USER GUIDE

IRELESS, SENSING and TIMING PRODUCTS

e
ﬂ SEMTECH LoRaMote

LoRaMote

USER GUIDE

)

LoRa

(

Revision 2.0 — July 2014 www.semtech.com
©2014 Semtech Corporation




e
'1 SEMTECH LoRatote

USER GUIDE

IRELESS, SENSING and TIMING PRODUCTS

Table of Contents

TADIE Of CONENTS ...ttt et e e e e e ettt e e e e e s e abebeeeeaeeeesanbebee et eaesesanntsnaeeeaeeeeannns 2
INAEX OF FIQUIES ...ttt ettt e e e e a ke e e e sa ket e e e sa b et e e e aa kb e e e e aabe e e e e aabbe e e e anbbeeeesbnneeeaas 2
N (T T 1] o] (= PSPPSR 3
A [ 11 7 To 1§ e 1 o] o KU PP O U PP PPPPPTRPPO 3
3 Ordering INfOMMALION ... ———————— 3
4 LORAMOLE ... 4
4.1 IMST WIMOD IMB80A MOUUIE ......uvieiieiiiiie ettt ettt e e e st e e s st e e e s nssaeeesnnneeeas 6
4.2 868 MHZ ISM Band PCB ANTEINNE .....ccoeiiiiiiiiiiiieie ettt e et e e e e et e e e e e e s e snnbnneeeeaeeeeanae 7
4.3 [ F= L0 AV = T = -V SRR 8
4.3.1 3-Axis Accelerometer Sensor MMABAS1Q ......couiiiiiiiee ettt s e e e e s 8
4.3.2 3-Axis Magnetometer SENSOr MAG3LL0 ....ccoiiiiiiiiiiiiiei ittt sereee e 8
4.3.3 Altimeter, Thermometer and Pressure sensor MPL3115A2 ........cooviiiiiiiiiieeeiesiiiieeee e 8
4.3.4  SAR proximity SENSOr SXO500........uutiiiiiiieeeitiiee ittt ettt et e e et e e e sbr e e e sbe e e e e abr e e e e sbreeeeaa 9
4.3.5 GPS MOUUIE UPBOL ...ttt ettt et e e e st e e e st e e e e snbb e e e e snbeeeeesbbeeeesbbenenans 9
G TN G T [ T 0 oY= T T [ S 9
A.3.7  EEPROM ...ttt et e e bt e e b b e e e e a b b e e e e abreeeeatreaeeans 9

5  LORAMOLE DEMO SOMWEIE .....coiiiiiiiiiiiiiiiie ettt e e ettt e e e e e e s bbb e e e e e e e s e aanbanneeeaeeeeanns 10
51 Updating the LORAMOLE FIFMWAIE .........uuuuuiiiiiiiieiiiiiuieierereiniererernrnrersrsnnrererereree———————. 10
5.1.1 Programming the LoRaMote through the JTAG CONNECLOr ..........ccevvvvviiiiiiiiiiiiiiiieieieeeeeeee 10
5.1.2 Programming the LoRaMote through the USB-Bootloader ...........ccccveeveeeeiiiiciiiiiieee e 13

5.2 = 1Y 0T To [ o 1 g - | PP PTOTPPPN 17
5.3 PER ANGIYSIS ...t ettt ettt ettt e e b e e e abe e e e aaes 18

6 WIMOD IM88BOA ENEIgY PrOfile ...ccoi ittt e 19

Index of Figures

Figure 1: LORaMote Hardware DeSCIPLION. ......c.oiuuiiiiiiiiiee ittt ee ettt et e st e et e e e seeeee e e s nneeaesnnneeeas 4
Figure 2: LORAMOLE SCREMALICS.......ciiiiiiiieiiiiie ittt ettt s et e s bt e e s st e e e s snneeeesanneeeas 5
Figure 3: WIMOD IMBBOA MOTUIE .........uiiiiiieii ittt e e ettt e e e e e s bbb e e e e e e s e e sanbeeaeeaaens 6
[T [ (o S o O = I Y o1 (=] o | o - LT PP TP 7
Figure 5: WIMOD ENergy Profile.........eeeeii ettt e e e e e 19
Figure 6: Power ConsumMpPtion ACIOSS TIMIE .....uuuiiiiiiiee ettt e et e e e e e et e e e e e e s sbe e e ee e e e e e e neeeeees 20
Figure 7: Power Consumption With SUCCESSTUI RX.....cccoiiiiiiiiiiiiiae e 21
Figure 8: Power CONSUMPLION Gt SFL2......coii ittt e e e e e e s e e e e e e e e nneneees 22
Revision 2.0 — July 2014 Page 2 of 23 www.semtech.com

