User Guide V3.0, REV. 2021-07

ULog Data Collection System

User’'s Manual
Version 3.0

Models:
ULogC16
ULogC16+
ULogC16LoRa
ULogCl6LoRa+
ULogC32
ULogC32+
ULogC32LoRa
ULogC32LoRa+

e« T™M

Inlandsis

LogR Systems, Inc.
388, rue des Harfangs, Québec, Canada
© 2017 LogR Systems, Inc. All rights reserved.

/\

e

REV. 2021-07




User Guide V3.0, REV. 2021-07

Inlandsis’
Content

A ) { o Te [V 4o T3 TSSO PT PR PROPPON 4
1.1 (GUE ] 0 1= N 0] o] o o] o AF RSOOSR PRTRON 4
1.2 Software DOWNIOads @and UPAates.......cc.eiiieiiiiiiiiiie ettt ettt st e st st e st e sab e st e e sabeeeabeesbeeeanee s 4
13 WWAKTANTY Loiiiiii et e s a st e e e s e s a s e e e e e s bbb et et e e s a et e e e s e s bbb et e e e s e s naraes 4
2 UlOZ Data LOZEEr SEIES OVEIVIEW ......ueeeeiuiieeeeiteeeiiteeeestteeessteeeestteeeasteeesassseeesssseeeasssssesasssseessssesasssseesansassessseesanssesesanssees 5
2.1 (8] oY g Yoo L= I3 T oo IRy o Y=Y 1 ] ol u =PRSS 5
2.2 Y 01Tl =Y o 3SR 6
23 PUSH BUTEON ..ttt st e e et e s e b bt e e s bbb e e s s b e e e s e bn e e e smaa e e s sabaeeseabaeesennneeesnaeeeaas 6
24 RESET DUTEON ... et s st st sa e e e saa e s e e e b e re s nesane e 6
2.5 Ry = LU T B 1= o} £ SRR 6
2.6 ULOg Series Data LOBEING SCNEMIB........uuii ettt e e et e e ettt e e e sbaeeeestteeeseasaaaesatbeeeanstaeeeensaseessreaaans 7
I Y (U oI [a[o I [ 5 7= | = 4T L ISP 8
3.1 eI LT g Yo Tl = T =T o SR 8
O oY < S Yo i VT YU PUP PSPPI 9
4.1 INSTAIlING ThE SOTEWAIE ...oeiiceiiii e e et e e e et e e e e ttte e e eeataeeesabaeeeestaeesassaaeesabaeeeanstaeeeansaaeessreaaans 9
4.2 SOTEWAIE OVEIVIEW ..ottt ettt ettt s bt e s bt et e bt e st eb e e s b e e bt et e e et e sabesbeesbeenbe e bt embeeateeneenbaenbeenbens 9
4.2.1  Establishing communication t0 @ COMPULET ......ciiuiiie ittt e e et e e e e tre e e sab e e e e sataeeeesreeeeennaeas 10
4.2.2  DEVICE OVEIVIEW TaD...ciiiiiiiiice e s e e st e 11
e T Y- ] Y ={3 =1 o KPR 14
N R b T =Y o =10 Vo LTV =30 - « DR USRS PP 20
5 LoRaWAN network implementation (ULogC16-32LoRa MOdElS ONIY).....ciieuiiiiiiiiieeciiee ettt ettt e et 22
5.1 Configuration of the gateway (Multitech Conduit Gateway model no: MTCDT-247A-915-US-EU-GB)................... 22
5.1.1  Connect the gateWay tO YOUI COMPULET ....ccuiiiiicieeeeciee e ceiiee st e e ettt e e e seee e e s taeeeesateeesesaaeeesssaeesensseeesannseessnsseeenns 22
5.1.2  First-Time login and Setup Of the SatEWAY ......ccociiiieiiiii e e e et e e s eaee e e snreeeens 22
5.1.3  INternet access CONTIGUIATION ....cciviiiiiiiiieceiee e ctee et e e et e sttt e e ettt e e e eaete e e sbaeeeesteeesensaeeesnsseeeeansseeeannseeesnnseeeann 25
5.1.4  LORAWAN CONTIGUIATION ..eiiieiiiiiiiiiie ettt e ettt e e e ettt e e et e e e eeaaaeeeeabaeeeesbaeeessaeaeantssaeessseesassaeaeastaeaeannes 30
5.1.5  Firmware Update Of The Gat@WaAY.....cccuii it e ettt e e e et e e e et e e e eeabaeaesateeeeeataeeeasbaeeessseaeannes 33
5.1.6  Gateway WEB Interface useful infOrmation ..........occueriiiiii et s e e e e e e 34
5.2 Configuration of the ULog datalogger as €Nd-NOAES ..........ccuueiiiiiiiieiiii e e et e e e e s eneee e e saeeeeanes 35
5.2.1  DeVICE OVEIVIEW TaD.c..eiiiiiiiiieieeeeee ettt s e st sr et et r e e r e r e e e sen e eane e nre 35
oI Y <Y i 11 V={38 - « IO PSRRI 36
2

e



User Guide V3.0, REV. 2021-07

Inlandsis’

L300 T o1 2 - W g U=1 VYo o Qe o)1 0 4 1= o RPN 38

53 Getting access to the LoRa transmitted data from the Web SEIrVer ... iiie e 39
5.3.1 Downloading Data Using the command prompt ProCeAUIe...........ccecuiiiiieriiie ittt 39

6 COMPALIDIE SENSOIS ...ttt ettt ettt e et e s bt e et e sttt e bt e sa bt e s bt e s b et e beesabe e e beeeabe e e bneebeeesabeenneeenaneennes 40
/N |7 = Y141 1= T o] =P 40
7.1 T g1 =TT U T oo = SRS 40
7.2 T o T g Yo a1l 2 - =Y o RS 41
7.3 LONG-TEIM IMaINTENANCE ..coiiiiiiieiee ettt e e e b e e s a e e e s b bt e e e sa b e e e s e ba e e s sbb e e e e s b e e e saanreeesnnaeas 41

S I 1 o TU] o] (<1 aToTo ] ¥ - SO T TSP P U PP PPTRPPO 41
8.1 (oY of=0=T G U= PP PPNt 41
8.2 COMMUNICAION ISSUBS eiiiviiiiiiiiiiiiiiie ittt s s bbb s b e e e e s b e e e s e ba e e e sbbee e s sabanesaanes 41
8.3 =) TS U= TP 42

8.4 SD Card COMPAtIDIlITY ISSUEBS ..eiuvrieeiiieeeeiiie e cetee st e ettt e et e e st e e e s ate e e seabeeeesabeeeseasseeessaeeeessbaeesansseeesnsseeeennsanesannes 42




User Guide V3.0, REV. 2021-07

Inlandsis’

1 INTRODUCTION

Thank you for choosing LogR Systems data collection device. The ULog datalogger series are reliable and very low-energy
dataloggers designed with cutting-edge technologies for superior performance and longer deployment. Compact, rugged and
waterproof, the Ulog series insure durability with minimum maintenance requirements under harsh and remote
environments such as Polar Regions. This manual will explain the ULog series capabilities and functions.

1.1 Customer Support

If you ever need assistance with your ULog data collection device, or if you just have questions or feedback, contact us via
our information e-mail address (info@logrsystems.com) with a detailed request along with your contact information. LogR
Systems specialists will do their best to answer your request on a timely manner.

1.2 Software Downloads and Updates

Latest firmware updates, software updates and/or drivers can by found on our website at
www.LogRSystems.com/support/downloads.

1.3 Warranty

All dataloggers manufactured by LogR Systems Inc. are warranted against defects in workmanship or original parts and
materials for one year. Defective products will be repaired or replaced at the discretion of LogR Systems Inc, provided that
the problem has appeared during normal use of the instrument for the intended purpose. The liability of LogR Systems
extends only to the replacement cost of the instrument. The customer will bear all costs of shipment to us for repairs; all
other costs, including return shipment, will be assumed by LogR Systems Inc. This warranty shall not apply to LogR Systems
products that have been subject to modifications, repairs, misuse, neglect, accident of nature or shipping damage. We reserve
the right to grant or refuse warranty repairs at our discretion if we consider that there are reasonable grounds for doing so.
Warranty repairs are decided on a case-by-case basis.

The UlLog datalogger is designed to perform properly with C size 3.6V lithium batteries only. Batteries and third party sensors
(not manufactured by LogR Systems Inc) are limited to the warranty provided by the original manufacturer.

In the unlikely event of an instrument requiring service, customers should contact LogR Systems at info@logrsystems.com
to obtain a Return Merchandise Authorization (RMA) number.

Products must be shipped to the following address:

LogR Systems Inc.
388, rue des Harfangs
Levis, G7A 5K7
Quebec, Canada
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2 ULOG DATA LOGGER SERIES OVERVIEW

2.1 ULog models and specificities

Introduction: The ULog datalogger series are data collection systems that measure environmental parameters accurately and
cost effectively. The use of cutting-edge technologies allows for optimal low-power performance, a central requirement for
LogR Systems. Along with an intuitive interface software, the system is very easy to use without programming.

The ULog datalogger series are self-contained dataloggers housed in a waterproof enclosure suited for long-term outdoor
operations in harsh environment. The ULogC16 is the basic 16 analogue channels datalogger while the ULogC32 provides up
to 32 analogue channels measurements. To interface with the sensors, the ULogC16 has one 18 pins circular connector and
the ULogC32 has either one 41 pins or two 18 pins circular connectors depending on the requested configuration.

The UlogC16+ and ULogC32+ models offer up to 6 additional analogue channels suitable for active analogue sensors (e.g.:
TDR moisture sensor, ultrasonic sensor, etc.). These additonal sensors can be plugged using up to two individual connectors
directly added to the enclosure or trought the use of a junction box providing 6 individual 3.5mm jack female connectors.

The UlogCXXXLoRa model offers the same functionalities of the other models presented above, but allows wireless data
transmission using LoRa (Long Range) spectrum modulation technique and LoRaWAN® standard communication protocol.

Communication with all models is possible through a USB-C to USB interface cable. The datalogger control panel, accessible
via the top cap, includes a push button (wake-up), an SD card slot and four LED status lights. The ULog dataloggers use one
single type D 3.6 volt lithium battery (Figure 1).

Top cap Control panel

Core tube

Reset j
()

Push button j

USB-C hub

LED #1 : Download status
LED #2 : Sampling status

LED #3 : Activation status SD card slot

]

Sensors interface

LED #4 : Communication status

Bottom cap

Figure 1 : ULog datalogger series exterior and interior overviews.
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2.2 Specifications

e Ultra Low-Power MCU 32-bit

* Idle Current Drain (Sleep Mode): 7uA @ 3.7V @ 25°C

*  Awake Current Drain: 50 mA @ 3.6V @ 25°C (during 500 ms for 32 channel)

* ADC24bit

e 16 analog channels (2.5 V)(ULogC16), up to 32 (ULogC32)

* 6 analog expansion channels (3 V) (ULogC16+ and ULogC32+)

*  Accurate Real Time Clock (RTC) with integrated quartz crystal for industrial applications (3 PPM)

* 256 M-bit serial flash memory

e Status LED lights indicator for data transfer and logging status

*  Waterproof and rugged plastic casing

e SD card slot for data transfer on the go (SD card not included)

*  Operating environment: - 40 °C to 85 °C

e Connector options are IP67 and IP68 rated environmentally sealed circular connector (IP68 for submerged
applications)

*  Recommended temperature sensor models: thermistor US Sensor PS222)2 and YSI 44033

*  Power requirement: Type C or type D lithium battery (optional), 3.6 V

¢ USB-C communication port with interface cable

e Bluetooth ready

* Intuitive software for logger configuration and data transfer

* Dimension: 73 mm OD x 175 mm L

*  Weight: 0.5 kg

2.3 PUSH Button

Push Button: All ULog dataloggers have a Push Button. This button must be pushed to wake up the system and establish the
connection between the datalogger and the software interface. When pushed, the datalogger wakes up from its sleep mode,
which is indicated by the status LED lights that turns on. The control panel status Led lights (Figure 1) are described in section
2.4. The Push Button is also used for data download using the SD card (see section 4.2.4) and to update the device firmware
(see section 6.1).

