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 [https://github.com/hbldh/bleak]Bleak SIG Bluetooth Characteristic Specification Formatter

This package enables characteristic metadata parsing and automatic formatting (bytes unpacking) into the proper characteristic values.


	Free software: MIT license


	Documentation: https://bleak_sigspec.readthedocs.io.





Features


	xml SIG Bluetooth GATT Characteristics [https://www.bluetooth.com/specifications/gatt/characteristics/] parser


	Automatic formatting based on xml metadata (from bytes to dictionary data type)







Installation

Install bleak_sigspec by running:

$ pip install bleak_sigspec





Or get latest development version:

$ pip install https://github.com/Carglglz/bleak_sigspec.git








Usage

Example: service_explorer.py in bleak examples:

from bleak_sigspec.utils import get_char_value
[...]
37
   bytes_value = bytes(await client.read_gatt_char(char.uuid))
   formatted_value = get_char_value(bytes_value, char)
[...]
43
   log.info(
     "Characteristic Name: {0}, Bytes Value: {1}, Formatted
     Value: {2}".format(char.description, bytes_value, formatted_value))





Output

$ python3 service_explorer.py
[...]
Characteristic Name: Temperature, Bytes Value: b'Z\x16', Formatted Value: {'Temperature': {'Quantity': 'thermodynamic temperature',
'Unit': 'degree celsius',
'Symbol': '°C',
'Value': 57.22}}





Example: See characteristic metadata

>>> from bleak_sigspec.utils import get_xml_char
>>> temp = get_xml_char('Temperature')
>>> temp
Characteristic Metadata:
━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━
- NAME: Temperature
- UUID: 2A6E
- ABSTRACT: None
- SUMMARY: None
- FIELDS:
    - Temperature:
        - InformativeText: Unit is in degrees Celsius with a resolution of 0.01 degrees Celsius
        - Requirement: Mandatory
        - Format: sint16
        - Ctype: h
        - Unit_id: org.bluetooth.unit.thermodynamic_temperature.degree_celsius
        - Quantity: thermodynamic temperature
        - Unit: degree celsius
        - Symbol: °C
        - DecimalExponent: -2
- TYPE: org.bluetooth.characteristic.temperature
- INFO TEXT: Unit is in degrees Celsius with a resolution of 0.01 degrees Celsius
- DESCRIPTION: None
- NOTE: None
━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━━

>>>








Contribute


	Issue Tracker [https://github.com/Carglglz/bleak_sigspec/issues].


	Source Code [https://github.com/Carglglz/bleak_sigspec].
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How it works

get_char_value function uses the characteristic’s name, parsing the respective xml file
to get all the value fields. From there it reads the Flags field (if exists)
and unpack the bytes accordingly.
After that it performs any post-proccesing operation required
(e.g. DecimalExponent, Multiplier etc). Finally it packs the result in a dictionary.

To see more about bytes packing/unpacking in python see: struct [https://docs.python.org/3/library/struct.html].





          

      

      

    

  

    
      
          
            
  
Limitations

get_char_value may fail, or return unexpected results due to the following reasons:


	The characteristic does not exist in bleak or the xml file in bleak_sigspec is missing


	There is a bug in the xml file.


	The format of the characteristic is not supported (see: struct [https://docs.python.org/3/library/struct.html].)


	There is a bug in get_char_value


	The data is not formatted following the xml file description.








          

      

      

    

  

    
      
          
            
  
Future Work


Vendor specific or custom characteristics

To format a characteristic value of a Vendor specific or custom characteristic
(not defined in GATT specifications) there is a Characteristic Presentation
Format Descriptor which defines the format of the Characteristic Value.
So if this Descriptor is present it is possible to read it and get the
characteristic value  format, exponent, unit, name space and description.

To add custom characteristics it is possible to write a xml file describing
the characteristic and provide a 128 UUID. Then this could be registered
in bleak/bleak_sigspec.


Added in bleak_sigspec 0.0.4:


	Nordic UART TX, Nordic UART RX characteristics.












          

      

      

    

  

    
      
          
            
  
API


bleak_sigspec.formatter

Utils to work with binary data or bytes


	
exception bleak_sigspec.formatter.FormatIncompleteError(*args)[source]

	Bases: Exception






	
class bleak_sigspec.formatter.SuperStruct[source]

	Bases: object

Struct class Bluetooth SIG compliant


	
calcsize(fmt)[source]

	Return the size in bytes of a string format, same as struct.calcsize






	
pack(fmt, *args)[source]

	Pack values (args) into bytes following the specified format (fmt)






	
unpack(fmt, bb)[source]

	Unpack values from bytes(bb) following the specified format (fmt)










	
bleak_sigspec.formatter.decode_2_uint12(bb)[source]

	Decode 3 bytes as two unsigned 12 bit integers


	Specs:

	2_uint12 len: 3 bytes

Format string: ‘o’










	
bleak_sigspec.formatter.decode_FLOAT_ieee11073(value)[source]

	Defined in ISO/IEEE Std. 11073-20601TM-2008:

FLOAT-Type is defined as a 32-bit value with a 24-bit mantissa and an 8-bit exponent.