©2014 Semtech Corporation



e
'1 SEMTECH LoRatote

USER GUIDE

IRELESS, SENSING and TIMING PRODUCTS

1 Preamble

The LoRaMote is a demo platform intended to showcase the capability of the SX1272 and especially the
LoRa modulation. The platform is fitted with various sensors which provide a variety of application. We
strongly recommend for the user to read thoroughly the datasheet of the SX1272 and the LoRaMAC
specification prior to start working with on the LoRaMote.

2 Introduction

The SX1272 is a single-chip integrated circuit ideally suited for today's high performance ISM band RF
applications. Added to the renowned, high-performance and low-cost, FSK / OOK RF transceiver modem,
the SX1272 is also equipped with the LoRa proprietary transceiver modem. This advanced feature set,
including a state of the art packet engine, greatly simplifies system design whilst the high level of
integration reduces the external BOM to a handful of passive decoupling and matching components. It is
intended for use as high-performance, long range, half-duplex bi-directional RF links, and where stable
and constant RF performances are required over the full operating range of the device down to 1.8V.

The SX1272 is intended for applications over a wide frequency range, including the 868 MHz European
and the 902-928 MHz North American ISM bands. Coupled with a link budget in excess of 135 dB in FSK
in excess of 155 dB in LoRa, the SX1272 really offers the possibility of two modems in one single
package. The SX1272 complies with both ETSI and FCC regulatory requirements and is available in a
5x5 mm QFN 28 lead free package.

The LoRaMote has been design to demonstrate the capability of the SX1272 and is targeted to any
potential user who would like to get familiar with the LoRa Modulation and the LoRaMAC protocol.
Without going into too many details, this document should guide the reader through the potential use of
the LoRaMote as a standalone transmitter/receiver, or as part of a more complex 10T system. The
LoRaMote being a battery powered device, a strong emphasis on the power consumption is described
within the documents.

3 Ordering Information

When ordering, please refer to the following parts numbers:

SX1272LM1BAP LoRaMote 868 MHz version

The LoRaMote can be ordered in various quantities, contact your local Semtech representative for more
information.
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4 LoRaMote

The LoRaMote is targeted to be a development platform for the SX1272. This idea has been to group into
a single, user friendly, battery powered handheld device. While not being a real turn-key solution, the use
of the WiMOD iM880A allows the software developer to re-use all the development work into another final

product.
868 MHz ISM LED1, 2and 3
PCB Antenna
SAR Controller
WiMOD iM880A
USB Connector EEPROM
Power Switch Header
Connector
GPS
I0 expander
JTAG Connector
Accelerometer
Altimeter
Magnetometer
Figure 1: LoRaMote Hardware Description
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The schematic of the LoRaMote is displayed below. The full design details of the LoRaMote (schematic,
layout, BOM) are available upon request.
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Figure 2: LoRaMote Schematics

The LoRaMote can either be supplied with a 9V alkaline battery of through the USB connector. The
internal circuitry is however powered at 3.3V. The power switch allows to user to select whether the board
is powered from the USB or from the battery. When both a battery and the USB connector are power
supplied, the switch is rendered useless and both positions will keep the LoRaMote active.
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4.1 IMST WiMOD iM880A Module

To simplify the possibility to re-use the core of the board into another system, the LoRaMote is fitted with
a HW module from the company IMST (www.imst.com). This module is equipped with the SX1272 and a
STM32L151Cx MCU from ST Microelectronics. As equipped with the SX1272, the modules operates in
the license free 868 MHz ISM frequency band and includes all necessary passive components for
wireless communication. The modules is therefore ideal for any user who would like to shorten the time to
market of its final product

This module, the WiMOD iM880A, is fully certified and is fitted with the STM32L151C8U6 (64 KB flash +
10 KB RAM) and the SX1272. The module is clocked through the internal RC oscillator and is coming at a
very low cost.
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Figure 3: WiMOD iM880A Module
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4.2 868 MHz ISM Band PCB Antenna

The LoRaMote is fitted with a breakable PCB antenna, this PCB antenna has been especially tailored to
provide the maximum available power (20 dBm) in the 868 MHz ISM band. All the antenna design
parameters are freely available upon request.