2.4 Reset button

Reset Button: If your datalogger’s operating system freezes or becomes unresponsive (one of the status lights stays on or
flashes for more then 2 minutes after being disconnected from the software), press the reset button located just above the
Push Button (Figure 1). The reset procedure won’t erase any saved data, settings or affect the logger’s internal clock.
However, after a reset, it is good practice to validate the settings using the software prior to deployment.

2.5 Status LED lights

The control panel LED lights located below the SD card slot indicate the status of the ULog datalogger.

LED #1: Download status. Indicates if the ULog datalogger is downloading and writing data to the SD card. A solid green light
indicates that the ULog datalogger is currently downloading and writing the data to the SD card. The LED light flashes green
5 seconds and then turn off after the data download/writing process is successfully completed. Red flashing light indicates
that the download is incomplete and the user must reattempt the data download. Solid red light indicates incompatible SD
card. See troubleshooting section for more information on downloads operation issues.

LED #2: Sampling status. The LED flashes green every time the datalogger wakes up to take a measurement according to the

defined interval period. In averaging mode, the LED will flash green for every sampling interval.
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LED #3: Activation status. Indicates if the ULog datalogger is configured and logging. To verify logger status, press the push
button. The LED lights for 10 seconds to indicate the activation status. A solid green or red light indicates that the logger is
enabled or disabled respectively.

LED #4: Communication status. This LED Indicates if the logger is communicating to a computer via Bluetooth (feature not yet
available). The LED lights green when connected or red in case of a connection error. See troubleshooting section to solve
connection issues.

Table 1 : Summary of the LED lights status description for the ULog datalogger series.

Download status LED

Solid green O Data download and writing process to the SD card in progress
r-- -Repeat < - »
Flashing greenand off | 1 - Data download and writing process completed
(5 sec)
1s 1s
r-- -Repeat < - »
Flashing red th ! Data download interrupted or incomplete. Retry, if error occurs again see troubleshooting section for
(5 sec) m details.
15 15
Solid red SD card compatibility error. See troubleshooting section for details.
Sampling status LED
Single flashing green “ The device is currently taking measurements
1s 1s

Activation status LED

Off ° The device is not powered. See troubleshooting section for details.
Solid green O Lo .
(10 sec) The device is logging
Solid red The device is not activated
(10 sec)
Communication status LED
Off ° Bluetooth communication is disabled
Solid green O Bluetooth connection with a computer successful
Solid red Communication error. See troubleshooting section for details.

2.6 Ulog Series Data Logging Scheme

The ULog datalogger will not make sensor measurements until you install the proper battery and configure the parameters
using the software described in the following section.

ULog Measurement Interval. The measurement interval controls how often data are recorded in the internal memory. The
interval chosen applies to the number of channels selected on the ULog datalogger. The measurement interval is synchronized
with the datalogger internal Real Time Clock (RTC). Measurement interval units are in seconds. ULog datalogger support
measurement interval ranging from 5 second to infinite.

ULog Measurement. Every time the datalogger wakes up for a measurement, the value recorded corresponds to the mean
calculated on a five rapid measurement replicates.

Averaging Mode. When the averaging mode is enabled, averaging over a specified number of measurements is calculated.
Only the averaged value is stored.

Number of Measurement for Averaging. Defined as the number of measurements from which average is calculated. For

example, for hourly average from one-minute data, measurement interval is set to 60 seconds and the number of averaging
measurements to 60. If daily average based on hourly data is needed, measurement interval is set to 3600 seconds and the
number of averaging measurements to 24.
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Data Storage Format. The ULog datalogger stores “raw” data for each sensor in .csv file format. The channels stored values
are in volt units. Please review your individual sensors operators’ manual or visit our website (www.LogRSystems.com) for
equations to convert raw data to appropriate values. The ULog datalogger stores data for all channels for each measurement
interval. If there is no sensor connected to one or more of the logger’s channel, raw value of 2.5 volts will be stored for those
channels.

Data Storage. Data is stored in serial flash memory. ULog dataloggers can store up to 130 000 measurements (at 32 channels)
before memory saturation. The datalogger stop logging and turns to sleep mode automatically once the memory reaches its
full capacity. Depending on the measurement interval chosen, the ULog can record data for several weeks to several years
before saturation of its memory (e.g.: up to 14 years with hourly stored measurements).

Date and Time Format. The timestamps stored in the dataloggers are in Unix time format which consists of the number of
seconds that have elapsed since January 1, 1970 (midnight UTC/GMT) without counting leap seconds (in ISO 8601: 1970-01-
01T00:00:00Z). To convert Unix date system to excel date system and adjust the time to a specified time zone, the following
equation can be used.

DateTime = (Tyrc — GMTyff5er)/Ds + Unixoppser

Turc = date and time in seconds (Unix time format)

GMTofset = Time zone offset in seconds (ex: GMT -5:00 = 18000)

Ds = number of seconds per day = 86400

Unixofrser = Offset in seconds to adjust Unix time to excel time = 25569

Note: Removing the battery will not erase your data. However, it will reset the internal logger’s clock in the
datalogger to January 1%, 2000. To set the clock to the correct time, simply connect your datalogger to a
computer and run the LogR software (see software section).

3 SETUP AND INSTALLATION

3.1 Installing the Battery

The ULog datalogger is powered by either a C size or optional D size 3.6V lithium battery. The battery life for the ULog
datalogger series varies depending on the number of channels used, the interval measurement, the environment, the quality
and amperage of the battery used. LogR Systems recommend the use of Saft batteries (C size, model LSH14; D size, model
LSH20). Results from environment-controlled tests revealed that the ULog C32 can last up to ten years with hourly reading of
the 32 channels using the Saft LSH20 battery (averaging mode disabled).

NOTE: Due to its bigger size, the D size battery comes in customized battery pack with a jst connector. D size
spare batteries can be purchased directly from LogR Systems. For C size batteries, no battery pack is being
used so the latter can be purchased either from LogR Systems or any other batteries suppliers.

All datalogger is shipped with a lithium battery already installed and plugged. To replace the battery, unscrew the bottom
cap (circular connector side) and pull out slowly and carefully the device entirely from the core tube (Figure 2). Make sure
you are in a dry environment and free of static discharge. Unplugged the old battery, remove and then replace with a new
one. Once the battery replacement is completed screw back the bottom cap.

NOTE: Installing or changing the battery in your datalogger resets the internal real-time clock. To configure
the logger’s clock, connect the logger to a computer and launch the LogR software (See software section for
details).

You can check the battery voltage using the LogR software by connecting the ULog datalogger to a computer. When the
battery voltage is less than 3 volts, we recommended replacing the battery.
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Figure 2 : ULog datalogger series C size battery replacement procedures.

4 LOGR SOFTWARE

The ULog datalogger series’s user interface software provides an intuitive and straightforward environment to set your device
and download your data. LogR software is free and allows you to easily:

Connect to Ulog datalogger directly using a USB-C to USB interface cable
Configure all logger parameters with visual controls

Make real-time sensor measurements

Retrieve and save data from your loggers

Export .CSV files of raw and converted data

O 0O O 0O O

The latest version of the program is available for download at http://www.logrsystems.com/downloads/.

4.1 Installing the Software

To launch the LogR software, simply select the downloaded software version and click on the LogR application icon. Current
version of the software is located at the top left side panel.

NOTE: The software will not be installed permanently on your device once initially launch so make sure you
are not deleting it. We recommend saving the file in your program file and create a shortcut on your desktop
or simply add the application to your Start menu (Windows users). No driver is necessary to communicate with
your logger using the USB-C to USB interface cable.

4.2 Software overview

The ULog dataloggers are designed to be easily configured without any programming needs. Basic datalogger configuration
with visual controls and direct connect data download is made possible via the LogR software for any Windows, Mac or Linux
users. The software interface comprises two major components (Figure 3), the left panel (menu) and the main display
window. The left panel contains four tabs, each of them displaying specific functionalities on the main window where users
can interact with the device. The content and specific functionalities of those tabs are explained in detail in the following
sections.
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~ LOGR Systems v3.0.3 - O X
Main display window -

Serial Port

Device Information

Device overview

Device Name: Device status:
Settings Latitude: Logger Clock UTC:
Data Handling Longitude: Time Zone (UTC offset):
Debug Elevation: Logger Clock Local Time:
Model: Measurement Interval:
Left panel Serial Number: Averaging Mode:
Firmware Version: Averaging Period:
Hardware Version: Memory used:
Battery Voltage: Last Battery Voltage:

Internal monitoring

Temperature 0.000 °C
Pressure 0.000 kPa
Humidity 0.000 %
Battery 0.000 Volts
Accel X 0.000 mG
Accel Y 0.000 mG
Accel Z 0.000 mG

Figure 3 : LogR system user interface overview.

4.2.1 Establishing communication to a computer

First, a connection needs to be established between the datalogger and the host computer to display any information on the
«Device Overview» display window.

To establish communication with the datalogger:

1. Plugthe USB-C to USB interface cable (included with your ULog) into the logger’s COM port, and plug the USB into
your computer.

2. Press the push button on front panel to wake the datalogger. The activation status LED will light red or green
depending on the datalogger status (logging disabled or enabled). If the activation status LED light does not turn on,
the device is not powered and communication will not be possible. Make sure the battery voltage is above 3 volts
and properly installed (see section 3).

3. Inthe top section of the display window, available COM port will automatically appear in the «Serial
Port» drop-down menu.

NOTE: The Serial port drop down menu shows available COM ports. If no COM port appears, see
troubleshooting section for details.

4. Then click on the «Connect» button.
NOTE: It is common that the software detects many com ports. If this is the case and connection
cannot be established using the selected com port, select another available com port from the drop-

10

e
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down menu then click on the «Connect» button again. It might be necessary to press on the push-
button to wake the datalogger.

Once the connection is established, the activation status LED light will stay on and values from the different tables will be
displayed and updated every 5 seconds until the logger is disconnected by the user using the «Disconnect» button.

If any unexpected loss of communication occurs, the device activation status LED light will turn off. To establish
communication again with the device, press the «Disconnect» button on the top section of the display window and go through
steps 2 to 4.

4.2.2 Device overview tab

The device overview displays current parameters and information about the connected device and displays real-time readings
of all logger’s onboard sensors and external sensors connected to the device. Once the device is connected, values are
displayed and updated every 5 seconds in tables and field located in the «Device Overview» display window (Figure 4). The
software will detect automatically the ULog model and will display the appropriate number of channel (16 or 32) and also
additional sections (e.g.: The Expansion Analogue Channels Sensors section for the + models and/or the LoRa Information
section for the LoRa enabled model).

