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Interference Analysis of Digital Wireless Television
Spectrum using Software Defined Radio
Tzu-Yu Wang
Wen-Tzu Chen
Institute of Telecommunications Management
National Cheng Kung University
SUMMARY

With the increasing demand of global mobile Internet and wireless communications,
TV white space (TVWS) sharing technology is a way to optimize the use of spectrum.
TVWS is the frequency band vacated by the original analog signal after the
digitalization of TV broadcasting services. Without affecting the original wireless
digital TV signal, these unused frequency bands can be used by wireless network
devices such as Wi-Fi, Bluetooth, etc. This kind of spectrum usage does not require
a license. However, these radio devices must comply with the relevant wireless
network protocols, including IEEE 802.11af and IEEE 802.22. In this study,
software-defined radio technology is used to implement an experimental platform for
testing interference, and the RF equipment USRP B200 mini is used to transmit and
receive signals. This experiment takes DVB-T as the victim of radio communication.
On the other hand, we have an interference source that complies with the IEEE
802.11af standard. For co-channel interference, we fix the center frequency of the
interference source and adjust its gain to test the effect of different interference signal
strengths on DVB-T. For adjacent-channel interference, we fix the gain of the
interference source and adjust its center frequency for the purpose of finding the
guard band that need to be reserved for different frequency offsets between DVB-T
and interference signals. The experimental results use 64QAM constellation diagram
and FFT spectrum diagram to observe the degree of victim's interference, and use
VLC media player to observe the DVB-T demodulated program video. Finally, the
number of audio loss, video loss, and the number of discards to determine the degree
of interference of the program video. From the experimental results, it can be found
that the stronger the signal strength of the interference source, the greater impacts on
the quality of the program video. The frequency offset of less than 3MHz will begin
to affect the quality of the program video. This study realized an experimental
platform that can test interference by designing modules on GNURadio, which not

only saves a lot of costs, but also reflects the flexibility of SDR in its application.

Keywords: Software Defined Radio, GNURadio, DVB-T, co-channel
interference, adjacent-channel interference
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INTRODUCTION
As the demand for radio spectrum expands, TV White Space (TVWS) can maximize the
use of spectrum resources by digitizing TV broadcasting services and using the frequency
bands vacated by the original analog signals. These frequency bands can provide license-
free wireless network devices. However, these White Space Devices (WSDs) must comply
with 802.11af and IEEE 802.22 agreements, and cannot affect the original wireless digital
TV signal. Generally, TVWS can be divided into two types. The first is space. The
transmission or reception of TV signals has a certain coverage. WSD can use the same TV
frequency band outside this range but need to pay attention to the problem of co-channel
interference (CCI). The second type is frequency. Spectrum resources can be distinguished
by frequency, and the unused frequency band is called spectrum hole. However, we need to
pay attention to the problem of adjacent channel interference (ACI). Because the
interference of the TVWS frequency band has a great impact on digital wireless TV and
wireless network users, this study uses software defined radio (SDR) technology
experimental environment to analyze its interference. SDR is used for co-channel
interference and adjacent-channel interference research, to implement the Digital Video
Broadcasting-Terrestrial (DVB-T) interference experiment platform, and to evaluate the

degree of interference of the interference signal on the DVB-T program film.

MATERIALS AND METHODS
In this thesis, GNU Radio, a software-defined radio development platform under the Linux
operating system, is selected as the software platform for this study, while the front-end
hardware radio frequency (RF) device uses USRP B200 mini. My experimental
architecture is shown in Figure 1. After receiving the real-time wireless TV signal from
Taiwan with USRP B200 mini, it is pre-recorded. After demodulation and decoding by
GNURadio software, FFT and constellation diagram will be generated and displayed on
the VLC media player. Playing the program video, the interference source is to connect the
computer with the USRP B200 mini. We set the OFDM parameters through GNURadio to
transmit radio waves. Taiwan’s DVB-T was used as the victim of the channel. The
frequency of the receiver was fixed at 557MHz and the channel was 6; and the wireless
network provided by the experimental simulation TVWS equipment was used as the source

of interference.
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Figure 1. Experimental architecture diagram

In the part of co-channel interference, the frequency of the transmitter is fixed at 557MHz,
and the gain value of the interference source transmission is adjusted from 60 dB to 75dB.
The greater the power, the closer the interference source is to the victim. In the part of
adjacent frequency interference, the gain value of the transmitter is fixed to 70dB, adjust
the center frequency of the transmitter from 551 MHz to 563MHz, and observe the impact
of the two signals of the transmitter and the receiver at different frequency offsets on the

receiver.

RESULTS AND DISCUSSION
This study determines whether DVB-T is interfered by observing the constellation diagram
and FFT spectrum diagram. In the part of the constellation diagram, 64 aggregated points
can be seen when the intensity of the interference signal is low, and these points will be
broken up when there is an interference source. Next, we determine whether there is
interference by watching the program video on the VLC media player after demodulating
the pre-recorded file. In the part of co-channel interference, the greater the power of the
interference source, the greater the damage of the film. In the part of adjacent frequency

interference, the smaller the frequency offset is, the greater the damage of the film is.
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Finally, the relevant statistical data of the program film can be obtained from the VLC
media player. Figure 2 is the number of films lost due to different interference strengths in
the CCI experiment. From the figure, it can be observed that the number of loss starts to
increase when the gain value of the interference source is above 66dB. Figure 3 shows the
number of lost videos caused by different frequency offsets in the ACI experiment. From
the figure, it can be observed that the center frequency of the interference source is greater
in the range from 554MHz to S60MHz.
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Figure 2. Number of lost program videos during CCI
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Figure 3. Number of lost program videos during ACI

CONCLUSION
In the part of co-channel interference, it can be known from the experimental results that
the stronger the signal strength of the interference source, the greater impact on the quality
of the program film. In the part of adjacent frequency interference, from the experimental
results, it can be known that the spectrum offset less than 3MHz will affect the quality of
the program film. If it is only overlapped to 3MHz, it will hardly affect the program film.
After the operation in two experimental scenarios, it can be found that the interference
signal and the spectrum overlap within a certain range will affect DVB-T, i.e, the TV white
band sharing technology is feasible.
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FHEEEE S Mode I erdd] » 7 B3R T EE S 75 % E Mode Il FF 4%

£ R4 TVWS 3% & 2 Ap M e £F P agcnak - £ 1 5 TVWS %

e ARgE 0 U ERE AT G B
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-

Fixed/Mode II
Device

a
ee

Mode | Device

Internet

Geolocation

Database

| ¢

Internet

Vi
>

Regulator’s
Service list

I\

Primary
Services

2\

Secondary
Services

B3~ TVWS % 7 & R[]
# 1> TVWS 2 i A & (1]

Fixed Portable Mode | | Portable Mode I
TVWS & 2 % %
(i #=/Master) (1A ISlave) (4 #=/Master)
ToALR 5 B 7 £ 7
RS S S EEN # ¥
74 & 4W EIRP 100mW EIRP 100mW EIRP
M "B S * 7 474

212 TVWS & R %

P TVWS 20 % B~ % B ~ Al ~ S8R F ~ 20V 5 8 R 5B

PSR NTRER - FR AR L A8 HE TVWS % B B

f g

o i[

SR LRYHE TVWS hiR Fo TALR 43 4 E 7 14 B oh

BREFE A FROF R ER o A2 Y HE - g RTAR
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e RT o B AR RER FATARBEER R R
A S BV R TVWS @ % chfici> @ T ARME 7 2 Fiet Bt 2
50 Flt - 2 P ¢ 35 Google ~ Microsoft ~ Dell i & Rpe iy B 2 & SR
HTALOF BB A R JRGE > F]pt £ | FCC (Federal
Communication Commission ; F=Rid 3% R €)% 2006 & 7 # jo3F M5 5
SR T L TVWS £ > & 32 CH2-51(54-698MHz) » 7 4% TVWS %
AEEs ey FHESE o 32008 # FCC# # 7 % = = Report and
Order % &+ P} A3 A PP HEHT 18 » TR AR ¥ R
(unlicensed band) » & TR AR L F FIEDRPLRE * o & & H
(secondary use)¥ M G PR U TR A N E 2 M EAFE

