



Cavalier Sensor Code
Technical Overview

September 11th, 2018
William E. Jennings

Release 2.0.8.0


1.0 Technical Requirements

2.0 Typical Anticipated Deployment

3.0 Software Block Diagram
	Power-Up
	Master State Machine
Interrupts
	Reading Sensors
	Mesh Operation
		Sending Sensor Data to Base
		Reading local Mesh Status

4.0 Configuration of the Mesh Radio Module

5.0 Hardware Overview

6.0 Considerations for Battery Operation

7.0 Supported Sensors
	PIXL
	DAFE with Water Pressure, Dendrometer, IR, and Frost
	AquaCheck
	FLOW
	Repeater

8.0 Installation Considerations
	Verification at the Cavalier Sensor location
	Verification within the field
	Verification over the web
	Installation Constraints regarding RF range

9.0 Anticipated Packet Reliability End-to-End

Appendix
	A1.0 Data format for Sensor Interface
	A2.0 Data format for Mesh Packets (from Sensor to Base)
	A3.0 Release Numbering
A4.0 Software Toolchain

1.0 Technical Requirements

· The Cavalier Sensor Code requires the hardware to be either revision 3.2 or revision 3.3 of Cavalier.  These revisions have the sensor power controlled by a load switch, and not a PFET.
· Battery Operation for approximately 2 years while using a single sensor on a Cavalier.  Approximately 16 months while using two sensors on a Cavalier.
· Auto-detect type and quantity of sensors attached to Cavalier; if no sensor, configure itself as a mesh repeater
· Sample Sensor(s) every fifteen minutes.  If one read of the Sensors has a fault during a read (for example, CRC error) retry three times to get a successful read
· Be able to slow down or speed up the mesh, for either power conservation, or quicker initial deployment
· No configuration specific to Cavalier required other than the Radio Mesh Module configuration registers for Channel Mask and Network ID
· Queue data for transmission over mesh to a base station connected to the internet
· Store at least 16 samples for temporary transients in mesh operation
· Be able to re-transmit packets if they are not received by the base station
· Have sequence numbers in packets, to enable accurate time-stamping of samples, and detect missing samples, or duplicate samples (missing or duplication due to the mesh radio transport)
· Install in fifteen minutes, verify connection to mesh in sixty minutes without requiring internet access to verify operation
· Send radio status to base station (sync status, rssi)
· Send Cavalier Temperature and Battery data to base station
· Goal is one missed packet end-to-end (after retransmission and de-duplication) in ten days, except for planned service outages, or extended base station outages.


2.0 Typical Anticipated Deployment


Dalmatian Linux Station
(in field, generally centralized)
with Cavalier running Base Station code
|
|
[Cavalier Sensor Node]
[Sensor(s)]
|
|
[Cavalier Sensor Node]
[Sensor(s)]


Will add some graphics, etc.  this page is place holder


3.0 Software Block Diagram

Need picture here.  Probably the master state diagram, with a driver structure accordingly.  With named files, etc.

3.1 Power-Up

To speed up the power-up cycle to conserve battery power these steps are taken:

· The watchdog is turned off
· The CPU pins are programmed
· The CPU clock modes are programmed
· Sensor power is turned off
· The board does not advance until the CPU voltage is above 2.8 volts, insuring proper sensor operation
· The Hardware board revision is detected
· The one second timer tick is enabled
· The radio data structures are initialized
· The mesh radio is hardware reset
· The mesh radio is programmed for non-sleep operation.  This must be done quickly after power-up before the module enters sleep operation.
· The mesh radio continues to program needed registers for operation.
· The mesh module is programmed to have the DH and DL registers set for broadcast.  This is required to enable the Base Station to communicate it’s unicast address using the ATAG command.
· The active wake and sleep times are read from the radio module.
· The mesh is programmed for synchronous sleep mode.
· The revision of the software is blinked on the LED.
· The sampling cycle time is calculated from the active wake and sleep times.
· The watchdog is enabled with a 16 second timeout
· The initial master state machine is set to sample sensors
· We start the master state machine




3.2 Master State Machine

The master state machine has the potential of advancing every second.  There is a one second timer-tick (interrupt routine) that sets the tick_1s event (in the background).  There is a main loop in the foreground that can change states every second.

There is a watchdog set for timing out in sixteen seconds, so the radio mesh routines, and the sensor sampling routines must finish before that timer expires.  It protects a run-away driver from permanently hanging the code operation.

The operation toggles between sampling sensors, and sending data over the mesh: with the priority given to operating on the mesh when it wakes up from its synchronous sleep.  When the sensors are not being sampled, and the radio is off: the processor is in its low power sleep mode.

Pertinent code snippet showing this operation for the master state machine:

while( TRUE ) {
if( timerTickEvent.tick_1s == 1 ) { // 1s tick 
	timerTickEvent.tick_1s = 0;
RESET_WATCHDOG(); // reset watchdog 
current_time = tick_GetUptime();
check_radio_woke_up();

switch (sys_state) {
case SYSTATE_SLEEPY: // always return to sleep
do_state_sleepy();
break;
case SYSTATE_SAMPLY:
do_state_samply();
break;
case SYSTATE_SENDY:
do_state_sendy();
break;
}
// determine next master state
if ( radio_isAwake() ) {
    			sys_state = SYSTATE_SENDY;
    		} else if ( current_time > next_sampling_time ) {
sys_state = SYSTATE_SAMPLY;
} else {
    			sys_state = SYSTATE_SLEEPY;
}
}
}  // Always running the state machine, never gets past here


The routine check_radio_woke_up() polls the status of the radio sleep pin, and also timestamps when the radio wakes up.  I turned off this interrupt, and using polling at the one second timer tick boundary, to reduce one more async event to handle.

3.3 Entering and exiting CPU Sleep Mode (SYSTATE_SLEEPY)

The processor will enter low power mode 3 when it does not have work to do.  This is the lowest power state that can still operate a timer clock for keeping a one second timer.

The processor will stay in this state unless the radio wakes up, or it’s time to sample the sensors (in normal operation, that’s every fifteen minutes).

3.4 Reading Sensors (SYSTATE_SAMPLY)

· Sensors are auto-detected
· Sensors are sampled
· Sensor data is verified for CRC or Checksum (sensor dependent)
· If the CRC or Checksum from the sensors are incorrect, the sensor is re-read to try and get a valid sample every sampling period
· Sensor data is parsed and packaged into a mesh packet
· Added to the mesh packet is mesh status and cavalier board status
· Mesh packet is enqueued into a ring buffer for sending over the mesh

3.5 Mesh Operation (SYSTATE_SENDY)

3.5.1 Sending Sensor Data to Base

While the radio is active, with seconds left on the wake timer, and it’s not a wake cycle reserved for reading the radio status,

	If there are packets in the packet queue
		Wait a random amount of time (to dither transmit timing)
(from 0 to 960 msecs, in 80 ms slots)
		Send one packet over mesh
		Verify successful transmission
		Advance queue (de-queue)

As the routine SYSTATE_SENDY is called once a second if the radio is awake, then it’s possible to send multiple packets in the same radio awake cycle.   As an example, if the wake period is six seconds, it’s possible to send up to four packets successfully (there are guard bands at the wake up boundary, to insure the mesh radio takes the packet to transmit successfully; and guard bands at the go to sleep boundary to enable the packet to make it to the base station, and get a response: even with retransmissions in the mac layer by the mesh radios).

Note that if a packet is not de-queued, once either the packet transmission times out, or it receives a failed transmit status, it will retry transmission of the packet if the radio is still active.


3.5.2 Getting packets to the base station, without configuration information

The cavalier code does not have any configuration, other than what is in the mesh radio non-volatile memory for its operation.  Consequently, when a cavalier is powered on, it does not know the mac address of the base station.  The mesh also has not discovered a path between the sensor node and the base station.

Consequently, all packets from the sensor node are initially sent using the broadcast address.  These frames will make it over the mesh to the base station.  When the base station receives the frame, it processes it as any other data frame.   However, the base station also sends a special mesh packet called an ATAG command to the broadcast address.  What this does is create a route for all nodes in the mesh, and also gets the base station address to all nodes.  The node that initiated the broadcast will update the address for the base station in ram (volatile), and use that unicast address for future packet transmits to the base station.

System thoughts on when the buffer fills up… current approach, and alternatives.

If I get a transmit status returned that indicates that the route is not available, I change the destination mac address for future transmits (even from the head of the queue) to be the broadcast address.  This will force the base station to sent an ATAG, which forces a network discovery to setup a route.  

It is not currently in the code, but I am considering using the ATAG response from the base station as a positive acknowledgement of a broadcast, and not advance the queue until that’s received.  Normally the mesh radio protocol gives a successful transmit status for broadcast frames, even if it’s not successful.  The ATAG from the base would be a positive acknowledgement that that base station saw the frame (except in that odd exception that another sensor node sent a broadcast frame at the same wake cycle…).  Because the mesh radio always returns a successful transmit status for broadcast, the first few packets upon power-on may get lost in transit until the base station sends out an ATAG frame with the mac address of the base station.