Device parameters and general information are displayed in the table titled «Device Information» located at the top of the
display window. The table contains the following parameters and information:

Device Name: The name of the device as defined by the user

Latitude: Latitude geographic coordinate of the device in degree decimal format (e.g.: 46.780330)

Longitude: Longitude geographic coordinate of the device in degree decimal format (e.g.: -71.279267)
Elevation: Elevation of the device in meters (e.g.: 22.53)

Model: Device model (e.g.: ULogC16)

Serial Number: Device serial number (e.g.: 1708014)

Firmware Version: Device firmware version

Hardware Version: Device hardware version

Battery Voltage: Voltage of the battery while connected to the host computer (usb-powered) (volts)

Last Battery Voltage: Last voltage of the datalogger battery saved in the internal memory (last logging interval)

NOTE: Unlike the ULog V1 and V2 version, the ULog V3 version is powered via the USB port while connected
to a host computer. Consequently, communication between the datalogger and the software do not affect the
battery autonomy. However, that causes the battery voltage value displayed in the Device Information table
to be significantly lower than the real value (e.g.: 3.182 instead of 3.638). The last battery voltage value refers
to the latest voltage measurement saved prior a USB communication and shall be considered as the real
battery voltage value.

Device status: Status of the device (Stand by or Logging)

Logger Clock UTC: Device time clock in Universal Time Coordinated (UTC) (e.g.: 2019/04/08 15:56:23)

Time Zone (UTC offset): Time zone or UTC offset used to convert UTC time to local time (e.g.:UTC-04:00)

Logger Clock Local Time: Device time clock in local time (based on the time zone)

Measurement interval: Time interval in seconds between measurements

Averaging Mode: Averaging mode status (enabled or disabled)

Averaging Period: Time period over which average is calculated

Memory used: Percentage of the memory used

NOTE: The information displayed in the «Device Information» table cannot be modified from the Device
Overview window. Some of this information and logging parameters can be modified from the «Settings» tab.




User Guide V3.0, REV. 2021-07

Inlandsis’

Few parameters are in read-only format and cannot be modified by the end user (e.g., model, serial number,
firmware and hardware version)

All ULog dataloggers are equipped with internal sensors (onboard) monitoring the environmental conditions inside the
datalogger’s casing. The table titled «internal monitoring» displays the values measured by the internal sensors such as the
temperature, pressure and humidity as well as the accelerometer X, Y, Z values (Fig. 4).

The table titled « External 16 or 32 Channels Sensors » of the Device Overview tab displays values measured in real time for
each external sensors connected to the device (Figure 4). This provides a quick overview of the device parameters to verify
and validate adequate functioning and readings of the external sensors. The external sensor measurements for every channel
are displayed in raw values (Volts) and in converted values (Temperature in Celsius). If no sensor is connected to a specific
channel, the raw value for that channel should be 2.5 volts or slightly less. The raw value for an empty channel (no sensor
connected) should not be below 2.4990 volts unless the battery voltage is too low (see troubleshooting section for details).
Only the enabled channels will display measured values while the disabled channels will appear in light shading grey color. At
any time, channel can be enabled from the «Settings» tab.

NOTE: Real-time measurements are not stored in the datalogger’s internal memory.
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Settings

Data Handling

Debug

LoRa models
only

ULogCXX+
models only

Serial Port

Device Information

N

Device Name: None Device status: Logging

Latitude: 0 Lagger Clock UTC: 2021/07/21 04:09:24

Longitude: 0 Time Zone (UTC offset) UTC-04:00

Elevation: om Logger Clock Local Time: 2021/07/21 00:09:24

Model: ULogC16LoRa+ Measurement Interval: 60s

Serial Number: 201014 Averaging Mode: Disable

Firmware Version: C.0.1.7.0-49ed7aa3 Averaging Period:

Hardware Version va Memory used: 1%

Battery Voltage: 3.178 Volts Last Battery Voltage: 3.635 Volts
iORA Information

LoRa Status: Disable Firmware Version: 1.1.03Dec 20 2018 15:00:56

Class: A Band: us91s

Device EUL: CA4ACS90000CC9468 Activation Mode: Over-the-Air activation

Tx Power. 10 dBm Data Rate: DR3

RSSI: -85dBm SNR: 7

Sub-Bands: 1

Internal monitoring

Temperature 26.610 °c

Pressure 100.971 kPa

Humidity 30.543 %

Battery 3178 Velts

Accel X 1028.000 mG

Accel ¥ -12.000 mG

Accel Z -132.000 mG

External 16 Channels Sensors

Name Raw Val Temp Type Label Group

CH1 2.500000 Volts NaN °C PR222J2 None None

CH2 2500000 Volts. NaN°C PR222J2 None Nene

CH3 2.500000 Volts NaN°C PR222J2 None Nene

CH4 2.500000 Volts NaN‘C PR222J2 None None

CHS 2.500000 Volts NaN °C PR222J2 Mone None

CHE 2.500000 Valts NaN °C PR222J2 None None

CH7 2.500000 Volts NaN °C PR222J2 None None

CHB 2.500000 Volts NaN °C PR222J2 Mone None

CHY 2.500000 Volts. NaN°C PR222J2 None Nene

CH10 2.500000 Volts NaN °C PR222J2 None None

CH11 2.500000 Volts NaN°C PR222J2 None None

CH12 2.500000 Volts. NaN°C PR222J2 None Nene

CH13 2.500000 Valts NaN °C PR222J2 None None

CH14 2.500000 Valts NaN °C PR222J2 None None

CH15 2500000 Volts NaN°C PR222J2 None None

CH16 2.500000 Volts NaN °C PR222.J2 Mone None
—_Expﬂnsmn Analog Channels Sensors

Name Raw Value Converted value Type Label Group

Figure 4 : Device Overview’s main window.
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User Guide V3.0, REV. 2021-07
Inlandsis

4.2.3 Settings tab

The ULog datalogger does not require programming knowledges. To activate the datalogger, only few parameters controlling
the acquisition process need to be defined such as the measurement interval and the number of channels. The «Settings»
tab (Figure 5) allows the user to retrieve the device’s current configuration and change the parameters as needed, upload
parameter changes and enable or disable the logging routine. To facilitate the configuration steps needed to set and start the
logging process, the «Settings» tab window contains four distinct sections entitled as follows:

e General

e Acquisition and measurement
e Sensor positions and label

e (Calibration table.

To configure the device parameters, first connect to your device (see section 4.2.1) then select the «Settings» tab. After few
seconds, the device parameters are displayed on the screen and can be modified. Press the «Upload Settings» button located
at the bottom of the window to save and set your device as wanted.

Note: If the device is not connected to the host computer, no device current parameters will be displayed on
the screen until a communication is established. Also note that it can take up to 15 seconds to gather and
display the device parameters.

LOGR Systems v3.0.3 - O X
General:
Serial Number (Read Only)
!
Device Name (up to 32 characters)
None
Settings
Latitude Longitude Elevation
Data Handling 0 0 0
Logger Clock UTC Time Zone (UTC offset) Logger Clock Local Time
2021-07-21 02:11:39 UTC-04:00 ~ 2021-07-20 22:11:39
Acquisition and measurement:
5103600 nd
Nui T of Me LUrem for A
Averaging Mode []  Period: 00h 01m 00s
11¢
External channels CH1 to CH16 ~
External channels CH17 to CH32 v
Sensors positions and label:
External channels CH1 to CH16 v
External channels CH17 to CH32 v
Calibration table:
External channels CH1 to CH16 v
External channels CH17 to CH32 v
Logging Enable [] Upload Settings

Figure 5 : Settings tab overview.
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4.2.3.1 General
The «General» section allows the user to personalize the device by adding a name, specify its location coordinates and define
the time and time zone.

Serial Number: The device serial number set in the factory. This is a read-only value.

Device Name: The device name defined by the user. By default, this field is empty, but the user can enter any name up to a
maximum of 32 characters using upper- and lower-case letters, numbers, underscores or any special characters. Spaces are
not permitted. The software automatically rejects names containing unsupported characters.

Latitude: The latitude geographic coordinate of the device defined by the user. By default, this field is empty, but the user
can enter any coordinate in degree decimal format (e.g., 46.780330). For the southern hemisphere, minus sign needs to be
added before the value entered.

Longitude: The longitude geographic coordinate of the device defined by the user. By default, this field is empty, but the
user can enter any coordinate in degree decimal format (e.g., -71.279267). Minus sign needs to be added before the value
entered for longitude west of the International Reference Meridian (IRM).

Elevation: The elevation of the device defined by the user. By default, this field is empty, but the user can enter any
elevation in meters (e.g., 22.53). Minus sign can be added before the value entered if the device location is below sea level.

Logger Clock UTC: The device time clock in Universal Time Coordinated (UTC) (e.g., 2019/04/08 15:56:23).
Time Zone (UTC offset): The Time zone or UTC offset used to convert UTC time to local time (e.g., UTC-04:00).

Logger Clock Local Time: The device time clock in local time.

Note: The UTC, Time Zone and Local time clock of the device can be automatically synchronized to the host
computer by pushing the «Sync clock» button. The UTC and Local time clock of the device can also be manually
modified using either the keyboard, the up and down arrows (~) or the calendar (¥). Date and time can be
erased if necessary by using the delete function ( x). The up and down arrows, the calendar and the delete
function are located beside the Logger Clock and the Logger Clock Local Time fields. Local Time Clock of the
device can also be adjusted using the Time Zone (UTC Offset) drop-down menu. Once the appropriate time
zone is selected, the UTC offset is automatically applied to the UTC time to get the corresponding local time.

4.2.3.2 Acquisition and measurement
The «Acquisition and measurement» section allows the user to setup and personalize the acquisition and measurement
processes of the device by defining the following parameters:

Measurement Interval: Time interval between measurements in seconds. The interval you choose applies to all channels
available (or to the number of selected channels) on the ULog datalogger. ULog datalogger support measurement intervals
ranging from 5 to 3600 seconds.

Note: Measurement interval is a critical parameter that affects battery drainage and data storage capacity
of the device. Storage capacity of the device allows the recording of 130 000 lines of stored data, which
includes dates, all channels (up to 32) and internal sensors. To determine the memory autonomy of the device,
just multiply 130 000 by the measurement interval. For instance, a measurement interval of 1 minute will
allow the device to record for a period of 90 days before reaching saturation of the memory. A measurement
interval of 1 hour (3600 seconds) will allow the device to record for a period of almost 15 years.

Averaging Mode: If checked, averaging value will be calculated over a specified number of measurements. Only the averaged
value will be stored.

Number of Measurements for Averaging: Number of measurements used to calculate the average. For hourly average
calculated from one-minute data, set the measurement interval to 60 seconds and the number of averaging measurements
to 60. For daily average calculated on hourly data, set measurement intervals to 3600 seconds and the number of averaging
measurements to 24. The number of measurements for averaging cannot exceed 60.
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Note: Averaging mode, depending on the number of measurements chosen for averaging, is a critical
parameter influencing the battery autonomy. The power capacity of the ULog datalogger has been designed
to last up to five years in very cold conditions taking hourly readings (averaging mode disable). Keep in mind
that the battery autonomy will be reduced proportionally to the number of measurements chosen to calculate
the averaged and stored value.