WA o £ 2009 # FCC % TVWS ¥ 53 % » 2010 & p| 1 N 2e A

e
E3
juts]
R
T
ki
'+
=

Peenig ¥ TVWSHEE » T & TVWS ma s o T i
ERFHETT CFCCH#EBAR LSS ) § B L) FHRE > AR
EXPp Ao Ry FRBAFBET 0@ TVWS 2 Wi 8 FREJL
# FCC ermndd > MR iR i i § TR E g (v &

o [

# B Ofcom (Office of Communications ; il 3t ¢ I & )3+ 2007 & B 2z
TVWS # BB iR A& % > 2009 & B 2% TVWS #F 57 11 L B e sV B2 i
R 4 51T (Cognitive Radio) 2. & 403K & 18 * > R IRSIFE LR P ¥ ©

FORARE R F o F L e & B A R R TVWS 607 i@ * 4
£ 02012 & Ofcom 4] %7 TVWS #ietz% 2 TVWS #8 £ CH21-31(470-
558MHz){- CH39-60(614-790MHz) - p *Fupv g7 TVWS &K i 7 ¢
FHRECEARTRICERE b FIRG Y 2 o 0 2013 £ Ofcom

17 TVWS Hjisz# gkt & (White Spaces Pilot) » P3F & K 5 2. % 283K

A2 d FAAEALT S Ofcom 2 B @ e (7 ¥ ¥ F#HER
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@ 4% PMSE(Programme Making and Special Events) * = 4% TVWS & % X

iR -
® itiryt

Froe Bt B hF I PR LM WIEREBR B RRT A E
el RF T~ REY H 3 BE RF TR 2 ERT ARG R
GrTice BN TVWS @ % > @ 25% A0 374c B P 20 | ST AL 0 F) b 3#74c

BPH7 L BREAEE T UETVWS K& % o 3482t 2009 & B 4
BT TVWS 4B A= 7 0 2011 & = = /] U sfsk TVWS B * 2 JR5% > 2012
# F74e B FTRE ~ Microsoft 2 StarHub(% i# T )8 & = = 7
SWSPG(Singapore White Space Pilot Group 5 #74c ¥k B % #7 3% £ E B 1}) -
ERAERE AL T AT TVWS 9338 8% © 2013 & 374 it
IDA(Infocomm Development Authority of Singapore ; F i ISRECA
TVWS & % = TVWS #g £ p % 3£ PR 73(protected services) & enk 75 i
o o R T B TR S F S > IDA ¥ 2014 & 1 5
247 TVWS 2 R & He e A~ 2 2 2015 # SWSPG & TVWS
BEREE WIi-Fi gk - B % 2 2-38 B A% /5 % 7 Fl(Gardens by the
Bay) > #% 25 % {8 2 F FoenE A R PRAE o AT4c s A 2020 & B P AT

F g B 4% 7 AR 5 (analogue switch-off 5 ASO) °
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2.2 DVB-T i %t

221DVB-T 234 B

cAR2012F 6 AMTARG D 2o B it > BB R
oo d g R 35 E (European Telecommunications Standards Institute,
ETSD)#r#] 2 [ 3 5 # =7 4R B 4% (Digital Video Broadcasting-Terrestrial,
DVB-T) | #_# 5 &% > DVB-T & * % ;% v * 2 4 7 1 (Coded
Orthogonal Frequency Division Multiplexing, COFDM)3% % > ;% i#3§ » iR 2k
H ik B2 S :Efﬁ%aii‘_@ﬂi%ﬁ?l% v (TR TR 4 g 0 ¥ OFDM eh
SRR F o OLE L SRS BT 0 St 2 R HAR R
B i3k 3 RS E AR E TR AT AT Y T
Moo @ ORCHRAT- &i:ﬁfﬂ?,#ﬁ@ﬁiﬁjizm%z% DVB-T2 ¢ ** 2009 # %
% » 4p#>t DVB-T » DVB-T2 $ et 5LaR S5i 4 2 @ cpff i
hoERRE e SRR P XA a4k DVB-T2 > Fpt AT 004
DVB-T st e fh 2 i34 em o

[2]DVB-T g% > ;4% * Coded OFDM #jiv » 7 L #-& P J2 1§ %
#-3 51 MPEG-2 @‘{ﬁ#@fﬁ‘ A d MPEG-2 i %1 3% > L - £ 8
ehi ix FoR R4t @ (Transport Stream Packet) Bl 4 & DVB-T i SL7E
B > & 5 i g 5 (Channel Coding) ~ if ig %45 (Channel Decoding) » H ¥
Wi Yadh ¢ 35 0 B 45 B (Scrambler) ~ & Y% % (Outer Encoder) ~ “h & 2
45 % (Outer Interleaver) ~ & %% & (Inner Encoder)frp & 2 45 & (Inner

Interleaver) & -

11

do0i:10.6844/NCKU202001218



[ _] MUX
adaptation || Outer | | Outer || Inner |
Energy coder interleaver coder
Transport dispersal
MUXes
MUX
- adaptation i..... Outer --:  Outer Inner
MPEG.-2 dlEsnerg\,r coder interleaver : coder
h persal :
source coding and multiplexing
Channel Coding
To aeriadd
Guard
llnlner — Mapper [ dFratmte — OFDM — interval | DIA | 1 Frontend [
interieaver adaptation insertion
Channel Modulation
Pilots &
TPS
signals TERRESTRIAL CHANNEL ADAPTER

B 4 - DVB-T & %tz %#

%3 i 33 % (Modulation) ¥ 223 % (Demodulation)$R 4 > B o 5 A2}
% 7 ;%37 QPSK(Quadrature Phase Shift Keying) + 16QAM(Quadrature
Amplitude Modulation)f= 64QAM > 3 % 15 cTRU LI M =(frame) 5 H = 7
JJZ 0k siig * OFDM Ui 34 %3 58 0 4o 3 % 7 (Guard Interval) 14
FhE o BT AR AP RPN R @@?‘J = e R AL
fRA BB M R LfE Y o A T o
222 & R A # % 1 (OFDM)

=

& % A~ 4 % 1 (Orthogonal Frequency-Division Multiplexing, OFDM) »
A RZLp fdTA DAL Fe e Fans O (Sub-Carrier)* {7 3

FoBRARINT IURE i]}—?-?‘-;‘pié‘h@ﬁ%]@}‘&igf%c B R A S

4%

»he@ 5 Ao 0 R IR B RS i\l A {E 2 4F 4 pF A (Symbol Duration)
BE O P EMRIEREDEE - OFDM & @it dp § 1
(Frequency-Division Multiplexing, FDM) £ £ %*% » OFDM ¥ & B+ §L it
¥%3 I % {2(Orthogonality) > ,T&L%Lé_i LHGRRT o F PR e PR
FETATFHFFERAIAPE L > Fl @i 4f § 1 4pt OFDM
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7 P iE U B 2% 5 (Bandwidth Efficiency) » 4e®] 6 #7771 0 fdp e (hpFE R E
HHEL TR