0 dBi PIFA with Capacitive SAR Sensor

Figure 4: PCB Antenna

This antenna has been tested and a range of over 10km has been reached with the adequate setup. For
more information on the LoRa parameters allowing achieving this range, please refer to the datasheet of
the SX1272.

It is also possible to remove the breakable antenna and connect a standard SMA connector. This can be
especially needed to perform RF testing if another antenna is required.
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4.3 Hardware Details

As a handheld platform, the LoRaMote is mainly targeted to be battery powered and is thus equipped with
a dedicated 9V standard alkaline battery holder. To simplify the development of software on the
LoRaMote, the platform can also be powered directly from a USB port, thus removing the need for a
battery while developing software.

The LoRaMote is targeted to a wide range of applications and is therefore fitted with a variety of sensors
which gives flexibility of use, and allows showcasing the IOT capabilities of the LoRaMote. It is important
to notice that a header fitted with a wide variety of communication protocols is available on the board.
This brings to the LoRaMote the flexibility of having an add-on sensor board carrying another complete
set of devices.

4.3.1 3-Axis Accelerometer sensor MMA8451Q

Made by Freescale, the MMA8451Q is a low-power, three-axis, capacitive accelerometer with 14 bits of
resolution. This accelerometer is packed with embedded functions with flexible user programmable
options, configurable to two interrupt pins. The device can be configured to generate inertial wakeup
interrupt signals from any combination of the configurable embedded functions allowing the MMA8451Q
to monitor events and remain in a low-power mode during periods of inactivity. The MMA841Q is
accessible through the 12C bus at the address 0x1C. Please, consult Freescale website for more detailed
information on the device.

4.3.2 3-Axis Magnetometer sensor MAG3110

The MAG3110 is a small, low-power digital 3-D magnetic sensor with a wide dynamic range to allow
operation in PCBs with high extraneous magnetic fields. The MAG3110 magnetometer measures the
three components of the local magnetic field which will be the sum of the geomagnetic field and the
magnetic field created by components on the circuit board. The MAC3110 can be used in conjunction
with a 3-axis accelerometer; orientation-independent accurate compass heading information can be
achieved. The MAG3110 is accessible through the 12C bus at the address OXOE. Please, consult
Freescale website for more detailed information on the device.

4.3.3 Altimeter, Thermometer and Pressure sensor MPL3115A2

Freescale's MPL3115A2 provides highly precise pressure, temperature and altitude data with variable
sampling rate capability. It has low-power consumption and requires zero data processing. The Xtrinsic
MPL3115A2 pressure sensor smart features include digital output, two interrupts for auto-wake,
minimum/maximum threshold detection and autonomous data acquisition. MCU usage is limited since the
MPL3115A2 pressure sensor can process sensor data locally, reducing communications required with the
host processor. The MPL3115A2 is accessible through the 12C bus at the address 0x60. Please, consult
Freescale website for more detailed information on the device.
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4.3.4 SAR proximity sensor SX9500

The SX9500 is a low-cost, very low power 4-channel SAR controller that can operate either as a proximity
or button sensor. The SX9500 includes sophisticated on-chip auto-calibration circuitry to regularly perform
sensitivity adjustments, maintaining peak performance over a wide variation of temperature, humidity and
noise environments, providing simplified product development and enhanced performance. A dedicated
transmit enable (TXEN) pin is available to synchronize capacitive measurements for applications that
require synchronous detection, enabling very low supply current and high noise immunity by only
measuring proximity when requested. The SX9500 is accessible through the 12C bus at the address 0x28.
Please, consult Semtech website for more detailed information on the device.

