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Implementation of Blockchain-Based Dynamic Spectrum Management and
Access Platform
Hang-Wei, Huang
Wen-Tzu, Chen
Institute of Telecommunication Management,
National Cheng Kung University
SUMMARY

With the rapid development of the information communication technology, more and
more devices have their demands on the spectrum resource to access the internet
service. However, spectrum resource is limited. It’s a big challenge for mobile
operator, manufacture, and government to make spectrum usage more efficient. In
order to manage the spectrum resource efficiently, this study aims to build a dynamic
spectrum management and access platform according to the IEEE 1900 standards.
Also, this study includes spectrum transaction which is implemented with blockchain
technology into the spectrum management platform. Raspberry Pi 3 Model B equipped
with USRP (universal software radio peripheral) is used in this study as a CR (cognitive
radio) device. In dynamic spectrum access scheme, a CR device would sense the radio
environment before transmitting data in order to avoid possible interference. If the
device concludes that other devices nearby are using the certain spectrum resource, the
device itself will dynamically adjust its key parameters such as carry frequency and
modulation scheme. Spectrum management database plays another significant row in
this study. When the database receives a transmitting request from CR device, it must
determine whether interference happens. To make the spectrum transaction system safe
and sound, blockchain technology is employed in this study. Blochchain is resistant to
modification of each transaction record, so it can assure the safety of whole system
without any malicious attack and simultaneously verify every transaction in the
dynamic spectrum management and access platform.

KeyWords: Dynamic Spectrum Access, Software-Defined Radio, GNU Radio,
Cognitive Radio, Blockchain, Database, Spectrum Transaction
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INTRODUCTION

With the development of the information communication technology, Internet of things comes in
reality and brings humanity a whole new world. Every device can access the Internet and has a variety
of applications which only depend on our imagination. Nevertheless, spectrum resource is SO
crowded for each device to access. Spectrum resource is no doubt limited. No one can deny the
importance of making a much more efficient usage of precious spectrum resource. Practically,
spectrum resource is highly governed by the related authority. Using spectrum resource without
permission is illegal. However, there are still a lot of so called spectrum holes due to the inefficient
use of the spectrum resource. As a result, dynamic spectrum access plays a significant role in
improving the efficiency of spectrum access. A CR (cognitive radio) device can dynamically adjust
its communication parameter to meet the local radio environment without any interference.
Furthermore, a complete dynamic spectrum access platform must support a robust mechanism for the
user who doesn’t own the license to have an opportunity to access the spectrum resource Via
transactions. In this scenario, blcokchain-based transaction mechanism can provide the users in need
with a hack-free spectrum transaction platform. Users can be able to easily transact their spectrum
license with other users on this platform. In this way, the spectrum authority can lower their cost to
maintain the dynamic spectrum management and access platform due to the blockchain technology.

MATERIALS AND METHODS

According to the IEEE 1900 standards, plenty of CR devices which are connected to spectrum
database continuously seek for opportunity to access the spectrum resource. In this study, several
Raspberry Pi3s are used to implement the whole dynamic spectrum management and access platform.
Raspberry Pi3 is a single-board computer based on Linux operating system. We can make a lot of
things with it. As shown in figure 1, a cognitive radio device is implemented with software-defined
radio hardware, USRP B200, driven by a Raspberry Pi3. A development environment for software
defined radio, GNU Radio, is used in this study. GNU Radio is a user-friendly platform where
designers can adjust the cognitive radio device dynamically and easily. At the same time, this study
uses another Raspberry Pi3 as a database server where the dynamic spectrum platform is established.
Apache server, phpMyAdmin and MariaDB are used to build up the spectrum database server. Every
data concerning the spectrum usage as well as spectrum transaction data is recorded in the database.
CR device in this study can connect to the spectrum database we build via Internet. In this way, a
dynamic spectrum management and access platform where we conduct our two experiments is
implemented.
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Figure 1. Architecture of the dynamic spectrum management and access platform

To implement a dynamic spectrum management and access platform, this study also adopts a
graphical user interface to connect the cognitive radio device within the platform. In this study, we
adopt 140 MHz as central frequency for our CR device. Moreover, there are two modulation scheme
we can select in our experiment, GMSK and OFDM-QPSK. Before transmitting the data, cognitive
radio device will sense radio environment to detect the radio waves nearby. If the power of the
possible radio waves is relatively higher than the noise power, the device will not transmit radio
wave. Otherwise, a transmission request will be sent to the database to obtain an approval. No device
can transmit data without approval from database or it would be regarded as an illegal user. Besides
the spectrum access scenario, spectrum transaction is also implemented with graphical user interface.
User can sell or buy the spectrum resource on the platform without any safety concern under the
protection of blockchain technology. When the transaction button is clicked, transaction occurs
immediately and the hash value which is hashed by the SHA-256 function will be uploaded to the
database. The hash value mentioned above is composed of the transaction detail, such as seller, buyer,
previous hash value, central frequency, bandwidth, and timestamp. Timestamps and the previous
hash value are critical information of a transaction due to their uniqueness. The transaction ledger can
be easily certificated by checking the hash value of each transaction.

RESULTS AND DISCUSSION

Based on the research results, the CR device can dynamically adjust its communication parameters,
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for example, central frequency, bandwidth, gain value, and modulation scheme to coordinate with
radio environment. Through the adjustment, the CR device can successfully transmit or receive data
according to the real demand. However, there is still a hidden or exposed terminal problem if we
simply appeal to the ability of sensing environment of cognitive radio device. It’s not enough to make
the spectrum resource harmonious. Therefore, it is quite necessary to have a spectrum resource
database to coordinate device to avoid any potential interference. On the other hand, distributed
blockchain ledger can authenticate every spectrum transaction. Each transaction record is saved in the
database and can be hashed by SHA-256 function which can be easily verified but hardly decoded. If
its hash value doesn’t match to the previous hash value or others ledger, we can conclude that there
must be something wrong in the ledger, and then we must deny the ledger.

