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O u r  Te c h n o l o g i e s  

I N T E R N E T

DUMBO[1]

TPlink MR3040 
• Coverage: 50-60 m 
• WiFi 2.4 GHz 
• Usage: Portable, Apply 

to emergency situation 

TPlink AC1750 
• Coverage: 100 m 
• WiFi 2.4/5 GHz 
• Usage: Static and 

Indoor 

Unifi Outdoor AP 
• Coverage: upto 200 m 
• WiFi 2.4/5 GHz 
• Usage: Outdoor, Link 

to GW

Raspberry Pi 
• Micro Server  
• Running local 

services (e.g., 
chat, VoD) 

Wok 
• DIY p2p 

antenna  
• Extend the 

connectivity

[1] Kanchanasut, K., Tunpan, A., Awal M.A., Das, D.K., Wongsaardsakul, T. and Tsuchimoto, Y., “DUMBONET: A 
Multimedia Communication System for Collaborative Emergency Response Operation in Disaster-affected 
Areas, International Journal of Emergency Management, Inderscience, Vol. 4, No. 4, pp. 670 – 681, 2007.

!3



E x t e n d i n g  t h e  n e t w o r k  c o v e r a g e ?

S o m e  h o u s e s  w e r e  a b a n d o n

• W i F i  s i g n a l  ( M e s h )  i s  n o t  s u f f i c i e n t   
• To o  m u c h  m u l t i  h o p  ( 3  h o p s  m a x )  
• N L O S   

!4



T V W S  ( T V  W h i t e  S p a c e s )  s o l u t i o n

[1] Carlson Rural connect Gen 2,3

Utilising the excellence radio characteristics of TV spectrum to 
provide digital broadband communication

5 10 15 20 25 30 35 40 45

RS
SI

Channel ID

W H I T E  
S PA C E O C C U P I E D  T V  

C H A N N E L S

• Support NLOS with better throughput and low 
latency 

• Long distance propagation (10 - 20 km)  
• Point to Multipoint communication (Up to 12 client 

nodes1)

‣ The part of spectrum that is unused by the primary 
(licensed users) at specific location and time 

‣ Plenty of spectrum allocated to TV broadcasting is 
currently idle, specially in rural areas of developing 
countries. 
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T V W S  P ro j e c t
‣ Duration: 2017 - 2019 
‣ A grant from the National Broadcasting and Telecommunication Commission (NBTC) office   
‣ License: 470 - 790 MHz 
‣ First TVWS trail in Thailand 
‣ Carry out TVWS spectrum measurements to build WSDB
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H o w  m u c h  W h i t e  S p a c e s  ?  

S p e c t r u m  A n a l y s e r :  R F E x p l o e r  ( L o w  c o s t  
a n d  p o r t a b l e )  
M e a s u re m e n t  t o o l s :  A  l a p t o p / R P I  w i t h  
R F e s t a t i c  ( I C T P )  t o  r e c o r d  t h e  s p e c t r u m  
m e a s u r e m e n t

F re q u e n c y  
r a n g e

5 1 0  -  7 9 0  M H z  ( T H A  -  U H F  T V  
c h a n n e l s )

S i g n a l  b w 8  M H z  ( E T S I )

R e s o l u t i o n  
b w  5 0 0  k H z

L o c a t i o n O u t d o o r  v s  I n d o o r  

A n t e n n a  
h i g h t  1 m  ( g r o u n d  l e v e l )  v s  1 5  m  ( R o o f  t o p )

E Q U I P M E N T S  M E A S U R E M E N T  S E T U P
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W h i c h  c h a n n e l  i s  w h i t e  s p a c e ?  

