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General

1. General
Important: 

All documents and any examples they contain are provided as-is and are subject to change without notice. Except 
to the extent prohibited by law, Libelium makes no express or implied representation or warranty of any kind with 
regard to the documents, and specifically disclaims the implied warranties and conditions of merchantability and 
fitness for a particular purpose. 

The information on Libelium’s websites has been included in good faith for general informational purposes only. 
It should not be relied upon for any specific purpose and no representation or warranty is given as to its accuracy 
or completeness.

1.1. General and safety information
 • In this section, the term “Waspmote” encompasses both the Waspmote device itself and its modules and 

sensor boards.
 • Read through the document “General Conditions of Libelium Sale and Use”.
 • Do not allow contact of metallic objects with the electronic part to avoid injuries and burns.
 • NEVER submerge the device in any liquid.
 • Keep the device in a dry place and away from any liquid which may spill.
 • Waspmote consists of highly sensitive electronics which is accessible to the exterior, handle with great care 

and avoid bangs or hard brushing against surfaces.
 • Check the product specifications section for the maximum allowed power voltage and amperage range and 

consequently always use a current transformer and a battery which works within that range. Libelium is only 
responsible for the correct operation of the device with the batteries, power supplies and chargers which it 
supplies.

 • Keep the device within the specified range of temperatures in the specifications section.
 • Do not connect or power the device with damaged cables or batteries.
 • Place the device in a place only accessible to maintenance personnel (a restricted area).
 • Keep children away from the device in all circumstances.
 • If there is an electrical failure, disconnect the main switch immediately and disconnect that battery or any 

other power supply that is being used.
 • If using a car lighter as a power supply, be sure to respect the voltage and current data specified in the “Power 

Supplies” section.
 • If using a battery in combination or not with a solar panel as a power supply, be sure to use the voltage and 

current data specified in the “Power supplies” section.
 • If a software or hardware failure occurs, consult the Libelium Web Development section.
 • Check that the frequency and power of the communication radio modules together with the integrated 

antennas are allowed in the area where you want to use the device.
 • Waspmote is a device to be integrated in a casing so that it is protected from environmental conditions such 

as light, dust, humidity or sudden changes in temperature. The board supplied “as is” is not recommended for 
a final installation as the electronic components are open to the air and may be damaged.

1.2. Conditions of use
 • Read the “General and Safety Information” section carefully and keep the manual for future consultation.
 • Use Waspmote in accordance with the electrical specifications and the environment described in the “Electrical 

Data” section of this manual.
 • Waspmote and its components and modules are supplied as electronic boards to be integrated within a final 

product. This product must contain an enclosure to protect it from dust, humidity and other environmental 
interactions. In the event of outside use, this enclosure must be rated at least IP-65.

 • Do not place Waspmote in contact with metallic surfaces; they could cause short-circuits which will permanently 
damage it. 

http://www.libelium.com/development


http://www.libelium.com/development/waspmote
http://www.libelium.com/development/waspmote/technical_service


http://www.libelium.com/v12/development/
http://www.libelium.com/downloads/new_generation_libelium_product_lines.pdf
http://www.libelium.com/downloads/new_generation_libelium_product_lines.pdf


http://www.libelium.com/development
http://www.libelium.com/development
http://www.libelium.com/
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3.2.3. ϥdentiɲcation

Each Waspmote model is identified by stickers. Next figure shows front sticker.

Model identification colour

Enclosure model

Figure: Front sticker of the enclosure

There are many configurations of Waspmote Plug & Sense! line, all of them identified by one unique sticker. Next 
image shows all possibilities.

Figure: Different front stickers





http://www.libelium.com/development/plug-sense/documentation/waspmote-plug-sense-sensors-guide/








-19- v7.7

Waspmote Plug & Sense!

3.7. Program in minutes
The Programming Cloud Service is an intuitive graphic interface which creates code automatically. The user just 
needs to to fill a web form to obtain binaries for Plug & Sense!. Advanced programming options are available, 
depending on the license selected. 