CONCLUSION

In this thesis, we implement the blockchain-based dynamic spectrum management and access
platform by using Raspberry Pi3 which is connected to USRP B200 via USB port as a CR device. In
addition to CR device, we implement a spectrum database with another Raspberry Pi3. CR device can
dynamically adjust its communication parameter to transmit or receive data according to the current
radio environment. We can conclude that CR device cannot use the spectrum resource in harmony
with other devices without the central spectrum database. Spectrum resource can be comprehended
with three dimensions which are individually frequency, time, and geographical location. And that is
exactly the reason why there are so may spectrum holes in the current spectrum allocation scheme.
Consequently, dynamic spectrum access is the solution to optimize current spectrum usage to fulfill
the potential spectrum need in the near future. Spectrum resource database is a critical element in
dynamic spectrum access scheme. We can regard the database as the brain of whole platform. With
the help of this platform, related regulator can supervise the radio environment easily than before with
less effort. Also, with the aid of blockchain technology, spectrum transaction or even spectrum
sharing scheme would be much easier and safer than ever.
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eSS TS @MT WA 5 GNU Radio t #54¢ USRP
B200 mini % % 417 # UHD #-inie 7 4p B Sdicat 2 13 (700 oo i 50
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PR PIREFIT- BUFRBI P2 BHFLZIZRAFIIT L bR
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AFET R R LT REE EP ALEAT 2ZREAE > 7 IEEE 1900.x

BB R BT A S AP T
PIE A FMERARTPNE LT LG TR ArRART kS

T 5 R it defe 12 Python #2358 F 1%
MBS AR P R B R A TR T
GBI HFTATAEY > b kB BEANEERE ELE TR
it R e AEF T ERLERHMAEIBEP 4P w2 EHRIEE D
R BT LY SR BB MR - R A R (T2
WA SN E e R AT L Sl T O T Bk 0 DR E

rE iRk BE o

% >

AFTEIRESH RPETARTR FLE RSO R
BARPOS PG AT R BRI R 0 R R TR A S H R B AR
HERP A HarcE 2 BB P o S A ET LR B GS
2 gtas BhiE UM T iy o 4R S PO TR R A Y o i g
FEs S0 R SRR NS AR HAAEL R T THA KT R

HIERR o
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¥R TP

AR ERLE AR TR 2P AR R R BT
o BEmE A G 0 P E 7 ReHaa 2 H oA B B R
P ETRARTEFT L AR LEFP RIRG R LB LT

BB AP M 2 PRI HOEIR )
2.1 AR

EFFEAAPREAEOFR - 5T A FERTERN SR F PR
Rk fe, 2 7 A HR E AR M DFE R P ABH S o AR KAR S R KR S
Kol bR o ;wawﬁﬁﬁﬁﬁﬁﬁﬁmfﬁwﬁﬁﬁﬁﬁw’j%g
G 7 B A o TP B 8E 3 4% P~ (Dynamic Spectrum Access, DSA)H jiF= &

BT R G e nfas

B GO R P[T] 2 & R0 G R R & i * - (Secondary User,

SU)RPIEH T RATR * 2 B @ LI &2 85 AR
i€ * 4 (Primary User, PU)Z { & c0ff /™ &Pl s 0k o — SR - M5
TiRegEPT o TR g T g TR ZBe e kR
Ao B R H AR PCPET  SEAED TR H R TR 0 R L A
¢ g

PO OAMEE B PR Y RO A s S

BH s ag AT FaE o

B32M4 28 FPUZE & @Y it * SUMES S LW
M3IRLZRRY FRRAIRRY FFEPFR Y8 & &7 - Bprf=p

TRED B s SR PR ) R E A A el o IR 3 K

k

o PRSI AR R XRY Bl I B3I R RY H R

sk p)

QP> A ™ d Bl AEd &% 0
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WAFEARE S AR RY FAT R Bl R R SHET R
Wi gre@® B4R RATRRY A7 TR Y E BT
T U st FEF R RIEH N g o KA B F L)
BRI ZHE  d MA4APT U] BRARRY FEIBRY F R

g e - BAEES ) R H @ H ‘ﬁ?ﬁﬁﬁvﬁ;‘?‘ﬁii'ﬁ IR S 1 R N ;F‘k

, PU active PU inactive
Time A A
i ™ A
1_'1 _M
B1 B2 B3 /‘B? Spectrum bands

SU access spectrum

/

pNiEN | B

B1 B4 B5 B8

Bl 3~ AR R PR (R YRR 4 [8]

.

B1 B2 B3 B7 Spectrum bands

PU

B 4~ B 0 R 131 (0 4 5 5 5 ) [8]

mRH T AERTHEMNERTEMT P TR G HFREE2E
LR RENARPIREEHPME T BB FEREXT S
B Bl TS ) E A W EiE 2 o
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211 Rz HEREART

88 T & M T (Software Defined Radio, SDR)# % »* 1990 # ik d

‘&

Mitola 4% 11 » B4 5 H2F 5 GAMMES WG chet 36X B - A BE

THFAERNEER QBN > P S SR SRS BRI R X

M FE S MEAHS N Eﬁﬁ%@%éﬁﬁ%ﬁﬁﬁ“ﬁﬁﬁﬁ’
WP IKA AR R ERRF S AR FAREL (T ENE AL

AR i A o d R T K AT .

R TEARTFHERAR S rr > TR ART X AR T il
2P BRAMEE W ERTREAE I s LR (RF
Front-End)i% i “F 4% % SUIefe et w25 A 5LE WA i@
(Analog to Digital Converter, ADC) ~ #c -5 v* 3 5L 3 B (Digital to Analog
Converter, DAC) > 11 2 ¥ 42 ;' B 48 [ L 7 (Field Programmable Gate Array,
FPGA) # i 5L » £ 41 % T "o * B 71 % £ (Universal Serial Bus, USB)
Br FLAUAMAR U PR OT Do BT RN e
BASE o % AT AR H D R g A SR RRT T 2 e

j:;' T\m‘ﬂ? H. f t‘.fp °

- )

‘ B ADC DDC
FPGA usSB

Front-end
DAC DUC

- J

Bl S~ 50H Tk R AT % HF4]

Software
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RTEARTUHEHITAARNTHITE AHINFE > TR FT B R
g 4 M E EATRRE KA S 4 9 R AT R RT 2T L BAcT B 6 7

b

R TS AN B

hpan}
2
T
»
&
i
=
ok
<
T
)
ﬁ

RS AL E o T
FRTRRTELT UIRAHEE L2 R R T S FRE R
BEF R w UG PR U U R A R B TR Y

o)

P

I
i

FIE gk YRS 0 BT LA MR R
SRS S S MBI RS SR AP S Sl A TR

fo3f -

B R E Y i T R AR PR R ATERT HE
FAEERIREY TR AR ST R 2 N KT LB
HHRRBEFE L F R TRARTEET - A0 T g

pE u’:-i——ﬁ EE v ud T ’fr;g"‘gé g AE PR E"vﬂfﬁ“_ﬂ_'— ¥

Policy
database

Lea rnc}ng
Reconfigurable | g Configuration and
radio(s) o database reasoning

Information on - Sensing /
system environment /
and needs
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213 HHFRFTHL

A 7 fﬁr“ﬁc‘ 1A T AR e AR R PR R R oA R
FALTEH (BB HE BT RALAL 5 #E 3 7 F, Spectrum hole)st I A4k i@ *
[10] » #EH TR EF L H|ETEE 7 L AP PFR * P S K jTgFg &
moaE R R PAIE TR > IR AR ZF A €493 4R H TR
BY U RRFIZEE RTFAMEHFT R FARY  B5y RS A RO
EA s SR - T 2 AR EE R R B R A