Currently, if the ring buffer is full, and another packet is attempted to be added to the ring buffer, I warm reset the code.  I do this as it’s possible it’s a code lockup condition.   Over time I may instead go through the ring buffer and drop every other packet, freeing up half the buffer.  We will loose samples, but they will still be sequenced, so we can recover the sampling time – and it’s better to have samples every thirty minutes for eight hours, than a four hour gap with not data (if the ring buffer has sixteen packets: it can buffer four hours sampling every fifteen minutes).  Of course this continues to recursively happen: when the buffer ring fills up again, I could drop every other packet freeing up space.  At some point, if I do this, I could force the warm reset.

3.5.2 Reading Local Mesh Status

While the radio is active, with seconds left on the wake timer:
Every eighth time the radio wakes up, do not send packets, and poll one register in the mesh radio for status.
			(rotate through desired registers, one per eight cycles)
		If the status register read successful, update local cache for mesh stats

Current stats read are:
(DB) RSSI (in dB) for last received packet
(OW) Operational Wake Time
(OS) Operational Sleep Time
(MS) Missed Sync Messages
(SQ) Sync Status

These statistics are either used to change the sampling and transmit cycle time (OW and OS), or sent in every packet from a sensor node to have key mesh parameters on each sensor node collected at the base station (DB, MS, and SQ).

It’s not ideal to skip a transmit cycle every eight cycles, but it’s what I had to do to get this release stable.  Of course, it will cause the packet queue to deepen by one packet every eight wake/sleep cycles: so the next wake up cycle will transmit more than one packet in a small burst.



4.0 Configuration of the Mesh Radio Module

Below is an XML configuration dump for a sensor mesh radio, taken from the DigiMesh XCTU utility.  It is anticipated that all sensor nodes are configured like this: with the exception that the sleep timers are set for fifteen minute cycle time; and the NetID, and the NetMask are site dependent.  Parameter NI can be used to name the node and has no impact to operation in our systems.

<?xml version="1.0" encoding="UTF-8"?>
<data>
  <profile>
    <description_file>XBP9X_9004.xml</description_file>
    <settings>
      <setting command="CM">00000000000003FFFFFFFFFFFF</setting>
      <setting command="HP">0</setting>
      <setting command="ID">2000</setting>
      <setting command="MT">3</setting>
      <setting command="BR">2</setting>
      <setting command="PL">0</setting>
      <setting command="RR">A</setting>
      <setting command="CE">0</setting>
      <setting command="BH">0</setting>
      <setting command="NH">7</setting>
      <setting command="MR">1</setting>
      <setting command="NN">3</setting>
      <setting command="DH">0</setting>
      <setting command="DL">FFFF</setting>
      <setting command="TO">C0</setting>
      <setting command="NI">Digi Demo 4</setting>
      <setting command="NT">82</setting>
      <setting command="NO">0</setting>
      <setting command="CI">11</setting>
      <setting command="EE">0</setting>
      <setting command="KY"></setting>
      <setting command="BD">3</setting>
      <setting command="NB">0</setting>
      <setting command="SB">0</setting>
      <setting command="RO">3</setting>
      <setting command="FT">11D</setting>
      <setting command="AP">1</setting>
      <setting command="AO">0</setting>
      <setting command="D0">1</setting>
      <setting command="D1">0</setting>
      <setting command="D2">0</setting>
      <setting command="D3">0</setting>
      <setting command="D4">0</setting>
      <setting command="D5">1</setting>
      <setting command="D6">0</setting>
      <setting command="D7">1</setting>
      <setting command="D8">1</setting>
      <setting command="D9">1</setting>
      <setting command="P0">1</setting>
      <setting command="P1">0</setting>
      <setting command="P2">0</setting>
      <setting command="P3">1</setting>
      <setting command="P4">1</setting>
      <setting command="P5">1</setting>
      <setting command="P6">1</setting>
      <setting command="P7">1</setting>
      <setting command="P8">1</setting>
      <setting command="P9">1</setting>
      <setting command="PD">FFFFF</setting>
      <setting command="PR">FFFFF</setting>
      <setting command="M0">0</setting>
      <setting command="M1">0</setting>
      <setting command="LT">0</setting>
      <setting command="RP">28</setting>
      <setting command="AV">1</setting>
      <setting command="IC">0</setting>
      <setting command="IF">1</setting>
      <setting command="IR">0</setting>
      <setting command="IU">1</setting>
      <setting command="IA">FFFFFFFFFFFFFFFF</setting>
      <setting command="T0">0</setting>
      <setting command="T1">0</setting>
      <setting command="T2">0</setting>
      <setting command="T3">0</setting>
      <setting command="T4">0</setting>
      <setting command="T5">0</setting>
      <setting command="T6">0</setting>
      <setting command="T7">0</setting>
      <setting command="T8">0</setting>
      <setting command="T9">0</setting>
      <setting command="Q0">0</setting>
      <setting command="Q1">0</setting>
      <setting command="Q2">0</setting>
      <setting command="Q3">0</setting>
      <setting command="Q4">0</setting>
      <setting command="PT">FF</setting>
      <setting command="SM">8</setting>
      <setting command="SO">A</setting>
      <setting command="SN">1</setting>
      <setting command="SP">960</setting>       // this setting for 14 sec sleep timer, update for  894 sec
      <setting command="ST">1770</setting>
      <setting command="WH">0</setting>
      <setting command="CC">2B</setting>
      <setting command="CT">64</setting>
      <setting command="GT">3E8</setting>
      <setting command="DD">F0000</setting>
    </settings>
  </profile>
</data>


I have had feedback that I should indicate which parameters are different than the default, and also which parameters may change in different install configurations.   I will do that in a later revision of this document.

5.0 Hardware Overview

5.1 Hardware Block Diagram



5.2 Hardware Schematic

Key components include the MSP430 microcontroller from TI, the SX Pro Mesh Radio module from Digi Transport, the crystal resonant at 32768 hertz, a full duplex RS422 transceiver, a voltage regulator, jumpers to select between sensor or host operation (of cavalier), a load switch that enables turning on and off the sensor power, support for the Texas Instruments Flash Emulation Tool, and a debug LED.

The sensors are attached to the RJ68s for the power connection (to the battery), and to the analog RJ68 (for sensor power).  If in a base station configuration, only the RJ68 that has power and RS485 is attached to the external connector.

[image: Macintosh HD:Applications:EAGLE-7.7.0:projects:Cavalier:00118-01:FarmX-603-00118-01-CAV-SCH.pdf]

These are schematics for Cavalier Hardware revision 3.3.  Revision 3.2 is a reworked PCB that is similar, with minor differences handled in the sensor power control.  

The boost regulator shown is not used. There are components labeled DNP (do not populate) indicate which devices are not on the PCBA.

The RF path goes to a RPSMA female connector.  A 2.1 dBm gain antenna is attached to the module in normal operation.  FCC regulations allow  up to a 6 dBm antenna in the 915 MHz ISM band that the mesh operates in.
The system is powered either from the base station (through the LDO regulator), or directly from the Lithium Thionyl Chloride battery. 

The power circuit is straightforward. However there is a 1.5 Farad SuperCap near the radio module.  This is required for operating during the high power transmit using the 30 dBm  radio.  Without this, the radio performance degrades significantly.
 
5.3 Hardware Interface from the CPU to the Mesh Radio

[image: Macintosh HD:Users:williamejennings:Desktop:Screen Shot 2018-09-07 at 2.51.34 PM.png]The hardware interface from the CPU to the Mesh radio consists of a SPI data path (signals XBEE_SCK, XBEE_SSEL, XBEE_MOSI, and XBEE_MISO, ~XBEE_SPI_ATTN), a reset signal (~XBEE_RST), and a mesh awake signal (~XBEE_SLEEP).  

The schematic shows a connection for a sleep request signal (XBEE_SLEEP_RQ), but that’s only useable in an asynchronous sleep mode, and is unused at this time and not required as we operate the mesh in a synchronous sleep mode.

5.3.1 Resetting the Mesh Radio from the CPU using the hardware reset line

The reset line into the mesh radio cannot be driven high.  The signal may only be driven low (open drain).  This is achieved by the MSP430 by connected to this signal by using an IO pin, and only turning on the pin as an output when the reset is to be asserted, and only when the data is a zero (ground).  The ~XBEE_RST line is attached to the MSP430 on pin P4.7.  The radio module has an internal 20K (nominal) resistor to handle the open drain signal.