4.3.5 GPS module UP501

The u-blox UP501 GPS receiver module with embedded GPS antenna enables high performance
navigation in the most stringent applications and solid fix even in harsh GPS visibility environments. The
UP501 is implemented with a Deep Sleep mode allowing reducing the power consumption while the
positioning of the device is not mandatory. Connected to the UART of the WiMOD iM880A, the GPS
module is providing directly the NMEA data from the GPS. Please, consult the u-blox website for more
detailed information on the device.

4.3.6 10 Expander

The LoRaMote is equipped with the Semtech SX1509 ultra low voltage 10- expander which allows
connecting some of the less vital part of the circuitry such as spare 10s and LEDs. The 10 expander is
accessible through the 12C at the address 0x3E. Please, consult the Semtech website for more detailed
information on the device.

4.3.7 EEPROM

The LoRaMote is also equipped with a Microchip 24AA1287 EEPROM which can hold up to 128 Kbit
(16K x 8) of data. The EEPROM is accessible Through the 12C at the address 0xA8. Please, consult the
Microchip website for more detailed information on the device.
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5 LoRaMote Demo Software

The LoRaMote is normally delivered fully programmed and is ready to be used. While the current
software is still being worked on, it is already an advanced snapshot of the LoRaMote capability.

The current implementation is based around the LoRaMAC which takes all its values when operated in
conjunction with LoRa Gateway and LoRa Server (a simple LoRa receiver can nevertheless be used to
receive the LoRaMote packets).

5.1 Updating the LoRaMote Firmware

Depending of the version of the software programmed in the LoRaMote, or if the software has been
corrupted, it may be necessary to re-flash the platform using a JTAG programmer.

5.1.1 Programming the LoRaMote through the JTAG connector

Semtech provide an updater which can operate either with the Raisonance R-Link or with the standard
STM ST-Link. In both case, the process is the following.

- Download the .zip file “LoRaMote-eu868-fw-Updater.zip” from the Semtech website or from
the Semtech IoT server (iot.semtech.com)

- Make sure the platform is powered down

- Connect the debugger though the standard 20-pin header (se figure 1 for the location)

- Power-up the LoRaMote

- From the downloaded file, execute “update.bat” and the following window will appear.

g -
B CA\WINDOWS\system32\cmd.exe =) '—u’.ﬁ-_]

The user is here requested to enter the debugger used to program the LoRaMote: either an ST-Link or an
R-Link.
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A second window will then be displayed with the option to select whether the code to be programmed
must have the ADR (Adaptative Data Rate) enable or disable. In case of doubt, please select ADR OFF.

,

—
&1 C:\WINDOWS\system32\cmd.exe Sk X

- ST-Link
RLink
lease select programning tool [1,2]1: 2

. ADR OFF
2. ADR ON
Please select if ADR is OFF or ON [1,.2]:

This is the last point to which it is still possible to cancel the upload of a new firmware in the LoRaMote.
The user is thus asked to press any key to continue or to press Ctrl-C to cancel the operation.

”

Vi
B C\WINDOWS\system32\cmd.exe SuECy X

. 8T-Link
2« RLink
Please szelect programming tool [1,2]1: 2

OFF
ON
;e select if ADR is OFF or ON [1.2]3: 1

rlink—noadr—pgm. bhat

tee WARNING: This will program the new application hex file.

e Current application will be erased.

Press Cterl-C to abort.
ress any key to continue

Revision 2.0 — July 2014 Page 11 of 23 www.semtech.com
©2014 Semtech Corporation




USER GUIDE

IRELESS, SENSING and TIMING PRODUCTS

Once the programming is complete, the following window should be displayed:

BN CAWINDOWShsystem32\cmd.exe |ﬂlﬁ

e
'1 SEMTECH LoRaiote

Please select programming tool [1.21: 2

1. ADR OFF
2. ADR ON
Please select if ADR is OFF or ON [1.21: 1

rlink—noadr—pgm.bat

b WARMING: This will program the new application hex
Current application will he erased.

Press Ctrl-C to abort.
Press any key to continue . . .

CatHex: hex file concatenator.
Copyright <c>» KEOLABS S.A.S. 1987-2012. All rights reserved. Raisonance
LABS brand.