BRI R RY F e bldeE B2 LA R S S [TV
White Space, TVWS)#-5% if £ * i ¥ X% AHHTh > RARIEE L
ERP U ERESHEY LML 352 5 AR AR Y L2 VHF/UHF
#pE< 0 %) A 470MHz 3] 800MHz 2. L RERTARE (S TR
SHEE T RS O FM 0 2R AR R Y H RE A ARG
FFLADFEIFAFTEAARLIE? > PP REIRFARG 5245
R Fhok 2 TARCAFHFFEXDNEL AEFFHFORY P &
B 5 HRE YL fBE -

Power Spectrur‘n in use
1 Frequency / L

g/

» Dynamic
spectrum
ccess
/

/s

A Yy Time
“Spectrum hole”

Bl 7~ A~ AR gkTn LR [10]
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B 6B IE R AR S I 0 S Bk RIS TR

e

(Geo-location white space spectrum databases, GL-WSDBs) % 3% 1 & & #

HEXRRYFEVFHETR[2] FREBEES S LA BB RE -

‘25

FRAF R F AP FALARIF BT o FHFTHE BB A Y

B FWZFTHEE T B AR AT TR R i 2 A
GEEP R ERFNURPAEFE AN F S TFEREL 0 - R AR TR
R TSRS S LS RS R SRR R S S
R gL Hw gy FR¥lgaipI B % TR S A g T GE

%*ﬁﬂ”’?U@%Bﬁiﬁéﬁﬁﬁiéﬁﬂﬁ?%mibﬁ’if
ZHF o mEI R TR

WeEd A
ZANREETIERHMFERE FLALE LRI THREE

f &um—l% E\'—'l\.}o

22 TeHARMEA Z HEP

FHABATE S PEA S & 1990 & Mt k1 o BT 2008 & ¢ A

7% (Satoshi Nakamoto)% % 7 v 4F % ehd g 2[13] ) 1 #-% M4 * F 1)

THATER T 0 Fag g Rl S Ak R R TR o ek

AL - R TR HP > RHLEY 2 TR BYAREE DR

L2 H DI FTADR M E Bk FHAAYRR JgiR T o BT & R M4l
o

PEAREE B T mf@-?ij}w Mo R - AR g RT o

P}

ARG S LA E o e

[

P H - ootk ag kg ot g % Vi
wﬁ ARN

WA BEBAL G - R RS L o BRRFHAATEL 5B

r

N

Tran TP, $ o LR P RAdo- o T HAs
5% et 0T 4R
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o F Puitz & NhE AHE

T Budligo - B An gt

;}";E%' f"*-gir-kb;]-‘*""* ~ Tk rkigf_ Hi1a R {:b 73

Ehﬁ

WAL LE IR RE > RFBARRE T G g8 2 DA

T BBt A RN RE A Hp ﬁﬁi,ﬁ{%%ﬁﬁﬁPﬁﬁ—yi¥ﬁ

b——“’&’*k hE - B 2nEREEY > mzbd 2@ ot ﬁgﬁf—lﬁﬁ&ﬁgﬁ] )
— PR T AYE FE AT EEAREE L SN T 0 3 S8 BT
¥ riE & ghytgh(Peer to Peer, P2P)ehR & 0 ¥ - 3 g T U IRRAE - F 2

A

2oFENET ARBHEY M AR ek £ 2 2T BT
ER QAR g 337 L RBHEIE Y 5 5 g4
BT A o @ T T AL $CRNHE K e o1 2 B

2 = 2 5 e i 3 2 fuk @ Fe a2
R A 5J’K;%?,,5<%,nbj§a)\15;—4—— r';}L“_BE"_vaI

*“‘-%

AL 2 ER 2 EpAR sk

PaB-RH4A LA - ST 2 - 2R AP RBAT P AP T ER

BHALL S T A4 T AR EP ek KA 8 L L T

FEaAs 3O TRREF NI G E BRI REY F = o 2o
d R RBRBEET UL LT o REZ S § F R 2
HERS P i Bk 3 F R HARO S RSP T RRES

EoRBRGA T LIRS SMAER S BB TRALRFAE
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Transactions

-

Bl 8~ v L g(BEP P B No. 438995) [14]
o imPMEMYEF D

p%@ufﬁﬁ—i¢%;wbﬁ@R&yﬁ%ﬁﬁ/4p o g b Bk
FAMFOEN > R - F KE -G S BT R
Y XEBEAOE LB S FE BALP FEEH L 2R
B - RE RSP H S E F R e BGEUL R B E T
FARIfERIEAEE > AT AZARE FG FELEZGESGR Y
FEF R S BT LT HAR Y 2 e R RIS 2
B EC B ARRAGFERE DA G b cBHETHEEE T ?#%
PORAL B e ePPAgR S R A FPGTIRRR I A o R R T
Bk ko @R BB NGRS o

TR AE S R

FHA- PTG TR & T4, a3 %2k TR, 518
Thh ) PR A R RHAES FBRAP S FHELLE TR FLL

)
-:\'_

%% >Fe% % B 238 8 (Secure Hash Algorithm, SHA-256) » SHA
RRAFEE PRI ERAATHEN G IR ANPTRY 5 - AR

A R VRO R L R AT RS- BRI A NP B
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PR PP AN FIRKREIL IR IGE - BRADIILL TR
BofS 5 L

Wi

Merkle Tree 2 #) F fﬁ'«‘ - & ades SBciE
F R AL S BCE AN § P - B R T S 2 ek Sl Al 9 4T
o Ft T - BARRPRL SRR - B RBAERE SBr Ak o A
B 10 er-rw,T}q\‘;b ok B A B R MAAE ¢ E - gff,,i}g

THAR Y BA R P RAT SR B EH L kA Red

She

TR EEF - BRAOREE AT UEE BREALITRM Y > B RS T
AARGUE RPN G E By F 2 Jgj—@%m@ﬁ%@’zg
E AP RHAAE ANEH W XIS L DR PR ’5“?5)"}& s b WrE R dﬂz

2 R

Hashes

B9 vt R T AL (BB p % No. 438995 Hash 2 7% 4 )[14]

4 Block N \ [ Block N+1 \

4 Header - 1 Header '~
L e : \
N:“ Header hash from ‘ : “ Header hash from ‘ .

block N-1

block N

Merkle root

Merkle root

Transactions : . Transactions

B 10 ~ % H.4ake s 7 3B [14]
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Fla WH4aPF bl G B LR A KmEE RS T
SR 2IE A D Il RIS Y (4]0 L E L 2 (IS N R Sabi e
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BEAPIURLG - BRTART AL HRPRFDLE SN EE- R
# b % TSpecoins | & 7HEZ# R 5 > A & @ * FEFFEAHEHETIRT
BES LI FAS SRS LFET R F AR iﬂ’i i# * Hp Bk
?/)EI,T&»J» F 1= % Specoins FEF #E3¥# @ * £ > @ Specoins 7B~ {7 J| ¥ 1415 i