Check how easy it is to handle the Programming Cloud Service at: 

https://cloud.libelium.com/

Figure: Programming Cloud Service

https://cloud.libelium.com/
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3.8. Radio interfaces

Radio Protocol Frequency 
bands

Transmission 
power Sensitivity Range* Certification

XBee-PRO 802.15.4 
EU 802.15.4 2.4 GHz 10 dBm -100 dBm 750 m CE

XBee-PRO 802.15.4 802.15.4 2.4 GHz 18 dBm -100 dBm 1600 m FCC, IC, ANATEL, 
RCM

XBee 868LP RF 868 MHz 14 dBm -106 dBm 8.4 km CE

XBee 900HP US RF 900 MHz 24 dBm -110 dBm 15.5 km FCC, IC

XBee 900HP BR RF 900 MHz 24 dBm -110 dBm 15.5 km ANATEL

XBee 900HP AU RF 900 MHz 24 dBm -110 dBm 15.5 km RCM

WiFi

WiFi
(HTTP(S), 
FTP, TCP, 

UDP)

2.4 GHz 17 dBm -94 dBm 500 m CE, FCC, IC, 
ANATEL, RCM

4G EU/BR

4G/3G/2G

(HTTP, FTP, 
TCP, UDP)

GPS

800, 850, 900, 
1800, 2100, 2600 

MHz

4G: class 3 
(0.2 W, 23 dBm)

4G: -102 
dBm

- km - Typical 
base station 

range
CE, ANATEL

4G US v2

4G/3G

(HTTP, FTP, 
TCP, UDP)

700, 850, 1700, 
1900 MHz

4G: class 3 
(0.2 W, 23 dBm)

4G: -103 
dBm

- km - Typical 
base station 

range

FCC, IC, PTCRB, 
AT&T

4G AU
4G

(HTTP, FTP, 
TCP, UDP)

700, 1800, 2600 
MHz

4G: class 3 
(0.2 W, 23 dBm)

4G: -102 
dBm

- km - Typical 
base station 

range
RCM

Sigfox EU Sigfox 868 MHz 16 dBm -126 dBm
- km - Typical 
base station 

range
CE

Sigfox US Sigfox 900 MHz 24 dBm -127 dBm
- km - Typical 
base station 

range
FCC, IC

Sigfox AU / APAC / 
LATAM Sigfox 900 MHz 24 dBm -127 dBm

- km - Typical 
base station 

range
-

LoRaWAN EU LoRaWAN 868 MHz 14 dBm -136 dBm > 15 km CE

LoRaWAN US LoRaWAN 902-928 MHz 18.5 dBm -136 dBm > 15 km FCC, IC

LoRaWAN AU LoRaWAN 915-928 MHz 18.5 dBm -136 dBm > 15 km -

LoRaWAN IN LoRaWAN 865-867 MHz 18.5 dBm -136 dBm > 15 km -

LoRaWAN ASIA-PAC 
/ LATAM LoRaWAN 923 MHz 18.5 dBm -136 dBm > 15 km -

*  Line of sight and Fresnel zone clearance with 5dBi dipole antenna.
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3.11. Models
There are some defined configurations of Waspmote Plug & Sense! depending on which sensors are going to be 
used. Waspmote Plug & Sense! configurations allow to connect up to six sensor probes at the same time.

Each model takes a different conditioning circuit to enable the sensor integration. For this reason each model 
allows to connect just its specific sensors.

This section describes each model configuration in detail, showing the sensors which can be used in each case 
and how to connect them to Waspmote. In many cases, the sensor sockets accept the connection of more than 
one sensor probe. See the compatibility table for each model configuration to choose the best probe combination 
for the application.

It is very important to remark that each socket is designed only for one specific sensor, so they are not 
interchangeable. Always be sure you connected probes in the right socket, otherwise they can be damaged.

Figure: Identification of sensor sockets



http://www.libelium.com/
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Sensor sockets are configured as shown in the figure below.

