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TVWS System Architecture (Radio)



TVWS System Architecture (Logical)



Key concept 1: Exclusion Zones




Key Concept 2: Propagation Modeling




Key Concept 3: RFC 7545 / PAWS Protocol
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Key Concept 4 — Blockchain Database



Practical Results



Field Measurements for Model Validation




Field Measurements for Model Validation
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API Validation via External Consulting



End-to-End Wi-Fi Prototyping
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Integration with Inatel’s TVWS Radio Suite

Initial Settings | UE 1 Settings | Network
-BS Identification/Localization

Identification | Database | Actions | Alerts | Monitoring

~UE 1 Identification/Localization

macbs@MACBS: ~fsrc/radio_interface

File Edit View Search Terminal Help

~ldentification ~Antenna Settings ~Identification -
Dload Upload Total Left Speed

. . B 100 545 160 159 160 346 762 1325 --i1--1-- --i--i-- --i-- 2080
Serial Number: |1fbf-bae3-c8c57 Height: |10.2 Serial Number: |4fbf-bae3-c8c57
" jsonrpc":"2.0","method":"sp

:"1.08","deviceDesc":{"serialNu
) FccTvBandWhiteSpace-2010"]}, "loc
ESER1 1)), "antenna": {"height 0.2,"heil
.1,"azimuth":12.1},"antennaRadiationPattern”:[11.1, 11.

feccld: | 14d8610a-9eea Height Type: |AGL fccld: |94d8610a-9eea

P P PR 11.1, 11.1, 11.1, 11.1, 11.1, 11.1, 11.1, 11.1, 11.1, 11.1, 11.1, 11.1,
~Localization ~Antenna Radiation ~Localization 11.1, 11,1, 1.1, 1.1, 11,1, 11,1, 1.1, 11.1, 11.1, 11.1, 1.1, 11.1,
1 1. .2, 22.2, 22.2, 22.2, .2, . .2, 22.2, 22.2, 22.2, .2, 22.2, 22.2, 22.2, 22.2,
Latitude: |-22.19764 iati . i Latitude: |-22.19764 .2, 22.2, 22.2, 22.2, 22.2, 22.2, , 22.2, 22.2, 22.2, 22.2, 22.2, 22.2, 22.2, 22.2, 22.
Radiation Pattern: Load File - .2], "antennaPolarization":"v"}},"id":"0@1"}' http://200.160.6.8/api/ > fhome/macbs/src/rad

interface/Database_Communication/AVAIL_SPECTRUM_RESP_©.json

Longitude: |-45.74194 Longitude: |-45.74194

Total % Received % Xferd Average Speed Time Time Time Current
Dleoad Upload Total Spent Left Speed
100 2074 100 1174 100 200 100 76 ©:00:11 0:00:11 --:--:-- 261
Exception in Tkinter callback
Traceback (most recent call last):
File "/usr/lib/python3.6/tkinter/__init__.py", line 1705, in _ call_ _
return self.func(*args)

Update Device Infomation




Tool for TVWS Spectrum
Analysis

Beta Version: www.figuespectro.com.br/mapa



http://www.fiquespectro.com.br/mapa

Ibagué Vichoda : FGUyana
Colombia 1\ e s Suriname
; oty Amazonas K
Cali Meta A Boa‘Vls!f \ f
S \ L
‘J"‘ Ro . L 47D oz
Coquetd I @
® 5 q ®
Quito ¥ L
| \
\ Ecuador AT T
| _Amazonas
! Cuenca . ® M:.\’.s ®
o Iquitos @ A .. o @
2 1 Ama7ge s
Loreto i - ,: .~
- . O
Piura J
Chiclayo = ®
b ) ‘
Trujillo @ ! e
2 Pucallpa ()
5 3 — Porto Velho
Ucay () A () @ ®
cayall A ,,‘_. Rio Branco . .’ .
Peru ; | ( ) - 9. (N ®
. ,/ F«onu;&"v _
Madre de . 6
\ » Huancayo Dios : f. | ®
) Lima ) - ( ’
Ayacucho . . .&
Ica Ot 4 See o ®
Puno Slapaz .. r.
Arequipa, 813 Paz Bolivia ®
Cochabamba Sonto
Tacna Oruro Santa Cruz ;
| de la Sierra
Sucre
| Potosi
Alto Paraguay
Boguerdén
Paraguay /
Paraguai /
: A
0 Formoso Asuncion ,..
) Salta ® : ,ﬂ
San Miguel Chato F°"§‘°53 Ciudad s’IQ

de Tucuman

Catamarca Son
del

La Riojo
San juan
Cordoba
San Juan
\‘ A Cordoba
Valparaiso | Mendoza
gipara’s : San Luis
) ® / :
/ Santiago San Luis

Paramaribo

Este -
Corrientes - Posadas

orr 1 e
o o a®
LIPS
Santa Fe " .

