilonisaiaannilyn (Base Station) ¥3aszuudsanTaIu GSM air interface F3a1150
\Fousafulnsimilaganssruy. GSM ardsE Uy Software PBX iilennsidonsiorulnsdwi
fiugu TsunsudananignindsasuugUniniau vosa USRP  ilonisidonsofulnsdnyi
\gagans

W.A. 2549 N. Kim  N. Kehtarnavaz wazAnedideladiauaniseaniuy QAM

Y

=®

modem MESEUUARATTLUU Software-defined radio [8] @amunlglusunsy LabVIEW
Fudalonaligiauiauisaiauiuazyiaudilassuudeansiasmenisimuilusuns
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WUU Graphical programming environment W.f. 2552 L. Nagurney Ul@uaiuInignig
WarnnszUUAeasLuU Software-defined radio [9] Tu w.a. 2555 AF.B. Selva A.LG.Reis
uazAnzgITuliinauendnn1seenuUUTEUUABA1SUUY Software-defined  radio #ae
LUswnsu GNU Radio kaguasa USRP  aindayaluunanudinaiilassainavesninsuuas
ANAFIYBITFUUARANTUUY SDR Hnsvianussn mil 2-4 Bandpass filter gnlfifionsedly
Fyrafidanuilugasiigesnisuiduaaldou nma AD  ezdesdisnsinsdndyyia
(Sample rate) sgstfosiduanayinvesmigeandiliany mhousznanaiigniunlday
lAuA CPU DSP FPGA %39 2937 Discrete logic #114 Lﬁaqmﬂé’zgﬁymﬁgﬂﬁ%ﬁm%umiu
wuuﬁam3ﬁﬂﬁmm5@3@ﬁqﬁ?u?iqlé’ﬁmiﬁmm%%mwm 9 wlgundeyninsnaragunisldy
Quadrature modulator tJusu

MSWALNTEULEDATWUU Realtime anwsavinlévaneds nasld DSP processor
Jumadennilefignlden nmsiaddmatauaiunsarildsaenisld DSP - machine
language wa¥ATW1E uonantudamaseldlusunsy 81d Simulink waz LabVIEW ddu
msoenuuuludnvasves Block diagram 18 n1sWmuasyuUAeansuuy SDR #ae FPGA
Aputaldsuanudenlunisléau FRGA  ansayinuiianuiiigeldaniinisldmioe
Uszadana  wenwmilaainnisWeiuigunsalnae DSP - uay FPGA  uda dea1unsaimun
szuvdeansuuy SDR Tudnwaizass Softrock design Fadouragunsaifunesmass (Audio
port) 91n419n15A (Sound card)

5 Tusunsu LabVIEW

LabVIEW  @alusunsudmsuyssaianalasandianinAIngsdvesussm National
instrument co.  ltd. /fiannTusunsuasisnsonuuulusunsuitoingUszasdsing q Tu
dnwazrainIseanwuumensniinlagansadlgauszananie 9 uldaulalaede
wananty LabVIEW, JesasdunisideusaniuiniosdieTamaimnssueng 918 amd 2-10
uaz 2-11 uanskusunsu LabVIEW.  waizWiegsevdnanisiannlusunsy Tnelusunsues
Usgneunigasianulain Front panel kag Block diagram. dwmdu-Front panel Uuidu
nihssdnivAndefugldnutaedlusuasugniFenldany 01i ~aissusiuds Juaiueu
N3711971 Yugnidanukaznsaudninasng o dmSuntiafg Block diagram 1du
NHIANEINTUNITAWANNITAIHINATL. ) Vo USUNTU AT NITAIUIUNIANAAIENS
flugnu nanevauouiienAER q-waz N1TUszInaRadRaal faunansndoniuga
i qudeustertuldlnedase



43 sampling.i Front Panel

= sampling vi Block Disgram
File Edit View Project Operate Iools Window Help = i
(51810 (0] otsepionnt el T[] [T

== =

le Edit View Project Operate JTools Window Help

2

(0] 0] 1 ]l [ ptcton =2 -] [L1[3]

Pulse signal p(t)
1

Frequency

Signats
FFT - (Peak) ¥
Phase
08 -
u " PAM Signal
4 05- ‘ | I s -
g lplitud
230
el
= P
PAM Signal
> af 05
4 & 105H B
2 | Pinofrequenty
£
< - §
‘» ¥ Bl
T
4 v

|| I= H @ J! B Mﬁ ﬂwgw%

AN 2-10 ﬂ’]iWGlJu’]IU’iLLﬂﬁJ Lab\/lEW

ew  Project Operat

e

RMUTR Training Exercise
Feeques ncy Moduloson (M)

ﬂ']W‘VI 2- 11 WJ’E)EJ’N‘MU’W{ﬂ’NﬁuWJ']Qﬂ']SIﬂNWUIﬂiLLﬂiiJ LabVIEW
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unii 3
n15eanwUUTUsHASUYARNURUANIIN19ALAAINTTUINTANUIAL

1 dunemswaulusunsuyarnufuins
msimugeEnUuRnisauienssulnsauwiandunisuilusunsy GNU  Radio
LAy GNU Radio Companion dwfusenuuuszuudeansuuy SDR 11Uszendldam ns
Andalusunaudana1iasuusruuUfoRnashund (Linux Operating system) dayanaiialy
annsnfasaarldonulilasusaananldine  lunsdfidesnisindslusunsunield
5xUUUURN19IUlAd (Windows  Operating  system)  Aanunsansziinlaniuszuy
poufiumesiailon (Virtual machine) Badumssrassnsfnseszuuliifnisaundnels
spuuUfURnsiuland  amil 31 uamsiaegisenmszinansldaulusunsuyaiin
UFtRnameiuianssalnsanuian fléauivtiioudwugiasdunaunisin
UfuRnsmuluanuluudazidesasinujifmanisdiudenysyaianadyyiamig 9 18
TUsunsu GNU Radio companion saldenundesieusunsasnudssng q srenues uay
Adunisvnassdiaesszuudeansiiielineufinnesussudanawasiniadyaiomadng
dmdulunung 9 1flosniniadeshenfinmesdmyaaanlnainfadaszuufoRnng
Tulmdstunmsveaedfonlusunsudeduiinslfruiulusinsuneuinmesiadionuy
wwﬂﬁﬁ’ﬁmﬁﬂmﬁ A1 31 LansIeg1INITYInaesf R AN Avesdna 1M1 saan
wazaudlneifunisiaesdnuagresdnaiamislyliiiinainnasasvesgnaduleiiain
unasiiiaaeauisitnenuiganazansduanieiy wegldnudeudensanimil 3-1 Ui
deiLmﬁmuLﬁmuﬂiumawaamzymuaumLumaiyzymwaawmamww 3-2 uBNINYuY
fduasnsaiinesianndivesdynasnalaagasldnadnsdenng 3-2 uaz 3-3

‘Note
Note:5ignal, Source A

Signal'Source
Sample Rate: 32k
Waveform: Sine
Frequency: 500
Amplitude: 5 :
Offset: 0

WX GUI Scope Sink
Title: Scope Plot
Sample Rate: 32k
Trigger Mode: Auto

¥ Axis Label: Counts

Note
Neote: Signal Source

Signal Source
Sample Rate: 32k
Waveform: Sine
Fregquency: 5k
Amplitude: 1
Offset: 0

A7 3-1 fregransldaulusunsugernuguing
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Top Block
E Scope Plot
u fons
@
u
B
= » [Modulatars ]
= | * [Error Correction]
g
! g 7
b
e -
J * [Misc]
| 4 Coupling: | DX * | Digital ]
'; | * [ Digital Modulators
=) =l F. S 4 ]
7 Marker LineLink & [oFD,
* [Extras]
’ - v [FFT]
- 15 153125 15625  15.9375)% 4625 165605 16875  17.187% = b fuDl
5 Time {ms) Skop 4 1H]

¥ [Vocoders |

vl
*

fLaboratories/Labst_signalsftop, block.py”

wutr/ A1z /Laboratoffes/Labst_signalsftop biockipy”

Wi 3-2 wan1sUsEaNaNad g0

) Top Block

FFT Plot Trace Options
0 " Peak Hold

Average

Persistence

I
= P Trace Al Lstore r
| 2

Amplitude (dB)
&
=
\

_| Trace B 1Store

| Axis Options
70 Fa'y -
T y | dB/oiv: |iu;_& i
- Y
I'Ref Level: I:|t 1
5 o U e— - L e R
| Autoscale j
-100 ! . . . t | <a N
0 2 4 3 g 10 12 19 16
Frequency (kHz) e Stop J

AN 3-3 Wan19AAT L URASIV D Ty 10

2 mMsnanyarpUfUANsInsANuIANGA8lUsKNSY GNU Radio
nseenkuuyaRnUfuRnsusazgatlun1siilugadssadanadygiamig 9 ves

A7}

[ I

LUswn3u GNU Radio; companion 1ntiusenaunisunduingsniesvialadnyinienaiseile

UsgnaunisinUfiintalas aziden tusutandeaunsaifshinnisinufianisdug 14
Tnedne 1aziBenvesgioUsynounsindfianasdn isefnvifisfuldainnianuan
dielwnsfinufuRnsmedaidanssaimseninaulesldyainujoinisinseunqungud
ug1uie o gATelawdsyeainUUANTTIAL 5 9 laud yarnUujURnisnuaudfives
gyeun el ﬁmﬂﬂﬂﬁﬁaﬂ’mwamaqmmﬁ YARNUJUANITURGLANTILBUNEYA

aRnUURNsHeaEn il yaRnufdRnsmsindygn Ineiudasyniisvasidundiail

v 9

e =D

<
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Laboratory exercisesin Telecommunications

