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Why is Precision Agriculture

Necessary?



WHY IS PRECISION AGRICULTURE NECESSARY?

Increase in population - Higher food needs

SOLUTION

The use of Precision Agriculture solutions
improve the efficiency of the crops and

reduces the use of resources such as
water and fertilizers.

D
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Why is It Important to Monitor
Water Quality?



WHY IS IT IMPORTANT TO MONITOR WATER QUALITY?

The problem of water scarcity is increasing and the 70% of the world’s water consumption
is due to agriculture




How are the Commmunications

Affected by the Environment?



HOW ARE THE COMMUNICATIONS AFFECTED BY THE ENVIRONMENT?

Communications in Agricultural Environments
Vegetation

Difficulties Activities performed by farmers

Machinery

Cost

Wireless technologies allow avoiding the possible damages and high costs of
wired communication

The network design must consider the losses in signal quality due to
the obstructions caused by the vegetation




What is the Performance of Low-
Cost Devices in Agricultural

Environments?



PERFORMANCE OF LOW-COST DEVICES IN AGRICULTURAL ENVIRONMENTS

RSSI (dBm)
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PERFORMANCE OF LOW-COST DEVICES IN AGRICULTURAL ENVIRONMENTS

Vegetation obstructions

On-ground/ Near ground/Above ground
with orange trees
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PERFORMANCE OF LOW-COST DEVICES IN AGRICULTURAL ENVIRONMENTS

Underground deployments
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PERFORMANCE OF LOW-COST DEVICES IN AGRICULTURAL ENVIRONMENTS

All heights

Underground deployments

m-110--100 ®m-100--90 m-90--80 = -80--70 m-70--60

1 2 3

4 5 6 7 8 9

Horizontal distance to the AP (m)

20 cm

Coverage

Vertical distance to the AP (m)

W No signal ®-100--90 ®m-90--80 © -80--70 m -70--60

[ 3]

=
W]

-

Vertical distance to the AP (m)

1 2 3 4 5 6 7 8 9 10 11
Horizontal distance to the AP (m)
40 cm

13




PERFORMANCE OF LOW-COST DEVICES IN AGRICULTURAL ENVIRONMENTS

Coverage Antenna 2

LoRa nodes
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PERFORMANCE OF LOW-COST DEVICES IN AGRICULTURAL ENVIRONMENTS

LoRa
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What is the Current State of Smart
Irrigation Systems for Precision

Agriculture?



STATE OF THE ART

Number of studies on Smart irrigation
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STATE OF THE ART

Water Management

M Includes a motor/pump M Sprinklers M Include valves Soil moisture
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Soil temperature
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STATE OF THE ART

Soil monitoring
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STATE OF THE ART
I EEEEEEEEEEE——————————————————————

Weather monitoring
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STATE OF THE ART

Number of papers that utilize the

Number of papers that utilize

the node

communication technology
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STATE OF THE ART
I EEEEEEEEEEE——————————————————————
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Heterogeneous Architecture

for Irrigation



ARCHITECTURE DESCRIPTION

Monitored areas
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ARCHITECTURE DESCRIPTION
I EEEEEEEEEEE——————————————————————

Monitored areas

Water canal

Canal with
B Dbioabsortion
materials

® Node with sensors

* Node with actuators




ARCHITECTURE DESCRIPTION

e
Monitored areas

((g)) Soil sensing cluster
((m)) Aggregator node
‘ Actuator Node

®  Soil sensing Node

©  Soil sensing Cluster Head

TEET TEE
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ARCHITECTURE DESCRIPTION
I EEEEEEEEEEE——————————————————————

Topology
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ARCHITECTURE DESCRIPTION
I EEEEEEEEEEE——————————————————————

Protocol stack

HCP

Application Layer

UDP
Transport Layer
. i HCP
IP Application Layer

Network Layer
LoRa modulation

MAC LLC Local ISM Band
Data Link Layer EU433 EU 868 US 915
Physical Layer Physical Layer
< Cluster Head Node >
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SPECIFIC CASES