Sensor 
Socket

Sensor probes allowed for each sensor socket
Parameter Reference

A Weather Station WS-3000 (anemometer + wind vane + pluviometer) 9256-P

B
Soil Moisture 1 9248-P, 9324-P, 9323-P
Solar Radiation (PAR) 9251-P
Ultraviolet Radiation 9257-P

C
Soil Moisture 3 9248-P, 9324-P, 9323-P
Dendrometers 9252-P, 9253-P, 9254-P

D (digital 
bus)

Soil Temperature (Pt-1000) 9255-P
Temperature + Humidity + Pressure 9370-P
Luminosity (Luxes accuracy) 9325-P
Ultrasound (distance measurement) 9246-P

E
Leaf Wetness 9249-P
Soil Moisture 2 9248-P, 9324-P, 9323-P

F (digital 
bus)

Temperature + Humidity + Pressure 9370-P
Luminosity (Luxes accuracy) 9325-P
Ultrasound (distance measurement) 9246-P

Figure: Sensor sockets configuration for Smart Agriculture PRO model

* Ask Libelium Sales Department for more information.

Note: For more technical information about each sensor probe go to the Development section on the Libelium 
website.

mailto:sales%40libelium.com?subject=
http://www.libelium.com/development
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4. Hardware
4.1. General description
The Waspmote Agriculture v3.0 Board allows to monitor multiple environmental parameters involving a wide 
range of applications, from growing development analysis to weather observation. For this, it has been provided 
with sensors for air and soil temperature and humidity, luminosity, solar radiation (PAR and UV), wind speed and 
direction, rainfall, atmospheric pressure, leaf wetness, distance and fruit or trunk diameter (dendrometer). Up to 
15 sensors can be connected. With the objective of extending the durability of the device after the deployment, 
the board is endowed with a solid state switches system that facilitates a precise regulation of its power, prolonging 
the life of the battery.

4.2. Speciɲcations

Weight: 20 g
Dimensions:  73.5 x 51 x 1.3 mm 
Temperature Range:  [-20 ºC, 65 ºC]

Figure: Upper side

4.3. Electrical characteristics
Board power voltages: 3.3 V & 5 V
Sensor power voltages: 3.3 V & 5 V
Maximum admitted current (continuous): 200 mA
Maximum admitted current (peak): 400 mA







http://www.libelium.com/development/waspmote/examples/ag-v30-01-temperature-sensor-reading




http://www.libelium.com/development/waspmote/examples/ag-v30-02-leaf-wetness-sensor-reading
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Reading code:

{
 // Variable to store the read value
 ♄oat watermark1, watermark2, watermark3;
 //Instance objects
 watermarkClass wmSensor1(SOCKET_1);
 watermarkClass wmSensor2(SOCKET_2);
 watermarkClass wmSensor3(SOCKET_3);
 Agriculture.ON();

  // Read the Watermarks sensors one by one 
  USB.println(F(Wait for Watermark 1...));
  watermark1 = wmSensor1.readWatermark();      
  USB.println(F(Wait for Watermark 2...));  
  watermark2 = wmSensor2.readWatermark();      
  USB.println(F(Wait for Watermark 3...));  
  watermark3 = wmSensor3.readWatermark();      
   
  // Print the watermark measures
  USB.print(F(Watermark 1 - Frequency: ));
  USB.print(watermark1);
  USB.println(F( Hz));
  USB.print(F(Watermark 2 - Frequency: ));
  USB.print(watermark2);
  USB.println(F( Hz));  
  USB.print(F(Watermark 3 - Frequency: ));
  USB.print(watermark3);
  USB.println(F( Hz));  
}

You can find a complete example code for reading the Watermark sensors in the following link:
http://www.libelium.com/development/waspmote/examples/ag-v30-07-watermark-sensor-reading

5.3.3. Socket

Figure:  Image of the socket for the Watermark sensor

http://www.libelium.com/development/waspmote/examples/ag-v30-07-watermark-sensor-reading
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5.4. Soil temperature sensor (DS18B20)

5.4.1. Speciɲcations

Measurement range: -55 ~ 125 ºC
Accuracy: ±0.5 °C accuracy from -10 °C to +85 °C
Diameter: 7 mm
Length: 26 mm
Cable: 1.8 m
Waterproof
1- Wire interface

Figure:  DS18B20 sensor

5.4.2. Measurement Process

The DS18B20 digital thermometer provides 9-bit Celsius temperature measurements. The DS18B20 communicates 
over a 1-Wire bus that by definition requires only one data line (and ground) for communication with Waspmote.