Signals Filters Amplitude Angle Sampling theory
- Signals waveform - Low pass filter rodulations Modulations - Principle
- Amplitude - Band pass filter -AM Signal . - FM signal - Nyquist frequency
- Frequency/Period - High passfilter - spectral of AM signal
- Time/Frequency - Band reject filter -DSB modulat_lon
domain - SSB modulation

a1l 3-4 TassaalusunsugsiinUFdRnisinuimnssulnsauunausaelusunsy
GNU Radio

2.1 yernUURn1sAaauURvesdy el

yaflnU RN sauauTRvesdyyInm sl fiinguszasdiionisatuaiieniny
L%"flﬁ]éhuamauﬁ’aﬁyugmﬁuaqéffgfg']mwmlw%'] 919 AT ALA weuNAgA Anwnizved
FU UM IATAZN DKUY 9 unasldluga Signal source e iladyanneng o
Ingsiafiuluga Wx GUI Scope Sink Wag Wx GUI FFT Sink fiouansdnunzady o
nEIIAILaENeAARERg dluAMT 3-3 kazUTuusAsAfILUTEN 9 vasgn

A o A o wa o A A
ﬂauaiy,zymmamLﬂm@mammmammwm@L’JmLLawwmmamLUaBuLLUaﬂU

Signal Source

Sample Rate: 32k WX GUI Scope Sink
Waveform: Sine Throttle Title: Scope Plot
Frequency: 1k Sampie Rate: 32k M Sample Rate: 32k
Amplitude: 1 - d - Trigger Mode: Auto
Offset: 0 ¥ Axis Label: Counts

AN 3-5 ATINIRRRIAN WaEgNAR a8

a

2.2 YARNYRURANITINTBIAIIN

YR UATANTI9aINsBIA AT INgUsEa Ao TLaTuatianadlasu
AN 19TR5 09NN ALY o IFlA 2993099AI IR (Low pass filter) 2493
ﬂiaqmmﬁqq (High“pass filter) 2925 Band pass filter a¥ 2495 Band Reject filter lnaidu
nsdeudyruanlugaduiedyyindeuidrgluganesdaninuuusig 9 a@nw
NARBUAUDITRIAINI BRI LR NS s uS A A s 1



Signal Source
Sample Rate: 32k
Waveform: Sine
Frequency: 1k
Amplitude: 5
Offset: 0

out

Throttle
Sample Rate: 32k

Low Pass Filter
Decimation: 1
Gain: 1
Sample Rate: 32k
Cutoff Freq: 1k
Transition Width: 1
Window: Hamming
Beta: 6.76

AT 3-6 NIINAADINATNTDINIUR
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WX GUI Scope S5ink
Title: Scope Plot

in | Sample Rate: 32k
Trigger Mode: Auto

Y Axis Label: Counts

2.3 YRNUURNITURMEATILBNNETR
yarnUFTRMsuegianduesmagailingUszasdiiiensiaiuaiismnudilaieadu
mMsuegiandueunagalaeinisdeudenussananadyanasing 4 smnmi 3-7 Tneduy
miﬁﬁaaﬂmma@mmﬁmz@mmmaLﬁuLLas Double Side band Suppressed-Carrier (DSB-
SC) pamgufiieites AVAFRUAINIAUSUAIMYTAG 9 16 1y woundgnvesdyna uay
assviinsuegian (udu aumsdimsuindadyrnnaidu sy, (t)was deygins DSB-SC

soe(t) AFeudulunuaanasseld

Note
Mote: M(t)

Signal Source |

Sampile Rate: 32k
Waveform: Sine

|
Frequency: 500 »au‘_bE
Amplitude: 1 \
Offset: 0

Note
Note: u

Sa (t)= AL+ m(t)]eos(27f )
Soee-sot)= Amit)cos(2t)
e mt) Aodayayaiunians A ez | f, ABLAUNGIAKALAIINVBIAAUN VRN IRY

‘Muitiply

Constant Source
Constant: 500m

ot

Note
Note: Carrier

Signal Source
Sample Rate: 12k
Waveform: Sing
Frequency: Sk

Constant Source
Constant: 1.

a o <3
AINN 3-7 NTNANDIELYLYIULDLDN

(3.1)
(3.2)

Multiply

WX GUI Scope Sink
Title: Scope Plot
Sample Rate: 32k
Trigger Maode: Auto

Y Axis Label: Counts
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2.4 yernUuRnIsuenandey

yarnUFvAmsuegandumiinguszasdiiiensiaiuadseadilafeafunisueg
landsnnuiuazsteglaniana lnefinisdeudonyszananadyaasig 4 muani 3-8
Junsihlugauszananadygianiunisuonandanaduazidauvestusunsy GNU Radio
mﬂ%muimmaLLasﬁmiU%’UqugULLUUsuaqéfﬁggymmaaﬂLﬁ@lﬁuamﬂﬁl,ﬁuﬁqa’zyzymt,wuﬁ
wadilsnnnisuegLan

Signal Source
Sample Rate: 32k

Waveform: Cosine —
Frequency: Sk :I
Amplitude: 1
Offset: 0

Multiply

Signal Source —bﬂ Complex to Real |out inl
Sample Rate: 32k

Waveform: Sine T = Throttle
Frequency: 500 Sample Rate: 32k

Amplitude: 1

Offset: O
Frequency Mod |—
i
-{i Sensitivity: 1 jo—

—bﬁ Complex to Imag |out ind
Multiply [out

Signal Source

o5

Sample Rate: 32k
Waveform: Sine

Frequency: Sk g
Amplitude: 1

Offset: D

[ind| Title: Scope Plot

- = — = .

AR 3-8 NMINAADIAya e vLEY

2.5 yannUjURnIAIsInEeysua

=

R NUFUANsNsTndaIpiingUssasationIsdInasNA T lane I Ung Ul

mstndeyaa dnisnavasnyssananaduamInImg 39 laadunisinasinisgusening

[ [

oy st) wasanaauiad plt) dakansnenastndagyannitaunisdelul

Spam ()= s(t)p(t) (3.3)

[ ¥

Ty auilaainnstndygyraundugnaduiadniiveundgaudsunlamudyyiadoya 151

v v Q
LY [ & o a wva

wendyausanatnwdudygy s PAM (Pulse Amplitude Modulation) Q‘E’Jﬂﬂgumms

D

[ AgY)

[

aunsaususnsnstndeyia (Sampling rate)  f, 1o

A

WX GUI Scope Sink

Sample Rate: 32k
Trigger Mode: Auto
Y Axis Label: Counts
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Note
Signal Source Note: dit)

Sample Rate: 32k

Waveform: Sguare i m Throttie P ) =

Frequency: 1k Sample Rate: 32k

Amplitude: 1 Subtract |out Multiply |out

Offset: -500m il in1

Signal Source
Sample Rate: 32k

Waveform: Sguare - : Throttie M Delay

: out out
Frequency: 1k g i Sample Rate: 32k Delay: 1 :|_
Amplitude: 1
Offset: -500m

Note
Note: Signal

0

Signal Source
Sample Rate: 32k ol Ind| Title: Scope Plot
Waveform: Sguare s n Throttle sample Rate: 32k
Frequency: 100 Sample Rate: 32k | :

p b.|||1:|_ Trigger Mode: Auto
Amplitude: 1 -
Offset: -300m

Multiply |out WX GUI Scope Sink

Y Axis Label: Counts

v v

a
NINN 3-9 NINAaBIYNFRY T8

3 nMsnaUIYaRnUURANsInsANUNANABTUTUNTH LabVIEW
desnmsiannlusunsuyaiinUuiinisselusingu GNU Radio Sanudniuses
THuiuiiosaeuinneifainsesruuuisanisaundifundn n1sldauiuinies
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RMUTR Training Exercises in Telecommunications|
Signal and spectral analysis
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Abstract

This paper introduces a development of laboratory exeicises
in telecommunication engineering for applications at classroom. The
GNU Radio and GNU Radio companion, software to develop software-
defined radio system, are used to provide efficient laboratory exercises
and give students more chances to leatn principle in telecommunication
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theory in telecommunication engineering- can  be ‘applied andthe

laboratory exercises can be improved rapidly and low cost.

Keywords: Software-Defined Radio, GNU Radio

1. Unin

A A

maluladNifedrveadun1sdea15 (Communication
Ao A a ' P a
systems)  [1] Hoasimsnigaulasgnniingzlan 019 szuy
v & " 4 '
I‘V]iﬂW‘nWﬁgmi (Cellular mobile phone) LAY NsTOAITHIU

= . . . Y = A o 1 =
A1UNYY (Satellite communications) AIYNTEUUADTITAINA1IY

a 4 X a o
Wsuadldauwnsiumaluladnmsiszuranadygisuaznis

0]

o 7 A = o £ Ao
W@lu']qﬂﬂﬁmﬁ‘]\? 1 VDITEUVADTIT WY NWAUIVUNUFULAYINY

Ay Yo o ' A 2 o ¥ o
maluTag ldsumsvimnedsaeiiowazstadiduiumslSulye
v
wemdmiumsaemindnu lumundniainssu Insauuinunis
= 2 A Y Y A o @ Y o o
UmsiiuauANNNeINuMsTeasnimsliul g lniuaiedia
adugueeruyuiny: unindnsuionisi ) 1dauesdu
F2 t3 k4 ' o K a
magaamassulad  misldanuiunidndnluanisnssy
9 aad g ] Yy o PR a
InsanauA U inerteaniounualemaliindnui
Temaidoughienuioaiiumsiniljidnisnaassiedenndonu
X A 3 v Y o = A a a
terngeuiuuuamelums anujumindnyniylszansam
o q 9 Ut ) yud X . < o
sazih lagGBoudwsan 1 ldasan ed1alsnnmma TuTagan
an Yo o 2 o a A Y]
aldsumaiaanu o Jogiiu 019 szuvdedis I¥aenuy
Muléiple-Tnput  Multiple-Output [2] 1az3HanIUANANNHANAIA
5 9 Ao @ Y R oqYa
(Error Control Coding) 3] l¥msesnuuuniinnusudeuduiliing
anwanlumsaawi suljianisnaaeuieasandannisnang?
y @ 2 oa o w0 &Y v
wenamu s vyl gians neaeddiumisiuiudelds
LA A st o 2 o o
wlsgananinduiemiTagonazilfuiljegins ol ldiumivey
AnBAIN]