OFDM i BE £ %0 it 43 8 0 5 & BT 9rid & en B2 488 > "8 M eb
RS AT DR FEEIF S R ORILGE  F ik
SRR T R R S SRR A S B S
A2 AT T D L% URBEMPELTR Y L F B PRT
Mgt A g N kiEEFAR o » ¥ Up {72 A FFT(Fast Fourier
Transform ; -3¢ & = Fi#)E B KR L& @ % FHF + | - OFDM £_p
LR SRR pi i | @ﬁg?]'% 0 I A 4G-LTE ~ ﬁtfi?,#ﬁffa”i”ﬁ [ e
R T FRE  RREARD  ERBORIRE S AP

5 E® OFDM iF 2 5Li@i¥ 2 A %3 54 o

BEW ITllillTﬂlTlliTlmlTl
ZE Il
e I 2 7|
i > T
mws L3 - s |

® 5~ OFDM % §%it @ %5+ T B[3]

Traditional FDM

B 6 ~ i 5L FDM #f 3 22 OFDM 4 3% 2+t $&[3]

13

do0i:10.6844/NCKU202001218



DVB-T shf @ Lritie s B ix > 5 Bitjen § T, e s
B> #d 68 1 OFDM #5.#7% & » & OFDM ¢itfzé 3 = f #3135
(Pilot Signal) :
® Scattered Pilot

AR S IUELEhiz B T A

‘-L‘.E
(‘H}

» ¢ % OFDM # % f3tf2im ehiz &

,—T—,’}'j ':"-i—] B > /:"_%‘_%fb {”}; &?P'rﬂ_’_&'ﬁ’ Efﬁﬂ&%i\‘ OFDM ?:%’fu—% ré"fﬁﬁ
N

St
=
Wi
D
F_M
5
43

U e e W 5 120 o B 7 47T

Kmax = 1 704 1f 2K
Kein =0 K = 6 816 1f 8K

®00000000000e000000 0000000000000 00000e
0000000000000 0e00Q0 000000000080 0000000e
000000000000 000000e ::::: 0.00000000000.00000.symBOI 67
®000000000000000000 :::: OO0O0E00000000000e00®symbol 0
0000000000000 00000 Il 0000000000000 00000e Sg{’mllgoi
0000000000080 00 ::: OO00000000e0000O0000 @ symbo
000@00000000000@:::: O800000000000e00000@symbol 3
0000000000000 00 ::::: OCOCO00000000000e00e
280000000.0000003‘3!‘. 0000000000000 000000e

@00
@00
@00
@00
@00

TPS pilots and continual pilots between K, and K., are not indicated

® boosted pilot
O data

® 7 ~ OFDM 4= 7 #

® Continual Pilot

SAHAESIEL e L B OFDM B ELd 485 — Bl sl > 7w 3
e foip G 4p 3% £ iﬂéﬁé?'%;%l#ﬁ R & - ?ﬁﬁfbﬁv@%?]fi;‘i % g%
o BERE- BRE G EEPEE AR E 2R 25 -
® Transmission Parameter Signaling Pilot Signal (TPS pilot signal)

By Sl LD Y R BE R AL U E - B ol
Mook T 4ok 2977 0 DVB-T i SAp b Sdcoimk 23 @ 5
@ﬁﬁﬁ:i‘ AR RBEF S RERFE
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% 2~ DVB-T s 5% 440 B 803k 2

Parameter DVB-T o
Channel Bandwidth 6MHz, 7TMHz, 8MHz 6MHz
Transmission Mode 2K 8K 8K

Modulation Scheme

QPSK ,16QAM ,64QAM | 64QAM

Code Rate

1/2 , 2/3 , 3/4 , 5/6 ’ 7/8 2/3

Guard Interval

Yo Ys M6 Va2 ¥

DVB-T £ 3 2K fr 8K @ﬂia?l%s‘fi;“ » 8K 54 ¢ = @ OFDM # 5.3

8192 = Ut - AR AR § 6817 Bk 0 FEHE A RS

PO KRS AR F (Guard Band) i@ * o 3 3EF R T @ﬁﬁl o %

3% 2K e 8K @A HES ¢ & i 51BN OLHR o 1 8K K30 £ ]

769 (6817-6048) i+ LA * K iBEF g > B o dEg 524 B4 4cd

3 5120 85 (Scattered Pilot) » 177 B & 4 2] 3 51 3% % (Continual Pilot) » 68 3
i ﬁia?l S 33 5130 5L (TPS pilot signal) -

# 32K e 8K Byt ¢ & B s gians Ol

Mode 2K 8K

Pilot Signal 193 769

Scattered Pilot 131 524

Continual Pilot 45 177

TPS pilot signal 17 68
15
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223 BHTAERAT

88 T_% £ R T (Software Defined Radio ; SDR)[4]% & *+ 1990 & i~
4 Mitola 73 > — B4efs* 2B E ¥ g > (5 kd B FAFRE B D
AR F > B4 2001 & %7 3 B P (International Telecommunication
Union ; ITU)sh g2 > i T R ERT AR = & B £ 5 g B3
w2 - o A BRAERT R ALRBY R FE > VLS B P R S

BUHMEERARA R - HF A B BABET I AL ¥ nER

i
-

PP
BHAEAG L ARESES  RRHE G FM T RN RS

A
9

oo ot - KRR RITR AL R AMER il E Ik
FHARARE A gk T UG THFIEY o
B8 LHHMITARATFHR HHIREERT I v f 5 (RF

Front-End)$&jz 2 1 2 SERFH A ddre > =3 RF AR 2 MR
FoR R e EMEL > B E v Bl & 3% % (Analog to Digital Converter ;
ADC)#-#g v e S 3 5 fie i end it 5L ;) fie g v # 4% E (Digital
to Analog Converter ; DAC)#-#ic i+ chgicl St 4% 4 L e st 5 @
A2 38 B 4B [ L 71 (Field Programmable Gate Array ; FPGA) R i 3 #ic i3
BLERSE o 1% A2 R4S OB JOiE A Banw a0 LR
Joese B 5 7 il * B 7% (Universal Serial Bus ; USB)d: v * f:idt &
A LS 2 T3 8T 5 > 22 %43 % 4] %32 B (Gerneral-Purpose
Processor ; GPP)f= USRP } chm &7 SH4F 70 28 o M ELdac s d  "oic il
SR A ML F A SRR T > R R

BRI RTRE A  RY FL TRy PR SEENTARRE

L]
MET SFr g R A A
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Antenna

Radio > sBE |

Front-End \ '

Antenna Personal
v FPGA Computer
Radio
Front-End BAE
USRP
Daughterboards USRP Motherboard
1 8~ R 2k AT 2 4]

BOAE T A AT A USSR A L BRE h S A A - AR

I 2 GNURadio shi. ¥ 2 BRECHAF L7 W5 %% i A& > B i % e

AL AT L BN o AT P PEHIMBLEAEN £ 1248 B2
BEBEAAIEL R FL A MK G Ol 2 T ki R R 6 R
A m T AERTHITTET SR A T AL F 0 R i
#Ho A ET R FERE BT UE L AT R > B8
LHERERK S PERMNE 2 ZE ML HAMKG -
AFT RS ETMIBERTE - PIPERFPTAM FNTLI R
£FF S FATVWS ehi &% % 20— & @ %+ 5 GNURadio #%

Te T PEAEE o I PR T (RAR  fR R 0 XE ORRAG 18 A4 T
- &% b ¢ GNURadio 5 o 4 B 2 JURLIE & 3 4R » 4 32

TVWS et & #* = o
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2.3 @ MpeBAR M

A DAL T R T SEART R  BE AR Y PHET L A
FERMPEART o R Wi VS RARREL Y K

R ORGEH pu T O OHEsE R WAL L White Space Device(WSD) @ i
S R Zﬁﬁ S Ap R enm AR, 20 ¢ 35 IEEE 802.11af ' 2 IEEE