	Special Values:

	
	+INFINITY : [exponent 0, mantissa +(2^23 –2) → 0x007FFFFE]


	NaN (Not a Number): [exponent 0, mantissa +(2^23 –1) → 0x007FFFFF]


	NRes (Not at this Resolution): [exponent 0, mantissa –(2^23) → 0x00800000]


	Reserved for future use : [exponent 0, mantissa –(2^23–1) → 0x00800001]


	– INFINITY : [exponent 0, mantissa –(2^23 –2) → 0x00800002]













	
bleak_sigspec.formatter.decode_SFLOAT_ieee11073(value)[source]

	Defined in ISO/IEEE Std. 11073-20601TM-2008:

SFLOAT-Type is defined as a 16-bit value with 12-bit mantissa and 4-bit exponent.
The 16–bit value contains a 4-bit exponent to base 10, followed by a 12-bit mantissa.
Each is in twos- complement form.


	Special Values:

	
	+INFINITY : [exponent 0, mantissa +(2^11 –2) → 0x07FE]


	NaN (Not a Number): [exponent 0, mantissa +(2^11 –1) → 0x07FF]


	NRes (Not at this Resolution): [exponent 0, mantissa –(2^11) → 0x0800]


	Reserved for future use: [exponent 0, mantissa –(2^11 –1) → 0x0801]


	– INFINITY : [exponent 0, mantissa –(2^11 –2) → 0x0802]













	
bleak_sigspec.formatter.decode_nibbles(bb)[source]

	Decode 1 byte as two nibbles (ints)


	Specs:

	bb_len : 1

returns: (int, int)










	
bleak_sigspec.formatter.decode_sint24(bb)[source]

	Decode 3 bytes as a signed 24 bit integer


	Specs:

	
	sint24 len: 3 bytes


	Format string: ‘K’













	
bleak_sigspec.formatter.decode_uint128(bb)[source]

	Decode 16 bytes as a unsigned 128 bit integer


	Specs:

	
	uint128 len: 16 bytes


	Format string: ‘z’













	
bleak_sigspec.formatter.decode_uint24(bb)[source]

	Decode 3 bytes as a unsigned 24 bit integer


	Specs:

	
	uint24 len: 3 bytes


	Format string: ‘k’













	
bleak_sigspec.formatter.decode_uint40(bb)[source]

	Decode 5 bytes as an unsigned 40 bit integer


	Specs:

	
	uint40 len: 5 bytes


	Format string: ‘j’













	
bleak_sigspec.formatter.decode_uint48(bb)[source]

	Decode 6 bytes as an unsigned 48 bit integer


	Specs:

	
	uint48 len: 6 bytes


	Format string: ‘J’













	
bleak_sigspec.formatter.encode_2_uint12(val, val2)[source]

	Format two values as two unsigned 12 bit integers


	Specs:

	2_uint12 len: 3 bytes

Format string: ‘o’










	
bleak_sigspec.formatter.encode_FLOAT_ieee11073(value, precision=1, debug=False)[source]

	Binary representation of float value as IEEE-11073:20601 32-bit FLOAT

FLOAT-Type is defined as a 32-bit value with a 24-bit mantissa and an 8-bit exponent.


	https://community.hiveeyes.org/t/implementing-ble-gatt-ess-characteristics-with-micropython/2413/3









	
bleak_sigspec.formatter.encode_SFLOAT_ieee11073(value, precision=1, debug=False)[source]

	Binary representation of float value as  ISO/IEEE Std. 11073-20601TM-2008: 16-Bit FLOAT

The SFLOAT-Type is defined as a 16-bit value with 12-bit mantissa and 4-bit exponent






	
bleak_sigspec.formatter.encode_nibbles(val, val2)[source]

	Encode two values as two nibbles in a byte


	Specs:

	
	Nibble:   MSN  LSN


	Byte:   0b0000 0000


	Indexes:  7654 3210


	Values:   val2 val






	Requirement:

	
	Only values (0-15) allowed













	
bleak_sigspec.formatter.encode_sint24(val)[source]

	Format a value as a signed 24 bit integer


	Specs:

	
	sint24 len: 3 bytes


	Format string: ‘K’













	
bleak_sigspec.formatter.encode_uint128(val)[source]

	Format a value as a unsigned 128 bit integer


	Specs:

	
	uint128 len: 16 bytes


	Format string: ‘z’













	
bleak_sigspec.formatter.encode_uint24(val)[source]

	Format a value as a unsigned 24 bit integer


	Specs:

	
	uint24 len: 3 bytes


	Format string: ‘k’













	
bleak_sigspec.formatter.encode_uint40(val)[source]

	Format a value as an unsigned 40 bit integer


	Specs:

	
	uint40 len: 5 bytes


	Format string: ‘j’













	
bleak_sigspec.formatter.encode_uint48(val)[source]

	Format a value as an unsigned 48 bit integer


	Specs:

	
	uint48 len: 6 bytes


	Format string: ‘J’













	
bleak_sigspec.formatter.twos_comp(val, bits)[source]

	returns the 2’s complement of int value val with n bits


	https://stackoverflow.com/questions/1604464/twos-complement-in-python









	
bleak_sigspec.formatter.twos_comp_dec(val, bits)[source]

	returns the signed int value from the 2’s complement val with n bits


	https://stackoverflow.com/questions/1604464/twos-complement-in-python











bleak_sigspec.utils

Utils to decode binary data from SIG Characteristics


	
class bleak_sigspec.utils.CHAR_XML(xml_file, path='/home/docs/checkouts/readthedocs.org/user_builds/bleak-sigspec/envs/stable/lib/python3.7/site-packages/bleak_sigspec-0.0.4-py3.7.egg/bleak_sigspec/characteristics_xml')[source]