ME G BES VB (R
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o HEF MM & fWALE Specoins
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AR T IRAOEE N S AR WA R Y i e v A S
Fo I R HARB R (T AT IR DA PR Aoki 2 0t B s
SEHS R D SRR Rd s A AR R B REE S RBE T
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WO B e Ve Bl pE o Vi g (B 1 ARE B T R4 L PR R 0 A
PEAE B AR P K LT R et F ARG 1 s > R AP Y T Y
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et EE TRERTUFRHAMEIIPFR Y LERY B H
Rfen= sqpd apa e v > Tl F R - B R andp d 4 AP B Bt
PR BRI - BT LA R SRR T 8 Qlfﬁ

ML RS - BT AR -

J

!
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=
<k
I
AY

AFET T A AP do e R B T L AT R 0 R
BB R HARR A H T RAPV T B AT H R N F T 0 A
AT HEBEMIRARTT S > FIFR TR AT AL > @4t

FHAAT 50 5 AR BAAEE > A R A 2 5 e

&
A

AFT R T B EMHEFT L o d TR RS R
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TN AT T S T et AT WA KR 2 B AT B
T

B TR AR AT

D
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T b ebrf o FRER S 2
A ARPECHINERL > BEYAH O RV RS - B
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YR PIEH

AR ERAL AT LR RPFEALTG F TR @ ART TS
B2 FHARR AT SR D HAMKE o B - AN
AR F R AERT 2B HFT 5 GNURadiow § - 30A #-4 7 (TR

SR AT EE 6 P2 M ERT D ASERE USRP ~ % kiF i TS

B PP E 2 A R st E % (Raspberry Pi 3) 0 & = A R A e Adr

—Tn*w

WEHZART T ST IR TARTICF N2 A EH > 52 NPIE8F
E LT

HAAY P i B TR DT 52 R R AT T L

4

BE B OCRAE Ao SRR AR~ § Y - 50 R4 B R ok
MTERRAI T H2 WABLE R NEF TR R TERT Sz
#

e = S R

&
ﬁ
2334
E-0y

5
Eﬂ

&
\-:\
Ny
3

IS5 FHFIRFET L0 LT 07 R

2

RHHEE AR LT SR

EX
A
R
L

Frg@g 27 'Iénbﬁ\i‘%"g
BEHER YO R FRE et o PRy &F KRB AR
ME*  FIr AP TETELnux AT 2R AGMIAARTEF T S

GNU Radio it 5 ## 7 T 5 -

3.1.1 GNU Radio

GNU Radio [17]% - %L 7 X FAZ il T R A RTFF T 2> A ¥
BB INEAE AR §F VA EN o e TR > GNU Radio ek 5
B2 G &2 d f258F 2 Python B 2 > @ B F )k & USRI p) o

g5V 5 CHiad® % iE Python 2 B3| /i & 2 H yrhf2 583 b K & 2
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BLRJIL -

GUN Radio B #F B 4c T Bl 11 77 B B AN P IRERAFF BB

_{:

HAEF- Fr- FARNBIYF T % F B o GNURadio B3 46+ 4 % &
PAFER HEY TRA ) PMAREHTAEATEE W E- B

B A BRI - BEAL 0 R F NG R G A ARG ASL A AR L

‘ﬁ

AV > BEF T AHTTUBELE PRI OH - (T (TR

R EED RS FERF A IL G BAe #2 pid

EPF I E BRI IR A EMTAART B -

m
Py

e EEP TR E | PR APERT DREE A
5914 4 2. Python RipiBid P2 P& hg K> 5 £ 8312 #c Python R 45
ByE? DIk o B R LR A i R e CH R 405 o F B3t H

R LETE L E Eae W%Wmeé%P%wpﬁﬂﬁiﬁﬁﬁﬁ’

AR AR T DB g g BT Firast iz
A

* Core
> Audio
» Boolean Operators
* Byte Operators
» channelizers
» channel Models

» Digital Television

» Fourier Analysis
> GUIWidgets

cj2/.config/ibus/bus 1s not raat! = R
INFO: Audio source arch: alsa id value
Imports
#»>Done * variables ¥
freq <Open Properties> . * Packet Operators

Loading: “fhome/cjz/Downloads/au

B 11 - GNU Radio P % % 5
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BT A BT R B B2 BTk AR A S R
AR BT R AL PN 7 A F A I ERT T D

o B 15 g BPAE S B B BEIUBE o

Ettus Research =~ & #7 % ¢ USRP

i

AFTF AT 2w SR AR
B200 mini [18] » & #-frf T & & M T T 5% A3 A T RaE iRy 5 R
ME RS S - R AT LR R
Fo IR SR AR R

By A
3.2.1 USRP #H i3 £

USRP B200 mini L 4c % 1 #777 » &£ & Bl4cH] 12 #777 - USRP B200 mini

ZYUNRBRTAET  FET % USB3.0 B3t HET T @ A p 50y
ARTT L0 o BIEF R B o et B S 2L 2 A 7 R
2 RILT SRS P BAE2 B B VANET #1ié * 2455 > 7 10 BFRfc
2 g EFRak it HB g et F 2@ & GNURadio * %3 %

f’?i%’{i%USRPLUHD%KQQ i@ * USRP T2 it e 5@ MT B

;}57 g.:vi’&j‘%ﬁg#ﬂ:a ""]{’?\u/g’?’%?USRPm’]{L‘E’"ﬂIQ " %ﬂ@“ 1_
HEPRHET  TRHMFEE 48 I- FRFHHIEERTRY &
‘le%o
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# 1~ USRP B200 mini %

B[RO S e ] 70MHz-6GHz
AR # & ¥ ¥ 56MHz
Tl iR USB3.0
EEE; 5 N Full Duplex(- ##jc— B % %)
Bk Bk 61.44MSample/second(MS/s)

@ ®
=3
- L USRP B200 mini
B|E me o Researcn 0 MHz-6
=

) ®

B 12 ~ USRP B200 Mini [12]

3.2.2 MEF AP

en

AR R d EREBE A £ € B2 i) T eatE i< (Raspberry Pi)
BABR R 2 TP ERT E A B FRA AT LY
N REZEE K B RZ Linux i R BT E L p e g E R

-

S SRR Y = AE (Raspberry Pi 3) 0k SLRFLARGARSF o F Y

BAe ~WiFi A6 s ET@EES G- BEE - ARRT X 24957 o

BEAFT B Y AoB 13 277 ",’TT”J 5 T ik
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# 2 ~ Raspberry Pi 3 .2