• F i x e d  T h re s h o l d  
• T h r e s h o l d  (TH ) :   

• - 1 1 4  d B m  ( F C C  
r e c o m m e n d e d )  

• - 1 0 0  d B m  ( R u l e  
o f  t h u m b  -  
c o m m o n l y  u s e d  
i n  l i t e r a t u r e [ 3 ] )  

• O c c u p a n c y  
T h r e s h o l d  (THO )  

• 8 0 %  ( a g a i n  R u l e  
o f  t h u m b )

[3] Petty V. et. al., “Feasibility of Dynamic Spectrum Access in Underutilized Television Bands,” DySPAN 2007
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Measurement#1  10 Channels are busy Measurement#2  14 Channels are busy
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A d a p t i v e  T h re s h o l d  M e t h o d

• B e t t e r  s u p p o r t  n o i s e  v a r i a n c e  
a n d  f l u c t u a t i o n  o f  p o w e r  
s p e c t r a l  d e n s i t y  
• N e y m a n - P e a r s o n  ( N P )   
• F o r w a r d  C o n s e c u t i v e  M e a n  

E x c i s i o n  ( F C M E )   
• L o c a l i z a t i o n  A l g o r i t h m  B a s e d  

o n  D o u b l e - T h r e s h o l d i n g  ( L A D )  
• N o i s e  A d d e d  F C M E  [ 2 ]  
• N o i s e  A d d e d  L A D  

[2] Bipun Man Pati,  Adisorn Lertsinsrubtavee, Attaphongse Taparugssanagorn,, Kanchana Kanchanasut, and Arjuna 
Sathiaseelan, “Adaptive Threshold Setting for Determining Spectrum Occupancy in TV White Space,” in Proc. the Annual 
ACM SIGCAS Conference on Computing and Sustainable Societies (COMPASS 2018), 2018. 
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F I X E D  v s  A d a p t i v e  T h re s h o l d s

• The measurements were taken at AIT campus 
• Ground truth: Spectrum Usage from national spectrum allocation report 

(regulator)

P R O B A B I L I T Y  O F  FA L S E  A L A R M P R O B A B I L I T Y  O F  M I S S  D E T E C T I O N

1 0  -  3 0 %  F O R  F I X E D  C A S E  
0 %  F O R  A D A P T I V E  C A S E

6 0 - 7 0 %  I M P R O V E M E N T
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O u r  W h i t e  S p a c e s ; )  

L O C AT I O N I D L E  C H A N N E L  N U M B E R S T O TA L  T V W S

A I T  C A M P U S  ( 4 5  K M  
F R O M  B K K )

2 7 ,  2 8 ,  3 0 ,  3 1 ,  3 3 ,  3 4 ,  3 5 ,  
3 7 ,  3 8 ,  3 9 ,  4 1 ,  4 2 ,  4 3 ,  4 5 ,  
4 6 ,  4 7 ,  4 8 ,  4 9 ,  5 0 ,  5 1 ,  5 3 ,  
5 4 ,  5 5 ,  5 6 ,  5 7 ,  5 8 ,  5 9 ,  6 0  

2 8

TA K N E T  

2 6 ,  2 7 ,  2 8 ,  2 9 ,  3 0 ,  3 2  3 3 ,  
3 4 ,  3 6 ,  3 7 ,  3 8 ,  4 0 ,  4 1 ,  4 2 ,  
4 3 ,  4 4 ,  4 5 ,  4 6 ,  4 8 ,  4 9 ,  5 0 ,  
5 2 ,  5 3 ,  5 4 ,  5 5 ,  5 6 ,  5 7 ,  5 8 ,  

5 9 ,  6 0

3 0
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U t i l i s i n g  T V W S  o v e r  Ta k N e t  

RuralConnect® TV White Space Radio
FASTER SPEED, BETTER COVERAGE and LOWER COST
TV WHITE SPACE BROADBAND RADIO
Imagine rural broadband where it’s never been before, bringing telemedicine, distance  
learning and residential connectivity to last-mile locations. RuralConnect uses vacant TV  
frequencies (TV White Space Spectrum : 470 to 698 Mhz domesically | 470 to 790 Mhz 
internationally) to bring wireless broadband to homes, businesses, and municipal sites. TV 
frequencies penetrate foliage and weave around hills and other barriers that render  
microwave or Wi-Fi inoperable.

FCC-Approved
The Federal Communications Commission (FCC) has certified the RuralConnect TV White 
Space (TVWS) radio system for use with the Spectrum Bridge TV White Wpaces database. 
This FCC certification brings to market an unparalleled ability to provide truly affordable long 
distance, non line of sight (NLOS) high speed wireless connectivity.