	Bases: object

Parse characteristic xml file






	
bleak_sigspec.utils.dict_char_value(data, raw=False)[source]

	Simplify the characteristic value in dict format






	
bleak_sigspec.utils.get_char_value(value: bytes, characteristic: Union[bleak.backends.characteristic.BleakGATTCharacteristic, str, bleak_sigspec.utils.CHAR_XML], rtn_flags: bool = False, debug: bool = False) → dict[source]

	Given a characteristic and its raw value in bytes,    obtain the formatted value as a dict instance:


	Args:

	
	value (bytes):


The result of read_gatt_char()






	characteristic (BleakGATTCharacteristic, str, CHAR_XML):


The characteristic from which get metadata.






	rnt_flags:


return the bitflags too if present






	debug:


print debug information about bytes unpacking










	Returns:

	
	dict:


dict instance with the formatted value and its metadata.

















	
bleak_sigspec.utils.get_plain_format(field)[source]

	Iterates until the last level where Value is






	
bleak_sigspec.utils.get_ref_char_field(_field, name_field)[source]

	Get characteristics field references recursively






	
bleak_sigspec.utils.get_xml_char(characteristic: Union[str, bleak.backends.characteristic.BleakGATTCharacteristic]) → bleak_sigspec.utils.CHAR_XML[source]

	Get characteristic metadata from its xml file


	Args:

	
	characteristic (str, BleakGATTCharacteristic):


The name of the characteristic or bleak characteristic class










	Returns:

	
	characteristic metatada class (CHAR_XML):


The characteristic metadata parsed from its xml file

















	
bleak_sigspec.utils.map_char_value(data, keys=[], string_fmt=False, one_line=True, sep=', ')[source]

	Map characteristic value with the given keys, return dict or string
format






	
bleak_sigspec.utils.pformat_char_flags(data, sep='\n', prnt=False, rtn=True)[source]

	Print or return the characteristic flag in string format






	
bleak_sigspec.utils.pformat_char_value(data, char='', only_val=False, one_line=False, sep=', ', custom=None, symbols=True, prnt=True, rtn=False)[source]

	Print or return the characteristic value in string format






	
bleak_sigspec.utils.pformat_field_value(field_data, field='', sep=', ', prnt=True, rtn=False)[source]

	Print or return the field value in string format






	
bleak_sigspec.utils.pformat_ref_char_value(char_value)[source]

	Print or return the characteristic value in string format
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  Source code for bleak_sigspec.formatter

"""
Utils to work with binary data or bytes
 """

import struct
from binascii import hexlify


[docs]class FormatIncompleteError(Exception):
    def __init__(self, *args):
        if args:
            self.message = args[0]
        else:
            self.message = None

    def __str__(self):
        if self.message:
            return 'FormatIncompleteError, {0} '.format(self.message)
        else:
            return 'FormatIncompleteError has been raised'



[docs]def encode_FLOAT_ieee11073(value, precision=1, debug=False):
    """
    Binary representation of float value as IEEE-11073:20601 32-bit FLOAT

    FLOAT-Type is defined as a 32-bit value with a 24-bit mantissa and an 8-bit exponent.

    - https://community.hiveeyes.org/t/implementing-ble-gatt-ess-characteristics-with-micropython/2413/3
    """
    assert abs(value * (10 ** precision)) <= 2**23, 'Mantissa too big'
    encoded = int(value * (10 ** precision)).to_bytes(3, 'little',
                                                      signed=True) + struct.pack('<b', -precision)
    if debug:
        hxval = hexlify(encoded)
        stbytes = hxval.decode()[::-1]
        print('0x'+''.join([stbytes[i-2:i][::-1]
                            for i in range(2, len(stbytes)+2, 2)]))
    return encoded



[docs]def decode_FLOAT_ieee11073(value):
    """Defined in ISO/IEEE Std. 11073-20601TM-2008:

    FLOAT-Type is defined as a 32-bit value with a 24-bit mantissa and an 8-bit exponent.

    Special Values:
        * +INFINITY : [exponent 0, mantissa +(2^23 –2) → 0x007FFFFE]

        * NaN *(Not a Number)*: [exponent 0, mantissa +(2^23 –1) → 0x007FFFFF]

        * NRes *(Not at this Resolution)*: [exponent 0, mantissa –(2^23) → 0x00800000]

        * Reserved for future use : [exponent 0, mantissa –(2^23–1) → 0x00800001]

        * – INFINITY : [exponent 0, mantissa –(2^23 –2) → 0x00800002]
    """
    special_values = {2**23-2: '+INFINITY', 2**23-1: 'NaN',  -2**23: 'NRes',
                      -(2**23-1): 'Reserved for future use',
                      -(2**23-2): '–INFINITY'}
    # UNPACK SIGN, EXPONENT
    sign, exponent = struct.unpack('4b', value)[-2:]
    # SEPARATE EXPONENT AND MANTISSA
    if sign >= 0:
        # PAD MANTISSA TO BE 32 bit Int
        _mantissa_bytes = bytes(value[:-1]) + b'\x00'
    else:
        # PAD MANTISSA TO BE 32 bit Int
        _mantissa_bytes = bytes(value[:-1]) + b'\xff'