Anélise por Pixel Contornos Protegidos

£

Exibindo 100809 pixels.

Ultima atualizagdo dos dados:
14/11/202

Contornos Protegidos

Radiais Faltantes

Com Contornos Protegidos

Por Municipio

== | eaflet | © OpenStreetMap { CEEE



Andlise por Pixel Contornos Protegidos
| Croata (2)

Ultima atualizagio dos dados:
14/11/2025 as 20:05

| Farias Brito (5)

| Fortaleza (31)

Transmissor 57dbab9950ce0
Canal: 35

Classe: E

ERP: 172.1001

Entidade: TV JANGADEIRO LTDA
Fistel: 50405995954

Municipio: Fortaleza/CE

Servigo: TV-C4

Coordenadas: -3.746470, -38.498520

\ TR

- Pentecoste

[ canal 12 - Tv-
[J canal 14-TVv-
[ canal 19 - Tv-
[J canal 21 -Tv-
[ canal 22 - Tv-
[ canal 23-TV.
[ canal 31 -Tv-
Canal 35-TV-
[ canal 39 - Tv-
[ canal 40 -TV.
[ canal 46 - Tv-
[ canal 47 - Tv-
[ canal 49 - Tv-
[J canal 51-Tv.

| Fortim (4)

| Frecheirinha (1)

I General Sampai
== | eaflet | © OpenStreetMap 4




Medellin )

Paramaribo
Ibagué Vichada uyana * Analise por Pixel Contornos Protegidos
Colombia Suriname Guyane
C:ali Meta Amozonas . ) }
Ultima atualizagao dos dados:
14/11/2025 as 20:05
Caqueta
Baixar Dados
®
Quito
Ecuador T
Cuenca ;
Iquitos
-
Piura
Chiclayo
Trujillo
Perl
Madre de ; ; i : i r ipicaju
Huancayo .;\“m Y g S - L d SJ
Niea ¥ . e Santana
Ayacucho y . A kY
Cusco Ben flvador
Ica f
Pun OlaPaz
Arequipa ‘ La Paz Bolivia
Cochabamba
Tacna Oruro Santa Cruz
i de la Sierra
Sucre
Canais Livres
Boquerén . 0
1-4
| Paraguay / !
Antofagastar Paragudi @ 5-8
Salta
) 9-12
i 959 Asuncion
g 4% day 13-16
San Miguel Chaco N Formosa |,.~Ciudad Wy
de Tucuman Este ’ 1720
ion de Corrientes_ Posadas s SEREL R\ 21-24

Catamarca

B 2528
B 2932

33-36
Bl 3740
g Sonta Fe B 4144
‘ San Juan - Entre Rios . 4547
Valpéraiso Mendoza Ean Luls 7 s OFuguay
] ® o Rosario

Santiann

Exibindo 100809 pixels.

Visualizagao do Mapa

Banda v

Filtros de Andlise Cruzada

Regides:

Nordeste

Sul

Centro-oeste

Sudeste

Norte
IDH:
® 0 o co—— 1
IBC:
® 0 3 eom————{ 1|
Banda:
® 0 2 eo—— 47
Cobertura Agricola:
® 0 3 Cons————( 1|

Aplicar Filtros

= Leaflet | © OpenStreetMap ( CEEEEEEEEEEEEEE )




bagué
Colombia

lquitos

Pucallp 38

lancayo

Ayacucho

Arequipa La Paz 8

Cochabamba

Santa Cruz
de la Sierra

Tacna Oruro

Sucre

Antofagasta

Salta

San Miguel
de Tucuman

San juan

Valparais Mendoza
Safaisd San Luis

Santiago

suyana

Paramaribo

suriname

aguay /

i'.n.lg Ia

Asuncion
°)

®

Formosa

Corrientes

Rosario

Ciudad d
Este
Posadas

‘.' L tal

]
J %’a -_—r Pessoa
o ul‘: Hecife

A .