This sensor only is included in the Smart Agriculture Normal version.

Reading code:

{
 // Variable to store the read value
 ♄oat temp;
 // Instance object
 ds18b20Class ds18b20;
 Agriculture.ON();
 // Read the temperature sensor 
  temp = ds18b20.readDS18b20();
}

You can find a complete example code for reading the DS18B20 sensor in the following link:
http://www.libelium.com/development/waspmote/examples/ag-v30-12-ds18b20-temperature-sensor-reading

5.4.3. Socket

Figure: Image of the socket for the DS18B20 sensor

The sensor must be connected to its adaptation stage through a 2.54 mm pitch. We can see an image with the 3 
pins of this socket corresponding to the sensor in the previous figure. The function of the library readDS18b20() 
returns the temperature value in Celsius degree (ºC). The power supplies required by the sensor is 3.3 V.

http://www.libelium.com/development/waspmote/examples/ag-v30-12-ds18b20-temperature-sensor-reading


http://www.libelium.com/development/waspmote/examples/ag-v30-06-pt1000-sensor-reading






http://www.libelium.com/development/waspmote/examples/ag-v30-05-dendrometer-sensor-reading






http://www.libelium.com/development/waspmote/examples/ag-v30-05-dendrometer-sensor-reading
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5.8. Fruit diameter dendrometer (Ecomatik DF)

5.8.1. Speciɲcations

Fruit diameter: 0 ~ 11 cm
Range of the sensor: 7.5 mm
Output range: 0 ~ 20 kΩ
Accuracy: ±2 μm
Temperature coeʛcient: <0.1 μm/K
Operation temperature: -30 ~ 40 ºC
Operation humidity: 0 ~ 100% RH
Cable length: 2 m

Figure:  Ecomatik DF sensor

Figure: Ecomatik DF sensor





http://www.libelium.com/development/waspmote/examples/ag-v30-05-dendrometer-sensor-reading
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5.9. Solar radiation sensor - PAR (SQ-110)

5.9.1. Speciɲcations

Sensitivity: 0.200 mV / μmol·m-2s-1

Calibration factor: 5 μmol·m-2s-1/mV
Non-linearity: <1% (up to 4000 μmol·m-2s-1)
Non-stability (long-term drift): <2% per year
Spectral range: 410 ~ 655 nm
Accuracy: ±5%
Repeatability: <1%
Diameter: 2.4 cm
Height: 2.8 cm
Cable length: 5m of shielded, twisted-pair wire
Operation temperature: -40 ~ 70 ºC
Operation humidity: 0 ~ 100% RH       

Figure:  Graph of the spectral response of the SQ-110 sensor compared to the photosynthetic response of a plant

Figure:  SQ-110 sensor



http://www.libelium.com/development/waspmote/examples/ag-v30-04-photosynthetic-solar-radiation-senso
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5.9.3. Socket

Figure:  Image of the socket for the SQ-110 sensor

This sensor is connected to the analog-to-digital converter through the 3 pins of the 2.54 mm pitch terminal block 
marked in the image in the figure above.





http://www.libelium.com/development/waspmote/examples/ag-v30-03-ultraviolet_solar_radiation_sensor_r
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5.11.1.2. Measurement process

The anemometer chosen for Waspmote consists of a reed switch normally open that closes for a short period of 
time when the arms of the anemometer complete a 180º angle, so the output is a digital signal whose frequency 
will be proportional to the wind speed. There will be 2 events in each complete turn. That signal can be read from 
the digital pin DIGITAL2 of the Waspmote. The function of the library readAnemometer() returns the wind speed 
value in kilometers per hour (km/h).The power of the sensor and of the electronics around it may be connected 
or disconnected using a digital switch controlled internally by the library. 