Averaging period: Calculated value based on the defined measurement interval and the number of measurements for
averaging (i.e.: For a measurement interval of 60 seconds and a number of measurements for averaging of 60, the averaging
period is 1 hour).

External channels CH1 to CH16 and External channels CH17 to CH32: Section where the user can enable or disable all or any
specific analog channels for measurement. Depending on the Ulog datalogger model (ULogC16 or ULogC32), available
channels are grouped under one or two collapsible sections containing 16 channels each. In each collapsible section, the user
can define a specific sensor type for all or any specific channels using the dropdown menu. By choosing a specific sensor type,
the associated default calibration value of the sensor to be used for raw measurement conversion will appear automatically
in the «Calibration Table» section (see Calibration Table section form more details).

LOGR Systems v3.0.3 - a x
Acquisition and measurement: -
Measurement irter
60
5103600
Device overview Number of Mea vent for Ay
1 Averaging Mode []  Period: 00h 01m 00s Collapsible section
Settings 110 60
Data Handling External channels CH1 to CH16 -~
Debug
Apply all Sensor Type
Apply all sensors type: PS222J2 v Enable All Disable All
cH1:  Ps222J2 T Enable
CH2: Ps222J2 *  Enable
CH3: Ps222J2 T Enable
CH4:  PS222J2 ¥ Enable
cHs:  Psz22)z T Enable
CHe: ~ PS222)2 T Enable
CH7. Ps22222 ¥ Enable
cHg:  Ps222J2 ¥ Enable
cHo: Ps222)2 ¥ Enable
cH1p: PS222J2 T Enable
cH11: PS2222 ~  Enable
cH12: PS22202 T Enable
CH13; PS2222 T Enable
CH14; PS222J2 T Enable
cH1s: Ps222)2 T Enable
CH16: PS222J2 ¥ Enable
External channels CH17 to CH32 ~

Figure 6 : Collapsible sections for external channels configuration.
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4.2.3.3 Sensors positions and label:

The "Sensors position and label" section allows the user to personalize the position and label for all or any specific channels.
Depending on the Ulog datalogger model (ULogC16 or ULogC32), the channel positions and labels are grouped under one or
two collapsible sections containing either 16 channels each.

The user can define the X, Y, Z sensor position coordinates, add a label or a group name to all or any specific channels in each
collapsible section. The first line can be used to define the same coordinates, label or group values to all the channel by simply
typing the value and press the "Apply to All" button. At any time, the user can individually modify the position, label or group
value for any specific channel.

Note: The X, Y and Z coordinate formats can be either in meter or degree decimal format. The label or group
names can be any name up to a maximum of 32 characters using upper- and lower-case letters, numbers,
underscores or any special characters. Spaces are not permitted. The software automatically rejects names
containing unsupported characters.

Sensors positions, labels and group values are saved in the raw, temp and configuration files. For instance, X, Y and Z
coordinates and labels are often used to simplify results mapping or plotting processes while the group name provides further
grouping options.

LOGR Systems v3.0.3 - u] X
Sensors positions and label: B
F Collapsible section
External channels CH1 to CH16 ~
Device overview X M z Label Group
Data Handling
Debug Sensor I¢ -t :
CH1 0 L] Q None None
CH? 0 0 0 None None
CH3 0 0 0 None None
CH4 0 0 0 None None
CHS 0 0 0 None None
CH6 1] Q L] MNone None
CH7 0 0 0 Mane None
CHS8 0 [/} Q None None
CHY 0 0 0 None None
CH10 o 0 Q None None
CH11 0 0 0 None None
CH12 0 0 ] None None
CH13 o Q 0 None None
CH14 0 0 0 None None
CH15 1] 0 0 None None
CH16 [ 0 0 None None
External channels CH17 to CH32 v

Figure 7 : Collapsible sections for sensor positions and labels configuration.
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4.2.3.4 Calibration table:

LogR thermistor strings are built with ultra-precision interchangeable thermistors that are highly accurate and stable. Their
precision interchangeability eliminates the necessity for costly individual thermistor calibration. While configuring the
acquisition and measurement parameters (see section 4.2.3.2), the LogR Systems software proposes two thermistor models
that can be selected as sensor types, the US sensor (PR222J2 or PS222J2) or the YSI44033. When selecting one of those two
thermistor models in the drop-down menu, their default calibration values are automatically added to the calibration table
to convert raw data into temperature data using the Steinhart-Hart equation (Table 1).

Table 2 : General specifications and Steinhart-Hart coefficients for the thermistor models used in LogR Systems thermistor strings.
General specifications

Thermistor models PR222J2 PS222)2 YS144033
Interchangeability accuracy +0.05°C (0°C to +50°C) +0.1°C (0°C to +70°C) +0.1°C (0°C to +70°C)
Resis Q @ 25°C 2252 Q nominal
BETA B (0 to +50°C) 3892 K nominal | 3891 K nominal

. 1 second max. in a well stirred oil bath
Thermal time constant

10 seconds max. in still air

Dissipation constant 1 mW/°Cin still air
Operating temperature -55°C to +80°C -80°C to +150°C -80°C to +75°C
Maximum power rating 30 mW at 25°C
Encapsulation Epoxy
Housing Stainless steel n.a
Dimension (L, @) L=76.2 mm @®=6 mm n.a
Steinhart-Hart coefficient
A 1.47530413410 x 103 1.468 x 103
B 2.36552076867 x 10 2.383 x 10*
C 1.18857119854 x 107 1.007 x 107
D -7.46353123700 x 101! n.a

Steinhart-Hart equation

1
A+B-In(R) + C - In(R)? + D - In(R)® — 273.15

Ln = Natural logarithm

T = Temperature in Celsius

R = Resistance in ohms

A = Steinhart-Hart coefficient
B = Steinhart-Hart coefficient
C = Steinhart-Hart coefficient
D = Steinhart-Hart coefficient

The user can enter its own Steinhart-Hart coefficients and modify the calibration values used to convert raw data into
temperature data to increase accuracy or because the thermistor model used is not listed in the software. Depending on the
ULog datalogger model (ULogC16 or ULogC32), the "Calibration Table" are grouped under one or two collapsible sections
displaying 16 channels each. In each collapsible section, the user can define up to 5 calibrations coefficients, apply an offset
and specify the last calibration date for each channel. The first line under the section title can be used to apply the same
values to all the channels by simply typing the value in the appropriate field and pressing the "Apply to All" button. The user
can individually modify those values for any specific channel by simply typing the desired value in the appropriate line and
column. The calibration table values will be saved in the configuration files.

Note: Please note that the Steinhart-Hard coefficient values for each thermistor will be stored inside the
datalogger internal memory. Consequently, special cares must be taken when connecting another thermistor
string to ensure that default value provided by the thermistor manufacturer or other calibration processes are
being used. Please note that ULog datalogger save only the raw data in millivolt and temperature conversion
is made through the software before saving the download data to a computer. Thus, the use of inaccurate
Steinhart-Hard coefficient values will only affect the converted values .csv file and can be corrected simply by
reprocessing the raw data using appropriate coefficient values.
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~ LOGR Systems v3.03 - O X
Calibration table: -
li Collapsible section
External channels CH1 to CH16 ~
Device overview A B c D E Offset Date
[}
Data Handling
Debug Sensor Id A B c D E Offset Date
CH1 0.0014753041% 0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @®
CH2 0.0014753041% 0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @
CH3 0.0014753041%  0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @
CH4 0.0014753041% 0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @
CH5 0.0014753041% 0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @®
CH6 0.0014753041% 0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @
CH7 0.00147530415  0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @&
CHs8 0.00147530412 0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 &
CHO9 0.0014753041% 0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @®
CH10 0.0014753041% 0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @
CH11 0.00147530415  0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @&
CH12 0.00147530412 0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 &
CH13 0.0014753041% 0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @®
CH14 0.0014753041% 0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 B
CH15 0.00147530415  0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @&
CH16 0.00147530412 0.00023655207 1.1885711985: -7.4635312369 0 0 1/1/1970 @&
Expansion Analog Channels v

Figure 8 : Collapsible sections for calibration values configuration.




User Guide V3.0, REV. 2021-07
Inlandsis

4.2.4 Data handling tab

Stored data can be downloaded by 1) using the direct data download to SD card feature of the device or 2) using the LogR
software with a device hardwired to a host computer. While using a computer for data download, make sure you have the
latest LogR software version compatible with your device firmware and the appropriate USB-C to USB interface cable
connected to the device and the host computer (many USB-C to USB cables used for charging electronic devices such as
mobile phones are not necessarily compatible). LogR Systems highly recommends to use the USB-C to USB cable provided
with the datalogger.

The data handling tab in the LogR software (Figure 6) allows for the download of the data saved in datalogger’s internal
memory, the management of the internal memory, as well as to convert .DAT files saved on an SD card.

To download data using the direct data download to SD card feature:

1. Unscrew and remove the device’s top cap completely. Make sure you are in a dry environment;

2. Insert the SD card inside the SD card slot;

3. Press the push button - The download status LED light turns solid green during the writing process and flashes 5
seconds when the download is successfully completed, and;

4. Remove the SD card once the download status LED light and the activation status LED light turns off.

NOTE: Do not remove the SD card while the download status or the activation status LED lights are
on. This results in an incomplete data transfer. Data download using the SD card will create two
separate files, one file containing the raw data ([DeviceSerialNo].DAT) and another encode in
Baseb4 format containing the device information and settings ([file name].cfg).

If the download status LED light is red solid or flashing, remove the SD card, wait 15 seconds and retry steps 2 and 3. If the
download status LED light is still red solid or flashing, refer to the troubleshooting section for details.

The .DAT file saved on the SD card is encode in base64 format. To convert the file in .csv readable format:

1. Launch the LogR software;

2. Select the «Data Handling» tab and click the «Open file» button. A pop-up window will appear;

3. Select and open the appropriate .cfg file. The .cfg configuration file is used to convert the raw data into appropriate
converted values based on the datalogger settings;

4. Another pop-up window will appear, then select the appropriate .DAT file to convert;

5. One more pop-up window will appear, then define/change the name of the file and select the folder/repertory
where you want to save the data file.

NOTE: By default, raw data and temperature data are saved in two separate files named using the
following nomenclature: the serial number, the date and time and the annotation "Raw" or "Temp"
respectively. Two configuration files, one in readable format (.txt file) and one in base64 format
(.cfg), will also be saved and named using the same nomenclature as the raw and temp files. The
configuration files contain the device general information and settings currently defined and used
for the acquisition and measurements processes.

To download data using the software and the USB-C to USB interface cable.

1. Unscrew and remove the device’s top cap completely. Make sure you are in a dry environment;

2. Connect the USB-C connector into the logger’s COM port, and plug the USB into any available USB port on the host
computer;

Launch the LogR software;

Press the datalogger’s push button. The activation status LED light will turn on;

Establish communication between the datalogger and the computer via the Device Overview Tab (see section 4.2.1);
Select the «Data Handling» tab and click the «Download all data» button. A pop-up window will appear;
Define/change the name of the files and select a repertory/folder where you want to save the data files, then click
“save”. The saving pop-up window suggests a by-default name based on the datalogger serial number and the date
and time of download.