1Y

. Ea
iiieAp aueat s InanLITetiiudue NI NALY

=

UfiiRmsnaae i Ifons sinsamnauigaihlisunsy GNU
Radio (4] d115U00nu g UTTo@131 52190 Software-Defined
1 9 o a oa Y
radio(SDR) [5] 1 1wlsznatmasvinlgianisnaaesvediseu s
Walhszuudeasiuy SDR Wumsmswannglniailudnymzues
> & ] a 2 ' &
w9193 (Software) BN a3 1Az ANA IV UHHIBY sTUIANALNE
msiszujamadgaiaasdmuniildersanns (Hardware) Fald
7 a g A ' a
13955 3 (Fhtegrated-Circuit) 11a2199301aNNTBINTA 9 N1sAARD
o o o o 1 td
nugnsaimenengilnsallszuiananszyiiiiugnsol Analog-to-
v
Digital converter (A/D) ¢ Digital-to-Analog converter (D/A) A4UU
L2 A A ua A o = Y = T
mamuangalfuamsmesessunsinduna TulagIng o 39
aunsaildTasazainuazdsigaindunulunisdaiyailn

UFRMs Nianszuu@easuuy GNU Radio Tagnihunldlums

2 o

o a o 4 ' o o o
27-29 AN 2556 13U5UHIRULNTUA LOUA W13 VINIALTLVILAIVUS

561



UNANNIAY

9 '
m3dszgpAnmaaionisisnssy liih uminedomaTulatssuena adai s

Proceedings of The 5" Conference of Electrical Engineering Network of Rajamangala University of Technology (EENET 2013)

Laboratory exercise in
Telecommunication
engineering

Personal Computer/Laptop
with GNURadio software

Student

s 1

TilsunsugarndiiansaniaanssuInsauuan

Fvedreunsnats dmsudunis 19Uz nounisaeuiinly
W.#.2552 Ladimer S. Nagurney laagiuuanianisleaiu Software-
Defined Radio dsumisdoulundngasisnssy Insannaunas
Seanssuneuiiuned [5] wennniudedinisiunlddsgnounis
aouludoatljiamsduisinssyInsauuiny s s INedea 9

ynaniifumsih Tsunsy GNU Radio wilszgndls
TumswannTsunsugadndfiianismedndsnssuInsanuia
fireandostunguiduimns i InsauianTasnsegediunae
dnldiuyuanuiaiug lldumsdeunnlsnarag 14
Tsunsulszneumsaeudimiudaon 1d wonnniiAEKaR
Tdsunsugailniuunldauesdei 1 ¥fdonainsauSuudy
eazdean1a q Iaeandeinunsaon ldagalnuinndanisly
gaflnde 7 ffauniuTaods i8Midamns ol fullzidot
azaIn

Tusadenalinainds Taskadisvealusunsuygailn
UFiAns ann1319u093 2T Ee 130D SDR Mg
szupeasiuy SDR §2uT1sunsu GNURadio 1083 1wazBoans

Wanngarnl§iansmadaans sy Tngnuenng mudid

a wvua

AUAMS

aelnil

A wa A o & = o o
G]gﬂ‘ﬂ;]']Jﬁﬂﬁﬂ/]ﬂﬁﬂUVlWWMWJuuHJﬂWi‘V]'N']uﬂ\igﬂ

4
2. Tassaavealisunsay
=
il
Taoflumsiamsouyallsunsudmsuldlsznennisinlfiianis
airnisu Insauuinuals 11siunsu GNU Radio tageonuuule
yanana llensaldauldlasie Tdsunsuiimordeandonya
y .
Ujifanisnaaeugnanaslfuuaiesnoniinmeidiuyana

(Personal computer) Lﬁﬁ)ﬁlﬁ’é}ﬂﬂﬁﬂﬁﬁ‘llﬂiﬂi]o‘IﬁENﬂ‘IiﬁNWu"UﬁN

o a o 4 ' o o
27-29 AN 2556 13U5NHIRULNTUA LOUA W13 VIMIALTLIL

562

ssuviteatsildinaTuTaddmnssu Insauuaude g msfiga
ﬂﬁu‘“ﬁmﬁwﬂaauﬁa@azﬁ'uﬁmﬁii’wammiﬁmummizuu?}amiua:
Unrnnmsioudoeniauinsueniiionafoudedutosdyg
ﬁqﬁﬂﬁ’ﬁ'unu“lums%’ﬂ«faqﬂﬂstﬁﬂi:naumiaau”lu'mﬂﬂ’n
u'e]nﬂm&uzﬁﬁmmﬂﬁﬁﬁmwﬂam@m 7 fideandestunguidu
Aranssuinsauuian Tﬂﬂzg'uﬁ'umwmwﬁﬂmiﬁ?ugmmm
szpnFemsmMuvazidoaluiNusnnveszUUAeas (Principle
of communications) ﬂ?mmumuﬁugmmwﬁ’wucﬁﬂ’mﬁu
Tnsauwian 1un auauiRvesdagiamanauaznenng
Wlawos (Filter) M3wegaaHauuIa (Amplitude modulation) PIINO
QANITIYY (Angle  modulation) HATNABRNIIFNAYY I
(Sampling’s  theorem) ﬁaﬂﬂ’aﬁiauﬁﬂﬂugﬂﬁz Tuouinaveiing

mnAunsnaaessunaluladlszuianadygraudu qiRudy

gohl

4 .
3. 3zVUaa13itUl Software-Defined Radio
4 d 4 Z & ay
IPVVTOIUUD SDR  Aoszuudeasglununiiadald
yoWiuafIien1500nLUVLAL A UANITINNUAIUAI 9 15U
a s ] ~ s . o .
MANNERT (Mixer) MAWlaiaas (Filter) nnvensdayaas (Amplifier)
K
MANoAAA (Modulator) uasﬁm@mm (Demodulator) i5ludu ﬁugm
MSAINUYBITZDUTOA 151U SDR Hanvazaazili 3 nanfens
i ugaulszunanadaaanu auUus (Baseband) n3zsiilag
' = £ a P
nirvilszuranadlsnounamesdiniana (Personal computer)
Wintilaol32uNanavuInan (Embedded devices) dayanaiisuuag
' 4 ) ) t4
dalusgudeaIsaIon1a Front end 92 9naud1g91/n3al Analog-to-
Digital Converter (ADC) Lia& Digital-to-Analog Converter (DAC) 1o
oISz IaRad YRNMeN 15AIDANMIINNIUAR 9 VO3
' o o ¢ o A
miglsgarara dyunizii laen15eonuuuyeiings SDR e

v
3BITUNITNNIUAN 1l LagANAIASL NI s Iana

4.15un33 GNU Radio

Tilsuns10GNUradio (51 (HuTisunsudmsumsesnuuy
agNENT LU UASAITHUL SDR Uszian Tormuaesa (Open source)
Aidlalen ol yananalUAadauuiniesneuiinmes 18 Taeliide
alde Pldmuamnsneenuuuszuudems Iddenni Tugams
Uszinanadaanuma q 7 1&gndawsen3edauysainderiield
3w 1ddea 1171 Twnew (Python) wazgdiamsanan luga
a1 dudmsunslFaumme i 1ddenm oo ms
ponuuuNsUssanadyyuiie 4 nanuanszidaeTsinsy

GNU Radio TUsunsuwmuiainisnsiasinisniauyed

2

9

o

g
UD



UNANNIAY

9 [
m3tszgpAnmanaionisisnisy liih uminedoemaTuTatssuena asai s

Proceedings of The 5" Conference of Electrical Engineering Network of Rajamangala University of Technology (EENET 2013)

Laboratory exercises in Telecommunications

Signals Filters Amplitude Angle Sampling theory
. modulations Modulations inci
- Signals waveform - Low pass filter ) ) - Principle
- Amplitude - Band pass filter - AM Signal ) - FM signal - Nyquist frequency
- Frequency/Period - High pass filter - spectral OfAM signal
- Time/Frequency - Band reject filter -DSB modulat.lon
domain - SSB modulation
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WX GUI Scope Sink
Title: Scops Flot
Sample Rate: 32k
Trigger Mode: Auto

¥ Axis Label: Counts
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T Blocks P
» [Sources]
» [Sinks]
Scope Plot B Fersistence S i, SN
> [Type Conversions]
d . > [Stream Conversions
- iy » [ Misc Conversions ]
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* SRor iy > [Level Controls
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/ \ » [Error Correction]
g ° @ Aixorange *» [Line Coding]
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2 cht | Tiig > [Variable]
Y > [Misc]
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> [WXGUIWidgets ]
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Software-Defined Radio

(Laboratory Exercises in Telecommunication Engineering Based on
Software-Defined Radio)
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uni 1

uni

weluladfifeadeaiunisdeans (Communication systems) [1] fighs1nsiasayiulnegig
fanselan 917 szuulnsdmviwagans (Cellular mobile phone) way MsdeasHIUA1ILTEN
(Satellite  communications) #efiszuvdaaafenafivimagléaudniumeluladnig
Usvananadyauazmsiaugunsaiig q vessriudsansTagnifautusiduieaty walulad
Ffunsiamnediseidesuagsniideiunsufuusaiemdmiunsaeutindnunluaionivn
Iennssulysauunaumsinsifisiueuifgifunsdoasitnisusuusdiviuaivesnaasinane
Wefisyuinweliundndnviitenshluldnusisdunagnamnssuld aslimnuiurdndnuly
aimnssulvseaudunguiiiiedomiauts UalenalmindnuilloniaZeuiienuies
dunsiUuRntsnaassdsaenadosiviifeniftaeutiuuuamalunislvanuiundnAnudid
UsAvsamuazyhliGeuannsadnlaldabetu sghdlsfnuineluladng q Aldsunisiautuan
P99y 917 szuvdeansliaisiuy Multiplenput Multiple<Output [2] wazsiamuauAIm
Aamann (Eror  Control  Coding) - (31, M seanuuuiifienududeuswilianaueinlunis
fawnTondfofinimmansaiiearsavdnnsdnaan uenaandy n1susulseyaugdinisnaaedli
suatesuiudeddaulssnaifaduiensindenss sl ssounsallsiviuatvognaontian