The code currently asserts the reset line for ten milliseconds to perform a hardware reset of the Mesh Radio module.  This value was determined empirically, as there is no specification for the radio module.  The reset is confirmed when the mesh radio module sends an API1 frame for a modem status indicating a hardware reset.

5.3.2  Using the SPI interface to communicate between the CPU and the Mesh Radio

To be able to use the two serial USARTs in the CPU for sensors, we use the SPI interface from the CPU to communicate to the Mesh Radio.  The Mesh Radio is configured to support the API1 mode of operation, which is a framed packet format without escaped data.  This channel does not have character level flow control, packets and AT commands need to have an explicit acknowledge before saturating (filling) the internal to the mesh radio module transaction memory.

The CPU is the SPI master, and the Mesh Radio is the SPI slave.

The electrical signals that are used for this interface include:
· ~XBEE_SPI_ATTN (XBEE SPI Attention) (input to CPU)	   : GPIO pin P1.6
· XBEE_SSEL (XBEE SPI Select)(output from CPU)		   : GPIO pin P2.7
· XBEE_MOSI (XBEE Master Out, Slave In)(output from CPU)  : GPIO pin P3.0
· XBEE_MISO (XBEE Master In, Slave Out)(input to CPU)	   : GPIO pin P3.1
· XBEE_SCK (XBEE SPI Clock)(output from CPU)		   : GPIO pin P3.2

With this connectivity, the CPU can use the synchronous SPI controller in the MSP430.  It is hooked up to the USCI_B0 controller in the CPU.  

The ~XBEE_SPI_ATTN signal from the mesh radio asserts an interrupt to the CPU to signal that it needs processing on the SPI interface.

The Synchronous SPI interface can run up to six megabits per second, and is not the limiting factor in the system while communicating with the mesh radio.

5.3.3 Mesh Radio signaling its sleep/wake state using signal ~XBEE_SLEEP

The mesh radio will assert the signal ~XBEE_SLEEP active low when the mesh is sleeping.  This means that there will be a rising edge to a logic level ‘1’ when the mesh is awake.

The signal ~XBEE_SLEEP pin is connected to the GPIO pin 1.2, which can be either polled, or configured as an interrupt source to the CPU.  Currently the signal polls this signal as needed, and does not use the assertion as an interrupt.

The state of this pin is read using the  radio_isAwake() macro.  This macro returns a Boolean value of TRUE if the external pin to the CPU is a logic ‘1’ (mesh awake), and a FALSE if the external pin to the CPU is a logic ‘0’ (mesh asleep).  This signal is key to know how to transition in the master state machine, and to know when it’s OK to poll the mesh radio module, or transmit data to the mesh.


5.4 Hardware Interface from the CPU to the Sensors

The hardware interface to the all the supported sensors use a switched (nominal) 3.3 volt DC supply to the sensors, a ground reference, and a half-duplex RS422 interface.  

5.4.1 The RS422 interface to the Sensors

The RS422 interface is a multi-drop interface, that may have multiple sensors attached to this interface.  It is a half-duplex interface for all sensors.  To convert the Full-Duplex interface on the RJ68 to a half-duplex interface for the sensors signals A is shorted to Y, and B shorted to Z in the cable harness attached to Cavalier for sensors (using the DB9).

The RS422 interface can operate up to 19,200 baud to the AquaCheck sensor, or 9,600 baud to all the other FarmX sensors (PIXL, DAFE, or FLOW).  The serial interface is operated at 8 bits, no-parity, 1 stop bit.

To be able to conserve power, and to enable half-duplex operation, independent control of both the transmit enable and the receive enable is possible.  This is achieved with two signals from the CPU to the transceiver:

· ~RE (receive enable) (active low output from CPU to xceiver)(GPIO pin P4.0)
· DE (data enable)(active high output from CPU to xceiver)(GPIO pin P4.3)

When transmitting data, the ~RE signal is de-asserted, allowing the receive data to be in the mark state, and not require the CPU to filter transmit characters it sends.

When the Cavalier is not reading sensors both signals are de-asserted to reduce power that is consumed by the 120 ohm terminating resistor on the RS422 port.

The sensor power comes from the same power that powers the CPU: either from a local LDO regulator, or from the battery depending on the position of jumpers located on header CN4.   



5.4.2 The Switched Power interface to the Sensors

This power is switched under software program control using a load switch.   For cavalier revision 3.3, the power enable is attached to signal ANA_PWR_EN pin P5.0.  For cavalier revision 3.2, the power enable is attached to signal PIXL_PWR_EN pin P1.0.  For universal operation, to power on the sensors, assert both signals ANA_PWR_EN and PIXL_PWR_EN, and to turn off the power to the sensors, de-assert both signals ANA_PWR_EN and PIXL_PWR_EN.

The sensors reliably operate from 2.8 VDC to 3.6 VDC.  Below 2.8 VDC indeterminate results occur for all sensors, and the RS485 transceivers may not operate well.  If the battery does go below 2.8 volts, CRCs on the interface will protect data integrity.

5.5 Hardware Interface from the CPU to the JTAG test port

For seamless operation with the texas instruments tool chain (the Uniflash programming utility, and the CCS IDE), the Cavalier supports the standard 14-pin header for JTAG operation.  See schematic detail below.  This is the preferred implementation for using the Texas Instruments MSP-FET Flash Emulation Tool.

[image: Macintosh HD:Users:williamejennings:Desktop:Screen Shot 2018-09-07 at 4.24.39 PM.png]

The processor reset is also attached to this header as required for operation of the programming and debug tool.  This enables the FET tool to also reset the CPU.


6.0 Considerations for Battery Operation

The mesh radio module runs in Synchronous sleep mode.  Currently anticipated to be configured for six seconds of wake time, and 894 seconds of sleep time (for a total cycle time of fifteen minutes).  While the radio module is asleep, one can not read or write packets or status to the module.

The radio wake state is sampled from a hardware signal connected to an interrupt (and GPIO) pin on the processor: so that the Cavalier code knows when it can read or write the radio module successfully.

The CPU for the Cavalier board is from Texas Instruments, and is the MSP430 embedded processor family.  When it is not reading sensors, or the mesh is sleeping, the CPU is set to be in Low Power Mode 3: the lowest power level possible while preserving the IO/pin state and allowing the timer tick to operate.

The LED is only active for the first hour from being powered up, but during that time it is able to communicate code revision, sensor attach status, and successful mesh connectivity and operation.

The board power supply is connected directly to a Lithium Thionyl Chloride battery, and does not drain extra power for either regulation or power boost.

The RS422 transceivers are disabled except when the sensor reads are occurring.  RS422 transceivers were chosen with active termination to reduce the power consumption.

All GPIO pins that can be disabled are disabled.  Any sampling of a GPIO input only programs the internal pullup for the time during the program read of that pin.

The sensor reading and the mesh radio states do not occur simultaneously: so one does not draw current from the battery from the mesh and the sensors at the same time.  This extends the battery life, as the battery life is not just based on amp hours; it self heats with more current draw: so separating the power draw sources extends the life of the battery.

7.0 Supported Sensors

We currently support these sensors configurations.  These sensors can be hot plugged into the M12 connector on Cavalier.  Every sample period an assessment is made of what sensors are attached, and then read accordingly.  This enables any sequence of powering up the Cavalier or the Sensors.  IE, you can power up the Cavalier and get onto the mesh, and later attach a sensor, or swap a sensor.  Or, you can connect the sensors first, then power the entire system up.

· No Sensors (and the node then acts a mesh repeater)
· DAFE/Water Pressure
· PIXL with eight zones 
(currently the code is hardwired this way, can be more adaptive in future releases to support smaller configurations)
· PIXL with DAFE/Water Pressure
· AquaCheck
· AquaCheck with DAFE/Water Pressure
· DAFE/Dendrometer
· DAFE/Frost
· DAFE/Infrared Radiometer
· Flow Counter: from one to four daisy chained, no other sensors attached

What is anticipated, but yet not supported:
· Motor control.  Requires sending data reliably from Base station to sensor node, and that’s not been designed or coded.
· Water presence sence for Motor intake and/or motor temperature.


7.1 Reading the sensors from Cavalier

The PIXL, DAFE, and Flow/Motor sensors are all identified as a sensor type of 0x11 in the mesh data packets: and they operate in a similar fashion: very simple in fact.
[bookmark: _GoBack]



8.0 Installation Considerations

8.1 Verification at the Cavalier Sensor location

When the Cavalier is powered on, the LED will blink the minor revision ID of the code (minus 7).  We are starting at 8 for the minor revision for this version of the code, as the MSB of the SW revision is being used for the sequence ID field in the packet.   IE, for revision 2.0.8.x, the minor revision is 8.  We will blink the LED once for the revision.  We will pause 800 ms.  And blink again.  Pause 800 ms.  And blink again.  Three times will blink the revision.