802.22 & » M T B4 S BRELTIEA L o

2.3.1 IEEE 802.11af
IEEE(F% £ 4%+ 1425 €)% & 1997 #3721 Wi-Fi thig s

B R4 802.11 2 16 » IEEE 802.11 R # 5§ ec 3k » "¢ ¥ Wi-Fi g (Wi-Fi
Alliance)e= = Wi-Fi ud * #2535 E > IEEE {8 424! 802.11ad ~
802.11aj ~ 802.11ah £ 802.11af % H & > 4o 9 #77 » & Wi-Fi &

# i 4\3)% /i °
802.11af
St -
”
-~
”
”
g
Vg
/7 P
V4 ”
/ =
/ / 802.11b/g/n
, / .- \\
/ / 802.11a/ac
/ 157 —
I -1 e
| .7
v Is -
| | {
\ \\ N
\
-~
\\\ b
~~~~~ —

5410 790 MHz

B 9 ~ IEEE 802.11 #jtviF4 7+ & B
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IEEE ** 2014 # 2 * #%;& IEEE 802.11af #&#4]2[5] > ~ f &
White-Fi 2 Super Wi-Fi » #_IEEE 802.11 /& 7| e 40 e pe 408 » 2% 08
U 3F & AR F 5 e EL(Wireless Local Area Networks ; WLAN) . TVWS #7 £
+ @ * 5 &35 VHF (54MHz~216MHz) ™ 2 UHF(& # 470MHz~
698MHz ; # ¥ 470MHz~790MHz)#g £~ - IEEE 802.11 7 %8 & &_i¢ *
OFDM # % it > #F 5 5 6MHz-8MHz > VHF/UHF #f B ern 517 i 5t
d Wi-Fi e R end R i3 > FIBFR & 5 WIndg i = op
R 0 @ R A T (Cognitive Radio s CR) A K p & 1 jp] & 47
T R > PR TR ER Y R AR R T
ARE P U F R ERBTAARE MH FEME R TR P o
2.3.2 IEEE 802.22

IEEE =»t 2011 & 7 * % # IEEE 802.22 #-#[6] > 2 ¢ % Standard
for Wireless Regional Area Networks (WRAN) - Specific requirements - Part
22 @ Cognitive Wireless RAN Medium Access Control (MAC) and Physical
Layer (PHY) Specifications : Policies and procedures for operation in the TV
Bands > %58 L 3F & R % 32 e g (Wireless regional area network ; WRAN)

= TVWSHEE @ * » & 3% 54MHz 3| 862MHz 2. & e» VHF/UHF #f
F~ o IEEE 802.22 &+ %8 & #_i¢ * OFDM # R H v 4 % 5 6MHz-
SMHz ; 3k sk Rl * B Ao T ik p & R & S 5 env ¥
Mg W R TRET UEEAFERE R ILEY T PR o 1A
FHRGF P CARMT O RF ARTAAFRE > AT EH A G f

e A v R R IR R R AR B R AR S R R -
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2.3.3 IEEE 802.11af £

22 |EEE 802.22 2_ ' §&

IEEE 802.11af £ IEEE 802.22 #£- % & £ 4%t TVWS X ¥ cife o

b ﬁé;?uﬁé NFF AR e RFTY

A R s de

% 4 %751 > IEEE 802.11af g ﬁ%&ﬁ%ﬁ.é - =2 T > gk [EEE 802.22 -

B2 RaiE o

# 4 ~ |EEE 802.11af 2 |EEE 802.22 %% 2_ vt #2

o 8 IEEE 802.11af IEEE 802.22
54MHz-698MHz(Fx ')
HpE [ 54MHz-862MHz
54MHz-790MHz( ¥ &)
HE R 6,7 & 8MHz 6,7 & 8MHz
9 gy & 26.7- 35.6 Mbps 4.54-22.69Mbps
AR e B WLAN WRAN
PR lkm 2 ¥ 100km 12 ¥
BRE ¥ OFDM OFDM
B AR ST ¥ L
PO R AR 4 y

24DVB-TH £+ 32 40 M

Fr[7#3 G 2R3 REgt s Ao # ety g &

> F % B> iz f](Digital Dividend) -
GHz z. F » ¥ N T i

T F F ol ¥ -2 200 MHz ]

PH s s REALRY o DVB-T 4.5 L F 2 #kix

¥ % B 3% 7 4 (Digital Terrestrial Television Broadcasting ; DTTB) s % »

Er L ¢ * VHF / UHF #f £~ * %k #% & LTE-E-UTRA PR % »

P R

% 4 47 DVB-T £ E-UTRA 2 @ /f % F ¢hb | i4f 52 gedg - DVB-T
@ * COFDM 23} = 3 > 2 MPEG @ it 57 3% @ i R 55 i i 30 8

BEZ A 3% 28 QPSK ~ 16QAM ~ 64QAM -

20
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# % 5 8 MHz * ** UHF #f £= - LTE-E-UTRA(Evolved Universal Terrestrial
Radio Access)s#7 T 48 %_# * OFDMA » 488 # * SC-FDMA(Single-
carrier Frequency-Division Multiple Access » 8 % jd #7 & Sal)e Y AR
SEAMCAT it {7 fe 4 22 3045 + 3 2 47448 > & %4 47 DVB-T 2. T 4+ 3§
E-UTRA 2. } T 4a > 11 % E-UTRA 2. } T 4a+ 3 DVB-T 2 T 48> & {5 ¥
NEEL o ARAFaRIRT 5 S F,\F'&ﬁx entEEd s 310 &2 5 B
HO ek T F‘ 2. o] iR ERL S 95 22 o

B8 FlE =Pt d » f B R T AL (7T B R EIR
FFena 3 F RfRA RSB OF R R > LY A 47 7 R LTE e
B @ AR 4% DVB-T s 38+ afid@Ff ¢ &4 853 B AR T h

-+
£

\\\?{r

B P AT AR BT R T Y AR TS
P o ¥ BHRITEM > S @ NS %8 2 i ¥ iR el o LTE
#EE 5 SMHz » F % Hi$t 1 LTE (76 g+ 48k 50> 325 41 QPSK »
16QAM ~ 64QAM 3 % = ;8 T grugiie it » 1 2 Monte Carlo H#t k3=
o LTE Fé it 3§ DVB-TREFEE S DR RFHFXT > AR 5%
BRSEF A H AP RE R 4o 0 SUBLASU AR R UBLI R R 4R e
ARRAR] 0 A AP F T LR A E D REPRE . LR TR
SR T A B o

F[T18]%% AR AR T 2 A+ @R N 0] 3R EE
Boow AP G R E T IRIRE S Fox ) R 2T T F Bl T
Wefe B o A 4 iz o TR HE TVWS K J cnx R A&7
% 0 i3 2 IEEE 802.22 WRAN [ #7 22 4047 + 4 chifiin ™ » i& (7R &
MGG ¥ NE G RAR A S(DVB-T2)PRFF iR o LT T B
W o S ke & AR > FFT A 0] ~ 3/ 1g k35 113§ § 0 DVB-T2

RS R A R e B
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Wi TVWS X ey o R AT LRE T3 TVWS KA EF [

F_&

Bt s 0 a2 DVB-T2 B R G enlbm™ - S5 £ 13 %
Z2F S -\ YR S

3 10][11]% 2 48 & = 4R(Digital Terrestrial Television ;
DTT)2 4G LTE % 32 B e+ im0 i "ﬁ'z # 700 MHz #] 800
MHz 45 F end 3 RP 4L o &7 %k 38 (7R € T #HiE3 5 %% 5 (Protection
Ratio ; PR) % #ic 37 T 4f cnfi 8 > k5 84 » S8 (DVB-DE&* 2
HULTE 1 7 4l)2 vt chgo ] B0 i f GdRjeibi » A b AT o B Y
BREA 0 ¥ DITREELGLTE &5 5P TR 8fe DTT £
B2 BFFE- BANpk BouE R FRER o DTT v 4G LTE fE &
700 MHz 3] 800 MHz s UHF #f 2. BF ¥ it 75 e 48 > ® LTE

(e T AbaE A A [ T g o
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=R AIER
AEERAGAFTL R * DA KA & MR R

5 2k -f? - MaBN B ﬂ\lﬂ 7 gkt T# 3155;4\;;1;.;{?4%;{