\eneuausaymdindinugudsdslanauigaufifinisnaassnisiiuininssu
Tnsasnan@einlusunst GNU Radio’ [4]-dwitssniuusguuidoaistssiny Software-Defined
radio (SDR) [5] anldUszneunsiUgiRmsnnassuesiztu pswannsyUvdeaisuuy SDR 1y
nsnsiaugUnsalluan varwesweniulz (Software) %agﬂa§WQLLa3§®§qaquuwﬁaaﬂismama
\onsUszananadaainasuninsiigsaias (Hardware) Bal4993593 (Integrated circuit) uag
29938anNIelindany 9 nsfnsenugUnsalnteusngunsasgadanan sk ugUnsal Analog-to-
Digital converter (A/D). Lae Digital-to-Analog converter.(D/A) ot mﬁl,ﬁmawqwdﬁﬁamuﬁa
seesun1sHnaumaklaglnd 9 f%@ansariilalaaasaaniaeysidna g ulunisdnvigarn
UFURMS Aikusnszuvdoansiuy GNU Radie Ingninaililunisiduseniawsviane dssuduns
TUszneunsaouiiuly w2552 Ladimer S. Nagarney Taaguuwan1inialdein Software-Defined
Radio dwisunisaeulundngasimnisulnsaunayianssueonfialnes (5] uanaintudsding
hanldusgnaunsaeuluneIUiin1sn AN TUlnsANUIAL L ENTIVENRERNS 9

frauilifunsilsun s Gy Radie wussgndblumsiaulusunsuyaRnU g UAnns
mefuimnsnilnsauuaufidenadenuvguanuian sl Ao sedsannsaanly
Wunuaudavgldfunsdsunudsnatagififulsunsuusznounisaoudmviaouls
uanantunsndnlusunsuyaintuanldauesdwinlifaeuannsnlfuudsoasiBonss q 1o
aonadoafunisaeuldazninunnniinisldaetinns 4 Afmutulnedsudnfedannsoy fusald
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Laboratory exercise in
Telecommunication
engineering

Personal Computer/Laptop
with GNURadio software

Student

sUM 1.1 Wsunsuyaslnugiinasenuimnssulnsauuney

1.1 lassadrsvaslusunsuyarnufiufing

miaaﬂLLUUW‘E’]ﬂUﬁﬁ’am'5Lm'azﬁqmﬁuﬁ]umiﬁﬂu@aﬂixmawaé’ay}mwm 5 993lUTHNTN
GNU Radio companion wldUssnaunnsiinufofnisnenilédavinenaisdiiousznaunmstin
UftRnslasaziden TusurandianuisaliuinnsinUlanisdus 1dlasdie s1eaziBonveagile
UsgnounisinufURnisanunsnRowuiadalaainnanuan S ielinisinujofnismisiiu
mnssilnsauaulngliyetinU fiRnstnseungunguitug e 9 §35lduaatinufoanis
$1u9u 5 g0 1dun yeilnUjiRnsamandivesdnnimmising gainUfdan151993n509a2108
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Laboratory exercises in Telecommunications

Signals Filters Amplitude Angle Sampling theory
- Signals waveform - Low, pass filter modulatifms Mod}llations ; Princi_ple
- Amplitude - Band-pass filter - AM Signal y - EM signal - Nyquist frequency
- Frequency/Period - High.pass filter - spectral of AM signal
- Time/Frequency - Bandireject filter - DSB modulation
domain - SSB modulation

JUN 1.2 Inssadlusinsugalpuiofniseathamnssulnsauuiny
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1. WhlednuyaizgnAdudyIauuUsng 9

2. Whlamuduiusseninmnud munat wagueunaaiuinuurgnaaudyy

= @ a4 o
N1INA8BIN 2.1 anidsanAauan 1

211 sevdensaguit 2.1 Taelduden (Block) Tuvaan (Category) Source Wx GUI widget uag
Misc U89y
212 neduibananiiugen Signal Source WAz mMunASaLYsee
- Output type: Float
- Waveform: sine
- Amplitude: 5
2.1.3  USuiuUs Type vesuden Throttle wag Wx GUI Scope sink Ju Float
214 Fudunsiiasimaiauvesszuulngdeny Build>>Gererates kay Build>>Execute
AUAIIU

2.1.5  Suiinnswigneduleadluguil 22 (n)

Signal Source .

Sample Rate: 328 ' wgﬁul Scope Sink
Waveform: Sine v TMS-NDE Plot
Frequency: 1k '| Sample Rate: 32k
Amplitude: 1 | Telgyer Mode: Auto
Offset: 0 ¥ohxis Label: Counts

‘:' o lﬂl o/
E‘U‘VI 21 NLNAGDIaNYUSANAGUELNITU

2.1.6  Usuguuuugnadulaenaduidananiiuiion Signal-Source uazildsuuys Waveform 1Ju
Square Triangle Waz Saw Tooth AUAINU 11N15NAABY 2.4-2.5 F19NATINTS Junnug

nsnaaesadiugy 2.2(0) 2.2(A) uay 2.2(3) AU

o.Aava dudeana 2-1 USuusaangn 24/04/56




TsunsugerndfjimnimesesiniAmnssuinsanuax

AIAINSUAERS NuInanasmalulatisgnenasnuinduns

(m) (¥

U 2.2 nsnigAnaLAuaA (n) gnaaulsyl @) @nadulalui (A) Trangle (3) Saw tooth

N1INARRY 2.2 anwaEanARUNYNIN

2.2.1 Giauﬁaﬂéﬁ’agﬂﬁ 21 Inalaudon (Bloek) luusag (Category) Source’ Wix-GUI widget wag Misc
AUAIU
222 nasuilananiiuden Siendk.Source waEMIMUARTRILIS AT

- Output type:Float

- Waveform: sine

- Amplitude: 5
2.23  U5UuUs Type a0sudan Throttle wag Wx GUI Scope sink 1u Float
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224 L’%'uéfuﬂ'mi’waaqmiﬁfmumaﬂiwﬂmaLﬁammé Build>>Generates wag Build>>Execute
ALEIRY

225  JuiinAussiugegauesdygagnaiuled

Y

= [

wsanugaEnilAy Tad

9

22,6 VMIMAE092.2.2 §9 2.2.5 F1anasalastlasuiauls Amplitude Wy 10 TufinAusesu
aanvesdayaygnaaulel

% a1 3 [
wsanugegnilady 1ad

AL

NNUANTNARBIL ALBNNEYA (Amplitude) vadgnaaulyiiinuduiusiurawanvesgnadiulel

LY 9 Y

o814ls

ANSNAABIN 2.3 AMUFUNUSTLIITAIUDLALAIULIAN

231 sevdensdaguil 2.1 Tneltuden (Bloek) tuvisan(Category) Sotrce Wx GUI widget uaz

Misc LAY
232 nesullananiiuden Signal Source agRaunrIfawdsaall

- Output type: Float
- Waveform: sine
- Amplitade: 5
- Frequeney,.1000
233 USumuUs Type vosuasn/Throttle-way Wx GUI Scoge. Sink 41U Float
234  Gufunsdiassmshauvesszuvlaaidaniuy Bulld>>Generates way Build>>Execute
ANAIAY

235  muaaunawegnaduledanmiud £ Tagldaunsdeluil (£ =1000Hz)

o = ° a
UUVIﬂB\Iam’iWUUma\ﬂ,uﬁl’l’i’Nw 2.1
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2.3.6

2.3.7

PNNANINAARIRAT ST EE Nt ETgnTenInagegavatanaauley (Husewun
il 5 1) aesgnadu JufinFiaunaiinlaadlunisen 2.1
MNINRaBINl 2.3.2 fis 2.3.6 S1onAsslaetuasusiauys Frequency Wu 2000 3000 wag

4000 AWIAULALTUTNNNANISNAZBUNAILAE DV INUARILUATTIN 2.1

A5199 2.1 NANNSNAFDUAINEUNUSTLTNINATUNIB AL AINUD

AUD (Hz) ATULIa1 (31NNISATUIN) ANULRa1 (31NN1SNAAD)

1000

2000

3000

4000

AL

ANUNAALANUDTANFUR WS A uaeels

N15VARRIN 2.4 ARy IaveadNa vasanaaule

24.1

soudendaguil 2.2 Ineldudon (Block) umsina (Category) Source Wx GUI widget wa

Misc ANUAIRU

24.2

243

[ Qy 2 A 2 o % Q. dy
NAAULUAARNTIVE M- Sighal Source bazNINUAAINILYIANL

- Output type! Float
- Waveform: sine

- Amplitude: 5

- Frequency : 1000

USuiuwls Type vesuden Throttle wag Wx GUI FFT sink 1u Float
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2.4.4  SUAUMIADINSTYININUYRITTUUIAEIARNWY Build>>Generates Wag Build>>Execute

ALEIRNY
245  Yuiinawnesuvesgnaduleindueundgadu 5 Taduazlinaud 1 KHz adlugud 2.4 (n)

2.4.6  YMIveass 2.4.2 3 2.4.5 sﬁwﬁﬂﬁ%ﬂmmgsuméﬁLLUiLLamwégm (Amplitude) wagAnsd
(Frequency) ¥84Uaen Signal Source MUAIRANG Iug‘d‘ﬁ 2.4 () 2.4(A) waz 2.4(9) Tudinaunnsu

mamimaaqaﬁugﬂﬁ 2.4

WX GUI FFT Sink

Title: FFT Plot
Signal Source Sample Rate: 32k

Sample Rate: 32k Baseband Freq: O
Waveform: Sine e = Throttle o ¥ per Div: 10 dB
Frequency: 1k : Sample Rate: 32k in| ¥ Divs: 10
Amplitude: 5 Ref Level (dB): O
Offset: 0 Ref Scale (p2p): 2

FFT Size: 1.024k

Refresh Rate: 15
Freq Set Varname: Nons

UM 2.3 MsupapdiAsIEia Unnsuva s

2.4.7 Wasuwdasnsvingmuesssuuatgui 2,5 Wagltuaen Signal Source uvang Sink  uden

Add Tunngm Operator wazudan Wx GUI Scope Tuniaa Source Wx GUI widget
2.4.8 MuuaIlUsuad Wx GUI Scope Sink Sighal Source A 1ay Signal Source B el
Signal Source A: Output type: Float
Waveform: sine
Amplitude: 5
Frequency.: 500
Signal Source B: Output type~fFloat
Waveform: sine