    # UNPACK MANTISSA
    mantissa, = struct.unpack('i', _mantissa_bytes)

    # COMPUTE
    # CHECK IF SPECIAL VALUE
    if exponent == 0:
        if mantissa in special_values:
            return special_values[mantissa]

    float_val = mantissa / (1 / (10**exponent))
    return float_val



[docs]def twos_comp(val, bits):
    """returns the 2's complement of int value val with n bits

    - https://stackoverflow.com/questions/1604464/twos-complement-in-python"""

    if (val & (1 << (bits - 1))) != 0:  # if sign bit is set e.g., 8bit: 128-255
        val = val - (1 << bits)        # compute negative value
    return val & ((2 ** bits) - 1)     # return positive value as is



[docs]def encode_SFLOAT_ieee11073(value, precision=1, debug=False):
    """
    Binary representation of float value as  ISO/IEEE Std. 11073-20601TM-2008: 16-Bit FLOAT

    The SFLOAT-Type is defined as a 16-bit value with 12-bit mantissa and 4-bit exponent
    """
    val = int(value * (10 ** precision))
    assert abs(val) <= 2**11, 'Mantissa too big'
    encoded = ((-precision << 12) + twos_comp(val, 12)
               ).to_bytes(2, 'little', signed=True)
    if debug:
        hxval = hexlify(encoded)
        stbytes = hxval.decode()[::-1]
        print('0x'+''.join([stbytes[i-2:i][::-1]
                            for i in range(2, len(stbytes)+2, 2)]))
    return encoded



[docs]def twos_comp_dec(val, bits):
    """returns the signed int value from the 2's complement val with n bits

    - https://stackoverflow.com/questions/1604464/twos-complement-in-python"""

    if (val & (1 << (bits - 1))) != 0:  # if sign bit is set e.g., 8bit: 128-255
        val = val - (1 << bits)        # compute negative value
    return val



[docs]def decode_SFLOAT_ieee11073(value):
    """Defined in ISO/IEEE Std. 11073-20601TM-2008:

    SFLOAT-Type is defined as a 16-bit value with 12-bit mantissa and 4-bit exponent.
    The 16–bit value contains a 4-bit exponent to base 10, followed by a 12-bit mantissa.
    Each is in twos- complement form.

    Special Values:
        * +INFINITY : [exponent 0, mantissa +(2^11 –2) → 0x07FE]

        * NaN *(Not a Number)*: [exponent 0, mantissa +(2^11 –1) → 0x07FF]

        * NRes *(Not at this Resolution)*: [exponent 0, mantissa –(2^11) → 0x0800]

        * Reserved for future use: [exponent 0, mantissa –(2^11 –1) → 0x0801]

        * – INFINITY : [exponent 0, mantissa –(2^11 –2) → 0x0802]
    """
    special_values = {2**11-2: '+INFINITY', 2**11-1: 'NaN',  -2**11: 'NRes', -
                      (2**11-1): 'Reserved for future use', -(2**11-2): '–INFINITY'}
    # UNPACK SIGN, EXPONENT
    _bitmask_mant = eval(
        "0b{}".format("0" * (16 - (0 + 12)) + (12 * "1") + "0" * 0)
    )
    dec = (value[1] << 8) + value[0]
    _exponent = dec >> 12
    exponent = twos_comp_dec(_exponent, 4)
    _mantissa_uint = (dec & _bitmask_mant) >> 0
    mantissa = twos_comp_dec(_mantissa_uint, 12)

    # COMPUTE
    # CHECK IF SPECIAL VALUE
    if exponent == 0:
        if mantissa in special_values:
            return special_values[mantissa]

    float_val = mantissa / (1 / (10**exponent))
    return float_val



[docs]def encode_nibbles(val, val2):
    """Encode two values as two nibbles in a byte

    Specs:
        * **Nibble**:   MSN  LSN

        * **Byte**:   0b0000 0000

        * **Indexes**:  7654 3210

        * **Values**:   val2 val

    Requirement:
        * Only values (0-15) allowed
    """
    assert any([v > 2**4 - 1 for v in [val, val2]]) is False, 'Nibble value too big, only values (0-15) allowed'

    # shift 4 bits to the left
    fullbyte = (val2 << 4) + val
    return struct.pack('B', fullbyte)



[docs]def decode_nibbles(bb):
    """Decode 1 byte as two nibbles (ints)

    Specs:
        **bb_len** : 1

        **returns**: (int, int)
    """
    fullbyte, = struct.unpack('B', bb)
    # shift 4 bits to the right
    val2 = fullbyte >> 4
    # Mask 4 bits on the left
    val = fullbyte & 0b1111
    return(val, val2)



[docs]def encode_2_uint12(val, val2):
    """
    Format two values as two unsigned 12 bit integers

    Specs:
        **2_uint12 len**: 3 bytes

        **Format string**: 'o'
    """
    full3bytes = (val << 12) + val2
    return full3bytes.to_bytes(3, 'little', signed=False)



[docs]def decode_2_uint12(bb):
    """
    Decode 3 bytes as two unsigned 12 bit integers

    Specs:
        **2_uint12 len**: 3 bytes

        **Format string**: 'o'

    """
    _bb_int = int.from_bytes(bb, byteorder='little', signed=False)
    val = _bb_int >> 12
    val2 = _bb_int & 0b111111111111  # 2**12-1
    return (val, val2)



[docs]def encode_uint24(val):
    """
    Format a value as a unsigned 24 bit integer

    Specs:
        * **uint24 len**: 3 bytes

        * **Format string**: 'k'
    """
    return val.to_bytes(3, 'little', signed=False)