Architecture for IoUT Architecture for the use Architecture for remote fields
functionalities of drones for data with cellular connection
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Node 1 Node 2 Node 3 Node 4 Node N

Data Center - Data Center Layer '
Artificial Intelligence \;_ﬁ l %
Internet O Internet Layer @
Wireless %
Network i) [ [l Drone Layer S
oo L4 o e
E \ , 1
Nodes and ! - 4
V@ @ @ @) @) R0 ' '
Sensors Sensors Node Layer pBVAYAYAYE YRR YR Y ETP f) F F r) E
I N I N [ 1N SN NI N
I |
| I
I |
| I

! Sensors and Nodes Layer

29 q .~



SENSOR NODES

Soil monitoring

Meteorology monitoring

Rain sensor

Temperature
and humidity
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Underground
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Soil transmission humidity
ol sensors Solar panel
temperature ——, Soil

sensor humidity Soil :

/ sensors temperature Soil PH sensor
Soil PH sensor > sensor
N e e N —— O oAl . ,'
v v
Scenario 1 Scenario 2

Water monitoring

S E N So RS 4 ESP8266 FSL10D-N
nac 1

Light sensor
Turbidity

Conductivity
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SENSOR NODES
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SENSOR NODES

System operation algorithms

IR
- o - (/ Start Central ™
“Start D P \ node Urban
Start < Start Central ) \__ Area0 / ; -
Sensor /] node in group L AANS — receive data in storage server
\_Node s Update from
—p{ Central node
Update from in group
= Measure
o | Measure | node " [ Measure e A 2
s ( Finish ) No During last minute
<\ ,/ l Data = Reference Data‘ No During last minute received packages
received packages + 1 neighbor 2
| Close | Current data delivery + 1 neighbor 2 Yes
1 Yes | Tag the data |
Wait 1 minute : [No
N | Wait 1 minute | jarm? |
o s e Send Update Are they alarm
re the gate lock? Central Node! —>| store in server |

Store in SD Urban Area ( Yes
Apply Al engine
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1 {Yes

J —* Send alarm to actuators I— 4 Feedwith
y Apply decision rules o == . .
P | PPl |< decision rules

N

Each 24 hours A 4 /
| Send alarm to system |—> <System>— L

A ’ | send decision to actuator sensors |

Send SD content l

| take action on actuator nodes |

I DataT = New Reference Data
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IRRIGATION ALGORITHM

Flow chart data center

‘ Network establishment ’

|

‘ Variable initialization ’

Forward irrigation
4 requirements to the

‘ User variable establishment l Field Actuator

‘ Send action to Actuator Node l — T _
T Receive and store data ‘ Irrigation calculation ’

Decide Action T

Algorithm 3.1. [rrigation algorithm

? Obtention and

calculation of monitored
‘ Analyze Alert notification | variables

Alert Notification?

t

[ Report generation ]

1

[ Perform data analysis ]
r 3

Calculation timer?

1)
2)
3)
4)
5)
0)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)

Variable imitialization
User parameter initialization
ETo calculation
Determination of the Crop Stage
If Water stress then

Calculate 1rrigation adjustment due to water stress
end if
If High salinity levels then

Calculate 1rrigation adjustment due to salinity

end if
If Precipitation then

Determine the precipitation amount

Determine the hour of the precipitation

Calculate 1irrigation adjustment due to precipitation
end if
Calculate ETc
Calculate Irrigation requirements of the crop
End.
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IRRIGATION ALGORITHM
I EEEEEEEEEEE——————————————————————

Results
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PROTOCOL DESCRIPTION