ARAE 4 > % 11 USRP B200 mini 4% fc ¢ P & ST AR ULy T2 3 F

£ r2 USRP B200 mini % % & 2 T4 % FFHF > ¥ ML R
DVB-T % & S 4ep ¢ @ * D/ eng " WA > M2 I ZERT 25
#hEtAg 2 B USRP B200 mini » ¥ 12 % R fEjefod 5 » 8 = 300 B4
R % & AT PE T 5 GNURadio » 11 2 DVB-T [k 5e2 33t 5 @
FHEMWMIZLRT AR ER LR L AiB (T4 Bts 4 2 DVB-T
2Rk R RS R BB FFT ~ & AW~ f245 (5 en&p 3§
P E Al A B AR I QBT  RTETER

W DVB-T éh% AL A o

31 R=FEH

AT S UEHITEARTENAS T REARTARBERZ 7 &
B RRTARS G ARY SFRRTARDSSIMHZ A E » #T3E 5 6 e
ER > F TR %Y DVBTe T F » @ 4 adfs v A L R i+
B RAE 3R o

B 10 & A5 5 9 .5@%%1‘# » 12 USRP B200 mini § P 2 i+ %

uH

AR T AL EL (S d B drdz k> £ 516 GNURadio $ic 8 32 %22 12
o ¢A2 FFT~ 2 ART & VLC BB RE RSP Y 17 2R
g en* R P E2 USRP B200 mini i 4% F *% > 1 % i GNURadio % %
OFDM e ic ks m T > B {655 AW ~FFT ~ 2B 2% ~ F 3
B4 g A A R B0 T R BP0 KRR LS A $ DVB-T e

IEARR BT LA REF RIS BRI TS o
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DVB-T#dun (2 F4) 2 5 WA AR (THER)

o
L
] -
al
H] -
5
]
o
B
L

USRP B200 mini * | USRP B200 mini

| |
3 *

Housu! s [ﬂ%iﬁﬁﬂéﬁ]
It g

- TR LN E
RAEE  FFT

10 ~ & 5% % - 7]
311 k4E* 3

I #g + 3£ (Co-Channel Interference ; CCD A 45 = i 14 F e S 33K
BT AR - BRERIG - BRALBETHE BEXKF A B
KH T AP ARG > dokied B K PEEHIIE 0 TOAE S BK A PR
IR PAEFTIRORR) > Aok 2D BRA LOEER ST G E R
TR BRETHRPES £ EE T AR T 0 &R
¥ i % 0% FEEdL(guard space) » F ] € *F iy o

iPiUS?DW&Tﬁﬁﬁﬁ%?ﬁﬁgﬁ’ﬁiﬁﬁﬁ&ﬁ$§
557TMHz ~ #83g 5 6 cnR AR 5 T 00 F Btk TVWS R & 4% o SRR T
ST 3ER o B A AR 5 S5TMHz 0 3 BT 3 RE S ehe %)
(gain f£) » # FA& < & F P RIEH R T FAKT > 0 F L pEH O

&0 RIETA FAQE S VP E  DVB-T a5l 2 + 4§ o
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312 ARHE* B

HEAF =+ P (Adjacent Channel Interference ; ACI) & dp = B 12} fhg Sl
WRE W R A e o R L
Fi 4 (channel space) " i 3£ 47 F (guard band) » “igit B 7+ = % )%

T oo MR B2 AF B A A R B AR S 0 B 4 R Y3 B (spurious emission)
€ FF R A K m@@] T B H ATy e

AFF G 04 A DVB-T e 543 i@ % eh 3 K 0 B R ek e 5
55TMHz ~ #f3g 5 6 R AR 5 T 0 R S st TVWS 3K i $& S e AU B 1T
T IER O R SR S en? S iE I (center frequency) 0 BLEH B
DTS BAREL AT BRI E > Jd TR S
Fiex § H hd RS BN R S ol o =4 (frequency offset) » 4o 2 3¢
(1)#77F © Fogser B 2T 38 8 BB IEH L fp et b > P & 3202 3 5
e SHESF 0 Fp A F B iRen?® SHEF o 120 DVB-T en® F 3428 k38 &
FRAET ISR E 17 EHARTARTIEE S P o

Oﬁ"set | Fp - Fi ‘ (1)

ARy AL DVB-T e g & 5 557TMHz » 38 B+ 4§ e
S % € S51MHz 3] 563MHz » B 11 5 3 3% =4 247 38 2 fp et
A0 Ed 384 5 DVB-T A ff 4 304 5 FRRTE > 2 5 F o
% % 6MHz o 1+ f ke wHgF 5 551MHz & &) » Bdafesg @ o
47 5 55TMHz c7#F 3 =4 5 6MHz » ¢~ pFi2 45 3% 2 fpenfiim o 3
T EREPIHMEE S LT € DVB-T 22 F4E 0 AP &R

55TMHz % A #& & @l4p e g 3% =45 > &~ % 5 1MHz ] 6MHz -
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Frequency Offset
6MHz

Frequency Offset
5MHz

Frequency Offset
4MHz

Frequency Offset
3MHz

Frequency Offset
2MHz

Frequency Offset
1MHz

Frequency Offset
OMHz

6MHz

6MHz

v

Bl 11~ #EeF =
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32 ANEREN L

TR R A ERT AR SR e F & B iE S 3 A 8 5H4F (Radio
Frequency ; RF)% ¥ & & 3 GNURadio » % ¥ #4c Pl 8Ldkdnis 2 d 7 %%
TRIZ e Fenp 7 0 A D TR ART DT ST 0 |
S BHAE AR B SMEL c AT Y g s sHIE B 5 Ettus Research =

7 B2 0 USRP B200 mini °

3.2.1 USRP 3L
USRP (Universal Software Radio Peripheral) % if * #r %8 & 3 T ¥ 8%
% > USRP B200 mini[14]5 4 A& Lfedo 2 5 977 » %5 b pdo®] 12 47

USRPB200 mini # 3 & 35T A7 > 1 £ 5T % USB3.0 43¢

-

T
KT o BRI E P A R DT o RGBS ey
F o JE P AR SRR A HF I § T MO 0 TOMHz ) % 4 o0
6GHz > & it I e (Rx)% 3 # (Tx) TR » & * + F £ £ & GNURadio
® T4y 4 % % USRP ¢ UHD(Ultra High Definition)#i-e > i it B 4@ *
USRP {F 5 Hifl T B A AT 2 v sy s £ E » 1 & 8.8 USRP ficke & -1
RAEE S F AR Sl - B ALY KXY o

Bl 13 5 KB ehp RRIT S > @ % SPiE sl B 2 T RR
FPGA # 21t & fic i3 5ol 3 52 > 3 21 83 3% 5 F= 4P (in phase, 1)
2 1 % 4 & (quadrature components, Q) ek 47 2 55 o 1 * USRP &z &H4F
B /Q Hedy 0 £ B Pl en UQ Hcdy 1% i GNURadio & (73 i 345 % f2

EE R
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# 5~ USRP B200 mini Rt

3 2B

70MHz-6GHz

AR

% ¥ i 56MHz

TR

USB3.0

L EE

Full Duplex(- 41— B % %)

e

61.44MSample/second(MS/s)

B 245 & (ADC/DAC)

12 bits

&

Fr o W 27,100 ~

. GPIO
Ettus o
’ ———— USRP B200 mini
ﬁ X2 Research 70 MHz-6 GHz
g o o 3
-
=

USB 3.0 —
8 ‘ Controller

®] 12 ~ USRP B200 mini[14]

Spartan FPGA

R P&%d@ﬁf\”_éﬁj  — RX2
T e e

AD 9364
RFIC

CTRL
Sarmple
l Clack
=
Clock

Synthesis

#1 13 ~ USRP B200mini 3 % 4[14]
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322 TraRk

4 3 USRP % # 2 45

ol imER L4478

WS RN B JRAG A > T

B e dT BAE 5

AR GO A R

2%

AF BT i SR RS

fem o RREF TR L RYpEd T
Uk S R Rk
RO MAR G - g R vk

Y Hedy i B AR DVB-T 2 fjesd b &

