V1.0 (10/30/2025) 
CAN Telemetry
The CAN Bus protocol used here is specific to this device, and uses extended ID CAN packets that have a 29 bit header with up to 8 bytes of data following that.  Three pieces of information are encoded in the least significant 18 bits of the header, with the remaining bits currently unused. 
[image: ]
The controller streams eight-byte data packets and that include a variety of telemetry data. Each packet consists of a header and 8 data bytes.  At a fixed rate of (10 Hz default), packets are generated and sent, each with a different DataID that indicates what data is included in the packet as described below.  To allow the receiving software to reassemble the snapshot of telemetry data, each of the four packets from a given time have the same sequence number (SeqNum), that increments at the packet rate (10Hz default) before rolling over back to zero after 2^9 iterations.  For data from the battery, the SrcID will be 05 or 06, differentiating these packets from other data that may be present on the CAN Bus 

The data items can be placed in various messages in whatever manner makes sense, as an example the following is the data layout used by the current battery system, but these data items will change in the new battery, and the order does not need to be maintained.

 Data_ID = 0
 Byte 0-1 <-- "BC Voltage"        (unsigned int)      1 cnt = 0.01 Volts      xxx.x
 Byte 2-3 <-- "BC Ips"            (unsigned int)      1 cnt = 0.001 Amps      x.xx
 Byte 4-5 <-- "BC V Balance"      (unsigned int)      1 cnt = 0.001 Volts     x.xx
 Byte 6-7 <-- "BC V Stopcharge"   (unsigned int)      1 cnt = 0.001 Volts     x.xx

 Data_ID = 1
 Byte 0-1 <-- "BC Ground Fault"   (unsigned int)      1 cnt = 0.001 mAmps     xx.xx
 Byte 2-3 <-- "BC Hydrogen"       (unsigned int)      1 cnt = 0.001 Volts     x.xx
 Byte 4-5 <-- "BC Status"         (unsigned int)      BitField                xxxxx
 Byte 6-7 <-- “Unused”

Throughout this system, the following scaling factors have been used for transmitting various types of values in integers.  

//Command and Reporting Scale Factors (cnts/engineering unit)
#define CRSF_RPM 2        //cnts per RPM
#define CRSF_VOLTAGE 100  //cnts per Volt
#define CRSF_CURRENT 500  //cnts per Amp
#define CRSF_TIME   1000  //cnts per Second
#define CRSF_POWER  1     //cnts per Watt
#define CRSF_PERCENTAGES 100    //cnts per 100 percent
#define CRSF_PRESSURE 1000    //cnts per psi
#define CRSF_TORQUE 500    //cnts per N-m
#define CRSF_POSITION 10 //cnts per inch

As needed, more or less precision can be used if needed.

CAN Commands 
Commands are sent to the battery controller as individual CAN packets with the SRC_ID field representing the power converter (05 or 06), the data ID set to 10, and an arbitrary sequence number.  The first data byte (of eight possible in a CAN Packet) is the Command ID and the subsequent seven data bytes are the command data payload.

The commands received by the Battery Controller are as follows.

SetGeneratorContactors:  CmdID = 01 (unsigned 8 bit integer as argument)
This opens or closes the Generator.
/* SetGeneratorContactors:  Cmd ID = 01
[bookmark: _Hlk212971309]* Battery System Behavior: This command is only active when in commissioning mode, otherwise the Generator Contactors are under the control of the battery system software.
* Input: takes single unsigned byte from CANbus. (0 = Open, 1 = Closed)
* Scaling: None
* Out of Range Behavior:  Any non-zero argument closes the contactors
*/

SetHVExport1Contactors: CmdID = 02 (unsigned 8 bit integer as argument)
This opens or closes the HV Export 1 Contactors.
[bookmark: _Hlk212970878]/* SetHVExport1Contactors:  CmdID = 02
* Input: takes single unsigned byte from CANbus. (0 = Open, 1 = Closed)
* Battery System Behavior: The Battery pack will open the Export 1 Contactors if more than xx minutes pass without receiving this command to keep the contactors closed.  The timeout defaults to 10 minutes, and is adjustable via a separate command (CmdID = 09).
* Scaling: None
* Out of Range Behavior:  Any non-zero argument closes the contactors
*/