FEATURES: 
The Beachfront Spectrum Advantage
The RuralConnect is a software-defined radio designed to support access to vacant television 
bands. In 2010, the FCC made these unoccupied TV channels available for unlicensed broad-
band with range and propagation superior to microwave.
 
Greater Throughput, Lower Latency and Higher Reliability
With data speeds up to 20 Mb/s (16 Mb/s US) OTA, the RuralConnect offers the throughput 
necessary for today’s Internet needs. Advanced receiver technology blocks nearby high-
power cellular TV signals from interfering. Examples of different distances and modulation 
settings to show thoughputs and link margin are shown on a chart on the back.

Multiple Applications 
The RuralConnect can be used to create point-to-point and point-to-multipoint networks.

Remote Management and Diagnostics 
The RuralConnect is operated over an easy-to-use, comprehensive browser-based GUI 
management system that provides a centralized platform for efficient and securely managed 
network operations.

Better than 900MHz 
TV White Space offers up to 220MHz of new spectrum to help alleviate  
the advance of 900MHz smart meters.  

Base Available with Indoor or Split Mount Cabinetry 
All indoor: Typically installed in building or outdoor cabinet, this  
model incorporates the radio in the rack mountable enclosure. This  
a typical configuration for backhaul radios. 
 

Split mount option: To eliminate RF cable loss, a split base option  
is available. This includes a pole-mountable ODU and a rack mount  
cabinet. This special configuration is beneficial because it shortens  
the distance from antenna to radio through the RF Coax Cable,  
which increases throughput. 

Carlson Wireless Technologies, Inc.
2700 Foster Avenue
Arcata, CA 95521 USA

T: +1 707.822.7000
F: +1 707.822.7010
E: info@carlsonwireless.com

APPLICATIONS:

• Rural Broadband Internet Access
• Community Hotspot Backhaul
• Nomadic Broadband
• NLOS backhaul and middle mile
• VoIP/SIP Networks
• Video Surveillance & Security
• Mobile Command Unit
• Home Networks
• M2M SCADA Communications:

• Smart Grid & Metering
• Traffic Signal Communications
• Oil & Gas Well and Pipeline 

Monitoring
• Wind Farms

BASE STATION

CLIENT STATION

BASE MODEL NO.                                                 
6MHz : SRCIP-AP-RM-UHF-F                            
8MHz : SRCIP-AP-RM-UHF-F-8

SPLIT BASE MODEL NO. 
6MHz : SRCIP-AP-ODU-UHF-F     
8MHz : SRCIP-AP-ODU-UHF-F-8

CLIENT MODEL NO. 
6MHz : SRCIP-CS-ODU-UHF-F    
8MHz : SRCIP-CS-ODU-UHF-F-8

Radio

Omni
Antenna

Base Station

Ethernet Cable

RF Coax Cable

Split Mount Configuration

I N T E R N E T
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RuralConnect® TV White Space Radio
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TV WHITE SPACE BROADBAND RADIO
Imagine rural broadband where it’s never been before, bringing telemedicine, distance  
learning and residential connectivity to last-mile locations. RuralConnect uses vacant TV  
frequencies (TV White Space Spectrum : 470 to 698 Mhz domesically | 470 to 790 Mhz 
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TVWS base station@public 
School

W I R E L E S S  M E S H LT E  O V E R  T V W S

T V W S   B A C K H A U L  L I N K S  
I E E E  8 0 2 . 1 1 A F  ( S U P E R  W I - F I )
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Te s t  t h e m  u p !  
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N e t w o r k  C o n f i g u r a t i o n

Configuration 
• Antenna hight: ~7m  
• Distance: 1.1 km with 

partial LOS 
• Modulation: 64 QAM 
• Frequency BW: 8 MHz 
• Operating CH: 34 

(574-582 MHz)  
• Tx = 21 dBm  
• Antenna gain = 10 dB

RG6

CAT5e
CAT5e

Power 
line

P O E

CAT5e

CAT5e

RG6
d = 1.1 km

h =  ~7m

L i g h t n i n g  
s u p p r e s s o r

RG6

B a s e  
S t a t i o n

P O E

CAT5e

RuralConnect® TV White Space Radio
FASTER SPEED, BETTER COVERAGE and LOWER COST
TV WHITE SPACE BROADBAND RADIO
Imagine rural broadband where it’s never been before, bringing telemedicine, distance  
learning and residential connectivity to last-mile locations. RuralConnect uses vacant TV  
frequencies (TV White Space Spectrum : 470 to 698 Mhz domesically | 470 to 790 Mhz 
internationally) to bring wireless broadband to homes, businesses, and municipal sites. TV 
frequencies penetrate foliage and weave around hills and other barriers that render  
microwave or Wi-Fi inoperable.