EiTo a T PRE M AN AT B A 6% £ T4

%6 AT T MR

g B Gigabyte H370N WIFI
LR L Intel® Core™ i7-9700 3.00GHz
) R 16GB
At 1TB
USB USB 3.0

T kB A

Ubuntu 18.04.4 LTS

GNURadio 5= &

3.7.13.4

~ B BT AR

2]

By B e ASUS X550CL
¢4 g Intel® Pentium® 2117U 1.80GHz
e fh il 4GB
i 500GB
USB USB 3.0

T kSR A

Ubuntu 16.04.5 LTS

GNURadio 5= &

3.7.11
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3.3 #cHE ’f#.

FHITEARTHITT F OB FT o0 £ T 2 F T Lehw
HEEATURY LT OREFRA YA
B K OH R & F R AT
oo Fpt s AT EH A Linux (TE ART M AARTEFT S
GNU Radio ¥ 5 ~#7 7 hig#g T ~ o
3.3.1 GNU Radio

GNURadio[12]4 - BHMTEARTAEF L 5 > B L7 2 FA
g A8 ¥ 12 A Windows >~ Mac OS ~ Linux & 7 fpeni® 3 kAL @ % » 3
PR T Sk RsHE A R RS 0 BB P R LR
CEdR % @,ﬁﬂ FU* AR PR L i B - 20 BE A IE B {8
GNURadio ¢ E 4&2 = ;%7 42 B ¥ /& 7 Python 4% > 2 4&34 7 /v A2 Bl 425
# & 2T B 14 5 GNURadio Companion(GRC)- 5 Fi& iF » if ¥ »0F a0
B HA i AT Ao B AT § B o

Bl 15 % GNURadio % ’}ﬁ]}%} BT R 5 RF A RH:E 730 5L ehin
> > USB interface 5 #iA #8cam f » 2% & 10+ 5 BB E (7L 2
f#55 et & > GNURadio ﬁ’lfi}‘ﬁu?’i A d Bw e CHAR5N riE = e 3§
CHfE; ' TR AR § 7 U MAMi m A3 BRHG 20 2R B2
¥ 5 % 8 5 GNURadio Block shig 3] » ¢ * Hf» ¥ v jFd 8 CHiz
FAEKEGE R Ep e FROBA G AR L EHEEE GREME
E HEH. ¢ E Python Ry dlin A2 B hB 4s ~ iR 2 L > @ C++fr Python
2 & & 4 SWIG(Simplified Wrapper and Interface Generator) % i 4% ° 7 4§
Bl it > 5 B35 4 @ 9 GNURadio Companion(GRC) » IR i
FEFEREY - 779454 > GNURadio 5B # 4w i@ % 2 Bk & 2
FURJL AR 0 R P F NG R AGSLI AR AL o B AT
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CHADBE S L AERFHRRE 142 FF D2 A FLAIE S Hdrig ik

EoAEI L Etﬂi%iﬁﬁﬁx’ﬁﬁﬁﬁﬁ@i%ﬁﬁ?ﬁ

B e - FEASES N R FRRAF R AL

- /home/cjz/Downloads - GNU Radio Companion

Tools Help
¢ v b - X £= L mQc
mytest_rx 3% audio noise X * Core

* Audio

* Boolean Operators
» Byte Operatars

» channelizers

* channel Models

* Coding

Control Port

WX GUI Slider
1D: 1

=

Defaut Value: 50 » Debug Tools

Minimuam: 20

» Deprecated

» Digital Television

FE— » Equalizers
Signal Source Error Coding

Sampie Rate:

D ey 53 e
et pewa Rt » File Operators
i ude: P

Offset: 0 *» Filters

Ma: %
Canverter: Fiost

» Fourier Analysis
GUIWidgets
Impairment Models
» instrumentation

* Level Controllers

» Math Operators
* Measurement Tools
Message Tools
» Misc
* Modulators
S Value * Networking Tools
Imparts 4 | »Noaa
* variables 4 > OFDM

Loading: "fhome/cjz/Downloads/audio noise.grc” . freq <Open Properties> % » PacketOperators

€j2/.CONNIG/IDUS/DUS IS NOL rOAL!
INFO: Audio source arch: alsa

>>>Done

] 14 ~ GNURadio Companion(GRC)

GNU Radio Companion.

Python Flow Graph-

SWIG

C++ Signal Processing Block.

USB interface

RF front end-

# 15 - GNURadio 2 1l
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# 8 ~ GNURadio Block #g %|[13]

-

bl &t &) =

A e e FN B~ {8 Fk 2 | USRP Source ~ File Source -

%%ﬁ%
L Audio Source
Ea Fﬂ. %:tu T_‘ﬂ_"; 'f‘-"[it@/_: %;
MELA T FFT Sink ~ QT Constellations
ik &
Highpass Filter ~ Lowpass
Tk B RS TR E Filter ~ Bandpass Filter ~ FFT
Filter
0 E R At RagFr AM ~ FM ~ PSK ~ FSK
TR 58 enigd 4 2 F B~k | Complex to Float ~ Rational
{3 =

& e 3% Resampler

USRP Sink ~ File Sink ~
AELE AN 3 SO Rt
Audio Sink

BEABET A6 EE S | FFT(E & 2 F i) -

* A e ;“ﬁ%] 412 5B | Throttle -~ Threshold

332DVB-T j sk 3

DVB-T st 3L 8 41 % 1 2 248 % 1 (OFDM) > 3% i iz » &
GNURadio t #4 {7 & i fz3a DVB-T s A e b S8k 20 247 7
I P A UBLIF 2§ L R 3245 0 ¥ @ * RF #4c ® USRP B200 mini
% % 5% » USRP B200 mini ¥ r2 f p¥ tadkfc & 3 3% > AAF 5 5 R ~ 3
BB AP I A LG FIPL AT EH R L EY o

AR R G B DAL S A A MK A RF BT
2815 > 1% 38 GNURadio #i 88 (72 8L cnEd® » ¢ * Linux (T% % SLigf3
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F T @Ak B H  FFT B 3 BT e pFif i VLC L35 %

WRE R o WEARY VOE I F MR A AL R o & &R -~ FFT

B ~ VLC #-R#E 3 Baoio f L4cT @

® % ji B](Constellation) : #-#c i3 5L QPSK ¢ 16QAM % 4 % = ;% fz
Ais > AF T o (complex plane) b 3 B EIAR & T 0 B fE D GREL

AN R €k BB L EARE R B2 Pl gL - o

® FFT #7 ¥ B](Fast Fourier Transform Plot) : #f B 2. 7 A T P& ¥ & *
P EREIE > BY b i 4 F(Frequency) » ¥ =¥ _kHz ; %¢dh 5 3
5555 B (Power) » ¥ =8 _dB - 51 FFT B ¥ & i & BRI a0 5L
SR M EFE L F GHE R 0 R T AT G L fes o

® VLC 58353 £ 4~ £ 5 VideoLAN Client » #_F 2 Jn 4045 e 5 4
ROE T B (B B P R PR E » L 3EF S 3 MBARL MRS B2 %
Bl B AFT Y RSB ELEERY o

333 iz ER
AF1 % & * GNURadio 1% 5 $x# T & £ ML DT 5 0 F iR

oA % DVB-T a3 8L » 2 iF gt ;f;%»]{s?xf GNURadio f & § e

b B JJ17] GitHub (B & i #5 T o)P~{F ehjp B ficke > ¢ DVB-T fi-e

cif K ¢ 1% DVB-T - 8[18] » m T £ &7 3 ¢ DVB-T U ELEJa T

Z el E > B 16 5 i iE f323% ¥ (channel demodulation) » B8] 17 5 i€ i f245

(channel decoding) * * & H#-§ fic & © & Ofici= TR #h o] Lol

TPt DVB-T #e S8 BiZdc®® T B F T A g SR ’