Amplitude: 1

Frequency : 5000
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Wx GUI Scope Sink: Type: Float

2.4.9 BUAUMIIRRIMTINUTessEUUlagideniuy Build>>Generates Uag Build>>Execute

'
[ all

muEAu Yuiindnwazdyaamaiaiilaadugui 2.6 (n)

2.4.9 Waesuuden Wx GUI Scope Sink masuuiageuesssuuiiu Wx GUI FFT sink ¥iin1svinaed

'
= [ =

F1dnaTarduiindyaanianudaddugy 2.6 ()

]

(@) )

JUN 2.4 awnafuvesdyaindad (n) keundyn 5 1aasfaanun Tkez ) waunagn 10 Ladaud

1kHz (P) LONNEYS'S JaaRnash SkHZ (9) LoNnGgh-10 Taaria i 5kHz
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Note
Note: Signal Source A

Signal Source

Sample Rate: 32k
Waveform: Sine
Fregquency: 1k - WX GUI Scope Sink
Amplitude: 5 ind RS Title: Scope Plot
Dffset: 0 Add |out Simple Rate: 32 out in | Sample Rate: 32k

inl { Trigger Mode: Auto

Y Axis Label: Counts
Note

Note: Signal Source B

Signal Source
Sample Rate: 32k
Waveform: Sine
Frequency: 5k
Amplitude: 3
Offset: 0

B

UM 2.5 MiveaedlisIeRanasuvasdnyay e

(n) (%)

JUN 2.6 KaINTNINREMaTINTegnARLLe (0) Aannm)atin @duannmieeaud

AL

L8NNI IATIBBUNG A ¥RITNTRsT g neaTlv i AsTe sdy g 1uana1ila

U

o814ls
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uni 3

299N TDIAY YN

InqUszasAvaImsEnUUanIs

1.

i lanaaN TR0 THYIMLUUA 9

2. @IOATISRANEN ULV Y IV AL V10BN VBIIAINTBIANNA LA

N15NAAR9N 3.1 2995n589NIUA1 (Low Pass Filter)

3.1.1

3.1.2

3.1.3
3.1.4

3.15

3.1.6

meuaen Signal source  Throttle . Low Pass Filter hag WX GUI Scope Sink é’ﬁgﬂﬁ
3.1 ANUAPIU
nasuidananituden Signal Source WAz mMunASaLYsee

- Output type: Float

- Waveform: sine

- Amplitude: 1
USuiuUs Type vesuasn Throttle wag Wx GUI Scope sink Ju Float
nnsuianandiuaen Low Pass Fitter wazimmunansauusaeil

- Cut off frequency : 1000

- Transition width :-100

- FIR Type : Float-to-Float (Decimation)
AasuiDamaniiuaen Signal source-BnASIRaL LA A1LE (Fregency) waqqﬂﬂﬁulszjﬁ
\Ju 500 Hz (500) 10T L?mﬁuﬂwsﬁwaaqmsv‘\’wmusuaaszuuimEJLﬁammg
Build>>Generaies Lay Build>>Execute msdafy. Puiinkouageuasgnaauluinadnsas
Tumn9797l 3.1

nsvadoudloeldaaene o snumasiem 3.1 wagtunnnaadlumnisnsm 3.1
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Signal Source
Sample Rate: 32k
Waveform: Sine
Frequency: 1k
Amplitude: 5
Offset: O

Low Pass Filter
Decimation: 1
Gain: 1

— Sample Rate: 37k
| Cutoff Freq: 1k

Transition Width: 1
Window: Hamming

WX GUI Scope Sink
Title: Scope Plot

H Sample Rate: 32k

Trigger Mode: Aute
¥ Axis Label: Counts

Beta: 6.76

JUM 3.1 N151ARBINITNTBIHIUAN

P39 3.1 WNANITVIAABIINATNTOINIUA

ANE (Hz)

weunanvesgnaduletuIeena1NIRINTOwEHIUN

500

600

700

800

900

1000

1100

1200

1300

1400

1500

3.1.7  WaenANANNLEIEVINUeNNATALAYAIIHOTRIH R 104U ONVB93IA T TUATL LU

3.2

A uannagn (V)
1.0 T

0.8 T
06 T
04 T
0.2 —
00 L]

d, o
ANDANEaN

| | | | | | >

| | | | | | i
AN (Hz)

JUN 3.2 Asmlanuduiusseninauweunignuiasaudvedy L 10U108NIINIIATNTONIUA

9.fana 2118898
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AU

1 a . A 6 1 o Ao @ 1
AANNAYA (Amplitude) vesgneadiuleuvteenaneTnsasumlinuaziugule

msmaaaﬁ 3.2 qaainsaamfmﬁqa (High Pass Filter)

=

3.2.1 @euden Signal source  Throttle High Pass Filter Wag WX GUI Scope Sink @fﬂg‘d
3.3 MNAIU

322 nesuibananiiugen &gnalSoumxzuazﬁﬂmumﬁﬂﬁbuﬂiﬁhﬁ

- Output type: Float

- Waveform: sine

- Amplitude: 1
3.2.3  USumuUs Type vesuden Throttle way Wx GUI Scope sink 1u Float
324 neduibananiiugen High Pass Filter LagranunAIfauUsHi

- Cut.off frequency : 1000

- Transition width+ 100

- FIR Type : Float-to-Float (Decimation)

3.2.5 ﬂmﬁmﬁaﬂ%ﬂﬁué‘aﬂ Signal source Sﬂﬂ%ﬁ\mazﬁmuvﬁmmmﬁ (Frequency) suaﬂQﬂﬂﬁluisdﬁ
B 500 Hz,, (5000 970t > Budunis3aa0sn 13 nusosszuulasideniuy
Build>>Generates wa Build>>Execute AmaU-tufinusuagavasgnadulenadnsas
Tuansnadi 3.2

326  vhnsnedeus Bl ) AMNRITTSIE3 2 ezt uTinHaadlun e 3.2

mgn Pissﬁﬂi‘@
et 3 1 e AR S
et B s [ B g [ o
Amplitude: 1 Transition Width: 100 :’E’: :‘;:’c ::r:?s
Offset: 0 Window: Hamming
Beta: 6.76

= =
EU‘VI 3.3 NINAFBINIINTBDIAIUNE
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M3 3.2 HANIINARBINATNTBIAIUAG

AR (Hz) waundignvesgnaduleiveanaNaINTeININAEY

500

600

700

800

900

1000

1100

1200

1300

1400

1500

327 WARAAUAUTLS TN LN NAALAY A NVBIFY LIV ONUDIITINTDINTUATIUFUN

32 = o
ANDANDBN

A uauNRan (V)
1.0
0.8 +
0.6 T
0.4 1
0.2 —+
L e
500 1000 1500 AND (Hz)

JUN 3.4 n9Anudi LS TN e IALa AT INAYBNFEINNU1 08NN AN TOIAIIUDA

AU

1 a . = 4 P a o I 1
AeNNEYA (Amplitude) vesgnaduleyy18naInasnseIasmalanvusduule
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msmaaaﬁ 3.3 2939 Band Pass Filter

3.3.1

3.3.2

3.3.3
3.3.4

335

3.3.6

meuaen Signal source  Throttle  Band Pass Filter wag WX GUI Scope Sink ﬁx‘lgﬂ‘ﬁ'
3.5 MINAIAY
nasuianandiugen Signal Source LazfavuaRfILUsHad

- Output type: Float

- Waveform: sine

- Amplitude: 1
USusauUs Type vesuden Throttle wag Wx GUI Scope sink tu Float
nasuldananiugen Band Pass Filter wagRAMuAAE LY

- Low Cut off frequency : 800

- High Cut off frequency : 1000

- Transition width : 100

- FIR Type : Float-to-Float (Real taps)XDecim)
nasutdanandiuden Signal ‘source SnaSuasinunaimLE (Frequency) SUBQQﬂﬂguisdﬂ
4 500 Hz (500) 97ATY L%'mﬁumsa‘haaqmsﬁwmumaﬁzuﬂmEJLﬁam:ﬂé
Build>>Generates ua¥ Build>>Execute a1y fufinuenagnvesgnaauleinadndas

Tuns97 3.3

Mn1Ieae Ut aelta 1613 9 AMURITINAS3 3 wast urInNaaslUAITNT 3.3

Signal Source
Sample Rate: 32k
Waveform: Sine
Frequency: 1.1k
Amplitude: 1
Offset: O

WX GUI Scope Sink
Title: Scope Plot
Sample Rate: 32k
Trigger Mode: Auto

Y Axis Label: Counts

g‘lh?i 3.5 NM3MAaedeeas Band pass Filter
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AN 3.3 WANTSNAABI995 Band Pass Filter

AR (Hz) waundignvesgnaduleiveanaNaINTeININAEY

500

600

700

800

900

1000

1100

1200

1300

1400

1500

3.3.7 WﬁammmﬁuﬁuéiwdwLL@NW%@J@LLazmmﬁﬁum“ngmmaamamwammmw‘?ﬂugﬂﬁ'
3.2

A uaunaan (V)

1.0 1~

08 -

06

04 7T
0.2 +
| | | | | >

0.0 | | | | |
: | | T | N = |\ | T I g
4 500 7 N 4 j _ 1000 4 4 1500 AND (Hz)
sUN 3.6 ﬂi’ﬁ/\]ﬂ?ﬂllﬁllWUSigﬁ'JNLL@lIWﬁQﬂLLaSJ/ﬂ’]WllmJaxi EUEU UV DNATN NI Band pass Filter

Y

AU

AkaNNAYA (Amplitude).vasanAanlengaanainisasBand Pass Filterdidnuazi Uuule
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mswmaaaﬁ 3.4 2993 Band Reject Filter

3.4.1

3.4.2

343
344

3.4.5

3.4.6

a

souden Signal source  Throttle  Band Reject Filter wag WX GUI Scope Sink ¢i45U
3.7 MUAIAY
nasuianandiugen Signal Source LazfavuaRfILUsHad

- Output type: Float

- Waveform: sine

- Amplitude: 1
USusauUs Type vesuden Throttle wag Wx GUI Scope sink tu Float
nasuilananiiudon Band Reject Filter wagi AR dLUsE