Cortex_pgm:

software for programming Cortex microcontrollers wusing a RLink.
Copyright <c> KEOLABS S_A.%. 1987-2813. All rights reserved. Raisonance
LABS brand.

@A

Selecting target: STM32L151CBI6...
<A

Configuring RLink Driver... OK

Connecting to RLink... 0K
Connecting to target... OK

Silicon Revision Id: Bx18786416.

Option hytes: RDP=0xAA. USER=8x78. WRP=-0x00000008
okt MHeasured Target Uoltage : 3.2U0.

1>
Erasing Option Bytes and Flash... 0K

3>
Programming file LoRaMote—euB868_hex to Flash... 0K

L
Starting program execution... OK

8>
Closing com with RLink... OK

Press any key to continue . . .

At this stage, the firmware programmed is equipped with the USB-Bootloader and it should not be
necessary to do this operation again unless the code is corrupted due to wrong manipulations.
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5.1.2 Programming the LoRaMote through the USB-Bootloader

By default, the firmware will boot and run directly the LoRaMac application. There is a small manipulation
to perform to enter in USB-Bootloader mode and the process is the following:

Power down the LoRaMote

Remove the LoRaMote battery

Connect the USB cable to the mote

Then, to enter in bootloader mode, it is necessary to have a finger pressed against the SAR
sensor present on the back of the RF antenna. Please, refer to the picture below.

SAR Sensor

- The user can then power-up the mote through the side switch while keeping its finger
pressed on the SAR sensor as shown below:

The user should then see the three LEDs flashing at a one second interval which indicate the platform is
now in bootloader mode. If the three LEDs are not flashing, then the process must be done again as there
was an issue with the detection of the finger on the sensor antenna.
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The USB-Bootloader is based on the DfuSe Application provided by ST. The executable is located in
the .zip file downloaded under: \LoRaMote-eu868-fw-Updater\DfuSe-3.0.0\BIN and it is necessary to
launch the application “DfuSeDemo.exe”.

&P DhuSe Demo (v30.0) =i
Avalabla DFU and compatibhs HID Devicas —
IST'M Dimvica i DFL Mode ,] Application Mode: DFU Mode:
) Wandai |0 Werdai ID: 0483
Suppoits Upload Maniestation tolerant
Supmorts D owrload Accalerated Upload (ST)  Peocuct |D: Procuct ID: DF11
Con Dictach ersion Versiors 0200
Enber DFL modesHID detach Leawe DFU mods
Achiors
Select Targellsl | 7 opetia  Name Awailable Sectors (Double Click fof mare]
0o Irtemal Flath 512 gactoig.
Upload Action Uporade o Venly Sction
Fie: File;
Vendor ID: Targets in e
Chooge... Upload P I-
Transterad dats sce easion:
O EBID Bylez) of I KBIO Bybaz) o
- o [ Dptmize Upgrade dusation [Remave some FF3]
Time dueshion
0000 Chaoose: Upgrade Venify

You can then click on “Choose” to select the file you want to program into the board. If necessary change
the directory to “*\LoRaMote-eu868-fw-Updater\LoRaMote”

& Dy |
Lackin: j LoAsias -9 % 3
hamr ) [ite =zt Tam E
| Loflbdiote- pulll- 10-10 - sdedba ML X004 10 OFU Fie oe
 Lofshote- publ 10 H12 rouds fha BN  DFUR s
- 3
Roree. o Cam
Fuasolope | Db Flen s = | cemes |
[ O macdarty
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Once the file is selected, it is simply a matter of selecting the “Upgrade” button.

e
'1 SEMTECH LoRaMote

g DfuSe Demo (v3.0.0) L=l =,
#oailabla DFU and compatible HID Devices =
 Wenda D Wenda ID: 0483
Supports Upload Marttestaton olerant
Supports Download Accelerated Upload [ST)  Procuct 10 Procuct [D; DF11
Can Detach o emin Version 0200
Entes DFL) mode/HID detach Leawe DFL mode
Acliors
Select Tangellsl. |y netid  Name Available Sectors (Double Click for more)
1] Irdeinal Flash 512 sactoes...
Uipload &ction Upgrade o Verily Action
File: Fila: LoR akote-eBES- 300 Dk 2-adr, diu

Vendor D D483 T aigsts i ble:

oot ]| po |0 D

Transiered dats soe Vegsioy 0220
DERBID Bytes] of 0 KB[O Bybes)

] Wianify after download
’ ; || Dpémize: Upgrade duration (R zome FFs]
Tine duralian :
000000 Chosse, | Upgrade: ] [ Wiy
File comectly loaded.
Ahaoit Duit

You should see a warning window from the Application but the user simply needs to click on “Yes.