[docs]def decode_uint24(bb):
    """
    Decode 3 bytes as a unsigned 24 bit integer

    Specs:
        * **uint24 len**: 3 bytes

        * **Format string**: 'k'
    """
    return int.from_bytes(bb, byteorder='little', signed=False)



[docs]def encode_sint24(val):
    """
    Format a value as a signed 24 bit integer

    Specs:
        * **sint24 len**: 3 bytes

        * **Format string**: 'K'
    """
    return val.to_bytes(3, 'little', signed=True)



[docs]def decode_sint24(bb):
    """
    Decode 3 bytes as a signed 24 bit integer

    Specs:
        * **sint24 len**: 3 bytes

        * **Format string**: 'K'
    """
    return int.from_bytes(bb, byteorder='little', signed=True)



[docs]def encode_uint40(val):
    """
    Format a value as an unsigned 40 bit integer

    Specs:
        * **uint40 len**: 5 bytes

        * **Format string**: 'j'
    """
    return val.to_bytes(5, 'little', signed=False)



[docs]def decode_uint40(bb):
    """
    Decode 5 bytes as an unsigned 40 bit integer

    Specs:
        * **uint40 len**: 5 bytes

        * **Format string**: 'j'
    """
    return int.from_bytes(bb, byteorder='little')



[docs]def encode_uint48(val):
    """
    Format a value as an unsigned 48 bit integer

    Specs:
        * **uint48 len**: 6 bytes

        * **Format string**: 'J'
    """
    return val.to_bytes(6, 'little', signed=False)



[docs]def decode_uint48(bb):
    """
    Decode 6 bytes as an unsigned 48 bit integer

    Specs:
        * **uint48 len**: 6 bytes

        * **Format string**: 'J'
    """
    return int.from_bytes(bb, byteorder='little', signed=False)



[docs]def encode_uint128(val):
    """
    Format a value as a unsigned 128 bit integer

    Specs:
        * **uint128 len**: 16 bytes

        * **Format string**: 'z'
    """
    return val.to_bytes(16, 'little', signed=False)



[docs]def decode_uint128(bb):
    """
    Decode 16 bytes as a unsigned 128 bit integer

    Specs:
        * **uint128 len**: 16 bytes

        * **Format string**: 'z'
    """
    return int.from_bytes(bb, byteorder='little', signed=False)



[docs]class SuperStruct:
    """
    Struct class Bluetooth SIG compliant
    """

    def __init__(self):
        self._version = 'Struct class Bluetooth SIG compliant'
        self.spec_formats = ['F', 'S', 'Y', 'j', 'J', 'k', 'K', 'z', 'o']
        self.len_F = 4  # bytes # 8 bit * 4 --> (32 bit)
        self.len_SF = 2  # bytes # 8 bit * 2 --> (16 bit)
        self.len_nibble = 1/2  # bytes 8 bit * 1/2 --> (4 bit)
        self.len_uint12 = 1 + (1/2)  # bytes 8 bit * 3/2 --> (12 bit)
        self.len_uint24 = 3  # bytes # 8 bit * 3 --> (24 bit)
        self.len_sint24 = 3  # bytes # 8 bit * 3 --> (24 bit)
        self.len_uint40 = 5  # bytes # 8 bit * 5 --> (40 bit)
        self.len_uint48 = 6  # bytes # 8 bit * 6 --> (48 bit)
        self.len_uint128 = 16  # bytes # 8 bit * 16 --> (128 bit)

    def __repr__(self):
        return(self._version)

[docs]    def unpack(self, fmt, bb):
        """
        Unpack values from bytes(bb) following the specified format (fmt)
        """
        if any([f in self.spec_formats for f in fmt]):
            values, index = self._get_all_index_bytes(fmt, bb)
            return tuple(values)

        else:
            return struct.unpack(fmt, bb)


[docs]    def pack(self, fmt, *args):
        """
        Pack values (*args*) into bytes following the specified format (fmt)
        """
        if fmt != 'utf8':
            assert len(fmt) == len([*args]), 'pack expected {} items for packing (got {})'.format(len(fmt), len([*args]))
            if any([f in self.spec_formats for f in fmt]):
                # values, index = self._get_all_index_bytes(fmt, *args)
                # return tuple(values)
                return self._put_all_index_bytes(fmt, *args)

            else:
                return struct.pack(fmt, *args)
        else:
            data = [*args][0]
            return data.encode('utf8')


    def _get_all_index_bytes(self, fmt_string, bb):
        indexes = []
        intermediate_fmt_string = ""
        intermediate_nibble_fmt_string = ""
        intermediate_uint12_fmt_string = ""
        values = []
        index = 0
        expected_size = self._get_overall_size(fmt_string)
        assert len(bb) == expected_size, 'unpack requires a buffer of {} bytes'.format(
            expected_size)
        for s in fmt_string:
            if s in self.spec_formats:
                if intermediate_fmt_string:
                    val = struct.unpack(
                        intermediate_fmt_string, bb[index:index+struct.calcsize(intermediate_fmt_string)])
                    for v in val:
                        values.append(v)
                    index += struct.calcsize(intermediate_fmt_string)
                indexes.append(index)
                if s == 'F':
                    val_F = decode_FLOAT_ieee11073(bb[index:index+self.len_F])
                    values.append(val_F)
                    index += self.len_F