- Low Cut off frequency : 800

- High Cut off frequency : 1000

- Transition width : 100

- FIR Type : Float-to-Float (Real taps)XDecim)
nasutdanandiuden Signal ‘source SnaSuasinunaimLE (Frequency) maqqﬂﬂﬁuiﬁﬂ
4 500 Hz (500) 97ATY L%'méw’umsa‘haaqmsﬁwmumaﬁwﬂmsJLﬁamw
Build>>Generates ua¥ Build>>Execute a1y fufinuenagnvesgnaauleinadndas
Tumn3971 3.4

Mneaeutaelta 1613 q AuRITNE4-uast uTnNaasluaIT N 3.4

Signal Source
Sample Rate: 32k
Waveform: Sine
Frequency: 1.1k
Amplitude: 1
Offset: 0

WX GUI Scope Sink
Title: Scope Plot
“Sample Rate: 32k
}Tﬂmr Mode: Auto

| Y Axis Label: Counts

g‘uﬁ 3.7 NM39na897995 Band Reject Filter
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miwﬁ 3.4 WaN1IVAaeNNaT Band Reject Filter

ANUA (Hz)

weunianvesanafuletvisanainieesnsesrudg

500

600

700

800

900

1000

1100

1200

1300

1400

1500

3.4.7 Wﬁammmé’uﬁuéiwiwLL@NW%@J@LLazmmﬁﬁum“ngmmaamamwammmw‘?ﬂugﬂﬁ'
3.2
A uaunaan (V) . ,
o X
08 | |
0a K
02—
00 L el AT —

00

mm?{ (Hz)

JUT 3.8 N9 ANUARLS T NI TENNA AL vA3 INAYBNAAIAIU108M99N 399 Band Reject

AR

Filter

AaNNAYA (Amplitude) vosgnaaulduimI A TINTTAIBand Reject Filteriianwaziuuln

9.fana 2118898
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n1smeaasil 3.5 Msndadygyunlifain1sfieieaInsanud

3.5.1
352

353

354

[

uwaz WX FFT Scope Sink fasufl 3.9(n) anudhdiu

Y
[

nasuldamanituden Signal Source MedpwazfUUARIAILUSAE

meuden Signal source  Throttle
- Output type: Float
- Waveform: sine
- Amplitude: 1
ﬂ@ﬁULﬁaﬂgﬂﬁuﬁaﬂ Signal Source ﬁgﬂaadﬁﬂﬂ%ﬂlﬁaﬁmummmﬁ“um Sinnal Source 1Ju
700 4a¥1500 Hz  wazususuls Type vosuaan Throttle Add wag Wx FFT Scope sink
Ju Float
Budunisdrassmsvhauvesszuulndidentany Build>>Generates uay Build>>Execute

muaau Juiinawnasuvesdyanilaainsasuinadluui 3.10 (n)

Signal Source

(%)

Sample Rate: 32k
Wawveform: Sine bsioheiabifibaca.
Frasquency' 700 out | Title: FFT Plot
Amplitude: 1 Sample Rate: 32k
Offset: 0 :a“h;:f lFquB ¢
" per Div: 10 dl
Add T o[ | ¥ Divs: 10
il -~ L2 Ref Level (dB}): 0
Signal Source Ref Scale (p2p): 2
Sample Rate: 32k FFT Size: 1.024k
Waveform: Sine e Refresh Rate: 15
Frequency: 1.5k Freq Set Varname: None
Amplitude: 1
Offset: 0
()
Signal Source
Sampie Rate: 32k =
Waveform: Sing | 3 11 WX GUI FFT Sink.
Frequency: 700 i & ,“ﬁm’"ur 5 ::: IZFIL:LT 32k
Sshagitndn ‘Becimation: 1 d sasepham Freq: 0
Offset: 0 Gaint 1 ) |
’ | Y per Div: 10 dB
Y Divs: 10
Ref Level (dB}: 0
Signal Source ! mmw'&“*m Ref Scale (p2p): 2
Sample Rate: 32k .mmmm ! FFT Size: 1,024k
Waveform: Sine s :_m EEE" . v/ Refresh Rate: 15
Freguency: 1.5k Freq Set Varname: None
Amplitude: 1
Offset:

JUN 3.9 msneaedldauiasnsesud (n) nsadldldiensnsesnnnuden () derasnsesanud

9.fana 2118898
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355  wfiuufon Low Pass Fitter ilulussuudegudl 3.9() naduidananfiuden Low Pass
Filter uagrmuneniauUsssil
- Cut off frequency : 1000
- Transition width : 100
- FIR Type : Float-to-Float (Decimation)
356 Bufunissiassmsiauvesszuulneideniay Build>>Generates LAy Build>>Execute

muasu Tufinawnasuvesdyganlaainiasuinadiugui 3.10 ()

()

3UN 3.10 wanmedeudn) alUnRsudyMIETINasnseenuanT (iunmiudyyauieen
INNITNTOINIINAFN

AL

(%)

awnesuvesdauneulasndLing19asisesnNdddnEus wn N Tueg1els
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uni 4

N1TUBALANLTILDUNGIA

InqUszasAvaImsEnUUanIs

1. L%ﬂﬁmﬁﬂmimammwmaLé‘:u

2. wWrlanuauifvesdygyraeidn

N15VARARATN 4.1 ANANBAIZYRIFYY MY

4.1.1

4.1.2

4.1.3

4.14

4.15

4.1.6

ﬁauﬁaﬂﬁagﬂﬁ 4.1 Imglgudon (Block) Tumaan (Category) Source Wx GUI widget wag
Misc mma"wﬁ’uLﬁaﬁwaaqmimafﬂLamLLUUL@Lé‘uﬁﬁﬁé’wmzé’m@mﬁmms
Sy (0= AL+ ex m(1)]cos(2f:1)
fmua Output type vosudensine q W Float uaziinuneesiluudenssil
Signal source m(t):" Waveform: Sine
Frequency: = 500
Amplitude: .1
Signal source carrier: Waveform: Sine
Frequency: 5000
Amplitude:: 1
Constant u: constant: 0.5
L‘éuéfuﬁi’waaqé’qmpmLaLﬁuImamiLﬁamw Build>>Generate “ YWay Build>>Execute
auadu USUEa nifindenuuntaeliiansantsiasuuta e matades ety duiin
Fyanadivanngadluun a2 ()
WasuswUs Waveform waeuden Sienat.source m(t) iu Triancte sn1snaaesmusiite
4.1.3 5ﬂﬂ%gwﬁfaLLa3ﬁuﬁﬂé’@mmmaé’wﬁaﬂugﬁﬁ 4.2(%)
\Wasuuds Constant. 22 4an/0.5181.0.75 vnsns@amiuide 4.1.3 snadmils dunm
miL“LJ?iﬂuLLiJaaé’ﬂwmwmé@@mLLazﬁuﬁﬂﬁiymwmmaé’wa‘aﬂugﬂﬁ 4.3 (M)
\WausuUs Constant £ 910 0.5 18U 1.0 ¥n1snaassauide 4.1.3 Snafanils Fune

= [ U [

nswaguklasanuazvasdy ke Tundaaanaansaslugun 4.3 ()
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Note
Note: M(t)

i Signal Source

Note
Note: Carrier

Sample Rate: 32k

Signal Source

Waveform: Sine
Frequency: Sk
Amplitude: 1
Offset: 0

| Sample Rate: 32k
Waveform: Sine
Frequency: 500

Throttie
out
_bE Sample Rate: 32k —

Constant Source
Constant: 1

SUN 4.1 n1sVRaBIdRy a0

| Ampiitude: 1
| Offset: 0
Multiply

Note inl

Note: u

Constant Source e

Constant: 500m -
o
A1l

Ffyenad m(t) wavioudlaUvesdganauesuiinnudiusiuogisls

Multiply

WX GUI Scope Sink
Title: Scope Plot
Sample Rate: 32k
Trigger Mode: Aute

Y Axis Label: Counts

WiaAguwdasiuls 7, duanailnaiansiaessziimsasutuned s

9.fana 2118898
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(M)

JU# 4.2 ns1vlgnnay SATARTOIGH

n1519807 4.2 AUNASULAZKUNADATIVD I IMLLEY

()

4.2.1 sevdendsgufl Gl uasUSuusisianlsageaaustpasideniuiaue-4.1.1-4.1.2 a1niu

WasuUSen WX GULScope sink i WX GUI ET Sink (1ua-Qutput type vasudan

fana1idu Floating)

422 \Sududtaesdynonaddlnehnsia gy Build>>Génerate

Lay Build>>Execute

muaeu USudgaaiindenvuniiae ikansasnasitasundaseuilavegnsdaau Tudin

Fyanadivsngasluguil 4.3 ()

4.23  USuussauduesuasn Signal source LUuA1A1S 9 wardunaanuilasunlaaiionsu

ANDIUAIUAS

9.fana 2118898
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4.24  USuusaudennsyinauauddnuwaedgui 4.4 9ndwdenuy Build>>Generate  wag

Build>>Execute mudwuiitodasiziailnaiuvesdyaia mt) wiondygranlaadlugud

4.3(%)
(n) ()
JUN'4.3 diunasugesdaygal (n) teidu () m)
Note
Note: Mit] WX GUI FFT Sink
Title: FFT Plot
Signal Source zimli:'::::ﬂ: 32:;
Sample Rate: 32k 5 ase ; req:
Waveform: Sire Threttle D ;F‘r Div: 10 dB
Frequency: 500 ‘Sample Rate: 32k " mbiﬂ 10 ;
Amplitude: 1 - — 2 t:::l :::};DE
ef ip2p):
Offset: _
FFT Size: 1.023k
‘Refresh Rate: 15
Freq Set Varname: None
sUf 4.4 psveaauanasuuadnain mo
AnY

anasuvosdygia mt) wag sit) dahldlnusiueeagls
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Wedsuulaswnuls ¢ dyarailiannmsueganiazinisdsuulaseensls

