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IoT: development for rural areas

Irrigation Livestock farming Fish farming & aquaculture  

Storage & logistic
Agriculture Environment
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Long-range Sensing Applications

10-15kms

Pay subscription

Limitation of coverage

High energy consumption

Moisture/

Temperature of 

storage areas

200-500mA 500-1000mA 100-300mA
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Low-power & long-range radio 
technologies (LPWAN)

Energy

Energy-Range dilemma
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Low throughput
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Increasing range?

Generally, robustness and sensitivity can be 

increased when transmitting much slower

 A Sigfox message is sent relatively slowly in an 

ultra narrow band of spectrum. Max 

throughput=~100bps

 LoRa also increases time-on-air when maximum 

range is needed. But LoRa uses spread spectrum 

approach. Throughput=~300bps-37500bps
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Other "long-range" technologies

RPMA

(Ingenu)

LTE

Cat-M1

Cat-M2
Weightless
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Wireless

802.11ah
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NB-IoT: IoT cellular technology

 Narrow-Band-IoT radio technology can be 

deployed without changing the hardware 

already in place in operator's base station

Can reuse GSM frequency bands

 uBlox, Quectel,…

From G. Gupta, D. Patil, "LoRa and NB-IoT"
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LoRa vs NB-IoT

From G. Gupta, D. Patil, "LoRa and NB-IoT"



Needs, constraints, cost, design approach, control mechanism

Challenge: Bridging the digital divide
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IoT in Africa usually means…

… deploying IoT in very isolated areas!

? ?
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Private, ad-hoc LR network

Add LoRa radio module 

to your preferred dev 

platform

Install a LoRa gateway 

and start collecting data

10-15kms

No subscription

Deploy own network

Low energy consumption

Soil moisture

Leaf wetness

Libelium LoRa
HopeRF 

RFM92W/95W  
Modtronix 

inAir9/9B

NiceRF 

LoRa1276
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Long-range IoT architecture

LoRaWAN, 

TCP, UDP, 

MQTT,…

TCP, UDP, MQTT,…LoRaWAN, SigFox

Gateways
Network
Servers

Application
ServersDevices

End-users

IoT cloud

HTTP

REST API, 

MQTT, 

SMS…

LoRa HTTP

REST API, 

MQTT, 

SMS…

IoT cloud
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Real-world deployment

 1-hop connectivity to gateway is difficult to 

achieve in real-world, remote, rural scenarios
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2-hop long-range approach

 smart, transparent relay node should be able to 

be inserted at anytime between end-devices 

and gateway to increase range

n3

GatewayRelay-device

End-device
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Physical 

sensor

Physical 

sensor 

mgmt

Long-range 

transmission

Activity 

duty-cycle, 

low power

Logical 

sensor 

mgmt

AES 

encryption

Ready-to-use templates

setup

measure

(encrypt)

transmit

sleep

wake-up

xxxxxx

Physical 

sensor

Physical 

sensor

Arduino Pro Mini @3.3V

10-15kms
Moisture/

Temperature of 

storage areas
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Soil moisture

Buoy for water quality
Weather Station

Waste Mngt
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Image sensors

From generic to specific 
applications

GPS collar

Soil Moisture



Data post-processing stage
radio 

bridge 

program

stdout

stdin

post

processing

post-processing
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user/app-specific

Monitor 
gateway

temperature

LoRaWAN
interoperability
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from other
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stdout
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encryption
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Open, versatile gateway
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Conclusions

 IoT is growing fast, with new cutting-edge radio 

technologies and frameworks

 NB-IoT is pushed hard by most of operators but 

they are also rolling out large-scale SigFox and 
LoRa networks (just-in-case )

 In the Africa context, both operator coverage 

and Internet access issues must be taken into 

account

Good long-range radio candidates must allow 

ad-hoc deployment and local gateway on 

customer premises