Nounbk,w
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NOTE: LogR software downloads the data and creates four separate files, one file containing the
raw data ([file name]_raw.csv), one file containing the converted values depending on the sensor
type used ([file name] _temp.csv), one file containing the device information and settings in
readable format ([file name].txt) and the same file encode in Base64 format ([file name].cfg). Raw
data can be used to apply custom calibration or make appropriate conversion based on sensor type.
LogR software uses the default conversion equation provided by the sensor manufacturer when
converting raw data to converted data. For more information about the default conversion
equations, refer to the manufacturer’s sensor manual.

NOTE: According to the number of readings stored in the datalogger internal memory, the
download process can take up to 30 seconds to complete. Avoid disconnecting the datalogger
during the download process.

To erase data saved in the internal memory, click on the «Erase Data» button and confirm the action in the pop-up window.
Once the erasing process started, all the buttons in the main window will shade and the progress bars will get animated until
the erasing process is over.

NOTE: The erasing process take around a minute and a half to complete and involve the datalogger
to reboot. However, after completion, communication between the datalogger and the host
computer will be kept. If, for any reason, communication is lost, go back to the device overview tab
and press the push button. Communication between the device and the host computer will be
automatically restored.
WARNING!
Erase flash process wipes out all data stored in the datalogger and cannot be recovered! Make sure you have
downloaded and validate the data transfer before proceeding.

* LOGR Systems v3.0.3 — O X

‘ Download all data... Open File

Downloading:
Device overview Messages:

Settings

Data Handling

Debug

Figure 9 : Data handling tab overview.
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5 LORAWAN NETWORK IMPLEMENTATION (ULOGC16-32LORA MODELS ONLY)

5.1 Configuration of the gateway (Multitech Conduit Gateway model no: MTCDT-247A-915-US-EU-GB)

5.1.1 Connect the gateway to your computer

On the Multitech Conduit device, connect the AC power, antennas and the yellow Ethernet cable. you can refer to the quick-
start guide provided by the manufacturer at https://www.multitech.com/documents/publications/quick-start-
guides/82101453L-Conduit-Quick-Start-Guide.pdf.

On a web browser, type: 192.168.2.1 (default gateway IP address) to access to the configuration web page. Note - If you need
more detail about Multitech configuration, you can refer to the software guide at the following address:
https://www.multitech.com/documents/publications/software-guides/s000727--mPower-Edge-Intelligence-Conduit-AEP-
software-guide.pdf

5.1.2 First-Time login and Setup of the gateway

When connecting the gateway to a computer for the first time, you will need to specify a username and a password to
continue configurating the device. This will be the unique credential needed to login to the gateway via the web interface.

TP MULTITECH@

Username:

| mPower™ Edge Intelligence Conduit

The following steps must be followed to register your first administrator user. You must specify a
username and a password to continue configuring the device.

You must specify a valid username and specify a password that meets the complexity
requirements.

The username may contain only alpha-numeric (A-Z, a-z, 0-9), dot, hyphen and underscore ad m l n
characters and must not start with a hyphen character.

The user password must meet the complexity requirements and be at least 8 characters and
contain three or more different types of characters:

« uppercase alphabetical characters (A through Z)

« lowercase alphabetical characters (a through z) eooo00ee
« numerals (0 through 9)
« special characters

The password must not contain any common dictionary word.

The first time the user will login to the device, a First-Time Setup Wizard window will pop up and guide you through the
basic steps needed to configure the gateway.



https://www.multitech.com/documents/publications/quick-start-guides/82101453L-Conduit-Quick-Start-Guide.pdf
https://www.multitech.com/documents/publications/quick-start-guides/82101453L-Conduit-Quick-Start-Guide.pdf
https://www.multitech.com/documents/publications/software-guides/s000727--mPower-Edge-Intelligence-Conduit-AEP-software-guide.pdf
https://www.multitech.com/documents/publications/software-guides/s000727--mPower-Edge-Intelligence-Conduit-AEP-software-guide.pdf
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Step 1: First-Time Setup Wizard window pop-up, click next to continue

First-Time Setup Wizard

MULTITECH(

Step 2: Call Home Remote Management Option. Important -- Keep disable and then click next.

First-Time Setup Wizard

Cal Home Remote Management

Enabled

Call Home Remote Management enables the device
to call home for configuration files, irmware
updates and adds your DeviceHQ account key to the
device so (L 13 associated with your DeviceHO
account

Erable Call Home Lo run the function next time the
dewice reboots

Click Call Home to enable Call Home, rebool the
device and run the function immedsately

Step 3: Time Configuration. Set up the time of the gateway based on your location, then click next.

First-Time Setup Wizard
Time Configuration
Current Time 10/26/2020 14:10:00
(Canada/Eastern)
e ’ 10/26/2020 ‘
Time (24 hr) ‘ 1411 ’

Time Zone ‘ Canada/Eastern v




User Guide V3.0, REV. 2021-07
Inlandsis

Step 4: Network Interface Configuration. Make sure the information entered are identical as shown in the image below,

then click next.
First-Time Setup Wizard

Network Interface Configuration - eth0

Bridge I br0

Network Interface Configuration - br0

IPv4 Address 192168.2.1

Mask 255.256.255.0

Step 5: Remote Management Settings. Make sure the SSL Enabled box is checked and the information entered are identical
as shown in the image below, then click next.

First-Time Setup Wizard

Remote Management
Enabled V| SSL Enabled
Server Name ds.devicehq.com
Server Port 5798
App Store URL

https://www.devicehq.com

Account Key

Step 6: Access Configuration. Make sure all boxes are checked and HTTP Port set to 80 and HTTPS port to 443, then click
next.

First-Time Setup Wizard

Access Configuration

HTTP Redirect to HTTPS

| Enabled
Port

80

| Via LAN
V| Via WAN

HTTPS

V| Via WAN
Port

[ |
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Step 7: Bootloader Protection. On this last pop up window, simply click finish.

Bootloader Protection

Authentication Status Disabled
Set Password

Password @

5.1.3 Internet access configuration
There are two ways to configure the internet access of the gateway. You can use a WiFi connection or a wired connection
using an ethernet cable.

5.1.3.1 WIiFi connection configuration

To configure the internet access to an existing WIFI network, select the Wireless tab on the left menu and click on the "WiFi
as WAN" sub-menu.

Step 1: On the “configuration” section, check “Enabled”.

Note. The gateway will probably ask you to save and reboot during this procedure.
Please note that the reboot can take over 5 minutes each time. You will need to login in
the gateway interface each time the gateway reboots.

Home
WI-FI AS WAN ®
Save and Apply
LoRaWAN @& Configuration
Setup v/ Enabled Status No saved networks
Wi-Fi Access Point
Wi-Fi as WAN Saved Wi-Fi Networks Add Network

Bluetooth-IP

Bluetooth Low Energy

Firewall Available Wi-Fi Networks Refresh

Step 2: To confirm your choice, click on the "Submit" button, then on the "Reset WiFi" button. This will restart the WiFi
module. After few minutes, you will see the list of WiFi networks available. Select the available WIFI Network you would like
to connect the gateway to and click on the "+" button.
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Configuration
+'| Enabled Status No saved networks
Saved Wi-Fi Networks Add Network
Available Wi-Fi Networks Refresh
WiFi-HD-Home WPA2-PSK a1l +
DIRECT-1A-HP OfficeJet 3830 WPA2-PSK N +
VIDEOTRON2495_5GHz-EXT WPA2-PSK +
BELLOD32 WPA2-PSK il +
WPA2-PSK ol +
I WiFi-Guest01 WPA2-PSK 1 ] + |
S-WiFi WPA/WPA2-PSK M1 | +
G-WiFi WPA/WPA2-PSK a1l +

Step 3: Select the available WIFI Network and click on the "+" button, then enter your WiFi connection information as in the
example below. Click Finish.

Network Name
WiFi-Guest01
Hidden Network
SSID
WiFi-Guest01
Security Mode
WPA2-PSK
WPA Algorithm
A:ES

Shared Key

| Finish | Cancel

Step 4: Back to the [Wireless tab] and [WiFi as WAN] sub-menu, you should see your WiFi connection name on the "Saved
WiFi Networks" section. Press the "Reset WiFi" button to restart the WiFi module. Wait for the gateway to reboot. Once the
reboot completed, you should now see the "Connected" status on the right if all credentials entered in the WiFi settings are

ok.

IMPORTANT — Save the IP address of the WiFi connection. This new IP address will
replace the default IP address (192.168.2.1) used for the first-time configuration of the
gateway (section 5.1.1). To access the gateway via the web application, simply type
down the new IP address (i.e: 192.168.2.168) in a web browser. You will then be
redirected to the login window (section 5.1.2). As it is an unsecured address, you may
need to give permission to the web browser to access the gateway web interface.
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Home

Save and Apply
LoRaWAN @
Setup

Wireless

Wi-Fi Access Point
Wi-Fias WAN
Bluetooth-IP
Bluetooth Low Energy
Firewall
Tunnels
Administration

Status & Logs

WI-FI AS WAN @

Configuration
| Enabled Status Connected
SSID WiFi-Guest01
P 192.168.2.168
Signal 1|

Saved Wi-Fi Networks Add Network

I /| WiFi-Guest01 WiFi-Guest01 WPA2-PSK

IIUIHI

Available Wi-Fi Networks

Warning: Searching for available Wi-Fi networks cannot be performed when Wi-Fi as WAN has the Connected status.

Step 5 (optional): It is highly recommended, but not mandatory, to change the interval of the failover procedure of
the gateway (i.e., a regular ping sent by the gateway to an internet webpage to test for internet connection). For
instable internet connection, longer failover interval will reduce the risk of losing connection. To change the failover
interval, go to the [Setup] tab on the left menu, select the [WAN configuration] submenu and click on the pen at the
right of the wlan0 line.

mPower™ Edge Intelligence Conduit - Application Enablement Platform

TECH O MT Firmware 5.2.1
Home
WAN CONFIGURATION ®
Save and Apply
LoRaWAN ® General Configuration
Network Interfaces WANs
‘WAN Configuration
1 Enabled wian0 WIFI L4
Global DNS
2 Disabled eth0 ETHERNET AV s

DDNS Configuration

DHCP Configuration

Reset To Default
£DE Panfiniratinn

In the [FAILOVER CONFIGURATION] box, change the default Interval (secs) from 60 to 3600 seconds (1 hour), then

save the configuration.

Monitoring Mode

ACTIVE -
Interval (secs)

3600
Hostname

ntp.ulaval.ca
Mode Type

ICMP v
ICMP Count

5
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5.1.3.2 Wired internet configuration (connection with the Ethernet cable)

If your internet connection is provided by the Ethernet cable, you need first to deactivate the DHCP server. Usually, your
modem or your router will do it for you.

Step 1: Go on the [Setup] tab on the left menu and select [DHCP Configuration] submenu. In sections [IPv4 DHCP server] and
[DHCPv6 and Router Advertissement], click on the pen icon to the right. This will open new tabs.

Home

DHCP SERVERS AND DHCPV6/RA CONFIGURATION 0]
Save and Apply Configure DHCP server that supplies network configuration information to devices on
the network
LoRaWAN ® 1Pv4 DHCP Servers
Network Interfaces Disabled  br0 192168.2.1 192.168.2.100 1921682254 (l)l

WAN Configuration DHCPv6 and Router Advertisement Add DHCPVE/RA

Global DNS

DDNS Configuration Disabled br0 STATELESS 01-00-00 @
DHCP Configuration

Step 2 : For both tabs, [DHCP CONFIGURATION] and [DHCPV6 and ROUTER ADVERTISEMENT], uncheck the enabled boxes as
shown in the figures below.

