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Work in progress
Do we need spectrum monitoring in smart cities relying on LPWAN?

sharable at a low-cost in

Ideally the collected (spectrum) data should be …



Agenda

• Smart Cambridge 

• Infrastructure organisation  

• LPWAN in Cambridge (simulation/measurements) 

• Key takeaways 
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How smart 
is Greater
Cambridge?

Visit: www.smartcambridge.org

http://opendata.cambridgeshireinsight.org.uk



Intelligent City Platform
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   Using data to plan smart solutions
Smart Cambridge is working with the University of
Cambridge to develop a leading digital platform
that will support myriad smart solutions.

Launched in March 2017, the Intelligent City Platform (iCP) is
collating and processing real-time data from an array of sensors
around the city that can be used in a host of applications.

The first phase of the platform involved setting up a data
network to support ‘Internet of Things’ technology - allowing
products to ‘talk’ to each other -  and a data hub to collate
and process the data.

The city-wide sensor network is gathering data from
existing systems such as traffic lights, bus movements, and

car parks, together with
new traffic monitoring
cameras and air quality
sensors. These can be used
to monitor a range of
measures including air
quality, traffic, cycle and
pedestrian movements.

A new LoRaWan (Low Power Long Range) network has
also been established in collaboration with the University of
Cambridge to transfer the data flowing in from the sensors
to the data hub. The combined data can then be analysed
and visualised to plan smart solutions including making
transport systems more reliable and easier to use.

The platform will also allow citizens, third-party developers and
commercial partners to use the data to ‘test bed’ innovative
applications, such as a new mobile travel app (see page 6).

Watch this space 
The Smart Cambridge team will be sharing the technology
behind the digital platform as it develops at
www.smartcambridge.org

This is just the first
phase; we started

with the construct that
the modern city will need
to adapt and we built it
from there. It’s complex
and challenging but we’re
already seeing how the
data can be used to
predict traffic
movements and provide
real-time information to
make our transport
systems more reliable
and easier to use. 
Dr Ian Lewis, Director of
Infrastructure Investment,
University of Cambridge.
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The process
for developing
the iCP and
using the data

Visit: www.smartcambridge.org

http://opendata.cambridgeshireinsight.org.uk



Expected impact

• Improve experience of people living, travelling and 
working in and around the city  

• Develop mobile apps to help the traveller plan their 
journey 

• Data will be open (#hackathons)

Visit: www.smartcambridge.org

http://opendata.cambridgeshireinsight.org.uk



Towards a Community Architecture  
for a Smart City
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H. Chourabi et al. Understanding Smart Cities: An Integrative Framework 



IoT Network Infrastructure

SigFox

LoRaWAN

http://smartcambridge.org/csn/



Network Models

• LoRaWAN: Community built or private network 
service.  

• SigFox: Subscription based network service - they 
say. In practice is public institution - private    
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Figure 1. Base and core graphs of the Catalunya zone. Axis are in km.

nodes/links degree

base-graph 10,625/10,949 1/2.06/476
core-graph 735/1,059 1/2.88/30

Table II
SUMMARY OF CATALUNYA GRAPHS. NODE DEGREE GIVEN AS

MIN/MEAN/MAX.

from table II we can see that from the 10,625 nodes of
Catalunya base-graph, only 735 (around 7%) belong to the
core-graph, the other nodes are terminals. The high number of
leaf nodes is consequence of the special structure of Guifi.net:
the network consists of a relatively small number of nodes
located in strategic geographical points (we shall refer to
them as hubs in the rest of the paper) which form a core
and have a high number of wireless links to end customers.
For instance TonaCastell is the node having the maximum
number of terminals (459). TonaCastell5 is located in a hill
and provides links to the village of Tona and its surroundings.

Terminals nodes do not contribute to the network connec-
tivity between other nodes. Thus, it makes sense to focus on
the connectivity properties of what we call the core-graph, i.e.
the graph interconnecting all hubs.

A. Nodes degree distribution and Scale-Free patterns
A scale-free network is a network whose degree distribu-

tion follows a power law pattern. Observations on Internet
topologies of Faloustous et. al. [19] together with the works
of Barabási et al [17], [20] developed the theory that Internet
topology follows a power-law model. As we are especially
interested on verify the usage and physical Guifi.net network
behavior we have investigated the power law properties of
Guifi.net.