FCC-Approved
The Federal Communications Commission (FCC) has certified the RuralConnect TV White 
Space (TVWS) radio system for use with the Spectrum Bridge TV White Wpaces database. 
This FCC certification brings to market an unparalleled ability to provide truly affordable long 
distance, non line of sight (NLOS) high speed wireless connectivity.

FEATURES: 
The Beachfront Spectrum Advantage
The RuralConnect is a software-defined radio designed to support access to vacant television 
bands. In 2010, the FCC made these unoccupied TV channels available for unlicensed broad-
band with range and propagation superior to microwave.
 
Greater Throughput, Lower Latency and Higher Reliability
With data speeds up to 20 Mb/s (16 Mb/s US) OTA, the RuralConnect offers the throughput 
necessary for today’s Internet needs. Advanced receiver technology blocks nearby high-
power cellular TV signals from interfering. Examples of different distances and modulation 
settings to show thoughputs and link margin are shown on a chart on the back.

Multiple Applications 
The RuralConnect can be used to create point-to-point and point-to-multipoint networks.

Remote Management and Diagnostics 
The RuralConnect is operated over an easy-to-use, comprehensive browser-based GUI 
management system that provides a centralized platform for efficient and securely managed 
network operations.

Better than 900MHz 
TV White Space offers up to 220MHz of new spectrum to help alleviate  
the advance of 900MHz smart meters.  

Base Available with Indoor or Split Mount Cabinetry 
All indoor: Typically installed in building or outdoor cabinet, this  
model incorporates the radio in the rack mountable enclosure. This  
a typical configuration for backhaul radios. 
 

Split mount option: To eliminate RF cable loss, a split base option  
is available. This includes a pole-mountable ODU and a rack mount  
cabinet. This special configuration is beneficial because it shortens  
the distance from antenna to radio through the RF Coax Cable,  
which increases throughput. 

Carlson Wireless Technologies, Inc.
2700 Foster Avenue
Arcata, CA 95521 USA

T: +1 707.822.7000
F: +1 707.822.7010
E: info@carlsonwireless.com
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• Rural Broadband Internet Access
• Community Hotspot Backhaul
• Nomadic Broadband
• NLOS backhaul and middle mile
• VoIP/SIP Networks
• Video Surveillance & Security
• Mobile Command Unit
• Home Networks
• M2M SCADA Communications:

• Smart Grid & Metering
• Traffic Signal Communications
• Oil & Gas Well and Pipeline 
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• Wind Farms

BASE STATION

CLIENT STATION

BASE MODEL NO.                                                 
6MHz : SRCIP-AP-RM-UHF-F                            
8MHz : SRCIP-AP-RM-UHF-F-8

SPLIT BASE MODEL NO. 
6MHz : SRCIP-AP-ODU-UHF-F     
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Radio

Omni
Antenna

Base Station

Ethernet Cable

RF Coax Cable

Split Mount Configuration

CAT5e

Sector AntennaPeriodic Antenna
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T V W S  B a c k h a u l :  P e r f o r m a n c e  E v a l u a t i o n

Performance 
RSSI: - 51.5 dBm@ receiver side  
Throughput: 15/10 (UL/DL) 
Packet lost: 0% 
RTT: ~5ms 

