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1 Purpose

This document describes the Bluetooth Low Energy (BLE) serial interface used by the LiGo 10X
Battery (firmware revision 5) in order to read and write data from the BMS’s embedded controller. To
read or write data, the LiGo 10X must be placed in BLE mode to enable advertising and allow BLE
connections to its server from a host/client, and the client must make a connection to the device (but
does not need to pair at this time).

New features in the serial interface are expected to simply add, not alter or subtract from the available
commands. There may be additions to some of the data payloads due to unimplemented data in some
structures described as “extraneous”, in order to simplify addition of planned but not currently
implemented statistics. It is therefore recommended that the client read and generalize their program to
the xml interface provided, as newer firmware versions may add more datum items or new commands.

A Python3 class with an example using Bleak is in progress to streamline development of third party
applications.

2 References

This document expects that the reader has access to “settings_LiGo10X05.xml”, which contains the
xml description of the command table and data format for LiGo 10X firmware version 5.

3 Communication Format

The LiGo 10X presents a Serial Port BLE service at UUID 6e400001-b5a3-f393-e0a9-e50e24dcca9e,
with a TX characteristic at UUID 6e400003-b5a3-f393-e0a9-e50e24dcca9e and RX at UUID
6e400002-b5a3-f393-e0a9-e50e24dcca9e. A client device shall connect to the LiGo 10X, send serial
packets on the TX characteristic, and listen for response data on the RX characteristic.

On both the hardware and BLE serial port, the LiGo 10X communicates with an acknowledged packet
format. The LiGo 10X recognizes a minimal serial command set, divided into read and write
commands. To save firmware implementation space, the interface is divided into memory sections
commonly grouped together, rather than mapping individual data access or memory addresses.

All correctly structured packets sent by the client will receive an acknowledge packet, or non-
acknowledge response packet if the CRC is incorrect. A two-byte (16b) CRC (CRC16-CCITT format)
is appended to every packet, calculated on all bytes including the start byte.

3.1 Packet Format

The following figure is an illustration of the read and write packet formats.
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Write Request from Application

Start Byte (0x55) Command Byte

CRC16-CCITT HIGH CRC16-CCITT LOW

Data Byte Size n Datal0]...Data[n] BYTE BYTE

Acknowledged Write Response from BMS

Start Byte (0x55) Command Byte

CRC16-CCITT HIGH CRC16-CCITT LOW

Data Byte Size n BYTE BYTE

Non-acknowledge Write Response from BMS (CRC

Incorrect, all other cases reset state machine to prevent excessive NACK to random stream)

Start Byte (0x55) Command Byte

- Requests will originate from app/software

CRC16-CCITT HIGH CRC16-CCITT LOW - Software will wait for response or timeout before
BYTE BYTE next request or retry

- Firmware will interpret characters as they come

0x00

Read Request from Application

- Firmware will reset to look for start byte if function
or size byte is wrong, or timeout

- Firmware will process one command at a time in
main loop, reject new bytes until processed

- Firmware byte stream processing in low priority
interrupt

Start Byte (0x55) Command Byte

- CRC16 on BLE UART ensures no processing of

random streams
0x00 CRC16-CCITT HIGH CRC16-CCITT LOW - CRC performed on all bytes

BYTE BYTE - Words are sent LSByte first (Little-Endian)

Acknowledged Read Response from BMS

Start Byte (0x55) Command Byte

CRC16-CCITT HIGH CRC16-CCITT LOW

Data Byte Size n Datal0]...Data[n] BYTE BYTE

Non-acknowledge Read Response from BMS (CRC

incorrect, all other cases reset state machine to prevent excessive NACK to random stream)

Start Byte (0x55) Command Byte

CRC16-CCITT HIGH CRC16-CCITT LOW

0x00 BYTE BYTE

Figure 1: General Packet Format for the LiGo 10X

4 Command Table

The commands are alternately described in settings_LiGo10X05.xml, but are summarized below:

Cmd # |Command Name

Notes

0

Read Test

Response with one byte of data, 0x55, for basic testing

1

Read Battery
Information

General battery data, including battery state, cell voltages, battery
current, fault status, and internal system state.

Read User Settings

User settings, including LED brightness, shunt calibration, BLE always
on setting, and some non-critical protection behaviours.

Read SOC Lookup
Table

State of Charge lookup table, used internally for state of charge
calculation.

