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\ At the trade-off of power, wireless technologies are much more portable and convenient than their wired counterparts. This is especially true in the
| scientific sphere, where many environmental factors must be recorded at all times at as many locations as possible. Using these technologies, scientists
. can often reduce cost while maximizing the number of sensors without compromising sensor quality. To this end, we have developed EPICS controllers for

| both Bluetooth Low Energy (BLE) sensors and Zigbee sensors. For BLE, we chose the Nordic Thingy:52 for its low cost, high battery life, and impressive

'] range of sensors. The controllers we developed combine EPICS base functions, the Bluetooth generic attribute data structure library, and multithreading
techniques to enable real-time broadcast of the Thingy’'s 20+ sensors’ live values. Because BLE is limited in range, we also developed a controller for an

XBee sensor which, through the Zigbee mesh protocol, can expand its range through each node added into the network. With these controllers, NSLS-II

| scientists will have access to a whole new class of sensors which are both easier to deploy and cheaper than their wired predecessors.
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: “ We first explored wireless sensors with the Digi XBee L/T/H sensor
(1), which uses the ZigBee protocol and includes sensors for light,

% temperature and humidity for $100. For ZigBee connectivity we used

f both the ZigBee Gateway (2) and XBee XStick (3). For Bluetooth we
chose the Nordic Thingy:52 (4), which has an impressive array of
environment & motion sensors at $40. For developing custom
firmware we used Nordic’'s NRF52 DK (5) and for Bluetooth
connectivity we used Nordic's NRF52840 dongle (6). We developed
two types of custom firmware for the Thingy:52 and NRF52 DK:

Bluetooth Mesh

* Many-to-many connection

* One ‘bridge’ Thingy:52, up to 9 ‘node’ Thingy:52s
* Requires radio to be on constantly; battery drain
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Bluetooth Multi-Link

* Many-to-one connection

« Central NRF52 DK connects to up to 19 Thingy:52s
* Low energy connection between nodes and central

* NATIONAL SYNCHROTRON LIGHT

(1 ) Sensor ID [00:13:a2:00:41:63:87:88]'  Light 69.21 Temperature 23.20 C Humidity 37.95 %

Sensor ID [00:13:a2:00:41:4f:ad:92]! | Light 116.13 Temperature 23.08 C Humidity 37.58 %

(1) XBGGIOC Sensor ID [00:13:a2:00:41:4f:ad:97]!  Light 89.15 Temperature 22.26 C Humidity 38.44 %

Connects to XBee L/T/H sensors using Temperature Humidity
either an XBee Gateway or XBee XStick e A=

« Uses StreamDevice structure, interfacing
with independent Python script running a
simple TCP server

* Finicky, prone to failure

XF:10IDB{XBEE:001}T [C]
.0 215 22.0 225

(2)

(2) ThlngyIOC Interface Environment Motion

e Connects to one Th|ngy52 with /‘ Temperature 25.49C Roll -0.63 deg GravityX -0.24 m/s"2 ' QuaternionX -0.01
Bluetooth low energy Pressure 1016.50 hPa Pitch 1.39 deg GravityY -0.11 m/s™2 QuaternionY 0.01

° Supports a” Sensors ;Eft :r:tant ROGOBO :Sidi:: :.BDU% ;aw . z};:zde? Erauiltyzf xQ::;mfs"z Zuazem?oni ::

atte E irQuali 616 TVOC boby roscope .00 deg/s ccelerationX -0. uaternion :

) NOt Scalable; 1 USB SIOt for 1 SEnsor Oriengtiun Landscape | y 'G::'ruscnze‘( 0.03 dez,r‘s | AccelerationY -D.nlz | Taps 1taps in +Z directi

Thlngyl\/leshIOC Heading 47.85 deg GyroscopeZ -0.09 deg/s \i AccelerationZ 0.98 g | Steps 13 in 6sec

 Connects to bridge Thingy:52 which L Tempersure o prese I
connects to up to 9 node Thingy:52s SESEE E

- Supports temperature, pressure, (3)| =
humidity Lid 2t

« Poor battery life; several days

(3) ThingyAggregatorlOC ’

- Connects to NRF52 DK which connects i
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to up to 19 node Thingy:52s
« Supports all sensors
* Loss of approx. 1% in 24 hours
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These |I0OCs can be run on the extremely compact Raspberry Pi 3 equipped with a q\\\ : : ST, U.S. DEPARTMENT OF
Nordic Bluetooth dongle, and thus deployment to the beamlines will be simple and \ (Squﬁ}é]egg;%{n?r?efgisgg ' B EN ERGY Office of
painless. With the multi-link network, one USB dongle can read from up to 19 and Applied Sciences <4 Science

sensors which last roughly 3 months with a full charge. Next steps include fixing
any performance bugs on the |IOCs and identifying a sensor capable of Bluetooth
mesh networking without extreme battery loss so we can capitalize on the
extensive range of Bluetooth mesh.