Then we will enter system state SYSSTATE_SAMPLY.  In this state, we will blink either 2 times for finding a Soil Sensor, 3 times for finding a FLOW or DAFE sensor, or 4 times for finding no sensors and acting as a repeater.

Whenever the mesh awakens from sleep, and transmits a packet, it will blink the LED once.

The LED activity will only be supported for the first hour of operation, to conserve battery power.  It is anticipated that one could remove the battery to reinitiate the LED operations if one is actively debugging in the field.

8.2 Verification within the field

It is anticipated that an infield device will register with the active sleeping mesh, and poll sensor and node status for display on a local computer, without requiring an active Internet connection.  It will display current status of all sensor and repeater nodes in the mesh.

8.3 Verification over the web

The cavalier status website will show all Cavaliers registering data into the hosted sensor database.  Use this URL: https://map.farmx.co/manage/cavalier


9.0  Anticipated Packet Reliability End-to-End

· Data may be delayed up to four hours (sixteen packets buffered) after sampling time.  
· Requires a link path of 128 dBm (or better) to achieve this.  As we have a transmit power of 30 dBm, the receive sensivity should be -98 dBm or better as reported by the Mesh Radio upon reception of a packet.  We monitor that in the Cavalier Stats section of all sensor data packets.
· Requires Dalmatian/Base Cavalier uptime with no more than three hours of outage to be able to not loose packets.  
· Does not require Dalmatian internet connectivity to insure this (Dalmatian stores sensor data locally).
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	A4.0 Weblinks to key relevant datasheets


Mesh Data Packet Received
    7e 00 dc 90 00 13 a2 00 41 75 1b 29 ff fe c2 00 28 00 00 11 96 44 00 00 00 00 00 23 03 00 08 00
    00 41 51 30 37 31 38 30 30 35 35 68 01 00 00 00 00 00 00 00 00 00 08 aa 00 00 00 00 bf a9 00 23
    03 00 08 00 01 41 51 30 37 31 38 30 30 32 37 64 01 00 00 00 00 00 00 00 00 00 94 a9 00 00 00 00
    c4 a9 00 23 33 03 08 00 02 4e 6f 20 53 65 72 69 61 6c 23 5f 01 00 00 00 00 00 00 00 00 00 00 00
    00 00 00 00 97 9d 01 23 03 00 08 00 03 41 51 30 37 31 38 30 30 31 39 65 01 00 00 00 00 00 00 00
    00 00 56 a9 00 00 00 00 55 a9 00 11 22 11 00 00 00 00 00 1b 22 00 02 00 11 53 4d 31 30 32 33 34
    30 31 30 82 f9 59 20 47 67 ff 1f 00 00 00 00 22 0e 06 00 97 6c 9c 8c f7 a0 00 00 00 00 00 00 19
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 dc                         : Packet Length            : 220 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 75 1b 29       : Packet Source MAC        : 00:13:a2:00:41:75:1b:29
Index:0E:Data: c2                            : Flags                    : Broadcast
  Index:00:Data: 00 28                         : Cavalier Header        :
  Index:02:Data: 00                            : Cavalier Sequence #    : 00
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 11                            : Sensor Type          : PIXL/DAFE/Flow
    Index:01:Data: 96                            : Sensor Length        : 150 bytes
    Index:02:Data: 44                            : # of Sensors         : 4
    Index:03:Data: 00 00 00 00 00                : Sub-sensor Header    :
      Index:00:Data: 23                            : Sub-sensor Length  : 35 bytes
        Index:01:Data: 03 00                       : Sensor FW Version  : 3.0.0
        Index:03:Data: 08 00                       : Sensor Loc, HW Ver : 0, 8.0
        Index:05:Data: 41 51 30 37 31 38 30 30 35 35 : Serial Number    : AQ07180055
        Index:0F:Data: 00                          : Frame, Slot #      : PIXL, 0   
        Index:10:Data: 01 68                       : Temp               : 22.50 deg C
        Index:1B:Data: 08 aa 00                    : Upp. Moist Measure : 43528
        Index:21:Data: bf a9 00                    : Low. Moist Measure : 43455
      Index:00:Data: 23                            : Sub-sensor Length  : 35 bytes
        Index:01:Data: 03 00                       : Sensor FW Version  : 3.0.0
        Index:03:Data: 08 00                       : Sensor Loc, HW Ver : 0, 8.0
        Index:05:Data: 41 51 30 37 31 38 30 30 32 37 : Serial Number    : AQ07180027
        Index:0F:Data: 01                          : Frame, Slot #      : PIXL, 1   
        Index:10:Data: 01 64                       : Temp               : 22.25 deg C
        Index:1B:Data: 94 a9 00                    : Upp. Moist Measure : 43412
        Index:21:Data: c4 a9 00                    : Low. Moist Measure : 43460
      Index:00:Data: 23                            : Sub-sensor Length  : 35 bytes
        Index:01:Data: 33 03                       : Sensor FW Version  : 3.3.3
        Index:03:Data: 08 00                       : Sensor Loc, HW Ver : 0, 8.0
        Index:05:Data: 4e 6f 20 53 65 72 69 61 6c 23 : Serial Number    : No Serial#
        Index:0F:Data: 02                          : Frame, Slot #      : PIXL, 2   
        Index:10:Data: 01 5f                       : Temp               : 21.94 deg C
        Index:1B:Data: 00 00 00                    : Upp. Moist Measure : 0
        Index:21:Data: 97 9d 01                    : Low. Moist Measure : 105879
      Index:00:Data: 23                            : Sub-sensor Length  : 35 bytes
        Index:01:Data: 03 00                       : Sensor FW Version  : 3.0.0
        Index:03:Data: 08 00                       : Sensor Loc, HW Ver : 0, 8.0
        Index:05:Data: 41 51 30 37 31 38 30 30 31 39 : Serial Number    : AQ07180019
        Index:0F:Data: 03                          : Frame, Slot #      : PIXL, 3   
        Index:10:Data: 01 65                       : Temp               : 22.31 deg C
        Index:1B:Data: 56 a9 00                    : Upp. Moist Measure : 43350
        Index:21:Data: 55 a9 00                    : Low. Moist Measure : 43349
    Index:00:Data: 11                            : Sensor Type          : PIXL/DAFE/Flow
    Index:01:Data: 22                            : Sensor Length        : 34 bytes
    Index:02:Data: 11                            : # of Sensors         : 1
    Index:03:Data: 00 00 00 00 00                : Sub-sensor Header    :
      Index:00:Data: 1b                            : Sub-sensor Length  : 27 bytes
        Index:01:Data: 22 00                       : Sensor FW Version  : 2.0.2
        Index:03:Data: 02 00                       : Sensor Loc, HW Ver : 0, 2.0
        Index:05:Data: 53 4d 31 30 32 33 34 30 31 30 : Serial Number    : SM10234010
        Index:0F:Data: 11                          : Frame & Sensor     : DAFE w/Pressure
        Index:10:Data: 82 f9 59 20                 : DAFE Temperature   : 22.27 degrees C
        Index:14:Data: 47 67 ff 1f                 : Channel 1 Voltage  : -0.18 mV, Pressure -0.364185
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: 97 6c                         : Battery Voltage  :
        Index:04:Data: 9c 8c                         : Vdd     Voltage  :
        Index:06:Data: f7 a0                         : Temp    Celsius  :
        Index:08:Data: 00 00                         : Mesh RSSI dB     : Unavailable
        Index:0A:Data: 00 00                         : Mesh ms          : 0
        Index:0C:Data: 00 00                         : Mesh sq          : 0
Index:df:Data: 19                            : Checksum                 : Good