Homgl
DHCP CONFIGURATION ®
Save and Apply
LoRaWAN ® DHCP
Interface Subnet

Network Interfaces

WAN Configuration Gateway Mask

Global DNS 192.168.21]

DDNS Configuration Domain Lease time (dd-hh-mm)

01-00-00

DS T Lease Range Start Lease Range End

GPS Configuration 192.168.2.100 192.168.2.254

SMTP Configuration

SNMP Configuration
Home

DHCPV6 AND ROUTER ADVERTISEMENT ®
Save and Apply
LoRaWAN ® Router Advertisement Configuration
Interface

Network Interfaces

WAN Configuration Router Advertisement Mode

Global DNS Stateless DHCP

DDNS Configuration Lease Time (dd-hh-mm)

01-00-00
DHCP Configuration
GPS Configuration

SMTP Configuration

Step 3 : When using the Ethernet cable to access the internet, it is recommended to configure the br0 interface to the [DHCP
Client] mode. Go to the [Setup] tab and select the [Network Interfaces] submenu. Click on the pen icon located to the right
of the br0 line to access the [BRO - NETWORK INTERFACE CONFIGURATION] settings.
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Home
NETWORK INTERFACES CONFIGURATION ® Reset To Default
Save and Apply
LoRaWAN ® S
eth0 LAN ETHER - - br0 /
wlan0 WAN IPv4 WIFI_AS_WAN DHCP Client 2/
Network Interfaces wlan1 LAN WIFLLAP - - br0 Ve
WAN Cor br0 LAN IPv4 BRIDGE Static 192.168.2.1/24 br0 @

Global DNS
DDNS Configuration

DHCP Configuration

Step 4 : On the [NETWORK INTERFACE CONFIGURATION - BRO] settings window and [IPv4 settings] subsection, select the
mode [DHCP Client] in the drop down menu, then click [Submit].

Home
NETWORK INTERFACE CONFIGURATION - BRO®
Save and Apply
LoRaWAN ® Direction
Network Interfaces Enable IPv6 Support
WAN Configuration :
IPv4 Settings
Global DNS Mode Eiag
DDNS Configuration DHCP Client
DHCP Configuration IP Address Primary DNS Server
GPS Configuration
Mask Secondary DNS Server
SMTP Configuration
SNMP Configuration

Time Configuration N

Back on the [Network Interfaces] submenu, you should now read, for the br0 interface, DHCP Client under the IP Mode

column.
Home
NETWORK INTERFACES CONFIGURATION ®
Save and Apply

LoRaWAN @ - -

eth0 LAN ETHER - - br0 /

wilan0 WAN IPv4 WIFI_AS_WAN DHCP Client v

Network Interfaces wlan1 LAN WIFI_AP = = br0 P

br0 LAN IPv4 BRIDGE DHCP Client 192.168.2.145/21  br0 V4

WAN Configuration
Global DNS N

DDNS Configuration

Step 5 : Finally, you need to save the configuration settings by clicking on the [Save and Apply] tab on the left menu. The
application will probably ask to reboot the gateway. Click OK to proceed.

IMPORTANT — Save the IP address of the br0. This new IP address will replace the default
IP address (192.168.2.1) used for the first-time configuration of the gateway (section
5.1.1). To access the gateway via the web application, simply type down the new IP
address (i.e: 192.168.2.145/21) in a web browser. You will then be redirected to the login
window (section 5.1.2).

Note. To make sure the gateway keeps the same IP address, you can reserve a specific IP
address on your modem or your router. If you prefer, you can also use a static IP address
within the router or modem address range.
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5.1.4

LoRaWan configuration

5.1.4.1

LoRa basic network settings

Step 1: In the left menu, select the tab [LoRaWAN] and then the [Network Settings] submenu. In the [LoRa Mode] section set
Mode to [NETWORK SERVER] using the drop-down menu. In the [LoraWAN Network Server Configuration] section set
[Channel Plan] to US915 and [Frequency Sub-Band] to 1.

Home
LORAWAN NETWORKING ®
Save and Apply
LoRaWAN ® LoRa Mode
Network Settings Mode Packet Forwarder Network Server Lens Server
NETWORK SERVER
Sellip Status Status Status
Wireless STOPPED STOPPED
Firewall LoRa Card Information
Tunnels Gateway EUI il 00-80-00-00-A0-00-4C-FB

Administration

Frequency Band
FPGA Version

915

31 Ik

Status & Logs LoRaWAN Network Server Configuration

Commands Channel Plan

Apps Channel Plan Frequency Sub-Band 1
Us915

Help =

Channel Mask

Step 2: Scroll down on the [LORAWAN NETWORKING] window and in the [Network] section set [Network Mode] to Private
LoRaWAN using the drop-down menu. In the [Settings] section below, set [TX Power] to 27, [Rx 2 Datarate] to 9 -SF11BW500,
[Min Datarate] to 1 - SF9BW125 and [Max Datarate] to 3 — SF7BW125. Then click on the [Submit] button at the bottom of the
page.

Network
Network Mode Join Delay (sec) Lease Time Address Range Start
Private LoRaWAN 5 00-00-00 00:00:00:01
et Rx1 Delay (sec) Queue Size Address Range End
000000 1 16 FF-FFFFFE
Settings
Tx Power (dBm) Rx 1 DR Offset ADR Step (cB) Min Datarate
27 0 30 1-SF9BW125
Antenna Gain (dB) Rx 2 Datarate ACK Timeout Max Datarate
3 9-SF11BW500 5000 3-SF7BW125

Step 3: In the left menu, select the [LoRaWAN] tab and the [Key Management] submenu. In the [Join Server] section set
[Location] to Local Keys using the drop-down menu. In the [Local Network Settings] section, set [Network ID (AppEUI)] to EUI,
[EUI] to 431C8A5AF08453CB, [Network Key (AppKey)] to Key and [Key] to 312624FEA6F0571BBA3F428D683636BD. Click the
[Submit] button at the bottom to save changes.

Note: EUl and Key values are hardcoded in the LoRa application. You can copy and paste
those values when connecting a ULogCXXLoRa datalogger to the LogR application (see
section 5.2.2).
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Home
KEY MANAGEMENT ®
Save and Apply

LoRaWAN ® Join Server

Network Settings Location

Local Keys

Key Management

Gateways Local End-Device Credentials Add New

Devices

Device Groups

Local Network Settings
Profiles

Network ID (AppEUI) EUI
Packets /| Enabled
EUI 431CBADAF08453CEB
Echlincl el Default Profile Network Key (AppKey) Key
Operations DEFAULT-CLASS-A Key 312624FEAGF0571BBA3F428C

Setup

.
Wireless

Step 4: Click on [Save and Apply] to save the LoRaWAN settings.

Home

Save and Apply

LoRaWAN @

Current configuration will be saved and applied. Continue?

K

5.1.4.2 LogR Application installation

To finalize the LoORaWAN configuration, you need to install the LogR application in the gateway. This application is necessary
to manage the dataflow received from the end-nodes (data loggers) devices and forwarded to the web server.

NOTE - The LogR app must be first uninstalled if ever you need to upgrade the firmware
of the gateway. Once the firmware upgrade is completed, reinstall the application as
describe in see section 5.1.4.2.

Step 1: To install the LogR application (logr_multitech_app_v1.1.0.tgz) provided, go on the [Apps] tab located on the left
menu.

Step 2: In the [Apps] window, click on [Add Custom App].
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Home

MANAGE APPS®
Save and Apply
LoRaWAN ® Node-RED Apps
Setup Enabled
Wireless

1 @ Development 0.0.0 Running ]
Firewal
oo
Administration /| Enabled /| Backup On Install
: : : i i

s &L Available app act
Commands
Help

Step 2: In the the new popup window, write down LOCAL for the [App ID] and logr-gateway for the [App Name]. Click on
[Choose File] and select the provided .tgz file saved on your PC and click on the [Install Custom App] button.

App ID

| LOCAL

App Name
logr-gateway

(S GLELSIEN [0gr_muititech_app tgz
Install Custom App

Step 3: During the installation, the Multitech device will reboot. Once the gateway has reboot, reload the gateway web
interface and go back to the [Apps] tab to verify if the LogR Application has been successfully installed and that is now running.

Node-RED Apps
Enabled
@ Development 000 Running “
Custom Apps Add Custom Apg
| Enabled /| Backup On Install
logr-gateway 1.0.0 Started Forwarding LoRa packets |

Step 4: Go back to the [LoRaWAN] tab and [Network Settings] submenu. You should now see in the [LoRa Mode] section the
status RUNNING under the [Packet Forwarder] and [Network Server] fields.
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Home
LORAWAN NETWORKING ®

Save and Apply
LoRaWAN ® LoRa Mode

Network Settings Mode Packet Forwarder Network Server Lens Server

NETWORK SERVER
Key Management
Status Status Status
Gateways RUNNING RUNNING

Devices LoRa Card Information

Device Groups

Gateway EUI Il 00-80-00-00-A0-00-61-44
Profiles Frequency Band 915
FPGA Version 3

Packets

LoRaWAN Network Server Configuration
Downlink Queue

Channel Plan

Qperations
Channel Plan Frequency Sub-Band 1
Setup Us915 1
Wireless Channel Mask
Firewall m
Network
Tunnels
Network Mode Join Delay (sec) Lease Time Address Range Start
Administration Private LoRaWAN 5 00-00-00 00:00:00:01
Status & Logs NetlD Rx1 Delay (sec) Queue Size Address Range End
000000 1 16 FF:FFFF:FE
Commands
Settings
Apps
Tx Power (dBm) Rx 1 DR Offset ADR Step (cB) Min Datarate
Help 27 0 30 1-SF9BW125
Antenna Gain (dBi) Rx 2 Datarate ACK Timeout Max Datarate
3 9-8F11BW500 5000 3-SF7BW125

Class B Settings

5.1.5 Firmware update of the gateway
Firmware updates for the gateway should become periodically available to insure optimal functioning. To check and update
the firmware if needed, follow these steps:

Step 1: Check the latest firmware version available for your gateway model (i.e: MTCDT-X-2XXA) from the Multitech website
http://www.multitech.net/developer/downloads/

Step 2: Once the latest firmware downloaded and saved to your computer. Login to the gateway web application and go to
the [Administration] tab and select the [Firmware Upgrade] submenu. Click on the [Choose Firmware Upgrade File], select
the firmware file and click on the [Start Upgrade] button.

Note: Multitech firmware upgrade could take up to 10 minutes to complete.
FIRMWARE UPGRADE®

Firmware Validation

v Signed Firmware Validation

Firmware Upgrade

[$LGLELI S IRV IEGENZICE conduit_5.2.1_upgrade-signed.bin
Start Upgrade

Step 3: To check if firmware upgrade has been successfully made, the firmware version can be checked by visiting the
[Home] tab and the [Device Information] section.
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mPower™ Edge Intelligence Conduit - Applic

MTCDT-247A  Firmware 5.2.1

DEVICE INFORMATION

Save and Apply

LoRaWAN @ Device

Setup Meodel Number MTCDT-247A
Serial Number 20874591

Wireless Firmware 52.1

Step 4: Once the firmware upgrade has been completed, the LogR Application must be reinstalled (see section 5.1.4.2).