SetHVExport2Contactors: CmdID = 03 (unsigned 8 bit integer as argument)
This opens or closes the HV Export 2 Contactors.
//* SetHVExport1Contactors:  CmdID = 03
* Input: takes single unsigned byte from CANbus. (0 = Open, 1 = Closed)
* Battery System Behavior: The Battery pack will open the Export 2 Contactors if more than xx minutes pass without receiving this command to keep the contactors closed.  The timeout defaults to 10 minutes, and is adjustable via a separate command (CmdID = 09).
* Scaling: None
* Out of Range Behavior:  Any non-zero argument closes the contactors
*/
SetLinuxDCDCPower:  CmdID = 04 (unsigned 8 bit integer as argument)
/* SetLinuxDCDCPower:  Cmd ID = 04
* Battery System Behavior: This command is only active when in commissioning mode, otherwise the Linux DCDC Converter is under the control of the battery system software (on only in High or Normal SOC power modes).
* Input: takes single unsigned byte from CANbus. (0 = Off, 1 = On)
* Scaling: None
* Out of Range Behavior:  Any non-zero argument turns the power on.
*/

SetIsolationMonitorPower:  CmdID = 05 (unsigned 8 bit integer as argument)
This opens or closes the Generator.
/* SetIsolationMonitorPower:  Cmd ID = 05
* Battery System Behavior: This command is only active when in commissioning mode, otherwise the Isolation Monitor is under the control of the battery system software.
* Input: takes single unsigned byte from CANbus. (0 = Off, 1 = On)
* Scaling: None
* Out of Range Behavior:  Any non-zero argument turns the power on.
*/

SetBatterySafetySensorPower:  CmdID = 06 (unsigned 8 bit integer as argument)
This opens or closes the Generator.
/* SetBatterySafetySensorPower:  Cmd ID = 06
* Battery System Behavior: This command is only active when in commissioning mode, otherwise the Battery Safety Sensor is under the control of the battery system software.
* Input: takes single unsigned byte from CANbus. (0 = Off, 1 = On)
* Scaling: None
* Out of Range Behavior:  Any non-zero argument turns the power on.
*/

SetBMSPower:  CmdID = 07 (unsigned 8 bit integer as argument)
This opens or closes the Generator.
/* SetBMSPower:  Cmd ID = 07
* Battery System Behavior: This command is only active when in commissioning mode, otherwise the BMS is under the control of the battery system software.
* Input: takes single unsigned byte from CANbus. (0 = Off, 1 = On)
* Scaling: None
* Out of Range Behavior:  Any non-zero argument turns the power on.
*/

ShutDown:  CmdID = 08 
Places the battery into shutdown mode.
/* Shutdown:  Cmd ID = 08
* Battery System Behavior: All systems are turned off and the battery system enters shutdown mode.  This is only possible when the shorting plug is removed.
* Input: No data input
* Scaling: None
*/

SetExportTimeout:  CmdID = 09 (unsigned 8 bit integer as argument)
[bookmark: _GoBack]Sets the HV Export timeout length and resets the watchdog timer.
/* Shutdown:  SetExportTimeout ID = 09
* Battery System Behavior: This sets the HV Export timeout, in minutes.  A value of zero disables the timeout feature.  This command is also used to reset the watchdog timers.
* Input: takes single unsigned byte from CANbus. (0-255)
* Scaling: None
*/

Helpful C-code

//Command and Reporting Scale Factors (cnts/engineering unit)
#define CRSF_VOLTAGE 100  //cnts per Volt
#define CRSF_CURRENT 500  //cnts per Amp
#define CRSF_TIME   1000  //cnts per Second
#define CRSF_POWER  1     //cnts per Watt
#define CRSF_PERCENTAGES 100    //cnts per 100 percent
#define CRSF_PRESSURE 1000    //cnts per psi

// CAN ID field width definitions, from least sig to most sig.
#define SEQ_WIDTH 9
#define ID_WIDTH 5
#define SRC_WIDTH 4

//Assemble 29 bit id from components, 4 bit SRC, 5 bit dataID, and 9bit seq_num
unsigned long Assemble_packetID(unsigned int src, unsigned int dataID, unsigned int seq_num)
{
 unsigned long result = 0;
 result = ((unsigned long) src) << (SEQ_WIDTH+ID_WIDTH);
 result |= ((unsigned long) dataID) << SEQ_WIDTH;
 result |= (unsigned long) seq_num;
 return result; 
}
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