Mesh Data Packet Received
    7e 00 82 90 00 13 a2 00 41 57 e0 46 ff fe c1 00 30 40 00 11 22 10 00 00 00 00 00 1b 22 00 02 00
    11 53 4d 31 30 32 33 34 30 31 30 79 ec 5a 20 0c 6c ff 1f 00 00 00 00 33 3c 33 aa cc bb ee dd 02
    04 12 50 0c ec 0e b7 0d c8 0f 50 0d 93 0d 9b 00 00 02 04 12 51 4c 10 49 e0 49 f0 49 e0 4a 20 49
    f0 00 00 02 00 12 52 10 02 00 00 03 0f 52 00 00 00 00 00 00 00 22 0e 06 00 b0 68 05 8d 01 a1 00
    00 02 00 00 00 09 
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 82                         : Packet Length            : 130 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 57 e0 46       : Packet Source MAC        : 00:13:a2:00:41:57:e0:46
Index:0E:Data: c1                            : Flags                    : Unicast
  Index:00:Data: 00 30                         : Cavalier Header        :
  Index:02:Data: 40                            : Cavalier Sequence #    : 40
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 11                            : Sensor Type          : PIXL/DAFE/Flow
    Index:01:Data: 22                            : Sensor Length        : 34 bytes
    Index:02:Data: 10                            : # of Sensors         : 1
    Index:03:Data: 00 00 00 00 00                : Sub-sensor Header    :
      Index:00:Data: 1b                            : Sub-sensor Length  : 27 bytes
        Index:01:Data: 22 00                       : Sensor FW Version  : 2.0.2
        Index:03:Data: 02 00                       : Sensor Loc, HW Ver : 0, 2.0
        Index:05:Data: 53 4d 31 30 32 33 34 30 31 30 : Serial Number    : SM10234010
        Index:0F:Data: 11                          : Frame & Sensor     : DAFE w/Pressure
        Index:10:Data: 79 ec 5a 20                 : DAFE Temperature   : 25.36 degrees C
        Index:14:Data: 0c 6c ff 1f                 : Channel 1 Voltage  : -0.18 mV, Pressure -0.352860
    Index:00:Data: 33                            : Sensor Type          : AquaCheck
    Index:01:Data: 3c                            : Sensor Length        : 60 bytes
    Index:03:Data: 33 aa cc bb ee dd             : Sub-sensor Header    :
      Index:0c:Data: 0c ec                         : Soil Chan 1 Moist  :  5.34% moisture
      Index:0e:Data: 0e b7                         : Soil Chan 2 Moist  :  6.77% moisture
      Index:10:Data: 0d c8                         : Soil Chan 3 Moist  :  6.03% moisture
      Index:12:Data: 0f 50                         : Soil Chan 4 Moist  :  7.25% moisture
      Index:14:Data: 0d 93                         : Soil Chan 5 Moist  :  5.86% moisture
      Index:16:Data: 0d 9b                         : Soil Chan 6 Moist  :  5.88% moisture
      Index:20:Data: 4c 10                         : Soil Chan 1 Temp   : 26.06 deg C
      Index:22:Data: 49 e0                         : Soil Chan 2 Temp   : 23.88 deg C
      Index:24:Data: 49 f0                         : Soil Chan 3 Temp   : 23.94 deg C
      Index:26:Data: 49 e0                         : Soil Chan 4 Temp   : 23.88 deg C
      Index:28:Data: 4a 20                         : Soil Chan 5 Temp   : 24.12 deg C
      Index:2a:Data: 49 f0                         : Soil Chan 6 Temp   : 23.94 deg C
      Index:33:Data: 00 00 03 0f 52                : AquaCheck Node ID  : 200530
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: b0 68                         : Battery Voltage  :
        Index:04:Data: 05 8d                         : Vdd     Voltage  :
        Index:06:Data: 01 a1                         : Temp    Celsius  :
        Index:08:Data: 00 00                         : Mesh RSSI dB     : Unavailable
        Index:0A:Data: 02 00                         : Mesh ms          : 2
        Index:0C:Data: 00 00                         : Mesh sq          : 0
Index:85:Data: 09                            : Checksum                 : Good




Mesh Data Packet Received
    7e 00 5e 90 00 13 a2 00 41 57 e0 46 ff fe c1 00 30 3b 00 33 3c 33 aa cc bb ee dd 02 04 12 50 10
    e5 0e b7 0d c8 0f 57 0d 8c 0d 93 00 00 02 04 12 51 00 00 49 e0 49 f0 49 e0 4a 20 49 e0 00 00 02
    00 12 52 10 02 00 00 03 0f 52 00 00 00 00 00 00 00 22 0e 06 00 ab 68 f9 8c 06 a1 01 00 02 00 00
    00 c4 
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 5e                         : Packet Length            : 94 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 57 e0 46       : Packet Source MAC        : 00:13:a2:00:41:57:e0:46
Index:0E:Data: c1                            : Flags                    : Unicast
  Index:00:Data: 00 30                         : Cavalier Header        :
  Index:02:Data: 3b                            : Cavalier Sequence #    : 3b
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 33                            : Sensor Type          : AquaCheck
    Index:01:Data: 3c                            : Sensor Length        : 60 bytes
    Index:03:Data: 33 aa cc bb ee dd             : Sub-sensor Header    :
      Index:0c:Data: 10 e5                         : Soil Chan 1 Moist  :  8.52% moisture
      Index:0e:Data: 0e b7                         : Soil Chan 2 Moist  :  6.77% moisture
      Index:10:Data: 0d c8                         : Soil Chan 3 Moist  :  6.03% moisture
      Index:12:Data: 0f 57                         : Soil Chan 4 Moist  :  7.27% moisture
      Index:14:Data: 0d 8c                         : Soil Chan 5 Moist  :  5.84% moisture
      Index:16:Data: 0d 93                         : Soil Chan 6 Moist  :  5.86% moisture
      Index:20:Data: 00 00                         : Soil Chan 1 Temp   : -50.00 deg C
      Index:22:Data: 49 e0                         : Soil Chan 2 Temp   : 23.88 deg C
      Index:24:Data: 49 f0                         : Soil Chan 3 Temp   : 23.94 deg C
      Index:26:Data: 49 e0                         : Soil Chan 4 Temp   : 23.88 deg C
      Index:28:Data: 4a 20                         : Soil Chan 5 Temp   : 24.12 deg C
      Index:2a:Data: 49 e0                         : Soil Chan 6 Temp   : 23.88 deg C
      Index:33:Data: 00 00 03 0f 52                : AquaCheck Node ID  : 200530
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: ab 68                         : Battery Voltage  :
        Index:04:Data: f9 8c                         : Vdd     Voltage  :
        Index:06:Data: 06 a1                         : Temp    Celsius  :
        Index:08:Data: 01 00                         : Mesh RSSI dB     : -1 dBm
        Index:0A:Data: 02 00                         : Mesh ms          : 2
        Index:0C:Data: 00 00                         : Mesh sq          : 0
Index:61:Data: c4                            : Checksum                 : Good




Mesh Data Packet Received
    7e 00 b8 90 00 13 a2 00 41 75 1b 26 ff fe c1 00 30 36 00 11 96 40 00 00 00 00 00 23 03 00 08 00
    00 41 51 30 37 31 38 30 30 32 37 6b 01 00 00 00 00 00 00 00 00 00 8a a9 00 00 00 00 bd a9 00 23
    03 00 08 00 01 41 51 30 37 31 38 30 30 32 37 6b 01 00 00 00 00 00 00 00 00 00 8a a9 00 00 00 00
    bd a9 00 23 33 03 08 02 02 4e 6f 20 53 65 72 69 61 6c 23 6b 01 00 00 00 00 00 00 00 00 00 00 00
    00 00 00 00 49 9c 00 23 03 00 08 00 03 41 51 30 37 31 38 30 30 31 39 6b 01 00 00 00 00 00 00 00
    00 00 0f a9 00 00 00 00 bd a9 00 22 0e 06 00 e4 6d e4 8d 0a a1 28 00 3a 00 36 00 97 
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 b8                         : Packet Length            : 184 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 75 1b 26       : Packet Source MAC        : 00:13:a2:00:41:75:1b:26
Index:0E:Data: c1                            : Flags                    : Unicast
  Index:00:Data: 00 30                         : Cavalier Header        :
  Index:02:Data: 36                            : Cavalier Sequence #    : 36
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 11                            : Sensor Type          : PIXL/DAFE/Flow
    Index:01:Data: 96                            : Sensor Length        : 150 bytes
    Index:02:Data: 40                            : # of Sensors         : 4
    Index:03:Data: 00 00 00 00 00                : Sub-sensor Header    :
      Index:00:Data: 23                            : Sub-sensor Length  : 35 bytes
        Index:01:Data: 03 00                       : Sensor FW Version  : 3.0.0
        Index:03:Data: 08 00                       : Sensor Loc, HW Ver : 0, 8.0
        Index:05:Data: 41 51 30 37 31 38 30 30 32 37 : Serial Number    : AQ07180027
        Index:0F:Data: 00                          : Frame, Slot #      : PIXL, 0   
        Index:10:Data: 01 6b                       : Temp               : 22.69 deg C
        Index:1B:Data: 8a a9 00                    : Upp. Moist Measure : 43402
        Index:21:Data: bd a9 00                    : Low. Moist Measure : 43453
      Index:00:Data: 23                            : Sub-sensor Length  : 35 bytes
        Index:01:Data: 03 00                       : Sensor FW Version  : 3.0.0
        Index:03:Data: 08 00                       : Sensor Loc, HW Ver : 0, 8.0
        Index:05:Data: 41 51 30 37 31 38 30 30 32 37 : Serial Number    : AQ07180027
        Index:0F:Data: 01                          : Frame, Slot #      : PIXL, 1   
        Index:10:Data: 01 6b                       : Temp               : 22.69 deg C
        Index:1B:Data: 8a a9 00                    : Upp. Moist Measure : 43402
        Index:21:Data: bd a9 00                    : Low. Moist Measure : 43453
      Index:00:Data: 23                            : Sub-sensor Length  : 35 bytes
        Index:01:Data: 33 03                       : Sensor FW Version  : 3.3.3
        Index:03:Data: 08 02                       : Sensor Loc, HW Ver : 0, 8.2
        Index:05:Data: 4e 6f 20 53 65 72 69 61 6c 23 : Serial Number    : No Serial#
        Index:0F:Data: 02                          : Frame, Slot #      : PIXL, 2   
        Index:10:Data: 01 6b                       : Temp               : 22.69 deg C
        Index:1B:Data: 00 00 00                    : Upp. Moist Measure : 0
        Index:21:Data: 49 9c 00                    : Low. Moist Measure : 40009
      Index:00:Data: 23                            : Sub-sensor Length  : 35 bytes
        Index:01:Data: 03 00                       : Sensor FW Version  : 3.0.0
        Index:03:Data: 08 00                       : Sensor Loc, HW Ver : 0, 8.0
        Index:05:Data: 41 51 30 37 31 38 30 30 31 39 : Serial Number    : AQ07180019
        Index:0F:Data: 03                          : Frame, Slot #      : PIXL, 3   
        Index:10:Data: 01 6b                       : Temp               : 22.69 deg C
        Index:1B:Data: 0f a9 00                    : Upp. Moist Measure : 43279
        Index:21:Data: bd a9 00                    : Low. Moist Measure : 43453
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: e4 6d                         : Battery Voltage  :
        Index:04:Data: e4 8d                         : Vdd     Voltage  :
        Index:06:Data: 0a a1                         : Temp    Celsius  :
        Index:08:Data: 28 00                         : Mesh RSSI dB     : -40 dBm
        Index:0A:Data: 3a 00                         : Mesh ms          : 58
        Index:0C:Data: 36 00                         : Mesh sq          : 54
Index:bb:Data: 97                            : Checksum                 : Good