N19NAaReN 4.3 NI3NDALAALUU DSB

4.3.1

4.3.2

433

4.3.4

435

4.3.6

ﬁauﬁaﬂé’qgﬂﬁ 4.5 Tnglduden (Block) luninm (Category) Source Wx GUI widget uay
Misc mmé’qé’fwLﬁaf\i’waaamima@LamLLU‘UL@JLﬁu%aﬁé’wmzé@@mﬁqamms
S psa (1) = m(1) c0s(27.1)
fmua Output type vosudense i Floatuasimundasiiluudenssil
Signal source m(t) Wayeform: ~ Sine
Frequency: 500
Amplitude: 1
Signal source carrier: Waveform: Sine
Frequency: = 5000
Amplitude: 1
LémﬁuﬁwaaaﬁmapmaLé‘;mimamuﬁammé Build>>Generate oy Build>>Execute
auadu USudanoiindenuvtmelnwansansiUasutaeuilavesadaian duiin
dyanuiusngaslusui 4.6.(n)
naaBaLUAYY Waveform ¥a4uden, Signat source m)1TusUluUAN 9 uazinnInaaaud
4.4.3 §13n05e é’i’qmmé’zy,mmﬁlﬁmﬂmiua@mm
\Wasy Waveform vaivéen Signat-source m(t)+0% Sine wag (Wagnuden WX GUI Scope
sink 0y WX GU} FT.Sink  (fsitia Output type @asudandingandu Floating) i3udu
Taesdygyanedilpe naiiioniu Build>>Generate wey BuildssExecute nuaau Usu
duaafindenvuntiaeliidnifensiudsuutawe uilddossdniay Suiindmyay o
Usngadluguil 4.6 (@)
vaeaUABY Waveform Uasudn Sigral sourée M 4fusuuuusing 4 uazyinnsmaaeud

4.4.3 $13nA3 dunedygnlaainnisuegian
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Hote
Note: Carrier
Signal Source
Sample Rate: 32k
Waveform: Sine
Frequency: Sk e
Note Amplitude: 1
Mote: Mit) Offset: 0
= WX GUI Scope Sink
Signal Source e Title: Scope Plot
;':"":“m;_: o = Multiply |sut 7| Sample Rate: 32k
veform: Sine e
4 ot In . ot inl Trigger Mode: Auto
Frequency: 500 Sample Rate: 32k i fiichs Ll Coniti
Amplitude: 1
Offset: 0
sUT 4.5 n1sne@ausya1od DSB
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N15MAAReN 3.1 N1SUBYLAALTUNAYA

3.1.1

3.1.2
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Senldaulusunsy “amvi? evimdhil
wanadueyIunIIaILasaluna UV
a1l mt) wazdyaruvieen si)
vennNelanBnaunign  Jlgeu
ansnUsuABLFILUSENS 1 Yasdaaa
mLﬁﬁﬂﬁuadmﬂma@mmw5&@3‘14%15171'1%’\1114
1o dygruvieenaziienuduiusaiu
aunseluil
$ s (€)= 41+ m(¢)|cos(27f.1)
dlo 4.uaz f, ﬁau@mﬁgmasmmﬁmm
Toyaunoundunan
panUuEndunsvhaedldsinsy
USudusdnusudgand mit) el
Type : SinesWave

- Amplitude: 0.5

- Frequency=;10 Hz

- Offset: 0.0

- Square wave duty cycle: 50
AmunlviiuUsd s udgaanndunnialy
Tumsuegianiidnunesel

- Amplitude : 1.0

- Carrier frequency : 100 Hz
AIUAIATTIINITUDAANYBINITUORLAN

Baweundgalagldaunisedeluil
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VIDONNTUN 1 =

(=1.0) (p) &y

0.5 (P) dyeyradvionn

1N u=1.25)

o

USuusaangn 28/08/56




TsunsngerndfjimnimesesiniAmnssuinsanuax

AImINssuAmansazantnenssuamans Nuanenaswatulagsananainulnduns

316  Waeans WAy IMNIIaT mt)  uag

doyyranedu (AM - signal) ildiannnisueg

o

Lamaﬂugﬂﬁ 3.1(n) wag 3.1 (1) ANAWIY

[

JiuArfnusiaunigavesdyyia mt)

o

3.1.7
[ I3 [ =3
2711 0.5 10U 1.0 LAZNADNALUULBDLDUAN

UugUT 1A) wazAwIuAInIYinTUeg

anlagldaunisnalul

JiuArduusuaunignvesdyyias mt)
910 1.0 10U 1.25 wayndendyauioid
AIVUFUTN 3.1(0) wagAwInAInssydnIsue

avanlagldauniseialydl

NAaIUTUAILUIAIG 9 LasduAnnIs

Wasuwasanuuzvodygad

N1IMARReN 3.2 AnENURANIIANADYDTYRI0

GIGH
321 YSudusdmsudygias m(t) il
- Type : Sine Wave
- Amplitude : 1.0
- Frequency : 10 Hz
- Offset: 0.0
- Square wave duty cycle : 50
322 fuslviiw sdw Sud oA SuNaviTiLe
iumﬁua@Lamﬁﬁnwmﬁaﬁ
- Amplitude .20
- Carrier frequengy : 20.Hz
323 foy 9 wiuAdiuls Cafier  frequency
Fyal ct) 9819171 52ING 20 ha
200 Hz unanisiUdsunvasdnbmstay
é’zgapmﬁmaaﬂﬁlﬁm?ﬁyu
324  fnuale  Carrier frequency dayayne

a

ct) #Adu 200 Hz  neanaSuves
dyra mt)  wardygraneduaclugud
3.

2(n) way 3.2(3) MUY
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(v)

o

UM 3.2 alnasuvesdyandmiunisuey)

o

WaBaaunaga (n) dyayrasvndn (v) dyayre

o

199N
N1INAABIY 3:3 WUFIUNTUBALAALUY DSB-SC

353, Benldnulysunsy “dsbscvi” Jevimei
LARIF U 1N IIA WA ALUNATUYDY
IV M) ks dyyiuuieen st)
Y840IANBALAALUY Double  Sideband
Suppressed. Carrier. (DSB-SC) Eﬂ%’mu
annsoUFulUReusaulseng 1 vosdayaa
e snuonanTINAIRAUTNsTFa
La-dnanuiiliainnisuegianasd
AlidiiusiTaunse Uil
Spsp-sc 0= Am(t)cos(277,1)
354, ﬂ%ﬂﬂyL'%"m’fumsﬁwmwuaﬂﬂst,mu

3.5.5.

[

dFudanusdmsudygiu mt) ol
- Type : Sine Wave
- Amplitude : 0.5
- Frequency : 10 Hz
- Offset: 0.0

- Square wave duty cycle : 50
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3.5.6.

3.5.7.

3.5.8.

3.5.9.

3.5.10.

muualisLUsdmsudyrunauniinly

1umiua@|,amﬁ§ﬂwmzé’faﬁ

- Amplitude : 1.0

- Carrier frequency : 100 Hz
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Wawaundgalagldaunisselull

Wil 4, way 4, AsLaundiynves m()

wag c(t) auansu
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Fyey18uDSB-SC Signal ﬁlé’ﬁnﬂmima@mm
aslugufl 3300 uay 3.3(4) AwEFUULL
AMILUTHBNNEIAURIFYY I m(t)  29A
0.5 \Ju 1.0 uazndendtyg 1uDSB-SC ad
‘ngﬂﬁ 3.3(A) kagAIUAIATITNNITNON

anlagldaunisnalul

o

JiuArdnysuaunagnvesdnaial mt)

AR

910 1.0 \Ju 1.25 warnaendaea DSB-

SC asuuzuin 3.30), uagaudnpInTIil

nsuegianlagldaunissolyil

NAaeIUTUAIUTA A wagdaanas

WasuLUasan w9y I

9.fana 2118898
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N15MAARIN 3.4 AMENURNIIANDYDIT Y
DSB-SC

[

3.4.1  YSudusdmiudyn m(t) il
- Type : Sine Wave
- Amplitude : 1.0
- Frequency : 10 Hz
- Offset: 0.0
- Square wave duty cycle : 50

Y 44'

MU AL USENSUT U UARUN ALY

g

3.4.2
“Lumima@mmﬁé’ﬂwwﬁqﬁ

- Amplitude : 1.0

- Carrier frequency : 20 Hz
Aoy 9 WiuAEILUS Carrier

3.4.3 frequency.

dueiad <) 089t 9 2RI 20 LAz
200 Hz dunanisivdsunUaidnuaigves
ﬁmzywmmaaaﬁﬁwﬁu

344  AmualieAn  Carrier frequency dgyayad

ct) fiAndu 200 Hz  eEUNRSNDS

Fyaa m) uazdyaakoiduadlugud

3.

a(n) kay 3.4(1) AUAINU

()

(@)

o

5UN 3.4 awnesuvesdyanudmiunisuen

L@RKUU DSB-SC (n) dayeyrauuidn () deyeyeu

U1DBN

9.fana 2118898 34

i X
N1SNAARN 3.5 NUIFUNITUIAAAUU SSB

351

352
5.9, 3

354

N

30 .6

Sonldeulusunsy “ssbvi’ Favintii
WAAIF Y IUNII WAL ALUNATUYDY
gt mt) kasdyyiuuieen st)
YBINANDLAAKUY Single  Side  band
(5SB) Flsuanunsausuiasusudseng 4
VOIH YY1 UVNLIVDINIAUDALANTINDY
dunwtldaule dyaraildannnsueg
LamLflumiﬁﬁé’zyzyﬂmﬁlﬁmﬂmmaQLam
LUU SSB 1Hu9RINsesAadiieidon
Sideband dwiunsieans
panYSFuN T NuTeddUsuAT
Uududsdusudygiu mt) Sl

- Type : Sine Wave

- - Amplitude : 0.5

- Frequency : 10 Hz

- Offset: 0.0

- Square wave duty cycle : 50
fvalsisuysdnsudyananduniily
Tumsuequaniidnuasdd

- Amplitude : 1.0

- Carrier frequency : 100 Hz
AUAANAITTRNITUDNLANVBINTUOALAN

waneungdgalngldaunnsdeluil

LD 4, way)d, AguLaunignves mit)

wag c(t) aauansu

waodngTandyaun1waal mt)  uay
Faypial ' ssB” Signal fildannsuegianad
W3u@i35(n) uay 3.5() awdFuu
AILUTHBUNEIAVRIF YU m(t) 210
0.5 u 1.0 uazndendwysy1as SSB aauugy

