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Introduction LoRa Radio Technology & The LoRaWAN Network Protocol The Things Network

Bees are the pri_mary poIIinato_r of flower_ing plantg Including many staple food L oRa: LoRa Compared to Wi-Fi, Bluetooth and Cellular: The Things Network IS a Software as a Service (SaaS) solution for _the Network Server
crops and are vital to our survival. Keeping bees in colder climate regions such _ _ | | | o and Application Server components of the LoRaWAN network. Their software and user
as New England presents the challenge of successfully overwintering a hive. LoRa (Long Range) is a Physical layer implementation of a radio — e — e Interface called The Things Stack, bridges the LoRaWAN gateway and whichever end
By providing beekeepers with a means to collect meaningful data about the modulation method that is based on Chirp Spread Spectrum technology - ‘M..mmm,omm devices the user specifies. The software allows many end devices and gateways to be
interr_lal climate Cc_)nditions.of a b.eehive,_ not only during_the winter when (CSS). It encodes data using chirp pulses and operates in an unlicensed B[E' _Wmflj i registered to the same netwqu, handles dgcrypting network data, and_allows d_ata to be
physically inspecting the hive is |m_pOSS|bIe but also durln_g the rest of the year, sub-gigahertz band (915 MHz). The maximum allowed bandwidth is Sandid Video' Valoe parsed, sorted, and sent to different endpoints such as a database, using a variety of
they can have a better understanding of the health of their hive and better restricted to 500 kHz at most. which limits the data throuahput of the methods such as MQTT and Webhooks.
prepare for or react to critical conditions or situations. By making this system ’ gnhp _ The Things Network live data view: The Things ...
capable of being utilized in remote areas, its usefulness increases drastically, system, but enables small amounts of da_ta (such as sensor readings) to be B i < ——— . Network
as it can be used to monitor large-scale apiaries (collections of beehives) such transmitted over much greater ranges, with less power, and at a lower cost = ) Payload
as on farms or orchards where Wi-Fi and electricity are scarce or impossible to than alternative technologies such as Wi-Fi, Bluetooth or cellular networks. o e = - e Formatters: == -
access. s = =S

_ORaWAN: LoRaWAN Network Architecture:

Pro ] ect Go al _oRaWAN is a Media Access Control (MAC) protocol built for use with the ‘m@b
_LoRa modulation implementation and is used for creating Low Power, — -
. N o \\ e i Application Layer
Develop a system that can remotely monitor the conditions within a Wide Area (LPWA) networks. The LoRaWAN protocol specifies how @ [ A B =) Next Steps
beehive that are vital to the colonv’s survival. which can be used i devices use the LoRa hardware, including how data is formatted, and how O e [t | j —
Y ’ and when data is transmitted and received to and from end devices and Improved Sensing Capabilities: |

areas where access to power and data signaling is limited. atewavs @b « Addition of load cells, positioned in the bottom of the beehive, would allow for

9 ys. weight measurements to be captured, to estimate the number of bees currently in

the hive, as well as honey production over a range of time
- -  Increasing the number of temperature, humidity, and Co2 sensors in the system
SyStem OVGFVleW SyStem ArChlte Cture would allow for more accurate measurements of climate conditions inside the

beehive
Hardware Overview: « Addition of microphones to record frequencies generated by the bees
: - . SVStem StrUCtu re & Data Path FIOW Chart « Could possibly be used to detect when an invader such as wasps or rodents

.AdafrUIt Feather MO m|C|‘OC0nt|‘O”er_ -------------------------------------------------------------- ............................................................. has entered the hive

. The project is based on the Adafruit Feather MO microcontroller with integrated LoRa radio submodule. f . 5 Database & Website . Could possibly Identify when the bees are preparing to swarm. or when a new
«Adafruit PCA9548 12C Multiplexer: | Sensors End Device . :

. . . ; r L : g e TR queen bee has entered the hive
« Used to_allow multiple sensors with the same 12C address to communicate over the same 12C | Q e . : | -Performance & Efficiency Improvements:
connection | } L = , N Dhiplio - Implementing a better transmission technique such as Ingenu’s RPMA radio

*Adafruit USB / DC / Solar LiPo battery charge controller: : s /N e F . LoRa —_/ : Emes o technology would allow for greater transmission ranges, lower power

- Allows LiPo battery to be charged using a USB-C cable or a solar panel . |L @ ' ' ' m"”::’r:';es - consumption, and increased data throughput per end device
5V 5W ETFE Solar Panel : F——==3 § ) T A ) Software Enhancements:
-Sensors: . | Gli)) o || pod il . Implementing a feature to allow the user to set parameters, which cause the