Mesh Data Packet Received
    7e 00 44 90 00 13 a2 00 41 57 e0 46 ff fe c1 00 30 2e 00 11 22 10 00 00 00 00 00 1b 22 00 02 00
    11 53 4d 31 30 32 33 34 30 31 30 30 9c 5a 20 16 58 ff 1f 00 00 00 00 22 0e 06 00 93 68 d2 8c fe
    a0 00 00 01 00 00 00 22 
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 44                         : Packet Length            : 68 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 57 e0 46       : Packet Source MAC        : 00:13:a2:00:41:57:e0:46
Index:0E:Data: c1                            : Flags                    : Unicast
  Index:00:Data: 00 30                         : Cavalier Header        :
  Index:02:Data: 2e                            : Cavalier Sequence #    : 2e
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 11                            : Sensor Type          : PIXL/DAFE/Flow
    Index:01:Data: 22                            : Sensor Length        : 34 bytes
    Index:02:Data: 10                            : # of Sensors         : 1
    Index:03:Data: 00 00 00 00 00                : Sub-sensor Header    :
      Index:00:Data: 1b                            : Sub-sensor Length  : 27 bytes
        Index:01:Data: 22 00                       : Sensor FW Version  : 2.0.2
        Index:03:Data: 02 00                       : Sensor Loc, HW Ver : 0, 2.0
        Index:05:Data: 53 4d 31 30 32 33 34 30 31 30 : Serial Number    : SM10234010
        Index:0F:Data: 11                          : Frame & Sensor     : DAFE w/Pressure
        Index:10:Data: 30 9c 5a 20                 : DAFE Temperature   : 24.34 degrees C
        Index:14:Data: 16 58 ff 1f                 : Channel 1 Voltage  : -0.20 mV, Pressure -0.400544
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: 93 68                         : Battery Voltage  :
        Index:04:Data: d2 8c                         : Vdd     Voltage  :
        Index:06:Data: fe a0                         : Temp    Celsius  :
        Index:08:Data: 00 00                         : Mesh RSSI dB     : Unavailable
        Index:0A:Data: 01 00                         : Mesh ms          : 1
        Index:0C:Data: 00 00                         : Mesh sq          : 0
Index:47:Data: 22                            : Checksum                 : Good


Mesh Data Packet Received
    7e 00 44 90 00 13 a2 00 41 57 e0 46 ff fe c1 00 30 50 00 11 22 10 00 00 00 00 00 1b 22 00 02 00
    13 53 4d 31 30 32 33 35 30 36 31 0f f7 59 20 40 d5 ff 1f 0c 57 22 00 22 0e 06 00 a9 68 fc 8c 08
    a1 00 00 03 00 00 00 45 
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 44                         : Packet Length            : 68 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 57 e0 46       : Packet Source MAC        : 00:13:a2:00:41:57:e0:46
Index:0E:Data: c1                            : Flags                    : Unicast
  Index:00:Data: 00 30                         : Cavalier Header        :
  Index:02:Data: 50                            : Cavalier Sequence #    : 50
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 11                            : Sensor Type          : PIXL/DAFE/Flow
    Index:01:Data: 22                            : Sensor Length        : 34 bytes
    Index:02:Data: 10                            : # of Sensors         : 1
    Index:03:Data: 00 00 00 00 00                : Sub-sensor Header    :
      Index:00:Data: 1b                            : Sub-sensor Length  : 27 bytes
        Index:01:Data: 22 00                       : Sensor FW Version  : 2.0.2
        Index:03:Data: 02 00                       : Sensor Loc, HW Ver : 0, 2.0
        Index:05:Data: 53 4d 31 30 32 33 35 30 36 31 : Serial Number    : SM10235061
        Index:0F:Data: 13                          : Frame & Sensor     : DAFE w/Infrared
        Index:10:Data: 0f f7 59 20                 : DAFE Temperature   : 22.24 degrees C
        Index:14:Data: 40 d5 ff 1f                 : Channel 1 Voltage  : -0.05 mV, IR -0.15 deg C
        Index:18:Data: 0c 57 22 00                 : Channel 2 Voltage  : 0.00 mV, IR -273.15 deg C
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: a9 68                         : Battery Voltage  :
        Index:04:Data: fc 8c                         : Vdd     Voltage  :
        Index:06:Data: 08 a1                         : Temp    Celsius  :
        Index:08:Data: 00 00                         : Mesh RSSI dB     : Unavailable
        Index:0A:Data: 03 00                         : Mesh ms          : 3
        Index:0C:Data: 00 00                         : Mesh sq          : 0
Index:47:Data: 45                            : Checksum                 : Good




Mesh Data Packet Received
    7e 00 44 90 00 13 a2 00 41 57 e0 46 ff fe c1 00 30 48 00 11 22 10 00 00 00 00 00 1b 22 00 02 00
    12 53 4d 31 30 32 33 35 30 34 35 f9 85 5a 20 f0 ec 32 20 00 00 00 00 22 0e 06 00 ac 68 f7 8c 03
    a1 00 00 02 00 00 00 65 
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 44                         : Packet Length            : 68 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 57 e0 46       : Packet Source MAC        : 00:13:a2:00:41:57:e0:46
Index:0E:Data: c1                            : Flags                    : Unicast
  Index:00:Data: 00 30                         : Cavalier Header        :
  Index:02:Data: 48                            : Cavalier Sequence #    : 48
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 11                            : Sensor Type          : PIXL/DAFE/Flow
    Index:01:Data: 22                            : Sensor Length        : 34 bytes
    Index:02:Data: 10                            : # of Sensors         : 1
    Index:03:Data: 00 00 00 00 00                : Sub-sensor Header    :
      Index:00:Data: 1b                            : Sub-sensor Length  : 27 bytes
        Index:01:Data: 22 00                       : Sensor FW Version  : 2.0.2
        Index:03:Data: 02 00                       : Sensor Loc, HW Ver : 0, 2.0
        Index:05:Data: 53 4d 31 30 32 33 35 30 34 35 : Serial Number    : SM10235045
        Index:0F:Data: 12                          : Frame & Sensor     : DAFE w/Dendrometer
        Index:10:Data: f9 85 5a 20                 : DAFE Temperature   : 24.06 degrees C
        Index:14:Data: f0 ec 32 20                 : Channel 1 Voltage  : 15.54 mV, mm deflect 49.337
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: ac 68                         : Battery Voltage  :
        Index:04:Data: f7 8c                         : Vdd     Voltage  :
        Index:06:Data: 03 a1                         : Temp    Celsius  :
        Index:08:Data: 00 00                         : Mesh RSSI dB     : Unavailable
        Index:0A:Data: 02 00                         : Mesh ms          : 2
        Index:0C:Data: 00 00                         : Mesh sq          : 0
Index:47:Data: 65                            : Checksum                 : Good