CPU 1.2 GHz 64-bit quad-core ARM Cortex-A53
=L)X ) 1GB LPDDR2
AR ii%] f HDMI
BET AR microSD
USB USB2.0x 4
Frai Bluetooth 4.1; Bluetooth Low Energy(BLE)
o kR 10/100 RJ45
# SR 802.11n
TE/% 42g/85mm x 56mm x 17mm
40-pin 2.54 mm (100 mil) expansion header:
GPIO
2x 20 strip

B 13~ BF g RmE s
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33 REaMTHER

AFE Y @ % Linux (£% % % BRaGNU Radio T 7 fifl 2 5 2 R T
BT oo s ehA AR 5 USRP B200 mini » 5t 2 4 &4 e 5 g B 22 %
B> %% 70MHz 3] 6GHz 2. f¥ » A &dn & Tl =z T =33
FAFRTERTHER I I RREFEDTH L HE D 3 axt
Bk BEFTET ERR TARTEY AL M E A G FE I HTRE
BHHTAFTEEEFOEF RPN T AT B2 Bl F 40T B
450 #5 2RRwRAATERZ IRAY > A2 MpnRHET L1

PRy AR M TR Pl R R LR I H R R R
AR AR A R AR RT A S FTFERY XA

Carl

Time:9:20:29.807336

RPM: @

MPH:0.0
Throttle:5.88235294118
Temperature:188

Engine Time:29:20:29.950159

Bl 14 foF 2 @ 1 F R
331 thiEzpet

RvE T %R B % 4 GNURadio ® 5 T it 2 Fl4e™ ] 15 %7 -
k- Be kR g E s PPk Y 342 TFile Source | 77 B §
¥ 2R 18 53 " Packet Encoder | > HM-dicdy %aAB 5 554 TGMSK | 3 %

#i54 TUSRPSink | » H#-FHGE NS > AFF % T GMSK A %5 3
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4,

‘b2 7% g 4o OFDM ehigiz = (3 U %2 54 5 QPSK) @ £if { =«
Python #2575 > 7 & { #AMAE T 7 N L #HFAL > TETL T

5 EMT -

Bk B4FOR &9 F & A% % USRP B200 mini ¢h% § $¥che
FED O MR EE FEREEE 0 LT TSR 0 KR
ALY & REFERFZTRE > 1T L3 & F o iy
bR UELAFREINEE R F A REESAFREFLA

T g R WRTIE R BTG LG ARE R AR A

)

TG HE AL AR PR T B bR

o

UHD: USRP Sink
D Samp Rate (Sps): 32k
Cho: Center Freq (Hz): 0
—bl Cho: Galin Value: 0
TSB tag name:

Packet Encoder
r Samples/Symbol:
Flle Source Bits/Symbol: GMSK Mod Mool €
ul onst
File: l——bl Preambie: l Samples/Symbol: 2 »I oty
Constant:0
Repeat: Yes Access Code: BT:350m
: Pad for USRP: Yes
Payload Length: 0

QT GUI Sink
FFT Size: 1.024k

Center Frequency (Hz):0
Bandwidth (Hz): 32k
Update Rate: 10

B 15~ g i AT iR
3.3.2 &

B M s L BIChEE AE QESAF o doT B 16 507 0 £
TR AR AT AR T o e S AR B FESE
v SHE F 1S > %58 T USRP Source | e 3|38 » 5d il jpd B " Low
Pass Filter ; & £ #-F 415 " GMSK Demod ; # ' Packet Decoder ; & i
Bl f2 g {7 B P 4T AR Fomsig B~ o) Rl d T QT GUI Sink |
A2 FFTRBIE R -
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GMSKDemod

| Samples/Symbol: 2 | ‘ File Sink
Calatte1 Packet Decoder |
inMu: 175m He:
g )I : ' >I Access Code: I »
Mu:500m Unbutfered: Off

—_— | Threshold: -1
Omega Relative Limit: 5m
Low Pass Fliter v .

| Append tite: Overwrite
FreqError:0 [

Decimation: 1
UHD: USRP Source . X Gain: 1
| Samp Rate (Sps): 32k Multiply Const Sample Rate: 32k
L Cho: Center Freq (Hz):0 I . Constant: 0 l .l utolt Freq
Cho: Gain Value: 0 ‘ Transition Width:
= Window: Hamming
Beta:6.76

QT GUI Sink
| FFT Size:1.024k
L= Center Frequency (Hz):0
Bandwldth (Hz): 32k
Update Rate: 10

Bl 16 ~ B rm ST BjoKt
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Python 42533 5 AJL {8 B 7 Gt s b » > L * F R -
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DSA Spectrum Transaction
ID, Seller, Location, Frequency, Bandwidth, Price

Your balance: 1261000

1 MFswDQY)KoZIhvcNAQEBBQADS gAwRwlAamCmRzLAYUMxiol FwQhUH3nCQmybWWP MfQraSwikWadoCFERRsIAJL 0G3XdRUrUsyUz9jW3jOKGXtX3rTNawQIDAQAB 25.0717009,121,5731472 140MHz 15K 6000
2 MFswDQYJKoZIhvcMAQEBBQADS gAwRw)Ad2+ 9 ESETX2LsTydXF4kaBBdg7 0a)70BxNUdfgP 6tfixd|SCwBxoDjy37 pAi3wQ Swxl /zil /phwwcOWISEMBQIDAQAB 23.4857501,120.0843006 3.8GHz 40K 4000

3 MFswDQY]KoZIhveNAQEBBQADS gAWRWIAUFgwjoOntQNCh2nYRu2XveOudadctutrkCruvoFgolM4IRewpFXY 7xeEkHyQG76Z0hZgZSABTI+ Dy41HzBqQIDAQAB 23,0005990,120,1972620 B00MHz 10K 9800
i MEswDQVIKoZIhveNAQEBBQADS gAwRWIAFILQBNV/NHVZDv/d QT 5YUXezSpkDAp| ObXBELVpUpWiMnriiyK+ B4 OrsoSjswqBG4 3svOem/IackreaTRyOS4wIDAGAB 73,0348064,170, 2098918 650GHz 50K 5300

Start Transaction

Bl 25~ 4EPET 4 o
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Tl Hash B2 4 25 § TR Reide 7058 E - 24 - Hash

B Hash @82 A4 AL S airy P % 0 - &= o

DSA Spectrum Transaction
Location, Frequency,
Your balance: 1261000

ID, Seller, Bandwidth, Price

t"] ;‘; %%};La 4

1 MFswDQY|KoZIhveNAQEBBQADSgAWRW/AamCmRzLAYUMxiol FwQhUH2nCQmybWVPMQraSw/kwedoCFERRSTA]LOG3XdRUrUsyUzS|W3jOKGXEX3rTNawQIDAQAB 25.0717009,121,5731472 140MHz 15K 6000
2 MFswDQYJKoZIhveNAQEBBQADSgAWRW)AD2+ 9 ESETHZLSTy4XF 4kaBBdg70a)7 oBxNUdfgP 5tfixd)S CwBxoDjy37 pAi3wQSwxl /zil/phiwcOWISEMBQIDAQAB 23.4857501,120.0843006 3.8GHz 40K 4000

3 MFswDQV]KoZIhveNAQEBBQADS gAwRWAUFgwjoONtQNOh2nYRu2XveOudadctutrkCruvoF golMaIRewpFXY7xeEkHYQG76Z0hZgZSABTI+ Dy41jHzBqQIDAQAB 23.0005990,120.1972620 800MHz 10K 9800
4 MFswDQV]KoZIhveNAQEBBQADS gAwRWAFILQBIV/NHVZ Dv/dQ1 SYUXezSpkDAp)ObXBELVpUpWYMNrfiyK+ B40rsoSjswqBQ43svOem/1 ackrEaTRfy094wIDAQAB 23.0346064,120.2098918 650GHz S0K 5300

Transaction Confirm - o x

@ Are you sure to buy this spectrum?