                elif s == 'S':
                    val_S = decode_SFLOAT_ieee11073(
                        bb[index:index+self.len_SF])
                    values.append(val_S)
                    index += self.len_SF

                elif s == 'Y':
                    if intermediate_nibble_fmt_string == "":
                        intermediate_nibble_fmt_string += s
                    elif intermediate_nibble_fmt_string == 'Y':
                        val, val2 = decode_nibbles(
                            bb[index:index+int(self.len_nibble*2)])
                        values.append(val)
                        values.append(val2)
                        index += int(self.len_nibble*2)
                        intermediate_nibble_fmt_string = ""

                elif s == 'o':
                    if intermediate_uint12_fmt_string == "":
                        intermediate_uint12_fmt_string += s
                    elif intermediate_uint12_fmt_string == 'o':
                        val, val2 = decode_2_uint12(
                            bb[index:index+int(self.len_uint12*2)])
                        values.append(val)
                        values.append(val2)
                        index += int(self.len_uint12*2)
                        intermediate_uint12_fmt_string = ""

                elif s == 'k':
                    val_uint24 = decode_uint24(bb[index:index+self.len_uint24])
                    values.append(val_uint24)
                    index += self.len_uint24

                elif s == 'K':
                    val_sint24 = decode_sint24(bb[index:index+self.len_sint24])
                    values.append(val_sint24)
                    index += self.len_sint24

                elif s == 'j':
                    val_uint40 = decode_uint40(bb[index:index+self.len_uint40])
                    values.append(val_uint40)
                    index += self.len_uint40

                elif s == 'J':
                    val_uint48 = decode_uint48(bb[index:index+self.len_uint48])
                    values.append(val_uint48)
                    index += self.len_uint48
                elif s == 'z':
                    val_uint128 = decode_uint128(
                        bb[index:index+self.len_uint128])
                    values.append(val_uint128)
                    index += self.len_uint128

                intermediate_fmt_string = ""
            else:
                intermediate_fmt_string += s

        if intermediate_fmt_string:
            val = struct.unpack(
                intermediate_fmt_string, bb[index:index+struct.calcsize(intermediate_fmt_string)])
            for v in val:
                values.append(v)

        return (values, indexes)

    def _put_all_index_bytes(self, fmt_string, *args):
        expected_size = self.calcsize(fmt_string)
        indexes = []
        intermediate_fmt_string = ""
        intermediate_values = []
        intermediate_nibble_fmt_string = ""
        intermediate_nibble_values = []
        intermediate_uint12_fmt_string = ""
        intermediate_uint12_values = []
        values = [*args]
        bb = b''
        index = 0
        for s in fmt_string:
            if s in self.spec_formats:
                if intermediate_fmt_string:
                    val = struct.pack(
                        intermediate_fmt_string, *intermediate_values)
                    bb += val
                    intermediate_fmt_string = ""
                    intermediate_values = []
                if s == 'F':
                    _precision = 0
                    if '.' in str(values[index]):
                        _precision = len(str(values[index]).split('.')[-1])
                    val_F = encode_FLOAT_ieee11073(values[index],
                                                   precision=_precision)
                    bb += val_F

                elif s == 'S':
                    _precision = 0
                    if '.' in str(values[index]):
                        _precision = len(str(values[index]).split('.')[-1])
                    val_S = encode_SFLOAT_ieee11073(values[index],
                                                   precision=_precision)
                    bb += val_S

                elif s == 'Y':
                    if intermediate_nibble_fmt_string == "":
                        intermediate_nibble_fmt_string += s
                        intermediate_nibble_values.append(values[index])
                    elif intermediate_nibble_fmt_string == 'Y':
                        intermediate_nibble_values.append(values[index])
                        val_nibbles = encode_nibbles(*intermediate_nibble_values)
                        bb += val_nibbles
                        intermediate_nibble_fmt_string = ""
                        intermediate_nibble_values = []

                elif s == 'o':
                    if intermediate_uint12_fmt_string == "":
                        intermediate_uint12_fmt_string += s
                        intermediate_uint12_values.append(values[index])
                    elif intermediate_uint12_fmt_string == 'o':
                        intermediate_uint12_values.append(values[index])
                        val_2_uint12 = encode_2_uint12(*intermediate_uint12_values)
                        bb += val_2_uint12
                        intermediate_uint12_fmt_string = ""
                        intermediate_uint12_values = []

                elif s == 'k':
                    val_uint24 = encode_uint24(values[index])
                    bb += val_uint24

                elif s == 'K':
                    val_sint24 = encode_sint24(values[index])
                    bb += val_sint24

                elif s == 'j':
                    val_uint40 = encode_uint40(values[index])
                    bb += val_uint40

                elif s == 'J':
                    val_uint48 = encode_uint48(values[index])
                    bb += val_uint48
                elif s == 'z':
                    val_uint128 = encode_uint128(values[index])
                    bb += val_uint128

                index += 1
            else:
                intermediate_fmt_string += s
                intermediate_values.append(values[index])
                index += 1

        if intermediate_fmt_string:
            val = struct.pack(
                intermediate_fmt_string, *intermediate_values)
            bb += val

        return bb

    def _get_overall_size(self, fmt_string):
        intermediate_fmt_string = ""
        size_value = 0
        is_nibble_now = False
        is_uint12_now = False
        index = 0
        for s in fmt_string:
            if is_nibble_now and s != 'Y':
                raise FormatIncompleteError("'Y' format (nibble) must come in pairs")
            if is_uint12_now and s != 'o':
                raise FormatIncompleteError("'o' format (uint12) must come in pairs")