TR S A R RART AR ST D i R ARIEL o
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demod_reference_signals

10 Type: Complex
Constellation Type: 6404M
Hierarchy Type: Non Hierarchical
Code rate HP: 2/3 l_
Code rate LP:2/3
Guard Interval: 1/4
Transmission Mode: 8K
Include Cell ID: Yes

Cellld: 1

FFT
FFT Size: 8.192k
Forward/Reverse: Forward
Window: window.rectangular...
Shift: Yes

Num. Threads: 1

OFDM Symbol Acquisition
FFT Length: 8.192k
Occupied Tones: 6.817k
Cyeclic Prefix Length: 2.048k
SNR: 30

Rational Resampler
Interpolation: &
Decimation: 7

Taps:

File Source
File: ... =@/ dvbt/pusrps57
Repeat:Yes

WX GUIFFT Sink

Add begintag:
gintag: Fractional BW: 0 Title: FFT Plat
Sample Rate: 8M
I!aseba\ndl'req:SS?M WX GUI Scope Sink
ngrD\v: lodB Title: Scope Plot
¥ Divs: 10

Sample Rate: 8M
—D-I Ref Level (dB): 0 Vector to Stream Throttle XY Mode: On
Ref Scale (p2p): 2 Num ltems: 6.048k Sample Rate: 4M Window Size: 400, 100
FFT Size: 1.024k Notebook: mynb, 0

ﬂf“ﬂh “fllei 15 Trigger Mode: Auto
Window Size: 420, 100 ¥ Axis Label: Counts

Notebook: mynb, 0
Freq SetVarname: None

B 16~ i i 228 &

dvbt_demap
Constellation Type: 6404M

Hieracrchy Type: Non Hierarchical
Transmission Mode: 8K
Gain: 1

bit_inner_deinterleaver
Constellation Type: 6404
Transmission Mode: 8K

symbol_inner_interleaver
Transmission Mode: 8K
Direction: Deinterleave

Vector to Stream
Num Items: 6.048k

N N reed_solomon_dec
viterbi_decoder 5 - -
- p:
Constellation Type: 640AM
?mse R s convolutional_deinterleaver m:8 File Sink
Hierarchy Type: Non Hierarchical . )
Code rate: 2/3 Blocks (12 Bytes): 136 GF polynom: 285 energy_descramble File: ... /dvbt/emily/20191224
Blok 55 .TGB Mumber of Shift registers: 12 M: 255 Blocks(188 Bytes): 8 Unbuffered: Off
ize:
Depth of shift registers: 17 K:239 nd file: Ove rwrits
Initial State: 0 pth of shift registers: ) Apper rwrite
) Shorten size: 51
Final State:-1
Blocks: &

Bl 17 ~ i 5f 245
AR B DVB-T &g &A% (file source) = < T ¥+ % » 5 7 (28

U A fRB RSSO PR R 0 A & Rational Resampler @ & 4r

ETIS

7 — i 4eiE B(AAd) 0 4oB] 18 #7oF o e PF4k:E file source f UHD USRP
Source > 12 USRP B200 mini £ c-+ $f 3 5L k e i T AL EL AT 3 > (8 9

BTG SRR R fRA b i o

File Source
File:... 2 /dvbt/pusrp55T :
Repeat: Yes Rational I.!eﬂmp ler
Add begintag: () Interpolation: 6
Decimation: 7
UHD: USRP Source T'P“‘
Device Arguments: nu...es=512 Fractional BW: 0

Mb0: Time Source: External
D Samp Rate (Sps): 8M

Ch0: Center Freq (Hz): 557M
Cho0: GainValue: 40

Ch0: Antenna: RX2

B 18~ 4o B
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3.3.4DVB-T s & iFim s
i 1§ 1% 2 GNURadio #9325 4 Python #2535 3 » kir4| & M T ARM

,——.

A2 EH 0 W19 5 8 BB TR 42 ] > Script A- B 5 7 ¥FEB SR
B8 e 2 DT RRAEE S 0 A € i Script
Bz Python #§ ¥ 34 {7 Script #25% > K& P i 5 s v 4] > &7
EP e hE T ARG PR o £ 12 Python 4% B £ GNURadio » 3% &
Yo g AT S AR IO 0 Gl 28 2 HD 55 0 3% U S 545MHz
FT gl > PF = GNURadio Wi g f345 % i f24 % 0 21 %%iu?,]*
T Ut VLC 48845 B kB i ¥ W FFT 2 2 BB AR E A ¥

SRR YA E T 1 EREE S

%‘Lﬁfcript

BEHCE
3EE

[ EZDVB-T.py

W ——
/ MPEG-2 FIT ~ A

VLCEﬁFﬁ( 18

[

B 19 - 4 38 (52 B[ 16]
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335 F =P E:
B 20 % 3 S48 GRC 42| » 3 53

BE F W RS
Sampling Rate % 5.33MHz > FFT Size

File Source
File: ... & smartfish.txt
Repeat: Yes

|
i

"

Stream CRC32
Mode: Generate CRC
Length tag name: packet_len
Packed: Yes

Stream to Tagged Stream
Packet Length: 96
Length Tag Key: packet_len

SRR K 3

IEEE 802.11af #& % & 3k %

» H

128points -

Packet Header Generator
Formatter Object: <p...fault=
Length Tag Name: packet_len

Chunks to Symbols
Symbol Table:-1, 1

Virtual Source
Stream ID: Header Bits

Dimension: 1

Tagged Stream Mux

Chunks to Symbols
Symbol Table:-707...07.10Tmj

Dimension: 1

Virtual Source
Stream ID: Payload Bits

OFDM Carrier Allocator
FFTlength: 128

Occupied Carriers: -..., 26]
Virtual Source
Pilot Carriers: (2...7,21)
Stream ID: Pre-OF DM
Pilot Symbols: (1,1,1,-1)

SyncWords:[0.0,...0,0,0]
Length tag key: packet_len

FFT
FFT Size: 128
Forward/Reverse: Reverse
Window:
Shift: Yes
Num. Threads: 1

Length tag names: packet_len

Virtual Source

Multiply Const
Stream ID: Time Domain Constant: 50m

Tag Gate Throttle
Propagate_tags: No Sample Rate:5.33M

Repack Bits
Bits per input byte: 8
Bits per output byte: 2

Virtual Sink
Stream ID: Pre-OFDM

OFDM Cyclic Prefixer
FFT Length: 128

CP Length: 32

Rolloff:0
Length Tag Key: packet_len

Virtual Sink
Stream ID: Header Bits

i

UHD: USRP Sink
Samp Rate (Sps):5.33M

I ChO: Center Freq (Hz): 554M

ChO: Gain Value: 70

Ch0: Antenna: TX/RX

TSE tag name:

Bl 20 ~ % 533 0 GRC A2

336 R &% %

ATy e DVB-T S8 2 &R o 397

R S E PR ¥ (gain )% 5 40dB b pE o T 2

T D R

& % PR > F