Reading code:

{
 // Variable to store the anemometer value
 ♄oat anemometer;
 // Instance objects
 weatherStationClass anemSensor;
 Agriculture.ON();
 // Read Anemometer sensor
 anemometer = anemSensor.readAnemometer();
}

You can find a complete example code for reading the whole Weather Station WS-3000 data sensor in the following 
link:
http://www.libelium.com/development/waspmote/examples/ag-v30-08-weather-station-sensor-reading

5.11.1.3. Socket

Figure:  Image of the connector for the anemometer

The way to connect the anemometer to the Agriculture 3.0 Board is through the vane: the anemometer’s cable 
must be plugged into the socket that can be found on the base of the vane.

http://www.libelium.com/development/waspmote/examples/ag-v30-08-weather-station-sensor-reading
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Reading code:

{
 // Variable to store the vane value
 int vane;
 // Instance objects
 weatherStationClass vaneSensor;
 Agriculture.ON();
 // Read Vane sensor
 vane = vaneSensor.readVaneDirection();
}

You can find a complete example code for reading the whole Weather Station WS-3000  data sensor in the following 
link:

http://www.libelium.com/development/waspmote/examples/ag-v30-08-weather-station-sensor-reading

Besides, it is recommended to use the function getVaneFiltered() in order to perform a mean filtered 
measurement during a specified period of time. Thus, mechanical fluctuations will be avoided and a more accurate 
measurement will be done. See example here:

http://www.libelium.com/development/waspmote/examples/ag-v30-09-wind-vane-�ltered

5.11.2.3. Socket

Figure:  Image of the connector for the wind vane

The wind vane is connected to the board through four pins of a terminal block whose correspondence with the 
sensor’s wire is shown in the figure above.

http://www.libelium.com/development/waspmote/examples/ag-v30-08-weather-station-sensor-reading
http://www.libelium.com/development/waspmote/examples/ag-v30-09-wind-vane-filtered
http://www.libelium.com/development/waspmote/examples/ag-12b-wind-vane-filtered


http://www.libelium.com/development/waspmote/examples/ag-v30-08-weather-station-sensor-reading
http://www.libelium.com/development/waspmote/examples/ag-v30-10-pluviometer-interruption-reading
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5.12. Ultrasonic Sensor (MaxSonar® from MaxBotix™)

5.12.1. Speciɲcations

I2CXL-MaxSonar®-MB7040™
Operation frequency: 42 kHz
Maximum detection distance: 765 cm
Interface: Digital Bus
Power supply: 3.3 ~ 5 V
Consumption (average): 2.1 mA (powered at 3.3 V) – 3.2 mA (powered at 5 V)
Consumption (peak): 50 mA (powered at 3.3 V) – 100 mA (powered at 5 V)
Usage: Indoors and outdoors (IP-67)

A 1.72” dia. 43.8 mm dia.

B 2.00” 50.7 mm

C 0.58” 14.4 mm

D 0.31” 7.9 mm

E 0.18” 4.6 mm

F 0.1” 2.54 mm

G 3/4” National Pipe Thread Straight

H 1.032” dia. 26.2 dia.

I 1.37” 34.8 mm

weight: 1.76 oz. ; 50 grams
Figure: Ultrasonic I2CXL-MaxSonar®-MB7040 sensor dimensions

Note:  Only one MB7040 sensor is supported at the same time.

In the figure below we can see a diagram of the detection range of the sensor developed using different detection 
patterns (a 0.63 cm diameter dowel for diagram A, a 2.54 cm diameter dowel for diagram B, an 8.25 cm diameter 
rod for diagram C and a 28 cm wide board for diagram D):

Figure: Diagram of the sensor beam extracted from the data sheet of the XL-MaxSonar®-WRA1™ sensor from MaxBotix

Figure: Ultrasonic I2CXL-
MaxSonar®-MB7040 from Max-
Botix™ sensor





http://www.libelium.com/development/waspmote/examples/ag-v30-13-ultrasound/




http://www.libelium.com/development/waspmote/examples/ag-v30-14-luxes/














www.libelium.com/development/waspmote/documentation/changelog/#Agriculture


-73- v7.7

Documentation changelog

8. Documentation changelog

From v7.6 to v7.7

 • Deleted references to the discontinued Smart Agriculture Sensor Board (“normal” version)
 • Added information about the new Smart Agriculture Xtreme line
 • 4G US module LE910 NAG was discontinued, now Libelium offers the LE910 NA V2 (different bands, no 2G and 

no GPS)
 • Added information about the Bridge
 • Added references to new LoRaWAN ASIA-PAC / LATAM module
 • Added references to new LoRaWAN AU module
 • Added references to new LoRaWAN IN module
 • Added references to new Sigfox AU / APAC / LATAM module
 • Deleted references to the discontinued Internal Solar Panel
 • Deleted references to the discontinued RS-232 module