Yes No

B 26~ AR HPEE /o (PER FR R EEMAR T )

DSA Spectrum Transaction
Location, Frequency,
Your balance: 1255700

ID, Seller, Bandwidth, Price

1 MFswDQYJKoZIhveNAQEBBQADSgAWRW)AamCmRzLAYUMxio 1 FwQhUH3NCOmybWVPVfQraSv/kwedoCFERRsrAL0G3XdRUrUsylz8)W3jOKGXtX3rTNawQIDAQAB 25.0717009,121.5731472 140MHz 15K 6000

2 MFswDQYJKoZIhveNAQEBBQADSgAWRW)Ad2+ 9jJESETx2LsTy4XF4kaBBdg70a)7 oBxNUdfgP&tfix4)SCwBxoDjy37pAi3wQSwxl fzil /phxwcOWISEMBQIDAQAB 23.4857501,120.0843006 3.8GHz 40K 4000

3 MFSWDOVJKDZIhvcNAQEEBQADSgAwaJAqumentONOh2nVRu2XVSOu4adctutrkCruchgcIMﬂlRawpFXV?xaEkHyQG?GZOthZEAETU+Dydl]HquO\DAOAE 23.0005990,120.1972620 800MHz 10K 9800
A

Start Transaction

Transaction Successed !!!

B 27472 A G (B 35)
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BEFH o FEp e EEPN S A2 Hash @2 FRIAAZEIE 5K
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H

ash B+ FIpidE 3 | DR F R R

PEFRREN AT S SL TR LR RS RS
pi@raspberrypi: ~/Desktop - o x

File Edit Tabs Help

pi@raspherrypi:~/Desktop $ python3 hash_check.py

Start verify hash value of each transaction...

Verifying NO.2 transction...

Hash value(local): 14056ce5f5707h67aabdf8e671b018392eb4bad515863014c4b4ffa2efacd97d

Hash value(Spectrum database): 14056ce5f5707b67aabdf8e6f1b018392eb4bad515863014c4b4ffaZefacd97d
NO.2 block is verified!

Verifying NO.3 transction...

Hash value(local): 4fal3aa60e7e7b01d3509dcc445f12ef6bedbc9cc66TOc6431e33fac7l98c0eee

Hash value(Spectrum database): 4fa3aa6Pe7e7b01d3509dcc445f12ef6bedbc9cc66T0c6431e33Fac7198c0eee
NO.3 block is verified!

Verifying NO.4 transction...

Hash value(local): 1b40484ac78cacaBba3caa9de89ee600908al11f140d3aafc2f83f5ch9hlef385

Hash value(Spectrum database): 1b40484ac78caca®ba3caadde89ee600908a11f140d3aafc2f83f5ch9hlef385
NO.4 block is verified!

Verifying NO.5 transction...

Hash value(local): 93ea5a4568215c3ff268280da3e30c3627571329ec4944a3be26a4b4a625hdee

Hash value(Spectrum database): 93ea5ad4568215c¢3ff268280da3e30c362757132%9ec4944a3bhe26adbhda625hdee
NO.5 block is verified!

pi@raspherrypi:~/Desktop $ ]

\
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=
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%
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pi@raspberrypi: ~/Desktop -0 x
File Edit Tabs Help

pi@raspberrypi:~/Desktop $ python3 hash check.py

Start verify hash value of each transaction...

Verifying NO.2 transction...

Hash value(local): 14056ce5f5707b67aabdf8e6f1b018392eb4bad515863014c4hdffa2efacd9rd

Hash value(Spectrum database): 14056ce5f5707b67aabdf8e6f1b018392eb4bad515863014c4bdffa2efacd9d7d
NO.2 block is verified!

Verifying NO.3 transction...

Hash value(local): 4fa3aa6Pe7e7b01d3509dcc445f12efb6bed6cIccb6T0c6431e33fac7198cheee

Hash value(Spectrum database): 4fa3aa60e7e7b01d3509dccd45f12ef6bed6cIcc66T0c6431e33Fac7198c0eee
NO.3 block is verified!

erifying NO.4 transction...

ash value(local): 64c6e3f98c6ba02ad9f5e53702d1915a9d9e29e76cdc4blec8899a843ebf8bd7

ash value(Spectrum database): 1b40484ac78caca®ba3caa9de89ee600908a11f140d3aafc2f83f5ch9blef385
0.4 block is tampered with

Bl 29 %2 E A (B FRR
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& R 0% 54 % ( Bandwidth ) » F3RFANEFZ F R Aid 6 4o PR T
oo PILE Stik g gl KT E 0w i R I e | L A

TR ARGFAES B*?j‘uiﬁ%] o R g MR AR Y R R R o

pi@raspberrypi: ~/Desktop -0 x
File Edit Tabs Help
pi@raspberrypi:~/Desktop $ python usrp_spectrum_sense.py
linux; GNU C++ version 6.2.0 20161010; Boost_106100; UHD_003.009.005-0-unknown

»

Warning: this may have issues on some machines+Python version combinations to seg fault due to the c
allback in bin_statitics.