Figure 2 shows a log10-log10 plot of the Complemen-
tary Empirical Cumulative Distribution Function (CECDF) of
Catalunya base-graph and core-graph degree (depicted with
circles and triangles, respectively). Note that the last sample
(maximum degree), for with the CECDF is 0, is not plotted.

5A diagram of TonaCastell: http://guifi.net/node/2231
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Figure 2. CECDF log10-log10 plot of the degree of base and core graphs
of Catalunya zone. Core-graph is fitted by a power law Fc(x).

Recall that the power law component of the complementary
cumulative distribution function of a discrete random variable
X is given by [21]:

Fc(x) = P (X > x) =
⇣(↵,x+ 1)

⇣(↵,xmin)
, x+ 1 � xmin (1)

where

⇣(↵, x) =
1X

n=x

n�↵

is the generalized Hurwitz zeta function. We have used stan-
dard techniques to compute the parameters ↵ and xmin for
the base and core graphs, and estimated the goodness-of-fit by
computing the p-value (see [21]). For the base-graph it was
obtained a p-value smaller than 10�6, thus, the power law
hypothesis must be rejected for the base-graph. This result is
clear from figure 2, since the base-graph degree distribution in
log-log scale deviates significantly from a straight line. For the
core-graph it was obtained a power law fitting with parameters
↵ = 2.71 and xmin = 2 (solid line in figure 2). The figure
shows that, up to degree 12, the CECDF of the core-graph
degree fits very well the power law. For higher degree it may
seem that the fitting is not very good. However, from the 735
nodes of the core graph, only 7 have a degree higher than 13,
most of them with frequency 1. Therefore, these points are not
representative. In fact, the power law fitting of the core-graph
degree yields a p-value= 0.33. Thus, it shows that the power
law is a plausible hypothesis for the degree distribution of the
core-graph.

Compared with other community mesh topologies, Guifi.net
clearly shows a mixed structure with aspects typical of urban
structures as we could appreciate on Google WiFi [14] and
others more similar to deployed networks or organically grown
structures as MadMesh [13] and RoofNet [22] that makes the
resulting topology unique.
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A bottom-up smart city infrastructure 

• Smart city as an organic 
integration of systems and 
services. 

• Core of super nodes and 
based point to multipoint 
nodes. 

D. Vega, L. Cerdà-Alabern, L. Navarro, and R. Meseguer, 
“Topology patterns of a community network: Guifi.net,”



RFC 7962



Taxonomy of AN
Promoter Goals / 

Motivation Administration Technologies Typical 
Scenarios

Community 
Networks Community

Reduce hurdles 
Serve 

underserved areas 
Grant net 
neutrality 

Distributed
Wi Fi 

(unlicensed) 
Optical

Urban 
Rural

WISPs Companies
Serve 

underserved 
areas 

Reduce CAPEX

Centralised Wi-Fi (unlicensed) Rural

Shared 
Infrastructure

Communities + 
Private

Reduce CAPEX for 
operators 

Lower OPEX 
foroperators

Distributed Wi-Fi (unlicensed) 
Optical

Rural (dev 
regions)

Crowdshared Community + 
Public + Private

Massively share 
connectivity and 

resources
Distributed Wireless 

(unlicensed) 
Urban  
Rural

Testbed for 
research

Research Entity / 
Community 

Network
Research  

Extend CNs

Centralised may 
become 

distributed

Wired  
Wireless 

(unlicensed) 
Urban 
Rural



Classifying Alternative Networks

Crowdshared 

Research 
testbeds

Cooperatives
Shared

Infrastructures

TTN

Everynet



LoRaWAN load 

• Home temperature and humidity (+30)  

• Development boards 

• 16 projects aggregating 50+ devices



SigFox and LoRaWAN 
operate in the same band

• What are the odds for these two technologies to 
interfere with each other?  