PN e

2z Wacelo
' 4 > 3""
‘ A

acaju

i de Santana

vador

‘ ¢ dejanelro

Paulp *




Medellin

g ] B |
T { Paramaribo e 2
+ Tbagué B Victioan uya ng; ( Analise por Pixel
o) Colombia \ h3 § Suriname. \ Guyane
— e \ 2 . )
C;ali Meta ey ) Amozonas \_\ )
5 14/11
Caquetd O
/ Quito NG
{ = 0
Ecuador , = Amazonas
( Clenca = Do N
- 4 Iquitos 4
," L O (m)
k 2 Loreto
\ Piura
‘.‘ Chiclayo
\\
b Trujillo
\ 1
\-
\,
N
~ i
Peru
\ ;
: v
\ Madre de. ﬂbcaju
| Huancayo Dios /
\ Lima ’ ) gith de Santana
Ayacucho /4
\l 3 Cusco J Benj
Ica %
\, 5 b
\.‘. Puna ‘iiu Paz
\ o
Arequipay &S5 Paz Bolivia
\\ Cochabamba Santa Cruz
e o o 2
S - Tacna Oruro Santa Cruz
X A ;‘ de la Sierra
RS / \ Sucre
¢ ]
| Potosi (O0)
\ Alto Parag!
/ . i/ Boguerdn
// \,'/ 2
! eqgion de Paraguay /
Antofagasta® Anrofagosta Paragudi
| Salta 2
|
i o Formoso™. A
) ~ Salta : Asuncion ot
& j San Miguel Choco . Formosa Cluggd i)
o de Tucumdn { ste

{*Region de Corrlentes  Posadas
// Atacama’~_Catomarca 3

Sontiago
/ del Estero
/
( Corrientes
t
Y La Riojo
«‘ San juon {
2 !
| Cordoba Santo Fe /
\ | Sanjuan ire Rioe 3
\'“ VAR Cordoba Entre Rios 4
Valparaiso | Mendoz \
{ 4 § n Lui N J Urugua
g ) 3an Luis Rosario J guay
." C amblasmin \

Contornos Protegidos

Ultima atualizagdo dos dados:

/2025 as 20:05

Baixar Dados

Cobertura Agricola

[l Muito Baixa (0-20%)
B Baixa (20-40%)
| Média (40-60%)
[ Alta (60-80%)
I Muito Alta (80-100%)

Exibindo 100809 pixc

Visualizagao do M:

Cobertura Agricola

Filtros de Analise (

Regides:
Nordeste
Sul
Centro-oeste
Sudeste
Norte

IDH:

®

IBC:

@

Banda:

@ «

Cobertura Agricola:

== | caflet | © OpenStreetMap <« G



Venezuela 77
Medellin 9
Paramaribo

Ibagué G uyana

Colombia

Suriname 3Uyane

Meta

Cali
@
Quito
Ecuador .
nea
Cuenca -
Iquitos -
‘;mtalem
Piura ”‘} fatal
Chidayo
y! S ‘béo Pessoa
Trujillo Pucalip® Recife
Ucay Maceio
Peru
Mo Aracaju
Huancayo i J
Lima . % Felra de Santana
yacu
: ¢ 'klvador
ca =
L S
£ = ~
- p ;
-
Arequipa La Paz Bolivia
Cochabamba Sonta Cruz 3 b o5 Pl ’
4 .
Tacna Oruro Santa Cruz
de la Slerra tanc A ‘.
g ® F finhares
ucre
P t 30 José Ri 9”3& Belo Horizonte VoSS
Al ! ’n"Pmm rety 4‘
»
Boguerdr ". ‘ \,', ;
2 k s »=2"Rio dejapeir
o Poulo ' e
_ Reglon d Paraguay / 2 N . Rio dejaneiro
Antofagastal Anrofagasta Paraguéd ‘ 1-0”“3 - ,; Sd0 Paulo
oS Asugclon w m’~
San Miguel oo Formosa Ciudad del Curitiga
de Tucuman Este “minwlle
) dle Corrientes_ Posadas .\ .
LPorto Alegre
Cordoba o Fe
San juan
Mendoza '

Valparai
SRara59 San Luis
2 Ro<arion

Canais Livres

BHo

B -
B ss
9-12
13-16
17-20
21-24
25-28
29-32
33-36

Visuali

Banda

Filtros

Regide

a8

N
St
Ce
St
N

IDH:
@

IBC:
®

Banda:

Cobert
(2]

(I < I <



Thank Youl!

Also to my Co-Pls:

Dr. Carlos Silva
(UFC)

Prof. Thiago Nobrega
(UFCG)

== UK Government .
and the Project Team



	Slide 1: TVWS as a solution for unlicensed 6G networks  Geolocation Database
	Slide 2: TVWS System Architecture (Radio)
	Slide 3: TVWS System Architecture (Logical)
	Slide 4: Key concept 1: Exclusion Zones
	Slide 5: Key Concept 2: Propagation Modeling
	Slide 6: Key Concept 3: RFC 7545 / PAWS Protocol
	Slide 7: Key Concept 4 – Blockchain Database
	Slide 8: Practical Results
	Slide 9: Field Measurements for Model Validation
	Slide 10: Field Measurements for Model Validation
	Slide 11: API Validation via External Consulting
	Slide 12: End-to-End Wi-Fi Prototyping
	Slide 13: Integration with Inatel’s TVWS Radio Suite
	Slide 14: Tool for TVWS Spectrum  Analysis
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21: Thank You!  Also to my Co-PIs:  Dr. Carlos Silva  (UFC)  Prof. Thiago Nóbrega (UFCG)  and the Project Team 