Source * 4 RF gain &3k % 20dB >

s ¥

CEEENEY

g

%% 1% OFDM
HY A E L 6MHz ~

Virtual Sink
Stream ID: Payload Bits

Virtual Sink
Stream ID: Time Domain

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 5.33M
Baseband Freq: 557TM
¥ perDiv: 10 dB
¥ Divs: 10
Ref Level (dB): 0
Ref Scale (p2p): 2
FFT Size:1.024k
Refresh Rate: 15
FreqSetVamame: None

{rrnzii?%\ ’ 33

+ 3R

3% x+ # ke UHD USRP

% 9 % GNURadio ¥ #- % a4k

o iR en g B P] & ik P IEEE 802.11af 2. &% & %[19] > % 10 5 +

SRS SR
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% 9~ DVB-T #e %8k %

Center Frequency 557MHz
Channel Bandwidth 6MHz
Sampling Rate 8MHz
Transmission Mode 8K
Guard Interval 1,
Modulation Scheme 64QAM
Code Rate 2/q

410~ F 4R S HK &

Center Frequency

45 557MHz
A : 551MHz~563MHz

Channel Bandwidth 6MHz
Sampling Rate 5.33MHz
FFT Size 128points
Multiplexing OFDM
k4 : 58dB~71dB
Tx gain

#R4E 1 70dB
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Yr¥ Fr¥%
AR E RGN EAFHTR AT T DREF R FEDPTRESF o
B121 5 R4 ST Rl B Bjos % R g X Mg
5100 24 0 @ B 22 5 AR R T % T E 0 RO oy R sy

Beb X SUEERE S 50 2 A o

B ™ '

AR
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A

X F=

- k-

mytest_rx 3¢

YT
%
1 tx_ofdm.gre k% 4+ & IEEE 802.11af &

FM_stereoReceiver %  mytest_rx_copy 20200108 % | D117test 3 | positioning 3

3 B

= mac

tx_ofdm 20200303 % test® tx_ofdm _20200307 % | mytest rx0315% 0323 %

Fie Source
Fie. A b s

P

vierhi decoder
Canstettion Type: G40
Hiararcy Typa: on Hiraraicat

quired sync -TPS OK for frame: 3

WGV Notebook Pl sink
Orvice sepument._e3-512 10:mynt e —
o i ] RFband | Baseband AudioR Audio L waerfall
€ha:Frequency (Kl 357 e . vttt | Appen s e Scope Plot || Perestence
& EE R | :
s 3 Axes Options.
A X/Div
PN 4
o R i &L trione
xor:
0z i .
OFDMSymbol Acquisition P ”‘!‘.' LI B R IR A ¥ Off n
I L I @ Autorange
Winga: s ecsanguse Channel Options-
shicies . % B ch chz Trig XY
. oveac: 1
1 . chamnelx: [ch1
WU P sink P AP I
et £ Channel: [chz
e %8 —
:‘;:"“I‘E';‘:““’ 3 Py Marker:  DotMed =
I 2 s 4 05 o s 1 s 2
] mervevettamn 1 h stop
RetScale [2p1:2 PR e oo BN ol race Opt
i s _ - ptions
Tt | FFT Plot LNt
Retesnpate 15 o A
[r— o <
[— s
Frenset e e * Persistenc
-0 b -
e demag A
[eypr—— [—— [ re—_ f
Jr———— i TraceA | store
Tttt Db et Tewumisonodetl] § S
= & w0 TaceB | store
7 laxis Options
. Hefor: [
0 LJ ReF Levet +] -
- Autoscale
e 53 sse sss sse 7 se w9 560 el
Frequency (Miz) Stop

Dutinaton B s 1370001

value

B 23 ~ mytest_rx.grc 73 (74 &

» 4] 24

» Blockstream satellire
T Core

» Audio

> Boolean Operators
Byte Operators
Channelizers
Channel Models
Cading
Cantrol Port
Debug Tools
Deprecated
Digital Television
Equalizers
Error Cading
reo
File Operators
Filters
Fourier Analysis
GUIWidgets
Impairment Models
Instrumentation
Level cantrollers
Math Operators
Measurement Tools
Message Tools

z

Modulators
Networking Tools
NoAA

oFom

Packet Operators
Pager

Peak Detectors

Resamplers
» Stream Operators
* Stream Tag Tools
> symbol Coding

* Synchronizers

» Trellis coding

* Type Converters

» UHD

= > Varisbles

CLIL T = B = 4) 2110
OFDM Tx
FFT Plot Trace Options Hm Q¢
0 [] Peak Hold
3
o Average :
20
30 ) Persistence QT GUI Time Sink
Name: Scape Plot
& 40
s e— I Number of Points: 1024k
& -50 . ‘Sample Rate:5.33M
% [[] TraceA |Store Autoscale: Yes
i .50 N —
[] TraceB | Store WK GUIFFT Sink
70 = = Title: FFT Plot
GHECERIS Sample Rate: 5.33M
452 dB/Div: BasebandFreq:0
¥ perDiv: 10 6B
=D Ref Level: o '::‘_m
-100 N o=
25 2 s - 05 0 0s 1 15 2 25 guloscale necsme( o
Frequency (MHz) ston ] < B
Cho: Center Freq (Hz): S5TM FFTSize: 1024k
Cho: GainValue: 70 Refresh Rate: 15
Cho: Antenna: TX/RX FreqsetVamame: None
5B tag name:
Bandwidth (Hz): 5.3
e TagDebug. L

|UUUUUUUUUUUUUUUUUUUUUUULUULUUUUUUUUUUULUUUUUUUUUUUUUUUUUULY
UUUUUUUUUUUUUUUUUUULLULULUULLUUUULLULLUUULULLULULUULUULULUULUUUUY
UUUUUUUUUUUUUUUUUUULUUUUULLUUUULLULLUUULUULUUULUULUUUUULULUUUUY
FUUUUUUUUUUUUUUUULLUULUULUULLUULULULLULULUULLULULULLLUULUULLUUUUULUY
UUUUUUUUUUUUUUUUUUULUUUUULLUUUULLULUUULULUUULUULUUUUULULUUUUY
UUUUUUUUUUUUUUUUUUULLULULUULLUUUULLUULUULLULLUULULUULUULULUULULUUUY
UUUUUUUUUUUUUUUUUUUUUUUUULULU

Id Value
¥ Imports
import_0 import numpy
import_0_( import random
import_1__ from anuradio.diaital.utils import tacaed _streams

Bl 24 ~ tx_ofdm.grc F 7 & &
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41 2 Wz FFT %

B3 %R A )22 FFT 473 B X 2% DVB-T 2.3 4 i F 4B %
A3 0 & & Bl FFT 47 3% Bl £ GNURadio p #74& 2 i ke o f b A B30
AT 5 EH 64QAM R 2 3N o Fl B¢ g5 64 B R NE 0 B 25
4 % hscope plot & 64QAM 1k Al 0 Al AT S A FEAE A
Fol P T LR PR 64 BB @ B 25 T 2 G FFT plot B 24 ¥
Bl - SERHFRT RBIAELDR R M FEFE T

Mytest Rx .

|RFband Baseband AudioR AudioL waterfall
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