Message format

7, 6 5 4 3 |2
Byte 1 NODE_ID
Byte 2 P MESSAGE_TYPE NODE_TYPE
| |
: PAYLOAD |
| ]
Value | Node Type Bit
3 2 1 0
0 Data center 0 0 0 0
1 Gateway 0 0 0 1
2 Aggregator Node of 0 0 1 0
Canal Area
3 Aggregator Node of 0 0 1 1
Field Area
4 Actuator Node of 0 1 0 0
Canal Area
5 Actuator Node of Field | 0 1 0 1
Area
6 Water Monitoring CH | 0 1 1
7 Water Monitoring 0 1 1
Node
8 Meteorology 1 0 0 0
Monitoring Aggregator
Node
9 Soil Sensing CH 1 0 0 1
10 Soil Sensing Node 1 0 1 0
11 Farmer User 1 0 1 1
2 Hydrographic 1 1 0 0
Confederation User

Value

Message Type

Bit

Description

Priority

REGISTER

This message is sent when creating the
topology for the node to be assigned an
ID.

DATA

This 1s the message format to forward
data.

ACTION

This 1s the message that 1s sent to the
actuators with the actions they have to
perform.

MALFUNCTION

This 18 an Alert message that is
forwarded to the Data Center when a
malfunction in one of the elements of a
node is detected but the node is able to
perform other activities.

IS_DOWN

This is an Alert message that is
forwarded to the Data Center to notify
that a node 1s not functioning.

Lh

LOW_BATTERY

This 18 an Alert message that is
forwarded to the Data Center to notify
that a node has a low battery and thus,
there is a problem with the energy-
harvesting functionality.

POLLUTION

This 15 an Alert message forwarded to
the Data Center by the nodes in the
Canal Area to notify that pollution has
been detected.

SALINITY

This is an Alert message forwarded to
the Data Center by the nodes in the
Canal Area fo notify that high levels of

salinity have been detected in the water.
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PROTOCOL DESCRIPTION
I EEEEEEEEEEE——————————————————————

System diagram
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PROTOCOL DESCRIPTION

Byte 1
Byte 2
Byte 3

Register message

Activation phase

Node CH

6 | 5 [ 4 3 [ 2
0 0 0
0 0 1

Random

Reception
Timeout

Aggregator Node

REGISTER (NODE_ID =0,
PAYLOAD = Random Byte)

Gateway

REGISTER (NODE_ID =0, PAYLOAD =
Random Byte)

REGISTER (NODE_ID = 0, PAYLOAD
= Node ID)

REGISTER (NODE_ID =0,
PAYLOAD = Random Byte) .

REGISTER (NODE_ID = 0, PAYLOAD =
Random Byte)

Data Center

REGISTER (NODE_ID =

REGISTER (NODE_ID =0, PAYLOAD =
Node ID)

0, PAYLOAD = Node ID)

REGISTER (NODE_ID =
0, PAYLOAD = Node ID)

REGISTER (NODE_ID =0,
PAYLOAD = Random Byte)

REGISTER (NODE_ID =
0, PAYLOAD = Node ID)

REGISTER (NODE_ID = 0, PAYLOAD =
Random Byte)

REGISTER (NODE_ID =0, PAYLOAD =
Node ID)

REGISTER (NODE_ID =0,
PAYLOAD = Random Byte)

REGISTER (NODE_ID =0,
PAYLOAD = Random Byte)

REGISTER (NODE_ID =0,
PAYLOAD = Random Byte)

REGISTER (NODE_ID =
0, PAYLOAD = Node ID)

REGISTER (NODE_ID =0,
PAYLOAD = Random Byte)

S

REGISTER (NODE_ID =0,

REGISTER (NODE_ID =
0, PAYLOAD = Node ID)

PAYLOAD = Random Byte)

REGISTER (NODE_ID =
0, PAYLOAD = Node ID)

REGISTER (NODE_ID = 0, PAYLOAD =
Random Byte)

REGISTER (NODE_ID = 0, PAYLOAD =
Node ID)
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PROTOCOL DESCRIPTION

Node

MALFUNCTION (PAYLOAD = Malfunctioning element)

MALFUNCTION (PAYLOAD =0)

Verification phase

Data Center User

User Registration Phase

MALFUNCTION (PAYLOAD = Malfunctioning element)