[ DfuseDemo [

Your device was plugged in DFU mode,
So it is impossible to make sure this file is correct for this device,

Continue however 7
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The DfuSe Application will start with erasing the FLASH memory and then it will upgrade the firmware.

& DfuSe Demo (v3.00) o ]
Axalable DFU and compatible HID Devices
|STM Devica in DFL Made - ApplicationMode:  DFU Mode
* Vendor D | Vendoe D 0483
Suppaits Upload I anifestsbon loletanl e e
Suppaits Dovrlosd Accelersted Upload [5T]  Frocuct ID: Procuct [D: DF11
Can Detach Warsion: Vesgiore 0200
rber DFLl modeHID detact Leave DFU mode
Aclions
Selec Tespelis} Taget ld  Mame fuvailable Sectors (Double Chick foe mais)
oo Irtesnal Flash 512 seciors.,
U plad Achon Upgrade or Yerly Action
Fil File: Lo et ale-suBEd- 300 051 2-adr dfu
VendorID; 0483 Tangets in e
. 0o LoRaMot=-2uldEs
Lo J Lot Procuct ID; 000
Transered data size Verslore | 0220
I KB[12236 Bytes] of 31 KB[32236 -
Eylaz] | Veaiy aftes download
- - o Dptrize Upgiade duralion [Remawve some FFs)
Time: duration
000042 | Choose.. | | Upgade | Veity

Once successful, the user needs to quit the application and reboot the board.

Revision 2.0 — July 2014
©2014 Semtech Corporation

Page 16 of 23

www.semtech.com




e
'1 SEMTECH LoRatote

USER GUIDE

IRELESS, SENSING and TIMING PRODUCTS

5.2 Payload Format

The implemented software is based around the GPS and the MPL3115A2 and the packets payload is
composed of 15 bytes. Of course, this payload is only given as an example and the user is free to change
it or to add further information coming from other sensors: The current payload is composed of:

Byte [0] > Value: 0x00 or 0x01

The first byte of the payload indicates the status of LED3 which is controllable from the LoRaServer. The
server can remotely switch this LED ON or OFF.

Byte [1] > Value: MSB of the MPL3115A2 measured atmospheric pressure
Byte [2] > Value: LSB of the MPL3115A2 measured atmospheric pressure

Byte 1 and 2 represent the atmospheric pressure in dPa (deci-Pascal) as it is measured through the
MPL3115A2. This value can easily be divided by 10 to get the standard hPa value.

Byte [3] > Value: MSB of the MPL3115A2 measured Temperature
Byte [4] > Value: LSB of the MPL3115A2 measured Temperature

Byte 3 and 4 represent the signed value of the temperature (x 100) as it is measured through the
MPL3115A2. This value can easily be divided by 100 to get the temperature with decimal values

Byte [5] > Value: MSB of the MPL3115A2 measured Altitude
Byte [6] > Value: LSB of the MPL3115A2 measured Altitude

Byte 5 and 6 represent the signed value of the altitude (x 10) as it is measured through the MPL3115A2.
This value can easily be divided by 10 to get the altitude with decimal values. It is important to notice that
the value returned is not calibrated. The MPL3115A2 returns the estimate altitude relative to the
atmospheric pressure. Depending on the measurement condition, the value may be within plus or minus
100m. Please, refer to the component datasheet for more details.