Usage: usrp_spectrum_sense.py [options] min_freq max_freq

IOptions:
-h, --help show this help message and exit
-a ARGS, --args=ARGS UHD device device address args [default=]
- -spec=SPEC Subdevice of UHD device where appropriate

-A ANTENNA, --antenna=ANTENNA
select Rx Antenna where appropriate
-S SAMP_RATE, --samp-rate=SAMP_RATE
set sample rate [default=1000000.0]
-g GAIN, --gain=GAIN set gain in dB (default is midpoint)
--tune-delay=SECS time to delay (in seconds) after changing frequency
[default=0.25]
- -dwell-delay=SECS time to dwell (in seconds) at a given frequency
[default=0.25]
-b Hz, --channel-bandwidth=Hz
channel bandwidth of fft bins in Hz [default=6250.0]
-1 Hz, --lo-offset=Hz
lo_offset in Hz [default=0]
-q dB, --squelch-threshold=dB
squelch threshold in dB [default=none]
-F FFT_SIZE, --fft-size=FFT_SIZE
specify number of FFT bins
bt tabdidl el i
--real-time Attempt to enable real-time scheduling
pi@raspberrypi:~/Desktop $ |]

Bl 30~ i@ i MR 2 S

MY ATIE R 2 8 P SAE S L 140MHz 0 F) U3 SR B R R A4
#OLHE S 140MHz i (TG R AR E R A R Y > @AY 2
AR F 3R 0 FIC A S B W pAe & 139.9MHz F| 140.1MHz
Fol2 e T R AL Pl RS 10KHZ > 8 RIRF IR PRI 25

0.75 #) 1 ip]— =% W p)# & -] 5 FEK @ 38dB B~k Ag 5 77 G FE K & IMHz >

,

SIS T EF 3 RN S TP 2 R

4ol 3132 7 o J{ERS TV
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=N
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eyl
-
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=
i

(power db) > 2 [ 3132 i

I
8
—
-
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R 30T - 52T HE GNU Radio ehfR izt rip e che wHf Fie

THELAR T 0 SR AT T el g pAR Y L ¥ o R 32 2 dR iR

A RITI B RIS RRIE) e XL B0 25 14 Aol

w
oo
v
%)
=~

nrtoo PIEAEY YV - SHCWMAERT ER 29 A% 140MHz

BEAE O P UHRAE S F IR R K L AR PR R FASLD

B TR 32 AR RS AR g A > TR T T2
Wi WRARS T § HRIFIEL > B FER PRI B SR > g pF
FAERFHNERNF LN FEER AR R o

pi@raspberrypi: ~/Desktop -8 x

File Edit Tabs Help

pi@raspherrypi:~/Desktop $ python usrp_spectrum_sense.py 139.9M 140.1M -b 10000
linux; GNU C++ version 6.2.0 20161010; Boost_106100; UHD_003.009.005-0-unknown

Warning: this may have issues on some machines+Python version combinations to seg fault due to
the callback in bin_statitics.

-- Detected Device: B200mini

-- Operating over USB 2.

-- Initialize CODEC control...

-- Initialize Radio control...

-- Performing register loopback test... pass
-- Performing CODEC loopback test... pass

-- Asking for clock rate 16.000000 MHz...

-- Actually got clock rate 16.000000 MHz.

-- Performing timer loopback test... pass

-- Setting master clock rate selection to 'automatic'.
-- Asking for clock rate 32.000000 MHz...

-- Actually got clock rate 32.000000 MHz.

-- Performing timer loopback test... pass

gain = 38.0

2019-85-02 11:35:54.525681 freq 139905000.0f power _db 3.59270400691

2019-05-02 11:35:55.276975 freq 139915000.0f power_db 3.92416773545

2019-05-62 11:35:56.028232 freq 139925000.08 power_db 3.71780991683

2019-05-02 11:35:56.779505 freq 139935000.08 power _db 4.37080104986

2019-85-02 11:35:57.530780 freq 139945000.0f power_db 4.39628805595

2019-05-02 11:35:58.282052 freq 139955000.08 power_db 4.61898748899

2019-05-02 11:35:59.033326 freq 139965000.08 power _db 4.78033307428

2019-05-02 11:35:59.784604 freq 139975000.0f power_db 5.59085046994 v

Bl 31~ 7 il ag R TR (E R FIEL)
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Frequency Display | Waterfall Display | TimeDomain Display | Constellation Display

LE - Data0
203
40 3
03
803
-100 3
-120 =

Relative Gain
(dB)

— ———
-100.00 -50.00 0.00 50.00 100.00
Frequency (kHz)

[” MaxHold Reset Average
I MinHold  Reset =

I™ Display RF Frequencies FFT Size: | 1024 |~
Window: |Blackman-harris >

27

® Data0

154

Quadrature
L
[ ]

Bl 32~ FFE g 0 RIFOR (R RIS R

pi@raspberrypi: ~/Desktop -ox
File Edit Tabs Help

pi@raspberrypi:~/Desktop $ python usrp_spectrum_sense.py 139.9M 140.1M -b 10000 -
linux; GNU C++ version 6.2.0 20161010; Boost_106100; UHD_003.009.005-0-unknown

Warning: this may have issues on some machines+Python version combinations to seg fault due to
the callback in bin_statitics.

-- Detected Device: B20@mini
-- Operating over USB 2.
-- Initialize CODEC control...
-- Initialize Radio control...
-- Performing register loopback test... pass
-- Performing CODEC loopback test... pass
-- Asking for clock rate 16.000000 MHz...
-- Actually got clock rate 16.000000 MHz.
-- Performing timer loopback test... pass
-- Setting master clock rate selection to 'automatic'.
-- Asking for clock rate 32.000000 MHz...
-- Actually got clock rate 32.000000 MHz.
-- Performing timer loopback test... pass
gain = 38.0
2019-05-02 11:37:49.672188 freq 139905000.0fpower_db 2.9095978526
2019-05-02 11:37:50.423475 freq 139915000.0fpower_db 3.3716916485
2019-05-02 11:37:51.174760 freq 139925000.0fpower_db 3.08791726876
0
0

2019-05-02 11:37:51.926045 freq 139935000.0)power_db 7.94910503625
2019-05-02 11:37:52.676633 freq 139945000.0)power_db 17.906202304
2019-05-02 11:37:53.428183 139955000.0 power_db 26.9284990841
2019-05-02 11:37:54.179532 139965000.0 power_db 30.9093616709
2019-05-02 11:37:54.930786 139975000.0 power_db 32.2796204491 -
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ARG 7 a2 Python B0 /G (T 5 @ % KEJFARS N6 2
I F T 4B 35~ B 36 1T 0 i%q*;ﬂ'z?."iﬁﬁ"}?f%q*i% #F35
BT BEReS TV NEFREFEER R FEE T g MRl
BAIFHFTRTEE > JHFFFT AT EFEL 2 TR PRI

BHMZAGT g3+ TR AZEEZFHG R RE LT LS
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ke
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ER]

Bl37 5 %3300 GMSK # %= e 7 sis st B 38 0l 5 £33
2 OFDM = 5%i (738 b 3 - 2T R TR B2 (75 8 T 2

BT FEIRALE T AR TG 5 o

Transmission modulation select -0 x

Select a modulation

OFDM
GMSK
ASK
FSK
QAM
FM
AM
BPSK

Transmit

Ready to transmit

B 35 - A% >N EH 2B (EFEG)
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Transmission modulation select

OFDM

GMSK

ASK
FSK
QAM
FM
AM
BPSK

Transmit

Transmit Record:
Modulation: GMSK

Location: 22.9988555,120.2151555

Frequency: 148M
Bandwidth: 12.5K
Power: 60dbm
Mode: Broadcast

B 36 A% >N EH2Z R

File Edit Tabs Help
pi@raspberrypi:~/Desktop $ python GMSK_usrp_spectrum_sense.py 139.9M 140.1M -b 10000
linux; GNU C++ version 6.2.0 20161010; Boost_106100; UHD_003.009.005-0-unknown

2

Warning: this may have issues on some machines+Python version combinations to seg fault due to the callback in bin_st

atitics.