From v7.5 to v7.6

 • Modified the Solar sensors mounting accessory Appendix to fit the new model

From v7.4 to v7.5

 • Added new functions and code for dendrometer sensors

From v7.3 to v7.4

 • Added Appendix for proper installation of the Solar sensors mounting kit

From v7.2 to v7.3

 • Added installation guidelines for dendrometer sensors; specifications and code updated
 • Added references for the new GPS accessory for Plug & Sense!

From v7.1 to v7.2:

 • Changes in the connection figures 
 • Changes in the API software description

From v7.0 to v7.1:

 • Added references to the integration of Industrial Protocols for Plug & Sense!
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11. Disposal and recycling
 • In this section, the term “Waspmote” encompasses both the Waspmote device itself as well as its modules and 

sensor boards.
 • When Waspmote reaches the end of its useful life, it must be taken to a recycling point for electronic equipment.
 • The equipment has to be disposed on a selective waste collection system, different to that of urban solid 

waste. Please, dispose it properly.
 • Your distributor will inform you about the most appropriate and environmentally friendly waste process for 

the used product and its packaging.



http://www.libelium.com/products/waspmote
http://www.libelium.com/products/plug-sense
http://www.libelium.com/products/meshlium
http://www.libelium.com/certifications
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In the next figure we can see the frequency of the output of the adaptation circuit for the sensor, for the real 
resistance values and for the linearly approximated resistance values.

Figure:  Output frequency of the adaptation circuit in function of the soil water tension

The formula used to draw this graph, from the sensor resistance, is shown bellow:

Equation 2:   

Where F is the output frequency in Hz and RS the sensor resistance in ohms.

If we substitute Equation 1 in Equation 2, we get the output frequency in function of the soil water tension:

Equation 3:   

Equation 4:   

We can see that the frequency output for the working range is between 300 Hz (corresponding to the 200 cbar of 
maximum soil water tension) and 7600 Hz approximately for 0cbar measurement. It has been empirically checked 
that for very wet soils, bellow 10 cbar, the behavior of different sensors is very variable, so calibration is highly 
recommended if accuracy under these conditions is needed.

To obtain the response of the sensor beyond this range, over the 200 cbar, we must extrapolate those soil water 
tension values from the linear approximation obtained in equation 1. These sensors are not prepared for working 
under those conditions, so these graph must be only taken as a reference.
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Appendix 2: Solar sensors mounting accessory insta-
llation guide
This accessory is optional but highly recommended for the solar sensors. With this accessory you will get a secure 
fastening while keeping the sensor as level as possible, always pointing up. 

The accessory is composed of 2 main parts: 

A - Mounting bracket: it will be fastened to a pipe or mast with its u-bolt.

B - Leveling plate: it holds the sensor and includes a bubble level.

  

Figure: Solar sensors mounting accessory

Mounting the system is very easy, just follow these steps: 

1 - Attach the solar sensor to the leveling plate, in its central hole. Use the black nylon screw (every sensor comes 
with one, find it on its bottom) and a screwdriver. 

2 - Fasten the leveling plate to the mounting bracket with the 3 long gray screws. Do not insert them too firmly, 
the final adjustment is done later. 

3 - Decide if you want to mount the whole structure to a vertical or horizontal pipe or mast (its outer diameter can 
go from 3.3 to 5.3 cm). Depending on horizontal or vertical configuration, you will use the bottom or the side of 
the mounting bracket. 

4 - Place the black plastic piece in contact with the pipe. Then use the u-bolt to grab the mounting bracket to the 
pipe. On both ends of the u-bolt, insert first the washers, then the lock washers and finally the nuts. 

5 - Place the structure in the desired position and tighten the nuts firmly with a wrench. 
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