            if s in self.spec_formats:
                if intermediate_fmt_string:
                    size_value += struct.calcsize(intermediate_fmt_string)
                    index += struct.calcsize(intermediate_fmt_string)
                if s == 'F':
                    size_value += self.len_F
                elif s == 'S':
                    size_value += self.len_SF
                elif s == 'Y':
                    is_nibble_now = not is_nibble_now
                    size_value += self.len_nibble
                elif s == 'o':
                    is_uint12_now = not is_uint12_now
                    size_value += self.len_uint12
                elif s == 'k':
                    size_value += self.len_uint24
                elif s == 'K':
                    size_value += self.len_sint24
                elif s == 'j':
                    size_value += self.len_uint40
                elif s == 'J':
                    size_value += self.len_uint48
                elif s == 'z':
                    size_value += self.len_uint128
                intermediate_fmt_string = ""
            else:
                intermediate_fmt_string += s

        if intermediate_fmt_string:
            size_value += struct.calcsize(intermediate_fmt_string)

        return int(size_value)

[docs]    def calcsize(self, fmt):
        """
        Return the size in bytes of a string format, same as ``struct.calcsize``
        """
        return self._get_overall_size(fmt)






          

      

      

    

  

    
      
          
            
  Source code for bleak_sigspec.utils

"""
Utils to decode binary data from SIG Characteristics
"""

import struct
import xml.etree.ElementTree as ET
import traceback
import os
from typing import Union
from bleak.uuids import uuidstr_to_str
from bleak_sigspec.formatter import SuperStruct
from bleak.backends.characteristic import BleakGATTCharacteristic
import bleak_sigspec
import textwrap


CHARS_XML_DIR = os.path.join(bleak_sigspec.__path__[0],
                             "characteristics_xml")


# Struct IEEE-11073 compliant
sup_struct = SuperStruct()

# UNITS
CHARS_UNITS = {
    "meter": "m",
    "kilogram": "kg",
    "second": "s",
    "ampere": "A",
    "kelvin": "K",
    "mole": "mol",
    "candela": "cd",
    "square meter": "m2",
    "cubic meter": "m3",
    "meter per second": "m/s",
    "metres per second": "m/s",
    "meter per second squared  ": "m/s2",
    "reciprocal meter": "m-1",
    "kilogram per cubic meter": "kg/m3",
    "cubic meter per kilogram": "m3/kg",
    "ampere per square meter": "A/m2",
    "ampere per meter": "A/m",
    "mole per cubic meter": "mol/m3",
    "candela per square meter": "cd/m2",
    "kilogram per kilogram": "kg/kg",
    "radian": "rad",
    "steradian": "sr",
    "hertz": "Hz",
    "newton": "N",
    "pascal": "Pa",
    "joule": "J",
    "watt": "W",
    "coulomb": "C",
    "volt": "V",
    "farad": "F",
    "ohm": "Ω",
    "siemens": "S",
    "weber": "Wb",
    "tesla": "T",
    "henry": "H",
    "degree celsius": "°C",
    "lumen": "lm",
    "lux": "lx",
    "becquerel": "Bq",
    "gray": "Gy",
    "sievert": "Sv",
    "katal": "kat",
    "pascal second": "Pa·s",
    "newton meter": "N·m",
    "newton per meter": "N/m",
    "radian per second": "rad/s",
    "radian per second squared": "rad/s2",
    "watt per square meter": "W/m2",
    "joule per kelvin": "J/K",
    "joule per kilogram kelvin": "J/(kg·K)",
    "joule per kilogram": "J/kg",
    "watt per meter kelvin": "W/(m·K)",
    "joule per cubic meter": "J/m3",
    "volt per meter": "V/m",
    "coulomb per cubic meter": "C/m3",
    "coulomb per square meter": "C/m2",
    "farad per meter": "F/m",
    "henry per meter": "H/m",
    "joule per mole": "J/mol",
    "joule per mole kelvin": "J/(mol·K)",
    "coulomb per kilogram": "C/kg",
    "gray per second": "Gy/s",
    "watt per steradian": "W/sr",
    "watt per square meter steradian": "W/(m2·sr)",
    "katal per cubic meter": "kat/m3",
    "percentage": "%",
    "beats per minute": "bpm",
    "year": "Y",
    "month": "M",
    "day": "D",
    "watt per square metre": "W/m^2",
    "degree": "º",
    "degree fahrenheit": "ºF",
    "decibel": "dBm",
    "kilometre per hour": "km/h",
    "count per cubic metre": "1/m^3",
    "minute": "min",
    "kilogram per litre": "kg/L",
    "mole per litre": "mol/L",
    "inch": "in",
    "pound": "lb",
    "revolution per minute": "RPM",
    "kilogram calorie": "kcal",
    "kilometre per minute": "km/min",
    "metre": "m",
    "step per minute": "stp/min",
    "stroke per minute": "str/min",
    "hour": "h",
    "newton metre": "Nm",
    "millimetre of mercury": "mmHg",
    "metabolic equivalent": "MET",
    "liter per second": "L/s",
    "kilowatt hour": "kWh",
    "lumen per watt": "lm/W",
    "lumen per hour": "lm/h",
    "lux hour": "lx/h",
    "gram per second": "g/s"
}