• There has to be a spectrum management strategy 
in place if we would like to use it in commons 

• In practice, interference will be difficult to prevent



Perspective on 
Interference



Perspective on Interference
SigFox simulation setup:

• Chunk of 200KHz 

• Channel bandwidth 100Hz 

• 1000 devices transmitting over 6000 slots (10ms each)  

• 3 Transmissions per packet 

• Collision if packets overlap (no side channel effect) 

• Random transmission of 12 Byte packets (uplink only)

https://bitbucket.org/andresarcia/lpwan-microsim



Simulation Results (1/2)

 

From left to right, we increase the number of retransmissions 

Number of failed transmissions under 10% up to 1000 dev

https://bitbucket.org/andresarcia/lpwan-microsim



Simulation Results (2/2)

~2K success ~2K sucs ~2.5K sucs
Congestion 
3K collisions 

1.5 collisions/success

Congestion 
5.8K collisions 

2.9 c/suc

Congestion 
7.5K collisions 

3 c/suc 

https://bitbucket.org/andresarcia/lpwan-microsim

For 4K msgs:



Perspective on Interference

LoRaWAN simulation setup:

• Attempt to access the same channel at different times 
during 1 min (6000 intervals of 10 ms)  

• Single channel of 125kHz 

• Random transmission of 25 Byte packets (uplink only) 

• From SF7 (21 ms) to SF12 (628 ms) 

• Collision if transmissions overlap (no side channel effect)

 https://bitbucket.org/andresarcia/lpwan-microsim



Simulation Results

 https://bitbucket.org/andresarcia/lpwan-microsim



A primer on 
Interference



LoRaWAN/SigFox deployment

Put the panoramic picture hear



Spectrum 9:30am to 11:30am Fri 4/5/18
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Only LoRaWAN
"867-870-232min-lorawan.dat" using 1:2:3
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Only SigFox
"867-870-2hr-sigfox.dat" using 1:2:3
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2 Hrs Monitoring 
SigFox vs LoRaWAN

"867-870-2hrs-sigfox-lorawan.dat" using 1:2:3
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Interference LoRaWAN and SigFox 



Detail on the interference

adeunis ®
283 rue Louis Néel - Parc Technologique Pré Roux 
38920 CROLLES - France
www.adeunis.com

FIELD TEST DEVICE
LoRaWAN Europe EU863-870

Guide utilisateur / User Guide 
Version V1.2.1
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adeunis ®
283 rue Louis Néel - Parc Technologique Pré Roux 
38920 CROLLES - France
www.adeunis.com

FIELD TEST DEVICE
LoRaWAN Europe EU863-870

Guide utilisateur / User Guide 
Version V1.2.1
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What happened

adeunis ®
283 rue Louis Néel - Parc Technologique Pré Roux 
38920 CROLLES - France
www.adeunis.com

FIELD TEST DEVICE
LoRaWAN Europe EU863-870

Guide utilisateur / User Guide 
Version V1.2.1

 

TX RX
1

Class A
With ACK

TX

adeunis ®
283 rue Louis Néel - Parc Technologique Pré Roux 
38920 CROLLES - France
www.adeunis.com

FIELD TEST DEVICE
LoRaWAN Europe EU863-870

Guide utilisateur / User Guide 
Version V1.2.1
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Two LoRaWAN devices: 
interference (worse case scenario)



Two LoRaWAN devices: interference 
(most congested scenario )



Interference between two   
SigFox devices



Testing Everynet Network

• Term



Power Distribution
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SigFox Deployment



SigFox Geolocation Service



SigFox Geolocation Service



Mobility on SigFox 
only
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Mobility on SigFox 
and LoRaWAN



LoRaWAN / Everynet

9.5 km

80% packets received



Tracking with LoRaWAN



LoRaWAN load per Site
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SigFox long journey

7,8,9,10,11,12
Cluster



SigFox long journey

19-24
Cluster



SigFox long journey
31-37

Cluster



Challenging the limits 



Challenging the limits

SigFox world record 
1023 Km

LoRaWAN world record 
702 Km 



Databox 





Time-series with GIT flavour
Implementing a time series 

database over git

By Jhon Moore.   @jptmoore



Download ZestDB

By Jhon Moore.   @jptmoore

https://github.com/me-box/zestdb 



Key takeaways
• We’re in early stage of building an LPWAN infrastructure in 

Cambridge. We’re constantly assessing the deployment 
process as it exhibits patterns of an AND. 

• Simulations suggest that there is a potential for 
interference and although it is not urgent, there should be 
a monitoring strategy in place (as to adapt the network). 

• It seems like we urgently need a way to enforce 
coexistence between LoRaWAN and SigFox. 

• Presumably SigFox service require more density in BSs 
and so far geolocation report service is not adequate. 



Questions?

Thank you!