Read Voltage Bins

Voltage bins are seconds at each of 27 bins, 2.0V to 4.5V in 0.1V
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increments.
5 Read Current Bins Current bins are stored as shunt 80uVs/LSB, or -10 to 15A in 1A
increments.
6 Read Discharge Read temperature bins during discharge in seconds at -10C to 70C in
Temperature Bins 5C increments.
7 Read Charge Read temperature bins during charge in seconds at -10C to 70C in 5C
Temperature Bins increments.
8 Read Idle Read temperature bins at idle in seconds at -10C to 70C in 5C
Temperature Bins increments.
9 Read Pack Internal ~ Read pack internal resistance history, which records the last 18 to 36
Resistance Bins measurements mapped to an ever increasing timestep to show lifetime
change.
10 Read Lifetime Read lifetime statistics including lifetime Ah discharge, button presses,
Statistics and charge cycles.
11 Read Fault Stats Read fault stats, including times tripping short circuit, individual cell

overvoltage trips, time in over temperature state.

12 Read Event History | Read Event history, with major events and timestamps relative to
recorded lifetime.

13 Read Balance Time |Read Balance Time (lifetime seconds balancing for each cell).

14 Read Cycle Stop Data Read Cycle stop data, number of times charge stopped at SOC levels
75-100% and discharge stopped at 0-50% (recorded after 20% SoC
change in opposite direction).

15 Read Cell Internal Read cell internal resistances as measured by the BMS.
Resistances
16 Write User Settings |Writes User settings, all at once so ensure read before write for proper
settings.

4.1 XML format

The XML files describe the serial commands one can use to read or write data groups, as well as the
data groups read or written with them, their payload size and byte structure, and properties about their
payload data including a unique globalname, descriptive name, integer minimums, integer maximums,
engineering unit conversions, and other special properties.

* commands: Describes a group of serial commands
o command: Describes a single serial command

= groupname: unique identifier for data group read or written by command
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= commandnumber: unique command number to refer to in packet
= readonly: whether the command is readonly or not

= groupstructure: the payload structure of the command, used for sizing purposes

* settingsgroup: Describes a group of settings

@)

o

o

groupname: unique identifier for data group, should match a command groupname
readonly: whether the group is readonly or not (command may exist that can write the group)

structure: The payload structure of the group, for parsing of data payloads (modified python
"struct" formatting, describes size/type of each variable in the binary blob (see below))

* datum: Contained in a settingsgroup, represents on datum in the data payload/structure described

@)

globalname: Unique identifier for the datum
name: Displayname, not currently used in this context
type: General type this datum represents (binary toggle, number, combo, graph)

mult: Floating point multiplier to generate presentation value (int value * mult), can be
globalname of dependency (raw integer value of dependency will be used)

div: Floating point divisor to generate presentation value (int value / div), can be globalname of
dependency (raw integer value of dependency will be used)

inverse: If present, integer value is inverted before multiplication/division to produce
presentation value (value = 1/value)

offset: Floating point or globalname dependency offset to add after multiplication and division.
minimum: Minimum integer value acceptable for variable

maximum: Maximum integer value acceptable for variable

default: Default integer value for variable

combo: List of presentation base values for combo box type presentation (to be converted for
presentation value if numbers not strings)

combonum: List of integer values above presentation values map to, for programming of
integer variable (may be separate from index of combo box)
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5 Examples

After connecting to a LiGo 10X and enabling notification the RX characteristic, the client sends a
command 1 (battery_information) read request, with bytes (in hex):

5501004a93
Which leads to an acknowledge response (in hex):

550144a0113d02eb030000a9929a92a9927092bc92b4928792e592a992cb920000000000000000000087
00fb0Oba40b310a00008b20010000000000774e0000c712000000000000011b

The data in this case is (in hex):

a0113d02eb030000a9929a92a9927092bc92b4928792e592a992cb92000000000000000000008700fb0b
a40b310a00008b20010000000000774e0000c712000000000000

We are interested in the first datum in this packet, Pack Voltage, which with a structure of
“lIHHHHHHHHHHHHHHHhHHBBB1B1B1B1B1B1B1B1B1B1B1B1B4B1B1B1B1B1B1B1B1B1B
1B1B1B1B1B1B1B1B7BHHHHII” would be “I” or a 32b unsigned integer, so the data would be:

a0113d02

Correcting for endianness, this is 0x023d11a0, or 37556640. The “mult” field notes that to convert to
Volts we multiply by 0.000001, producing a 37.556640V as the final pack voltage number.

Conversely if we want to know the current, we want to know the battery temperature, we would take
the 19" datum, which would be of format “H” or a 16b unsigned int, 40B (after
“liHHHHHHHHHHHHHHHO”) into the structure, with a value of:

fbOb

Which represents 0x0bfb or 3067. To convert to degrees Celsius, we multiply it by the “mult” field of
0.1 for 306.7, then add the “offset” of -273.15 to get a final temperature of 33.55 degrees Celsius.
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