MALFUNCTION (PAYLOAD = 0)

Bit

Node Type

4 3 2 1 0
Actuator Node of - - - Gate 2 Gate 1
Canal Area
Actuator Node of - - - Flux sensor | Gate
Field Area
Water Monitoring | - - 01l sensor Turbidity Salinity
CH/Node Sensor Sensor
Meteorology Wind Luminosity | Rain sensor | Humidity Temperature
Monitoring sensor sensor sensor sensor
Aggregator Node
Soil Sensing pH sensor | Temperature | Humidity Humidity Humidity
CH/Node sensor sensor 3 sensor 2 sensor 1
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PROTOCOL DESCRIPTION

User registration phase

User Data Center

User Type Node Type

Meteorology Monitoring Aggregator Node, Aggregator
Farmer User Node of Field Area, Actuator Node of Field Area, Soil
Sensing CH, and Soil Sensing Node

Aggregator Node of Canal Area, Actuator Node of
Hydrographic Confederation User | Canal Area, Water Monitoring CH, and Water
Monitoring Node.
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PROTOCOL DESCRIPTION

Data acquisition phase

Monitoring Node CH
WiFi Header Protocol Header Payload
D 7
ATA (PAYLOAD - -7 |
= Sens =7 7 1Byte
or Data) _z =
CH Node == Data Petition
=
~
_-Z7 |
_~7 1Byte 1 Byte 1Byte |
-~
Water Monitoring Node 7 Salinity Turbidity 0il
Reception ////
Timeout - |
o - Data P etition) .~ 1 Byte 1 Byte 1Byte 1 Byte 1 Byte |
DATA (PAYLOA Soil Sensing Node Humidity 1 | Humidity 2 | Humidity 3 | Temperature pH
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PROTOCOL DESCRIPTION

CH

Data transmission phase

Aggregator Node

DATA (PAYLOAD = Aggregated Data)

DATA (PAYLOAD = Aggregated Da_&a)

2
DATA (PAYLOAD = Data Petition)

DATA (PAYLOAD = Aggregated Data)

Reception
Timeout

DATA (PAYLOAD = Aggregated Data)

Gateway

DATA (PAYLOAD = Aggregated Dat“a)

ey
DATA (PAYLOAD = Data Petition)

DATA (PAYLOAD = Aggregated Data)

Data Center

DATA (PAYLOAD = Aggregated Data)

Reception
Timeout

DATA (PAYLOAD = Aggregated Data)

Actuator Node

Action phase

ACTION (PAYLOAD = Actuator Action)

Aggregator Node

ACTION (PAYLOAD = Actuator Action)

Gateway

ACTION (PAYLOAD = Actuator Action)

Data Center

Perform
Action |:

ACTION (PAYLOAD = Actuator State)

ACTION (PAYLOAD = Actuator State)

DATA (PAYLOAD = 0)

ACTION (PAYLOAD = Actuator Action)

ACTION (PAYLOAD = Actuator State)

CANAL AREA

ACTION (PAYLOAD = Actuator State)

ACTION (PAYLOAD = Actuator Action)

ACTION (PAYLOAD = Actuator Action)

Stores
Action

ACTION (PAYLOAD = Actuator State)

ACTION (PAYLOAD = Actuator State)

FIELD AREA
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PROTOCOL DESCRIPTION
I EEEEEEEEEEE——————————————————————

A I t p h Sensor Node CH Aggregator Node Gateway Data Center User
POLLUTION
= POLLUTION
PO(IIZA:\it?EeDV;IS) (PAYLOAD = POLLUTION
Pollution Levels) (PAYLOAD = POLLUTION
(PAYLOAD =

- Pollution detected

- High salinity levels detected

POLLUTION
(PAYLOAD = 0)

Pollution Levels)

Pollution Levels)

POLLUTION
(PAYLOAD = 0)

DATA (PAYLOAD =
Pollution Levels)

DATA (PAYLOAD =

SALINITY
(PAYLOAD =
Salinity Levels)