» Adafruit HTU21D-F Combined temperature and humidity sensor . L ® system to alert the user when critical conditions within the hive occur

« Enabling the user to control the measurement frequency, to allow for more data to
be collected, or to conserve power dependent on the individual user’s needs
Durability testing:

* 5% - 9% relative humidity measurement range, * 2% . | :
« -30°C - 90°C temperature measurement range, +1°C e i e e e il niopeiitsilisin e .
« MHZ-16 NDIR Co2 sensor

+ 400ppm - 100,000ppm Mmeasurement range Physical System Architecture: Sensor Data Routmg:  How du_rf_;lble are th_e s.ensors and wires that are placed inside the hive
! L , ‘ ‘Power & Efficiency Testing:
Software Overview: 'EEE £ B'”a”lz(f;lig;‘fg;:ata  How much does the LiPo battery and solar panel degrade over time and what can
! iy | reather MO é g | iy, 1 mamas stace be done to extend their lifetimes
Microcontroller I W
Supabase backend server and Postgres database: dpoparery | ENE s g we . Experimenting with different antennas and antenna placement to maximize
 Takes in data from The Things Application Server via Webhooks and stores sensor data in JSON s== [ | = i i . ) — broadcast range
fo rm at ) C%E?r?lli:r Antenna SJeSnSONr f?arfaltn :
» Webhooks are HTTP requests that are used to communicate information between multiple APIs, soerreme Fommatter E Conclusion
such as The Things Application API and the Database API e — —
. Handles database integrations and user authentication We _developeq a system that remotely measures temperature, humld.lt.y,. and Co2 Iev_els
*React Framework: Supabase Database Wltl’rllln ? beehive. The s;;]stedm can operate in remé)te envwc}znment(s U'[I|IZ(Ijng LoRa radio
' - . . i T N technology to transmit the data over a max tested range of 1.01 km. and can operate in
* Open source, front-end JavaScript library ysed to create website /_user mterface | ['Q' -;:;'] [ 4 -,;;] [ I* & o ] GHFIU —>Ea areas tha?tydo not have an accessible power source byg using a solar panel and I[I)_iPo
* Allows data from sensors to be displayed in a variety of ways and in an easily accessible format Tnvee  Tenpaye ;:5511; Ng';;;?z e St AP battery, which together powers the entire system. In addition to the hardware
“Vercel: - - - component of this project, we have successfully developed a rudimentary database and
« Website hosting and management

"dec ddp)l ad": {

website for storing sensor data and displaying it in both a text-based and graphical
. .
R e t format, which can be extended to allow many users, and many end devices to operate
266 2024-04-07 21:06:10.193295+0( {"device_id":"bee-node"} "2024-04-07T21:06:10.1133870622" {"decoded_payload":{"C02":0,"Humd1":37 ’ ’
uplink_message jsonb ’ Su pa base S u S
S e n S o r D a ta fro m 265 2024-04-07 21:06:00.362949+( {"device_id""bee-node"} "9024-04-07T21:06:001280405722" {*decoded_payload™:{"Co2":0,"Humd1":37 I
{ _ 264 2024-04-07 21:05:50.35938+0C {"device_id":"bee-node"} "2024-04-07T21:05:50.1301595322" {"decoded_payload":{"C02":0,"Humd1":37 C O n C u r re n t y.
d a t a b a S e t a b I e 263 2024-04-07 21:05:40.33671+00 {"device_id":"bee-node"} "2024-04-07T21:05:40.138334926 2" {"decoded_payload":{"C02":0,"Humd1":37
262 2024-04-07 21:05:30.375067+0 {"device_id":"bee-node"} "2024-04-07T21:05:30.1556819822" {"decoded_payload":{"C02":0,"Humd1":3¢
261 2024-04-07 21:05:20.378505+C {"de ee-node’} "2024-04-07T21:05:20.1777153192" {"decoded, Humd1":3¢
260 2024-04-07 21:05:10.401481+0C {"de ea-node} '2024-04-07T21:05:10.1672566362° ‘decoded, ‘Humd1":3¢
259 2024-04-07 21:05:00.390917+0 {"device_id":"bee-node"} '2024-04-07T21:05:00.180437102Z" decoded 'Co2":0,"Humd1":3¢
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one packet in JSON , . : :
format: = for storing ‘Transmission range tested to 1.01km: Completed System: View The Website! Acknowledgements
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o o . | & Successfully o d | :
N, \Jr 14:27:37 Schedule data downlink for trans. DevAddr: | 27 FD04 47 | <> IR | Rx1 Delay: 5 . map eve Opers . Com ® Iea rn . a d afru It. CO m
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