5.1.6 Gateway WEB Interface useful information

At any time, you can visit the [LoRaWAN] tab and [Devices] submenu to see the list of end-nodes communicating with the
gateway. It is a good way to verify and monitor all devices (end-nodes) deployed in your LoRa network and linked to your
gateway.

Note: Only the LoRa EUl numbers of the end-nodes are displayed. It is good practice to
keep an index of all your data logger serial numbers and their associated LoRa EUI
numbers. In the example below, only two end-nodes are linked to the gateway. The
devices were created 3 months ago and only the device finishing by 71-04 still transfer
data to the gateway.

mPower™ Edge Intelligence Conduit - Application Enablement Platform
MTCDT-247A  Firmware 52.1

Home
DEVICES®

Save and Apply

LoRaWAN @ End Devices Add New

Network Settings

TECHO

R Ve g eemar! e8-28-57-00-00-40-af-a6 A unknown 2520”“’5 /0
24 seconds 3 months

Gateways ~ 34-35-36-34-50-38-71-

y 34-35-36-34-50-38-71-04 A = e Pl
Devices
Device Groups Sessions Add New
Profiles
Packets e8-e8-h7-00-00-40-af-a6 00b76aef 0 0 unknown local oM
Downlink Queue 34-35-36-34-50-38-71-04 01f2ea50 50462 51470 24seconds oo ol

ago
Operations

By visiting the [Packets] submenu in the [LoRaWAN] tabs, the user can verify and monitor the communication traffic in real
time from the LoRa network. Under the [Packets] section of this window, the latest 200 communications established between
the end-nodes and the gateway are shown. You can obtain the exact time of all communications by placing your arrow on
any line in the [Tx/Rx Time] column. The [Size] column indicates the size of the payload transmitted. In this example, the size
of 12 correspond to the join and acknowledge portion of the LoRa communication, while the size of 243 corresponds to the
payload associated to the measured data transmitted. This payload will vary according to the number of sensors/channels
activated in the data logger and also the chosen DaraRate mode (See section ). The RRSSI column indicate the strength of the
signal. Communications begin to be more instable (requiring more retries) around -115 RSSI.

In the [Recent Join Requests] section, you can see all join requests from the devices to the gateway. This provide useful
information during network implementation either to validate end-node location/antenna configuration or the end-nodes
(ULog) LoRa settings. Use the [Refresh] button to upload the most up-to-date information as the latter do not automatically
update.
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PACKETS ® e
Save and Apply
LoRaWAN @ Packets @
Records: Page:
Network Settings
10 1
Key Management
Gateways
0 34-35-36-34-50-38-71-04  903.500 SF7BWI125 4 86 243 0000C546 UpCnf  12:49:07 ©
evices
34-35-36-34-5¢-38-71-04 926900 SF7BWS00 - 5 12 0000C936 Dnunc  12:49:07 ©
Device Groups
34-35-36-34-50-38-71-04  903.300 SF7BW125 9 87 243 0000C545 Upcnf  12:4811 ©
Profiles 34-35-36-34-5¢-38-71-04 926300 SF7BWS00 - 5 12 0000C935 Dnunc  12:4811 ©
Packats 34-35-36-34-50-38-71-04 902500 SF7BW125 8 92 243 0000C544 UpCnf  12:47.07 ©
) 34-35-36-34-5¢-38-71-04 923900 SF7BWS00 - 5 12 0000C934 Dnunc  12:47.07 ©
Downlink Queue
34-35-36-34-50-38-71-04  902.900 SF7BWI25 2 -90 243 0000C543 UpCnf  12:46:07 ©
ODEVEIIUHS
34-35-36-34-5¢-38-71-04 925100 SF7BWS00 - 5 12 0000C933 Dnunc  12:46:07 ©
Setup 34-35-36-34-50-38-71-04  903.500 SF7BW125 4 87 243 0000C542 UpCnf  12:4512 ©
) 34-35-36-34-50-38-71-04 SF7BWS00 - n 0000G932 4512 ©
s 926.900 12 Dnunc  12:4512
Firewall
Recent Join Requests (3
Tunnels
Administration c-1343-30-/9.24-0310  00-08-04-56-97-cc-07-3e 0 0 UnknownDevEUI
Status & Logs
Commands Recent Rx Packets (D
A Records: Page:
PPs 10 1
Help
217407755 902300 SF7BWI25  OK 7 91 243 UpCnf  gFDGBGEAQCUCOYJdIO]Ly) ©
227683675 902500 SF7BW125S  ERR 92 09 227 UnKOW o 147 QBXKIKB+YLtFdXtdi ©

As may have noticed, after a period of inactivity in the gateway web interface, the application will automatically disconnect.
You then need to login again. The by-default session timeout is set to 5 minutes, which can be fairly short. You can increase
the session timeout to your convenience via the [Administration] tab on the left menu, under the [Access Configuration]. In
this example, the session timeout is set to 10 minutes.

5.2 Configuration of the ULog datalogger as end-nodes

5.2.1 Device overview tab

Configuration of the LoRa transmission capability for the ULog datalogger is achieve using the LogR software. To access the
LoRa settings, simply connect the ULog LoRa model to a host computer (see section 4.2.1). When connection is established
between the computer and the datalogger, the device overview page will display all the general settings saved into the
internal memory of the datalogger. For the LoRa model, a new section will appear below the «Device Information» section
and will display all the LoRa specific information. The table entitled «LoRa Information» contains the following parameters
and information:

LoRa Status: LoRa transmission status (Enable or Disable)

Class: LoRaWAN device type (Read only)

Device EUI: LoRa module unique identifier (Read only)

Tx Power: LoRa module transmission power (Read only)

RSSI: Received signal strength indicator indicating the radio signal strength between the gateway and the datalogger.

Sub-Bands: LoRa uplink Sub-Band (User defined)

Firmware Version: LoRa module firmware version (Read only)

Band: LoRa radio frequency band (Read only)

Activation Mode: Activation modes for LoRaWAN end devices (Read only)

Data Rate: LoRa Data Rate mode (User defined)
Note: With LoRa wireless transmission technology, there are three parameters that define
the range and speed of data transmission over the network. Transmission power (tx power),

bandwidth (BW) and spreading factor (SF). If you lower the tx power, you’ll save battery, but
the range of the signal will obviously be shorter. The other two parameters combined (BW
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and SF) form the Data Rate (DR). This determines how fast bytes are transmitted. Higher
Data rate (DR3 or DR4) mode reduce the time of air needed to transmit data over the
network but at the cost of range (lower transmission range). On the other hand, lower Data
Rate (DR1 and DR2) increase the transmission range but at the cost of significantly
increasing the air time.

SNR: Signal-to-noise ratio between the level of the desired signal to the level of background noise. SNR is defined as the
ratio of signal power to the noise power. Ratio higher than 1 indicates more signal than noise.

Note: The information displayed in the «LoRa Information» table cannot be modified from

the Device Overview window. Some of this information and LoRa parameters can be

modified from the «Settings» tab. Few parameters are in read-only format and cannot be
modified by the end user (see section)

LOGR Systems v30.3 _ o x

o Disconnect

Device Information

Device overview
Device Name: None Device status: Logging

Settings Latitude: 0 Logger Clock UTC: 2021/07/20 20:49:50

Data Handling Longitude: 0 Time Zone (UTC offset): uTC-D4:00
Elevation: Om Logger Clock Local Time: 2021/07/20 16:49:50

Debug
Model ULogC32LoRa Measurement Interval 60s

Serial Number: 2011014 Averaging Mode: Disable
Firmware Version C.0.1.7.0-49d7aa3 Averaging Period
Hardware Version: v3 Memory used 0%
Battery Voltage 3.176 Volts Last Battery Voltage 3.638 Volts
LORA Information
LoRa Status Disable Firmware Version: 1.1.03,Dec 20 2018 15:00:56
Class: A Band us915
Device EUL C4ACS90000CC468 Activation Mode: Over-the-Air activation
Tx Power 10dBm Data Rate: DR3
RSS! -85 dBm SNR: 7

Sub-Bands 1

Figure 10 : Device Overview main window with the LoRa Information section.

5.2.2 Settings tab

To activate the LoRa transmission capability of the datalogger, only few parameters need to be defined in the «Settings» tab
(Figure 5). To configure the LoRa parameters, first connect to your device (see section 4.2.1) then select the «Settings» tab.
After few seconds, the device parameters are displayed on the screen and can be modified. For the LoRa version of the ULog
datalogger, a new section entiltled «LoRa Configuration» will be displayed below the «General» section.

To enable the LoRa transmission using the default value, simply check the «LoRa Enable» checkbox, then press the «Upload
Settings» button located at the bottom of the window to save and set your device as wanted. LoRa data transmission interval
is the same as the measurement interval (section 4.2.3.2). For instance, hourly data acquisition will result in hourly data
transmission.

Depending on the network configuration and requirement, few parameters can be modified to optimize the performance of
the LoRa transmission. To manually modified those parameters, simply click on «LoRa Advanced Settings» and a collapsible
section will display information and parameters to be changed.

The four first «LoRa Advanced Settings» information displayed are in read only mode and cannot be altered by the user. The

App EUI and App Key are mandatory information needed while configurating the gateway (section 5.1.4.1, step 3) and can be
simply copy (ctrl c) from the LogR software window and paste (ctrl v) to the multitech web interface. The Device EUI is the
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unique identifier of the device and this is that number, not the device serial number or the device name, that will be displayed
in the gateway network management tools (section 5.1.6).

Transmit Power: This is one of the most important parameters that will determine the LoRa transmission range capability of
the device. Transmit power can be set between 10 to 20 dBm by 2 dBm incremental classes. Simply click on the drop-down
menu and select the desired class.

Note: Transmission power will highly influence the energy consumption of the device during
LoRa transmission, thus influencing the overall battery autonomy of the device. Lowering
power transmission will increase the battery autonomy, but will also reduce the transmission
range. Depending on the network configuration (distance between the end-node and the
gateway, Obstacles, etc.), transmission power can be adjusted to optimize the battery
autonomy/transmission range. The default transmit power value is set to 20 dBm, which is
the maximum allowed by the LoRa module used in the Ulog datalogger. With hourly
reading/transmission, battery autonomy of the device is estimated to be over 10 years.

Data Rate: In LoRa networks, the Data Rate (DR) is a set of predefined accepted parameters for SF and BW in order to
modulate the transmission signal to meet the power/range requirements of the application. After the transmit power
parameter, this is the most important parameter used to optimize LoRa transmission. There is 4 data rate options available
ranging from DR1 to DR4. DR1 is characterized by the lowest transmission speed but highest distance range while DR4
promote the highest transmission speed but the lowest distance range. The different DR options and their related technical
characteristics are summarized in table 1.

Table 1: LoRa data rate (DR) modulation characteristics.