Pollution Levels)

Pollution Levels)

DATA (PAYLOAD =

SALINITY
(PAYLOAD =
Salinity Levels)

SALINITY (PAYLOAD = 0)

Pollution Levels)

POLLUTION
POLLUTION (PAYLOAD =0)
(PAYLOAD =0) POLLUTION (PAYLOAD = Pollution Levels)
POLLUTION (PAYLOAD = Q)
Action Phase
DATA (PAYLOAD =

SALINITY
(PAYLOAD =
Salinity Levels)

Pollution Alert

SALINITY
(PAYLOAD =
Salinity Levels)

DATA (PAYLOAD = Pollution Levels)

DATA (PAYLOAD =
Salinity Levels)

Salinity Levels)

SALINITY SALINITY (PAYLOAD =0)
SALINITY (PAYLOAD =0)
(PAYLOAD = 0)
Action Phase
DATA (PAYLOAD =
Salinity Levels) DATA (PAYLOAD =

DATA (PAYLOAD =

Salinity Levels)

SALINITY (PAYLOAD = Salinity Levels)

SALINITY (PAYLOAD =0)

Salinity Alert

DATA (PAYLOAD = Salinity Levels)
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PROTOCOL DESCRIPTION
I EEEEEEEEEEE——————————————————————

Alert phase

Sensor Node CH Aggregator Node Gateway Data Center User
DATA Reception
DATA i Timeout
Store Data ;’i\_Y[ESXVDN— IS_DOWN
ot ( = (PAYLOAD =
inSD Down node ID)

Down node ID)

- Cluster head is not operative
IS_DOWN IS_DOWN (PAYLOAD = 0)
(PAYLOAD = 0)

IS_DOWN (PAYLOAD = Down node ID)

4

CH Is Not Operative IS_DOWN (PAYLOAD =0)

S

Timeout

IS_DOWN
(PAYLOAD = IS_DOWN

Sensing Node ID) (PAYLOAD =
Sensing Node ID)

< :| Reception

IS_DOWN (PAYLOAD =
Sensing Node ID)

__________________________.,

. . . IS_DOWN _
- Sensing node is not operative < sown PAYLOAD = 0] | SPOWN (PAYLOAD - 0)
(PAYLOAD =0) | IS_DOWN (PAYLOAD = Sensing
- Node ID)
Sensing Node Is Down . IS_DOWN (PAYLOAD = 0)

I R R s i
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PROTOCOL DESCRIPTION

Alert phase
- Actuator node is down

Aggregator Node Gateway Data Center User

ACTION (PAYLOAD =
Actuator Action)

Actuator Node

4
X ACTION (PAYLOAD =
Actuator Action)

F 3

ACTION (PAYLOAD = Actuator Action)

Put Action
in Queue I: IS_DOWN (PAYLOAD =
Actuator node ID)

g IS_DOWN (PAYLOAD =
Actuator node ID)

IS_DOWN (PAYLOAD = 0)

IS_DOWN (PAYLOAD = 0)
< IS DOWN (PAYLOAD = Actuator node ID)

>

IS_DOWN (PAYLOAD = 0)

F Y
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PROTOCOL DESCRIPTION

Alert phase

- Aggregator node is down

- The gateway node is down

Sensor Node CH Aggregator Node
DATA X
DATA
> DATA &
Store Data
:I in SD
DATA
DATA

DATA

Gateway

Reception
Timeout

Data Center

Aggregator Is

IS_DOWN (PAYLOAD =
Aggregator node ID)

IS_DOWN (PAYLOAD = 0)

2

K

Not Operative

IS_DOWN (PAYLOAD = Aggregator node ID)

User

IS_DOWN (PAYLOAD = 0)

s

Store Data
in SD

Gateway Is Down
i

Reception
Timeout

IS_DOWN (PAYLOAD = Gateway ID)

IS_DOWN (PAYLOAD = 0)
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PROTOCOL DESCRIPTION