!15



LT E  o v e r  T V W S  S o l u t i o n

FA B S C T P  
A G E N T

Mobile Core VM 
(EPC) - Singapore

Mobile Core VM 
(EPC) - HK

PAWS

U E
U E

• C o l l a b o r a t i n g  w i t h  M i c r o s o f t  r e s e a r c h ,  
U K  

• U t i l i s e s  t h e  e x c e l l e n t  r a d i o  
c h a r a c t e r i s t i c s  o f  T V W S  t o  c o v e r  t h e  
g a p  t h a t  C W M N  c o u l d  n o t  s u p p o r t .  
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LT E  o v e r  T V W S :  Te s t i n g  i n  A I T

•  LT E  s m a l l  c e l l  o n  t h e  U H F  7 4 6  M H z   
• C h a n n e l  B W :  5  M H z   
• m a x i m u m  1 6  a c t i v e  u s e r s   
• C o v e r a g e  a r e a  ~ 5 0 0  m .  
• S t r o n g  s i g n a l  e v e n  i n s i d e  t h e  b u i l d i n g s  

h =  ~12m
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LT E  o v e r  T V W S :  P e r f o r m a n c e  E v a l u a t i o n

FA B S C T P  
A G E N T

Mobile Core VM 
(EPC) - Singapore

PAWS

Mobile Core VM 
(EPC) - HK

Speed Test 

Spectrum 
Measurement

Server’s 
location

PING 
(ms)

DOWNLOAD 
(Mbps)

UPLOAD 
(Mbps)

BKK 140.67 15.71 1.73
HK 98.67 15.85 2.1

BKK

HK
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N e x t  S t e p …  

• Preparing for a real deployment in TakNet  

• 1 TVWS base station - 4 TVWS client stations for new 
TakNet backhaul 

• 3 LTE small cells for network access integrating with 
TVWS backhaul 

• Lots of network measurement  

• Exploring other methods for adaptive threshold  

• Machine learning 

• Keep expanding TakNet ;)  

RuralConnect® TV White Space Radio
FASTER SPEED, BETTER COVERAGE and LOWER COST
TV WHITE SPACE BROADBAND RADIO
Imagine rural broadband where it’s never been before, bringing telemedicine, distance  
learning and residential connectivity to last-mile locations. RuralConnect uses vacant TV  
frequencies (TV White Space Spectrum : 470 to 698 Mhz domesically | 470 to 790 Mhz 
internationally) to bring wireless broadband to homes, businesses, and municipal sites. TV 
frequencies penetrate foliage and weave around hills and other barriers that render  
microwave or Wi-Fi inoperable.

FCC-Approved
The Federal Communications Commission (FCC) has certified the RuralConnect TV White 
Space (TVWS) radio system for use with the Spectrum Bridge TV White Wpaces database. 
This FCC certification brings to market an unparalleled ability to provide truly affordable long 
distance, non line of sight (NLOS) high speed wireless connectivity.

FEATURES: 
The Beachfront Spectrum Advantage
The RuralConnect is a software-defined radio designed to support access to vacant television 
bands. In 2010, the FCC made these unoccupied TV channels available for unlicensed broad-
band with range and propagation superior to microwave.
 
Greater Throughput, Lower Latency and Higher Reliability
With data speeds up to 20 Mb/s (16 Mb/s US) OTA, the RuralConnect offers the throughput 
necessary for today’s Internet needs. Advanced receiver technology blocks nearby high-
power cellular TV signals from interfering. Examples of different distances and modulation 
settings to show thoughputs and link margin are shown on a chart on the back.

Multiple Applications 
The RuralConnect can be used to create point-to-point and point-to-multipoint networks.

Remote Management and Diagnostics 
The RuralConnect is operated over an easy-to-use, comprehensive browser-based GUI 
management system that provides a centralized platform for efficient and securely managed 
network operations.

Better than 900MHz 
TV White Space offers up to 220MHz of new spectrum to help alleviate  
the advance of 900MHz smart meters.  

Base Available with Indoor or Split Mount Cabinetry 
All indoor: Typically installed in building or outdoor cabinet, this  
model incorporates the radio in the rack mountable enclosure. This  
a typical configuration for backhaul radios. 
 

Split mount option: To eliminate RF cable loss, a split base option  
is available. This includes a pole-mountable ODU and a rack mount  
cabinet. This special configuration is beneficial because it shortens  
the distance from antenna to radio through the RF Coax Cable,  
which increases throughput. 
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