-- Detected Device: B200mini

-- Operating over USB 2.

-- Initialize CODEC control...

-- Initialize Radio control...

-- Performing register loopback test... pass
-- Performing CODEC loopback test... pass
-- Asking for clock rate 16.000000 MHz...
-- Actually got clock rate 16.000000 MHz.
-- Performing timer loopback test... pass
-- Setting master clock rate selection to 'automatic'.
-- Asking for clock rate 32.000000 MHz...
-- Actually got clock rate 32.000000 MHz.
-- Performing timer loopback test... pass
gain = 38.0

power_db 2.94328720441

Request to transmit....

Location: 22.9988555,120.2151555
Frequency: 140MHz

Bandwidth: 12.5K

Transmit power: 60db

Mode: One direction

Modulation: GMSK

Sample Rate: 258KHz

Request approved

Transmitting data...

B 37~ £33 43 £(GMSK)-F &
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pi@raspberrypi: ~/Desktop - ox
File Edit Tabs Help

pi@raspberrypi:~/Desktop $ python OFDM_usrp_spectrum_sense.py 139.9M 140.1M -b 10000
linux; GNU C++ version 6.2.0 20161010; Boost 106100; UHD_003.009.005-0-unknown

Warning: this may have issues on some machines+Python version combinations to seg fault due to the callback in bin_st
atitics.

Detected Device: B200mini

Operating over USB 2.

Initialize CODEC control...

Initialize Radio control...

Performing register loopback test... pass
Performing CODEC loopback test... pass
Asking for clock rate 16.000000 MHz...
Actually got clock rate 16.000000 MHz.
Performing timer loopback test... pass
Setting master clock rate selection to 'automatic'.
Asking for clock rate 32.000000 MHz...
Actually got clock rate 32.000000 MHz.
-- Performing timer loopback test... pass
gailn = 38.0

power_db 4.26718791557

Request to transmit....

Location: 22.9988555,120.2151555
Frequency: 140MHz

Bandwidth: 12.5K

Transmit power: 68db

Mode: Broadcast

Modulation: OFDM

|Request deny!!!
pi@raspberrypi:~/Desktop $ |
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B39~ B 40 2 2 B 41 > & *FF 7 73K 22 % 5+ F 4L - GNURadio =
BB B39 5 GMSK 7 %= 5% ~ B140 72 2 B 41 0| 5 OFDM @& (5
ABHS L QPSK %) #Fatend SR L 140MHz 355 % ¥ 4

USRP B200 mini > %8 & 38 17 A bE ieg ¢ o

UHD: USRP Sink
Samp Rate (Sps): 250k
Cho: Center Freq (Hz): 140M
Cho: Gain Value: 50

TSB tag name:

File Source

File: ...e/pilDasktop/402 txt GMSK Mod Multiply Const
Repeat: Yes Samples/Symbal: 2 e
BT: 350m )

QT GUI Frequency Sink
FFT Size: 1.024k
Center Frequency (Hz): 140M
Bandwidth (Hz): 250k

Packet Encoder

Samples/Symbol: 2 QT GUI Constellation Sink

Bits/Symbol: 1 Number of Points: 1.024k
—b-l Preamble: I» Autoscale: No

Access Code:

Pad for USRP: Yes
Payload Length: 0

B 39 - GMSK * #. [

File Source
File: ...e/piDesktop/402.txt
Repeat: Yes

Random Source
Minimum: 0

Stream to Tagged Stream
Packet Length: 35
Length Tag Key: packet_len

Stream CRC32
Mode: Generate CRC

Length tag name: packet_len
Packed: Yes

Packet Header Generator
Formatter Object: <p.. fauk=
Length Tag Name: packet_|en

Virtual Sink
Stream ID: Header Bits

Maximum: 255
Num Samples: 1k
Repeat: Yes

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

Virtual Sink
Stream ID;: P ayload Bits

Chunks to Symbols
Symbol Table: -1,1
Dimension: 1

Virtual Source
Stream ID: Header Bits

Virtual Sink
Stream ID: Fre-OFDM

Tagged Stream Mux
Length tag names: packet_lzn

Chunks to Symbals
Symbol Table: -707...07.107mj
Dimension: 1

Virtual Source
Stream ID: Payload Bits

Bl 40 ~ OFDM = 3. F)(1)
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Virtual Source
Stream ID: Pre-OFDM

OFDM Carrier Allocator
FFT length: £4

Occupied Carriers: [-..., 26]
Pilot Carriers: (-2... 7, 21)
Pilot Symbals: (1,1, 1, -1)
Sync Words: [0.0,... 0,0, 0]

1

FFT
FFT Size: 64
Forward/Reverse: Reverse
Window:
Shift: Yes
Hum, Threads: 1

OFDM Cyclic Prefixer
FFT Length: 64

CP Length: 16

Rolloff: 0

Length tag key: packet_len

Length Tag Key: packet_en

[ Virtual Sink
Stream ID: Tx Signal

Virtual Source
Stream ID: Time Domain

-

Multiply Const
Constant: 50m

Tag Gate
Propagate _tags: No

-

Throttle
Sample Rate: 100k

.

QT GUI Time Sink
Hame: Scope Plot

h

OFDM Receiver
FFT Length: 64

B 41 ~ OFDM - 5.[(2)

Humber of Points: 1024k
Sample Rate: 100k
Autoscale: Yes

Virtual Sink
Stream ID: Time Domain

[ Samp Rate (Sps): 100k

ag'

UHD: USRP Sink
Mb0: Time Source: External

€ho: Center Freq (Hz): 140M
Cho: Gain Value: 60
Ch: Ant THRX

QT GUI Frequency Sink
Hame: FFT Plot

FFT Sizes 1024k

Center Frequency (Hz): 320M
Bandwidth (Hz): 100k

Ch0: Bandwidth (Hz): 125k
TSB tag name:

FEEOFHG RS FTHEMRE > RET NEFFH 0 B E B A
B EEIEL > 4oR] 42 112 B 43 Ao o S d B R RIS R el R
A2 E D RIEHEE TR o
Tutest -8 X
g (“’W wv oo W U\N\W i W i "o
i v
- 'JSEC“E 00 '39‘);5 00 Fré;ﬁi;l;ﬁ“z) '430'55 00 '40';3 00
_ *Data0
1 s N p:“m 2 ; 2

Bl 42~
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