3.5 wazAnNAInIIvinITuegLan

Tneldaunsrellil
— Am —
# A
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NAADIUTUAILUTANY 9 wagdanmnig

Wasuwasanuuzvodygn

(@)
gﬂﬁ 3.5 i wzmmﬁl,ﬁm%umﬂmimaaLamu:uu
SSB (n) deyay1au vt m(t) (). Ayeyaaesn
(1 =0.5)(n) Fyagruonn (u=1.0)(A)

Fyananeenfy =1.25)

N1MAGBIN 3.6 AMANTANINAINNDVDIA YT

SSB

3.6.1

3.6.2

9.fana 2118898

USususeng q auhdanismaassd
353 gy 3.54
fuunlia99snseanaudviveifinges
sideband

Lany Upper uldaulag

MUUAAFILUTHIY

3-5

3.6.3

3.6.4

3.6.5

- Low cut off frequency : 100 Hz

- High cut off frequency : 150 Hz
AAUNATUVDIA Y YI1USSB aﬂugﬂﬁ 3.6(
f)
f19unlii99snseanaudiintafines
lan1g Lower side band  unlgeulag

AMUUAANFILU T
- Low cut off frequency: 50 Hz

- High cut off frequency: 100 Hz
MAEUNATUVD I Y QYIUSSB aﬂugﬂﬁ 3.4(-

)

(%)

UM 3.6 alUnaiuuesdyanudmsunisueg

o

o

LaRLYY SSB A dryayrauv i () deyayradan

<
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[

1.

Zisl

uni 4

N1INBALAALTIAIUD

I3 = a wa
JeaIAvRINInUgUANIS

Wilandnnisuegianidaniud

2. Wlafudseng 9 YeINsHeRALTANNd

N1MAAReN 4.1 WUFIUNITUBYLAALTIAA

4.1.1

Wunldaulusunsy “fmyvi”  F9IutI9
wanId Uy UNILIALAzALUNATUYD

a1l mt) wazdyaruvieen sit)

14

YBINIANBYLANTIANND HlTuaIN e
USuLuAsusdiudsene q vesdyyisvda
y9an1ANagLanTINTenaun ATlduls
Fyyradldannnisueqanazidugnady
Talovdsiiuoundgndu 4, wazfinud
Ju

v = Fotheym(e)

e k, ApA1 Erequency. sensitivity Lag

£ Bupnuivespdumis

AANUuENAUM I uEUsIn s Ussh
wlsdnsudtyatnsm) deil

- Type: Square wave

- Amplitude 1.0

- Frequency 12 Hz

- Offset: 0.0

- Square wave duty‘gycle : 50
fmualiisauUsd s uduaaalrauAwilE
Tunsuegianiidnuaedd

- Amplitude : 1.0

- Carrier frequency : 20 Hz

- Frequency sensitivity : 10 Hz
AWINAINTIYINITUOYLaNYDINITUORLAN

Baneundgalagldaunisdeluil

9.fana 2118898 4-1

I

-d' . = a lﬂl
\We 4, uay f, AsLoNNGIALaLAIND

Y94 m(t) MuaAuLaY k, AensIviiniTueg
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()

()
JUM 4.1 dygrauiiinduannnsdegiand

A3 (n) deyradu s mt) (V) deyeyrauan

o

990 (8 =5)(A) deygyreuvionn (8 =7.5)

USuusaangn 28/08/56




TsunsngerndfjimnimesesiniAmnssuinsanuax

AImINssuAmansazantnenssuamans Nuanenaswatulagsananainulnduns

415 waennsWdyIaniaaal mt)  uag
&eyeyreuomdu (FM signal) ﬁlﬁmﬂmiua@]
Lamaﬂugﬂﬁ 4.1(n) waz 4.1(v) MuaIau

4.1.6  UsuA1dalUs Frequency sensitivity ¥09
msnegandyqnain 1080w 15 A
A1R53TTN1TURALANYBINTTUBALANLTILEY
Wﬁ@)ﬂiﬂﬂi%ﬁﬂﬂ”ﬁ@i@lﬂﬁ

kpA, B x

In

417  waendyqrauevinasuugun 1(e)

p=

4.1.8  vAaoaUTuMILUIANg 9 wavdananisg

= Y o
WABULURIAN YL YDIFEYEY 10U

N1MABB9N 4.2 ANANUANIIAUDVDIR Y0

LAY

[

4.2.1  YSudusdmiudnyns m(t) il
- Type : Sine wave
- Amplitude : 1.0
- Frequency : 5 Hz

'
o o =

422  MAUAMRLUSANSUE U IRRUNA LY

ALY
v

Tunsuegianiidnymue il
- Amplitude : 1.0
- Carrier frequency. : 40 Hz
- Frequency sensitivity- 1.0
423  waesalUnasuwdsdynam mt) . wag
deyeyraueviidu (M signal) ﬁlﬁmﬂmiuarﬂ
wenadluguil 6.2(a)ae 4.2(a) naAady
424  foy 9 iuAugsCarrer frequency
Fyad ct) 98198, T2 AN 40 Aag
100 Hz dunan1swasunlesdnvaeees
é’zgapmﬁmaaﬂﬁl,ﬁwﬁu
425 muualiAl  Carrier frequency daye i
c®) fAudu 100 Hz  MeaUnasuved
Fyaononduadlugui 4.2()

426  AIUAIDIUYINYUN

9.fana 2118898

4.2.7

42

(m)

31]1'7; 4.2, anaiuveddanadmiunisuen
\@hiBsernad (n) dayanesidn () dyanmen
pennatl /) Wy 40 Hz) (1) dyeyieuuesn

H

nadl AU 100 Hz
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nsuagLanidans
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1. wWilandnnisuegrandana

2. Wladudseng 9 vesnisuaganiduna
N1IMAaReRl 5.1 Wugrunsuaguan e

511 Bealdaulusunsy “pmyvi”  Gavinntng
wanad Uy IuNIIaILasaLUNAS YD

a1t mt) wardyaruvieen sit)

vpan1ANagLanduna glduaiuise

USULUABufuUIANN 9 Y038y ey 104u0n

= a sl v P
Y8901ALBALaNTINTIRTUNIANLTULA

dyaailannnisueganinnudunusiu

dyayraudeyadsaunisselyil

o

s(t) = A, cos[2f.t + kym(®)]

512 eanUuisudunsiinuvesdusingy

Usududsdmsudayeyin m) g

()

- Type : Square wave

- Amplitude : 1.0

- Frequeney: 2 Hz

- Offset: 0:0

- Square wave duty'cycle : 50

'
(VY A

513  Muua ek Usdsud U MR uNI ALY

L7 7]

1%

Tunsuequaniidnuaiesed
- Amplitude =.1.0
- Carrier frequency.: 20 Hz
- Phase sensitivity : 1.5708 rad/V/.
514  wasansdggiunialal mt)  ues
Fyaafitdy (PM - signal) fildainnisueg
Lamaalugﬂﬁ 5.1(n) wag (1) Auaeu
515  vAa0aUTudinlinng q wasdanmnisg

Wasuwasanuuzvesdey g

9.fana 2118898 5-1

(A)
JUN 5:1 dguieuiinTuannnisueniand

<

e, (n) deyanasv i mit) (v) dyaaeiosn

£ s

N3k, =1.5708 rad./V
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N13NARIM 5.2 AnaNUANISAUDYRSFY YU

<
LY

[

521  Usudmuusduiudygiu m(t) aell

- Type: Sine wave
- Amplitude : 1.0
- Frequency : 5 Hz

9 d‘

MPAUA IR USENSUT U UARUN ALY

T T

5.2.2
sl,umiuaat,amﬁé’ﬂwmzﬁqﬁ

- Amplitude : 1.0

- Carrier frequency : 40 Hz

- Phase sensitivity 1.0
523 waesdlUnasuvesdgyyia mit)  uag
Fyaafitdy (PM - signal) ildainnisuag
Lamaﬂug‘dﬁ 5.2(n) kay 5.2(3) MuaIau
Aoy 9 WiuAEIwUs Carrier

5.2.4 frequency

Fyad ct) 981997 9 531 40 LAy
100 Hz &upaniswdeunlasdnunizaes
ﬁzymmmaaﬂﬁlﬁwﬁu

525  AmualiA1  Carrier frequency dganed

o) HAndu 100 Hz  ednnsuves

dyaafiduaduzuit 5.26)

52.6  ABUAIDIUYINYUN
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(P)
JUN 5.2 alnasuveddaadvsunisueg)

LARALBIANNA (n) ey (V) deyayioun

gonnstl /) Wy 40 Hz) (v) dyayrauvienn
H

fivdl AT 100 Hz

AN

= o

Jagauiwiilamdnius fudyyiuaniansi

o

UstuingniruegianiBaeunagaetials?
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2. annsafruadnsnstndyaai
winngaule
nnaasdl 6.1 Nugtunistndann
611 denldulusunsy “samplingvi’  39vi
W AwanId 1M1 ve iy 16 )
doya s(t) dyaruiad plt) wag dyaim
PAM (Pulse Amplitude Modulation) Fail
AwdutuSeng 9 auaunssielui
Spa (£)= p(O)s(t)
6.1.2  Usudusdmsudnyas st) el
- Type : Sine wave
- Amplitude :.1.0
- Frequency: 2 Hz : ' (Gli)
C Offsetaa FUN 6:1. Fyayreumindunnsindeyayiad ()
- Square wave duty ¢ycle : 50 Uzyiyﬂmszinmi (W) doyynas PAM
613  USuarudvednistndyan (Sampling
frequency) L1Uw2Hz dunadInl PAM i
ﬁﬁimgumamw
614 ey  LidAITHAYDINIS T AR AN U PAM fildannnastndanadinnuduiug
(Sampling frequenéy) auflAndu 50 Hz Tudtygyansdeyaedisls?
FunanswasnuuUaasdnann PAM 1
\Antu
6.1.5  wiondyyndoya s uaydnEnn PAM
asluguil 6.1 (n) uae () anadasty
6.1.6  ADUAIDIUTNEUN
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