Byte [7] > Value: 0x00 to OxFF

The seventh byte of the payload indicates the status of the battery. The status of the battery is returned
as described in the LoRaMAC specification:
0x00: The device is connected to an external power source
0x01 to OXFE: The battery level, 1 being the minimum and 254 the maximum.
This measurement is a linearized discharge function of the battery and is thus
battery dependent
OXFF: The LoRaMote was not able to read the battery level
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Byte [8] > Value: MSB of the UP501 received Latitude
Byte [9] > Value: CSB of the UP501 received Latitude
Byte [10] > Value: LSB of the UP501 received Latitude

Byte 8, 9 and 10 represent the latitude as defined by the LoRaMAC specification. The north-south latitude
is encoded using a signed 24 bit word where -223 corresponds to 90° south (the South Pole) and 223- 1
corresponds to 90° north (the North Pole). The equator corresponds to 0.

Byte [11] > Value: MSB of the UP501 received Longitude
Byte [12] > Value: CSB of the UP501 received Longitude
Byte [13] > Value: LSB of the UP501 received Longitude

Byte 8, 9 and 10 represent the longitude as defined by the LoRaMAC specification. The east-west
longitude is encoded using a signed 24 bit word where -223 corresponds to 180° west and 223- 1
corresponds to 180° east. The Greenwich meridian corresponds to O.

Byte [14] > Value: MSB of the UP501 received Altitude
Byte [15] > Value: LSB of the UP501 received Altitude

Byte 14 and 15 represent the value of the altitude (in meters) as it is received through the UP501.

5.3 PER Analysis

It is also important to notice that some of the LoRaMAC protocol frames can be used to perform network
testing such a PER test. A PER test can be perform thanks to the sequence number which is maintained
between the LoRa Server and the LoRaMote. Every packet send from the LoRaMote is numbered and
thus can be extracted from the LoRaMAC on the server side to perform the PER analysis. For more
information on the sequence numbering or on any other aspect of the protocol, please refer to the
LoRaMAC specifications
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6 WIMOD iM880A Energy profile

The figure below shows the power consumption of the WiMOD iM880A module. The code is organized so
that the MCU and all peripherals are in sleep mode most of the time. The purple line shows the current
consumption of the WiMOD across a 100 ohm resistor (R40 on the schematics is a 0 ohm resistor which
can be removed to allow measuring the current).

%% Agilent Technologies MON FEB 10 23:21:29 2014

Sensors
Active

)000000s
AX = 1.0000Hz
}=1.18125V

Figure 5: WiMOD Energy Profile

For details information on the LoRa protocol, it is advised to read the LoRaMAC specifications. The
principal aspect of the protocol is the opening of two reception windows after each transmission.

Revision 2.0 — July 2014 Page 19 of 23 www.semtech.com
©2014 Semtech Corporation




e
'1 SEMTECH LoRaMote

USER GUIDE

WIRELESS, SENSING and TIMING PRODUCTS

The figure below highlights the timing of the events:

The Rx Window 1 is opened exactly 1s
after the end of the Tx

MON FEB 10 23:21:29 2014

The Rx Windows are 5 symbols at
SF12. Depending on the SF, the Rx
Windows are thus changing.

Tx duration is
SF dependent

Sensor power between Tx

consumption
(duration and
power consumption
is sensor
dependent)

The Rx Window 2 is opened exactly 2s
after the end of the Tx if no packet was
received during the first Rx Window

_ _ _| ~-

Figure 6: Power Consumption Across Time
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The figure below highlights the power consumption of the WiMOD during a successful reception.

Agilent Technologies MON FEB 10 23:23:14 2014

Here the Rx Window is only opened once
and its duration is longer as it is staying
active for the length of the packet

The Rx Window 2 is not present
as a packet has been received

4 AnAAOAAA e e

)000000s
1/AX = 1.0000Hz
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Figure 7: Power Consumption with successful Rx
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When the ADR (Adaptative Data Rate) is active, the Gateway can send the information to the Node to
switch to a lower SF. Here, the power consumption is greatly reduced during the transmission and
reception as the SF is much lower.

£ Agilent Technologies MON FEB 10 23:22:28 2014

i
N

The difference is transmission time, and thus
power consumption, is greatly reduced as
the SF goes lower

The same goes for the Rx
Windows

AROOOE OO O T

AX=1.00000000000s
1/AX = 1.0000Hz
AY(V) = 119375V

_l _l _l ~-

Figure 8: Power Consumption at SF12
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