Mesh Data Packet Received
    7e 00 44 90 00 13 a2 00 41 57 e0 46 ff fe c1 00 30 4c 00 11 22 10 00 00 00 00 00 1b 22 00 02 00
    14 53 4d 31 30 32 33 35 30 30 39 fe 51 5a 20 09 50 ff 1f b8 a3 91 00 22 0e 06 00 ac 68 f7 8c 03
    a1 00 00 02 00 00 00 59 
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 44                         : Packet Length            : 68 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 57 e0 46       : Packet Source MAC        : 00:13:a2:00:41:57:e0:46
Index:0E:Data: c1                            : Flags                    : Unicast
  Index:00:Data: 00 30                         : Cavalier Header        :
  Index:02:Data: 4c                            : Cavalier Sequence #    : 4c
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 11                            : Sensor Type          : PIXL/DAFE/Flow
    Index:01:Data: 22                            : Sensor Length        : 34 bytes
    Index:02:Data: 10                            : # of Sensors         : 1
    Index:03:Data: 00 00 00 00 00                : Sub-sensor Header    :
      Index:00:Data: 1b                            : Sub-sensor Length  : 27 bytes
        Index:01:Data: 22 00                       : Sensor FW Version  : 2.0.2
        Index:03:Data: 02 00                       : Sensor Loc, HW Ver : 0, 2.0
        Index:05:Data: 53 4d 31 30 32 33 35 30 30 39 : Serial Number    : SM10235009
        Index:0F:Data: 14                          : Frame & Sensor     : DAFE w/Frost
        Index:10:Data: fe 51 5a 20                 : DAFE Temperature   : 23.40 degrees C
        Index:14:Data: 09 50 ff 1f                 : Channel 1 Voltage  : 1249.79 mV, Leaf Temp 5.39 C
        Index:18:Data: b8 a3 91 00                 : Channel 2 Voltage  : 0.00 mV, Bud  Temp -273.15 C
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: ac 68                         : Battery Voltage  :
        Index:04:Data: f7 8c                         : Vdd     Voltage  :
        Index:06:Data: 03 a1                         : Temp    Celsius  :
        Index:08:Data: 00 00                         : Mesh RSSI dB     : Unavailable
        Index:0A:Data: 02 00                         : Mesh ms          : 2
        Index:0C:Data: 00 00                         : Mesh sq          : 0
Index:47:Data: 59                            : Checksum                 : Good



Mesh Data Packet Received
    7e 00 40 90 00 13 a2 00 41 78 ae b3 ff fe c2 00 30 00 00 11 1e 11 00 00 00 00 00 17 01 00 01 00
    15 46 58 33 36 31 38 30 30 30 32 aa c4 21 04 00 00 00 00 22 0e 06 00 3f 68 59 8c fc a0 00 00 00
    00 00 00 20 
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 40                         : Packet Length            : 64 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 78 ae b3       : Packet Source MAC        : 00:13:a2:00:41:78:ae:b3
Index:0E:Data: c2                            : Flags                    : Broadcast
  Index:00:Data: 00 30                         : Cavalier Header        :
  Index:02:Data: 00                            : Cavalier Sequence #    : 00
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 11                            : Sensor Type          : PIXL/DAFE/Flow
    Index:01:Data: 1e                            : Sensor Length        : 30 bytes
    Index:02:Data: 11                            : # of Sensors         : 1
    Index:03:Data: 00 00 00 00 00                : Sub-sensor Header    :
      Index:00:Data: 17                            : Sub-sensor Length  : 23 bytes
        Index:01:Data: 01 00                       : Sensor FW Version  : 1.0.0
        Index:03:Data: 01 00                       : Sensor Loc, HW Ver : 0, 1.0
        Index:05:Data: 46 58 33 36 31 38 30 30 30 32 : Serial Number    : FX36180002
        Index:0F:Data: 15                          : Frame & Sensor     : Flow
        Index:10:Data: c4 1                        : Temp               : 23.39 deg C
        Index:12:Data: 2 04                        : Batt               : 0.132 volts
        Index:13:Data: aa                          : Motors             :
        Index:14:Data: 00 00 00 00                 : Pulse Counter      : 0
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: 3f 68                         : Battery Voltage  :
        Index:04:Data: 59 8c                         : Vdd     Voltage  :
        Index:06:Data: fc a0                         : Temp    Celsius  :
        Index:08:Data: 00 00                         : Mesh RSSI dB     : Unavailable
        Index:0A:Data: 00 00                         : Mesh ms          : 0
        Index:0C:Data: 00 00                         : Mesh sq          : 0
Index:43:Data: 20                            : Checksum                 : Good

Mesh Data Packet Received
    7e 00 58 90 00 13 a2 00 41 78 ae b3 ff fe c2 00 30 00 00 11 36 22 00 00 00 00 00 17 01 00 01 00
    15 46 58 33 36 31 38 30 30 30 32 aa c4 21 04 00 00 00 00 17 01 00 01 10 15 46 58 33 36 31 38 30
    30 30 34 aa c1 11 04 00 00 00 00 22 0e 06 00 3f 68 59 8c fc a0 00 00 00 00 00 00 05 
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 58                         : Packet Length            : 88 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 78 ae b3       : Packet Source MAC        : 00:13:a2:00:41:78:ae:b3
Index:0E:Data: c2                            : Flags                    : Broadcast
  Index:00:Data: 00 30                         : Cavalier Header        :
  Index:02:Data: 00                            : Cavalier Sequence #    : 00
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 11                            : Sensor Type          : PIXL/DAFE/Flow
    Index:01:Data: 36                            : Sensor Length        : 54 bytes
    Index:02:Data: 22                            : # of Sensors         : 2
    Index:03:Data: 00 00 00 00 00                : Sub-sensor Header    :
      Index:00:Data: 17                            : Sub-sensor Length  : 23 bytes
        Index:01:Data: 01 00                       : Sensor FW Version  : 1.0.0
        Index:03:Data: 01 00                       : Sensor Loc, HW Ver : 0, 1.0
        Index:05:Data: 46 58 33 36 31 38 30 30 30 32 : Serial Number    : FX36180002
        Index:0F:Data: 15                          : Frame & Sensor     : Flow
        Index:10:Data: c4 1                        : Temp               : 23.39 deg C
        Index:12:Data: 2 04                        : Batt               : 0.132 volts
        Index:13:Data: aa                          : Motors             :
        Index:14:Data: 00 00 00 00                 : Pulse Counter      : 0
      Index:00:Data: 17                            : Sub-sensor Length  : 23 bytes
        Index:01:Data: 01 00                       : Sensor FW Version  : 1.0.0
        Index:03:Data: 01 10                       : Sensor Loc, HW Ver : 1, 1.0
        Index:05:Data: 46 58 33 36 31 38 30 30 30 34 : Serial Number    : FX36180004
        Index:0F:Data: 15                          : Frame & Sensor     : Flow
        Index:10:Data: c1 1                        : Temp               : 24.49 deg C
        Index:12:Data: 1 04                        : Batt               : 0.130 volts
        Index:13:Data: aa                          : Motors             :
        Index:14:Data: 00 00 00 00                 : Pulse Counter      : 0
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: 3f 68                         : Battery Voltage  :
        Index:04:Data: 59 8c                         : Vdd     Voltage  :
        Index:06:Data: fc a0                         : Temp    Celsius  :
        Index:08:Data: 00 00                         : Mesh RSSI dB     : Unavailable
        Index:0A:Data: 00 00                         : Mesh ms          : 0
        Index:0C:Data: 00 00                         : Mesh sq          : 0
Index:5b:Data: 05                            : Checksum                 : Good