Alert phase

Aggregator Node

LOW_BATTERY (PAYLOAD = 1)

Sensor Node CH
DATA
DATA i
»| LOW_BATTERY (PAYLOAD = 1)
= NOde Wlth |OW battery LOW_BATTERY (PAYLOAD = 0)
Store Data
in SD
DATA
DATA MALFUNCTION (PAYLOAD =

Malfunctioning Sensor)

Gateway

LOW_BATTERY (PAYLOAD = 0)

LOW_BATTERY(PAYLOAD = 1)

Data Center

LOW_BATTERY (PAYLOAD = 0)

LOW_BATTERY(PAYLOAD = 1)

Node with Low Battery

MALFUNCTION (PAYLOAD =0)

MALFUNCTION (PAYLOAD =
Malfunctioning Sensor)

- Malfunction detected

MALFUNCTION (PAYLOAD = 0)

MALFUNCTION (PAYLOAD =
Malfunctioning Sensor)

LOW_BATTERY (PAYLOAD = 0)

MALFUNCTION (PAYLOAD = 0)

MALFUNCTION (PAYLOAD =

Malfuntion

Malfunctioning Sensor)

MALFUNCTION (PAYLOAD =0)
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PROTOCOL DESCRIPTION

Alert phase

- Notification in the user application

- Data center is down

- The aggregator node performs fog computing

- User not available -> - Autonomous operation of the system.
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FOG COMPUTING FUNCTIONALITY
I EEEEEEEEEEE——————————————————————

Multi-layer fog computing framework for
constrained LoRa networks
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STATES OF THE NODES

Gateway and Aggregator node

Activation
state

Data
trasnmision
state

Verification
state

Actuator node

Activation
state

Verification
state

CH node and meteorology monitoring
aggregator node

Activation
state

Data
aquisition
state

Verification
state

Sensing node

Data
trasnmision
state

Activation
state

Data
aquisition
state

Verification
state
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Performance Results
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PERFORMANCE RESULTS OF THE PROTOCOL

52 S



PERFORMANCE RESULTS OF THE PROTOCOL

Consumed bandwidth

200 1000
700 900
800
600 700
500 600
a & 500
_8- 400 o
300 400
300
200 200
100 100 | |
0 | 0 !
00:00.0 01:26.4 02:52.8 04:19.2 05:45.6 07:12.0 08:38.4 10:04.8 0:00:00 0:01:26 0:02:53 0:04:19 0:05:46 0:07:12 0:08:38 0:10:05
Time (minutes) Time (minutes)
433 MHz and transmission delay at 868 MHz LoRa notes and transmission
the bridge of 0 ms for the complete delay at the bridge of 0 ms for the
network complete network

53 LIS



PERFORMANCE RESULTS OF THE PROTOCOL
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CONCLUSION
I EEEEEEEEEEE——————————————————————

Over 280 papers were studied and classified to obtain an overview on the current trends of Precision
Agriculture (PA) systems for irrigation. In this analysis, the main parameters to be monitored have been
detailed.

*An architecture that allows establishing a heterogeneous network and presents a tree topology with
multiple hops for the LoRa part of the network, in contrast to the usual point-to-point implementation of
LoRa connections, has been designed.

* A heterogeneous protocol has been developed:
It has a reduced header of 2 Bytes.
*Includes the WIFi/LoRa bridge.
«Considers multiple alerts.

* The algorithm that determines the irrigation requirements has been presented as well.

‘Practical experiments have been carried out to evaluate the performance of the proposed solutions.
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FUTURE RESEARCH
I EEEEEEEEEEE——————————————————————

» More types of technologies such as ZigBee or BLE could be added to the system in order to provide
new functionalities.

» More elements can be added to the architecture such as vehicles and machinery.

 Creating a routing protocol for multi-layer LoRa networks would allow providing more scalability to
our proposal.

*The performance of other wireless technologies such as LoRa and ZigBee for loUT applications
could be studied to expand on the knowledge of the performance of these technologies in
underground environments.
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