Data Spreading Factor Bandwidth Uplink_or B.itrate Payload Size Device types Number of
Rate (DR) (SF) (BW) Downlink (Bits/Sec) (Bytes) packets
1 SF9 125 kHz Uplink 1760 53 End-node 5
2 SF8 125 kHz Uplink 3125 125 End-node 2
3 SF7 125 kHz Uplink 5470 242 End-node 1
4 SF8 500 kHz Uplink 12500 242 End-node 1

Note: LoRaWAN regulation impose a 400 ms air time limit for a single continuous
transmission. According to the DR bitrate (transmission speed), this limits the payload size
allowance for a single transmission. According to the payload size of one logged event (=
180 Bytes for the 32 channels), the transmission payload has to be split into several smaller
packets. For instance, a single transmission event using the DR1 data rate will be split into 5
smaller packets and will require a longer awake period. Higher data rate modes will, on the
other hand, need a single or 2 packets which will reduce the awake period to it minimum.
The trade-off between range/speed shall be carefully analyzed due to its impact on the
energy consumption (awake period), but also on the minimal data acquisition interval
allowed. For instance, small measurement interval (< 15 secondes) might not be suitable
when using low data rate mode as the time to transmit exceed the measurement interval,
thus leading to steadily increasing backlog.

Number of Transmit Retry: For every message sent by the end node to the gateway, acknowledgment must be received from
the gateway to ensure data integrity before sending any other split (packets) or complete log event payload. If, for any reason,
the end node doesn’t receive the acknowledge message after transmission, another transmission attempt of the same
message will be made up to a maximum of 8 times.

Note: After 8 unsuccessful transmission attempts, the end-node will go into sleep mode for
a minimal sleep time interval before trying another transmission attempt (up to another 8
retries if needed. If the second transmission attempt is still unsuccessful, the transmission
sequence will be considered a fail and the end-node will go back into sleep mode until the
next planned sampling log interval. Just before the planned sampling log interval, the end-
node will try to transmit the previously unsent log event before sending the new log event.
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Sub-Bands: This parameter refer to the uplink sub-bands channel ranging from 902.3 to 914.9 MHz that will be use to
communicate with the gateway. Each of the 8 Sub-Bands channel available contain eight 125kHz uplink channels and one
500kHz downlink channel. It is important to select the same sub-band channel then the one specified in the gateway during
gateway configuration (see section 5.1.4.1 step 1). By default, the sub-bands frequency is set to channel 1 (SB1).

LOGR Systems v3.0.3 - o x
General:
Serial Number (Read Only)
Device overview
Device Name (up to 32 characters
None
Settings
Latitude Longitude Elevation
Data Handling 0 0 0
Logger Clock UTC Time Zone (UTC offset) Logger Clock Local Time
2021-07-21 13:47:42 UTC-04:00 - 2021-07-21 09:47:42
LoRa configuration:
LoRa Enable []
LoRa Advanced Settings ~
¥ (Rea
10 dBm -
Data Ri
DR3 -
Nur t Ret
8 A
Sub-Bands
se1 []sB2 []s83 []se4 []se5 []ses []se7 []see

Figure 11 : Settings tab overview.

5.2.3 LoRa network optimization

It is important to understand that successful communication relies primarily on a good gateway location with sufficient
antenna height either from the gateway and the end-nodes in order to improve the line-of-sight visibility. Optimization of the
different parameters is often made trough trial and error.

Generally speaking, it is good practice to choose the highest data rate as possible for the targeted distance range. Based on
extensive testing, the following general guideline may apply:

e DR3 for distance less than 10 km;
e DR2 for distance ranging between 10-15 km and;
e DRI for distance greater than 15 km from the gateway.

During the end-node installation, the following procedure may help optimizing the Transmit Power and DR parameters.

(Section under development) ....
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5.3 Getting access to the LoRa transmitted data from the web server

This section provides the step-by-step procedure to access and download the data collected from the LoRaWAN network.

5.3.1 Downloading Data Using the command prompt procedure

5.3.1.1 Preparing destination folder and Client application
Step 1: First create a folder on your computer. The name and the directory of the folder are at the user discretion.
Step 2: Copy and paste the window/mac/linux cli application inside that folder.

Note: Depending on the OS version of the host computer, there is different cli
application available. Windows OS has 32 bits (cli-win32.exe) or 64 bits versions (cli-
win64.exe). The MAC and LINUX OS versions are named respectively cli-mac.app and cli-
linux-amd64.

Step 3: Copy and paste the provided user_config.json file inside that folder.

Note: The user_config.json file contain the url address of the server, the default
username and password. This file is given as an argument in the client application in
order to avoid the need of typing the url address, the username and password for every
request made to the server. The .json file structure is as follow:

{

"url": "https://iot.logrsystems.com",
"username": "userl",

"password": "123456"

}

Step 4: Launch the command prompt application. On PC, type [cmd] in the Search Windows at the left bottom of the screen.
On a Mac, open your Finder, go to Applications, then in Utilities, open the app Terminal.

Note: The use [] indicates parameters value only and must not be used in any command-
line.

Step 5: In the command prompt application, you need to point toward the directory of the folder you have previously created
in step 1 by entering the following command-line: cd [folder directory] (i.e: cd C:\Users\Desktop\LoRa)

Note: In Windows OS, you can copy and paste the path to your directory directly from
the explorer address. Under Mac OS, you can find the path to a directory by right-
clicking on the folder and select [get info] option.

You are now working inside the folder you have created and all the downloaded data from the server will be saved inside
that folder.

5.3.1.2 Commands line functions

The CLI application saved in the created folder (steps 1 and 2 in section 5.3.1.1) contains all the functions needed to securely
download the data transmitted from a device to the gateway and then stored in the LogR Systems iot server
https://iot.logrsystems.com.

The command line functions respect the following structure:

[folder directory]\cli-win64.exe [global options] [command options] [arguments...]
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At any time, you can see all devices available for download by entering the following command-lines:

[folder directory]\cli-win64.exe -c user_config.json device list

i.e: C:\Users\Desktop\LoRa\ cli-win64.exe -c user_config.json device list
To download the data from a specific device, use the following function:

[folder directory]\cli-win64.exe -c user_config.json download [DeviceSerialNo] > [FileName.dat]
i.e: C:\Users\Desktop\LoRa\ cli-win64.exe -c user_config.json download 2010001 > DeviceN0o2010001_data.dat

Note: If no [Filename.dat] is specified, the downloaded data will be output in json format
directly in the command terminal.

Using the previous command line function, all data from a selected device will be downloaded from the server. To narrow
down the download, a from -f [Value] and to -t [Value] parameters can be specified using the following form:

[folder directory]\cli-win64.exe -c user_config.json download -f [FromValuelnSecond] -t [ToValuelnSecond]
[DeviceSerialNo] > [FileName.dat]

Note: The from and to parameters value are a specific date and time expressed in second
based on Unix time format. By default the from parameter value is [0] and the to
parameter value is [4294967295]. A specific calendar date and time can easily be
converted in second using an online converter like the following:
https://www.unixtimestamp.com/index.php

Once downloaded and saved into the .dat file, the file needs to be converted using the LogR software. See section 4.2.4 for
the complete procedure.

6 COMPATIBLE SENSORS

You can use the ULog datalogger series to log data for almost all of the analog sensors that LogR Systems sells. Please see our
website (www.LogRSystems.com) for an up-to-date list of supported sensors.

7 MAINTENANCE
7.1 Firmware update

The firmware of the device can be updated using a SD card. * Before proceeding, make sure to download data saved in the
device internal memory as the firmware update erase all data. To update the device’s firmware:

Format a SD card in FAT 32 if necessary. Make sure no other files are stored in the SD card;

Download the appropriate firmware file for your device model;

Unzip the folder and saved the FIRMWARE.BIN file on the SD card;

Insert the SD card into the SD card slot located on the device front’s panel;

Press and hold the push button for 5 seconds. The activation status LED light will first light solid red if the device is
in standby mode (not logging) or solid green if the device is in logging mode then it will turn solid orange (after
approx. 5 seconds). Once the activation status LED light turned orange, release the push button. During the firmware
update process, the activation status LED light will flash green. Once the firmware has been successfully installed,
the activation status LED will light solid red or green for 10 seconds and will then turn off;

ukhwnN e

NOTE: Depending on the status of the device prior to the firmware update, the activation status
LED light after update completion will light solid red if the device was in standby mode (not logging)
or solid green if the device was in logging mode. In any case, if the activation status LED light turns
off, the firmware update has been successfully completed.

6. Remove the SD card from the device once the activation status LED has turned off, and;
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7. Connect the device to a host computer, launch the LogR software and establish communication as describe in section
4.2.1. In the device overview tab, verify that the firmware version displayed correspond to the one newly installed.

7.2 Replacing the Battery
If installed correctly, the ULog datalogger requires little maintenance. The main requirement is to replace the battery when
its voltage is near or below 3 volts.

NOTE: Installing or changing the battery in your ULog resets the internal real-time clock to January
1%%, 2000. You must connect to your datalogger using the LogR user interface software to reset the
logger’s clock immediately after changing the batteries.

7.3 Long-Term Maintenance

We highly recommend to periodically do the following maintenance manipulations in order to extend the lifespan and the
good functioning of the ULog datalogger:

1. Check the battery holders and make sure they are clean and free of corrosion.

2. Check that the circular connectors are clean, and that the sensors female connector is making good contact with
the datalogger male connector.

3. Check O-ring gaskets and sensors cable strain relief.

4. Replace the desiccant packs after an extended period (over than a year)

8 TROUBLESHOOTING

Although ULog datalogger series has been designed for durability and built to the highest manufacturing standards, problems
may occasionally occur. This section details the most common problems that you may encounter. If you experience a problem
not described below or the proposed solutions cannot remedy, contact us at info@logrsystems.com.

8.1 Logger issues

Problem: Activation status led stays on more than 10 seconds after the device is disconnected from the software

Solution: Reset the datalogger by removing the battery (see section 3.1), wait for 15 seconds, replace the battery and set
datalogger clock using the «Settings» tab. Parameters and saved data are kept in the logger’s internal memory and are not
erased during reset of the device.

Problem: Activation status led does not turn on after pressing the wake-up button.
Solution: Make sure your logger battery is not depleted and/or well installed.

Problem: My logger doesn’t seem to be working correctly or reliably.
Solution: Change the battery or remove it for 15 seconds. This resets the logger’s firmware. If the problem persist, try to
update the device firmware. If the device is still not working correctly, please contact LogR Systems for assistance.

8.2 Communication issues

Problem: No COM Port appears in the drop-down menu.

Solution: Make sure the interface cable is securely plugged into the datalogger and the computer COM ports. If possible, use
the interface USB-C to USB interface cable provided by LogR Systems. Make sure to press the push button to wake up the
device prior to attempt connection. If the problem persists:

e Check your serial port choice. Make sure the drop-down menu shows the name of the serial port you are using to
connect to your logger.

e  Make sure the datalogger battery is good.

e Serial cables can fail so try another interface cable. If you still cannot connect, please contact LogR Systems for
assistance.
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8.3 Data issues

Problem: Downloaded or SD card data files are incomplete.
Solution: Make sure the connection between the computer and the datalogger is stable. Device activation status led should
be on and be either green or red depending on the logger status. Download the data again using the «Data Handling» tab.

Problem: My sensor data shows NaN values.

Solution: The NaN value means the raw data measured by the logger is out of expected range for the sensor. This could be
caused by a broken sensor or connector fault. Make sure the thermistor string connector is fully inserted into the logger’s
sensor port and both connectors are cleaned.

Problem: The measurements do not seem to be correct.
Solution: There are many issues that affect the quality of the sensor measurement. Please see the user manual of the third
party sensor for troubleshooting or contact LogR Systems at info@logrsystems.com.

8.4 SD card compatibility issues

Problem: Unable to download data to the SD card.

Solution: Make sure the SD card has been formatted in FAT32 and retry. If the problem persists, try with another SD card.
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