Mesh Data Packet Received
    7e 00 70 90 00 13 a2 00 41 78 ae b3 ff fe c2 00 30 00 00 11 4e 33 00 00 00 00 00 17 01 00 01 00
    15 46 58 33 36 31 38 30 30 30 32 aa c4 21 04 00 00 00 00 17 01 00 01 10 15 46 58 33 36 31 38 30
    30 30 34 aa c1 11 04 00 00 00 00 17 01 00 01 20 15 46 58 33 36 31 38 30 30 30 33 aa c4 31 04 00
    00 00 00 22 0e 06 00 3f 68 59 8c fc a0 00 00 00 00 00 00 b8 
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 70                         : Packet Length            : 112 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 78 ae b3       : Packet Source MAC        : 00:13:a2:00:41:78:ae:b3
Index:0E:Data: c2                            : Flags                    : Broadcast
  Index:00:Data: 00 30                         : Cavalier Header        :
  Index:02:Data: 00                            : Cavalier Sequence #    : 00
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 11                            : Sensor Type          : PIXL/DAFE/Flow
    Index:01:Data: 4e                            : Sensor Length        : 78 bytes
    Index:02:Data: 33                            : # of Sensors         : 3
    Index:03:Data: 00 00 00 00 00                : Sub-sensor Header    :
      Index:00:Data: 17                            : Sub-sensor Length  : 23 bytes
        Index:01:Data: 01 00                       : Sensor FW Version  : 1.0.0
        Index:03:Data: 01 00                       : Sensor Loc, HW Ver : 0, 1.0
        Index:05:Data: 46 58 33 36 31 38 30 30 30 32 : Serial Number    : FX36180002
        Index:0F:Data: 15                          : Frame & Sensor     : Flow
        Index:10:Data: c4 1                        : Temp               : 23.39 deg C
        Index:12:Data: 2 04                        : Batt               : 0.132 volts
        Index:13:Data: aa                          : Motors             :
        Index:14:Data: 00 00 00 00                 : Pulse Counter      : 0
      Index:00:Data: 17                            : Sub-sensor Length  : 23 bytes
        Index:01:Data: 01 00                       : Sensor FW Version  : 1.0.0
        Index:03:Data: 01 10                       : Sensor Loc, HW Ver : 1, 1.0
        Index:05:Data: 46 58 33 36 31 38 30 30 30 34 : Serial Number    : FX36180004
        Index:0F:Data: 15                          : Frame & Sensor     : Flow
        Index:10:Data: c1 1                        : Temp               : 24.49 deg C
        Index:12:Data: 1 04                        : Batt               : 0.130 volts
        Index:13:Data: aa                          : Motors             :
        Index:14:Data: 00 00 00 00                 : Pulse Counter      : 0
      Index:00:Data: 17                            : Sub-sensor Length  : 23 bytes
        Index:01:Data: 01 00                       : Sensor FW Version  : 1.0.0
        Index:03:Data: 01 20                       : Sensor Loc, HW Ver : 2, 1.0
        Index:05:Data: 46 58 33 36 31 38 30 30 30 33 : Serial Number    : FX36180003
        Index:0F:Data: 15                          : Frame & Sensor     : Flow
        Index:10:Data: c4 1                        : Temp               : 23.39 deg C
        Index:12:Data: 3 04                        : Batt               : 0.134 volts
        Index:13:Data: aa                          : Motors             :
        Index:14:Data: 00 00 00 00                 : Pulse Counter      : 0
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: 3f 68                         : Battery Voltage  :
        Index:04:Data: 59 8c                         : Vdd     Voltage  :
        Index:06:Data: fc a0                         : Temp    Celsius  :
        Index:08:Data: 00 00                         : Mesh RSSI dB     : Unavailable
        Index:0A:Data: 00 00                         : Mesh ms          : 0
        Index:0C:Data: 00 00                         : Mesh sq          : 0
Index:73:Data: b8                            : Checksum                 : Good


Mesh Data Packet Received
    7e 00 20 90 00 13 a2 00 41 57 e0 46 ff fe c1 00 30 2b 00 22 0e 06 00 93 68 d2 8c fe a0 00 00 01
    00 00 00 b5 
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 20                         : Packet Length            : 32 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 57 e0 46       : Packet Source MAC        : 00:13:a2:00:41:57:e0:46
Index:0E:Data: c1                            : Flags                    : Unicast
  Index:00:Data: 00 30                         : Cavalier Header        :
  Index:02:Data: 2b                            : Cavalier Sequence #    : 2b
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: 93 68                         : Battery Voltage  :
        Index:04:Data: d2 8c                         : Vdd     Voltage  :
        Index:06:Data: fe a0                         : Temp    Celsius  :
        Index:08:Data: 00 00                         : Mesh RSSI dB     : Unavailable
        Index:0A:Data: 01 00                         : Mesh ms          : 1
        Index:0C:Data: 00 00                         : Mesh sq          : 0
Index:23:Data: b5                            : Checksum                 : Good


Mesh Data Packet Received
    7e 00 88 90 00 13 a2 00 41 78 ae b3 ff fe c1 00 30 00 00 11 66 44 00 00 00 00 00 17 01 00 01 00
    15 46 58 33 36 31 38 30 30 30 32 aa c4 21 04 00 00 00 00 17 01 00 01 10 15 46 58 33 36 31 38 30
    30 30 34 aa c1 11 04 00 00 00 00 17 01 00 01 20 15 46 58 33 36 31 38 30 30 30 33 aa c4 31 04 00
    00 00 00 17 01 00 01 30 15 46 58 33 36 31 38 30 30 30 35 aa c4 31 04 00 00 00 00 22 0e 06 00 3f
    68 59 8c fc a0 00 00 00 00 00 00 5a 
Index:00:Data: 7e                            : Packet Framing           : Start of Pkt
Index:01:Data: 00 88                         : Packet Length            : 136 bytes
Index:03:Data: 90                            : Packet Type              : Received Mesh Data
Index:04:Data: 00 13 a2 00 41 78 ae b3       : Packet Source MAC        : 00:13:a2:00:41:78:ae:b3
Index:0E:Data: c1                            : Flags                    : Unicast
  Index:00:Data: 00 30                         : Cavalier Header        :
  Index:02:Data: 00                            : Cavalier Sequence #    : 00
  Index:03:Data: 00                            : Cavalier Header        :
    Index:00:Data: 11                            : Sensor Type          : PIXL/DAFE/Flow
    Index:01:Data: 66                            : Sensor Length        : 102 bytes
    Index:02:Data: 44                            : # of Sensors         : 4
    Index:03:Data: 00 00 00 00 00                : Sub-sensor Header    :
      Index:00:Data: 17                            : Sub-sensor Length  : 23 bytes
        Index:01:Data: 01 00                       : Sensor FW Version  : 1.0.0
        Index:03:Data: 01 00                       : Sensor Loc, HW Ver : 0, 1.0
        Index:05:Data: 46 58 33 36 31 38 30 30 30 32 : Serial Number    : FX36180002
        Index:0F:Data: 15                          : Frame & Sensor     : Flow
        Index:10:Data: c4 1                        : Temp               : 23.39 deg C
        Index:12:Data: 2 04                        : Batt               : 0.132 volts
        Index:13:Data: aa                          : Motors             :
        Index:14:Data: 00 00 00 00                 : Pulse Counter      : 0
      Index:00:Data: 17                            : Sub-sensor Length  : 23 bytes
        Index:01:Data: 01 00                       : Sensor FW Version  : 1.0.0
        Index:03:Data: 01 10                       : Sensor Loc, HW Ver : 1, 1.0
        Index:05:Data: 46 58 33 36 31 38 30 30 30 34 : Serial Number    : FX36180004
        Index:0F:Data: 15                          : Frame & Sensor     : Flow
        Index:10:Data: c1 1                        : Temp               : 24.49 deg C
        Index:12:Data: 1 04                        : Batt               : 0.130 volts
        Index:13:Data: aa                          : Motors             :
        Index:14:Data: 00 00 00 00                 : Pulse Counter      : 0
      Index:00:Data: 17                            : Sub-sensor Length  : 23 bytes
        Index:01:Data: 01 00                       : Sensor FW Version  : 1.0.0
        Index:03:Data: 01 20                       : Sensor Loc, HW Ver : 2, 1.0
        Index:05:Data: 46 58 33 36 31 38 30 30 30 33 : Serial Number    : FX36180003
        Index:0F:Data: 15                          : Frame & Sensor     : Flow
        Index:10:Data: c4 1                        : Temp               : 23.39 deg C
        Index:12:Data: 3 04                        : Batt               : 0.134 volts
        Index:13:Data: aa                          : Motors             :
        Index:14:Data: 00 00 00 00                 : Pulse Counter      : 0
      Index:00:Data: 17                            : Sub-sensor Length  : 23 bytes
        Index:01:Data: 01 00                       : Sensor FW Version  : 1.0.0
        Index:03:Data: 01 30                       : Sensor Loc, HW Ver : 3, 1.0
        Index:05:Data: 46 58 33 36 31 38 30 30 30 35 : Serial Number    : FX36180005
        Index:0F:Data: 15                          : Frame & Sensor     : Flow
        Index:10:Data: c4 1                        : Temp               : 23.39 deg C
        Index:12:Data: 3 04                        : Batt               : 0.134 volts
        Index:13:Data: aa                          : Motors             :
        Index:14:Data: 00 00 00 00                 : Pulse Counter      : 0
    Index:00:Data: 22                            : Sensor Type          : Cavalier Stats
    Index:01:Data: 0e                            : Sensor Length        : 14 bytes
      Index:00:Data: 06 00                         : # of data pts      : 6
        Index:02:Data: 3f 68                         : Battery Voltage  :
        Index:04:Data: 59 8c                         : Vdd     Voltage  :
        Index:06:Data: fc a0                         : Temp    Celsius  :
        Index:08:Data: 00 00                         : Mesh RSSI dB     : Unavailable
        Index:0A:Data: 00 00                         : Mesh ms          : 0
        Index:0C:Data: 00 00                         : Mesh sq          : 0
Index:8b:Data: 5a                            : Checksum                 : Good
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