# DATA UNPACK FORMATS

DATA_FMT = {
    "sint8": "b",
    "uint8": "B",
    "sint16": "h",
    "uint16": "H",
    "uint24": "k",
    "sint32": "i",
    "uint32": "I",
    "uint40": "j",
    "uint48": "J",
    "utf8s": "utf8",
    "8bit": "B",
    "16bit": "h",
    "float64": "d",
    "variable": "X",
    "gatt_uuid": "X",
    "boolean": "?",
    "32bit": "I",
    "FLOAT": "F",
    "24bit": "k",
    "SFLOAT": "S",
    "sint24": "K",
    "nibble": "Y",
    "2bit": "B",
    "uint128": "z",
    "uint12": "o",
    "4bit": "Y",
    "float32": "f",
    "characteristic": "X",
}


# XML PARSER --> get char tag and return char_xml class
[docs]class CHAR_XML:
    """
    Parse characteristic xml file
    """

    def __init__(self, xml_file, path=CHARS_XML_DIR):
        self._tree = ET.parse(os.path.join(path, xml_file))
        self._root = self._tree.getroot()
        self.char_metadata = None
        self.name = None
        self.char_type = None
        self.uuid = None
        self.abstract = None
        self.summary = None
        self.description = None
        self.info_text = None
        self.note = None
        self.xml_tags = {}
        self.fields = {}
        self._actual_field = None
        self.bitfields = {}
        self._actual_bitfield = None
        self._actual_bit = None
        self._nr = 0
        self._metadata_string = ''
        self._wrapper = textwrap.TextWrapper(initial_indent=" "*4,)
        self._get_data()
        self._get_fields()

    def __repr__(self):
        self._metadata_string = ''
        self._metadata_string += 'Characteristic Metadata:\n'
        self._metadata_string += '━'*50 + '\n'
        self._pretty_print_metadata()
        self._metadata_string += '━'*50 + '\n'
        return self._metadata_string

    def _get_metadata_string(self):
        self._metadata_string = ''
        self._metadata_string += 'Characteristic Metadata:\n'
        self._metadata_string += '━'*50 + '\n'
        self._pretty_print_metadata()
        self._metadata_string += '━'*50 + '\n'
        return self._metadata_string

    def _pretty_print_metadata(self):
        self._print_wrp('- NAME: {}'.format(self.name))
        self._print_wrp('- UUID: {}'.format(self.uuid))
        self._print_wrp('- ABSTRACT: {}'.format(self.abstract),
                        indent=4 + len('- ABSTRACT: '))
        self._print_wrp('- SUMMARY: {}'.format(self.summary),
                        indent=4 + len('- SUMMARY: '))
        self._print_wrp('- FIELDS:')
        for field in self.fields:
            self._print_wrp('- {}: '.format(field), f_indent=8)
            for key in self.fields[field]:
                if key == 'BitField':
                    self._print_wrp('- {}:'.format(key), f_indent=12)
                    for bit in self.fields[field][key]:
                        self._print_wrp('- {}: '.format(bit), f_indent=16)
                        for keybit in self.fields[field][key][bit].keys():
                            if keybit == 'Enumerations':
                                self._print_wrp(
                                    '- {}:'.format(keybit), f_indent=20)
                                for k, v in self.fields[field][key][bit][keybit].items():

                                    self._print_wrp(
                                        '- {}: {}'.format(k, v), f_indent=24)
                            else:
                                self._print_wrp(
                                    '- {}: {}'.format(keybit, self.fields[field][key][bit][keybit]), f_indent=20)
                else:
                    if key == 'Enumerations':
                        if 'BitField' not in self.fields[field].keys():
                            self._print_wrp('- {}:'.format(key), f_indent=12)
                            for k, v in self.fields[field][key].items():

                                self._print_wrp(
                                    '- {}: {}'.format(k, v), f_indent=16)
                    else:
                        self._print_wrp(
                            '- {}: {}'.format(key, self.fields[field][key]), f_indent=12, indent=12)

        self._print_wrp('- TYPE: {}'.format(self.char_type))
        self._print_wrp('- INFO TEXT: {}'.format(self.info_text),
                        indent=4 + len('- INFO TEXT: '))
        self._print_wrp('- DESCRIPTION: {}'.format(self.description),
                        indent=4 + len('- DESCRIPTION: '))
        self._print_wrp('- NOTE: {}'.format(self.note),
                        indent=4 + len('- NOTE: '))

    def _print_wrp(self, text, mg=3, f_indent=4, indent=0,
                   f_indent_char='', r_indent_char=' ', s_indent=' '):
        try:
            columns, rows = os.get_terminal_size(0)
        except Exception as e:
            columns = 143
        if f_indent_char != '':
            f_indent += -1
        self._wrapper.initial_indent = f_indent_char + r_indent_char * f_indent
        self._wrapper.subsequent_indent = s_indent + ' ' * indent
        self._wrapper.width = columns-mg
        # print('\n'.join(self._wrapper.wrap(text)))
        self._metadata_string += '\n'.join(self._wrapper.wrap(text)) + '\n'

    def _get_data(self):
        for val in self._root.iter():
            try:
                if hasattr(val.text, "strip"):
                    self.xml_tags[val.tag] = [val.text.strip(), val.attrib]
                else:
                    self.xml_tags[val.tag] = [val.text, val.attrib]
                if val.tag == "Characteristic":
                    self.char_metadata = val.attrib
                    self.name = self.char_metadata["name"]
                    self.char_type = self.char_metadata["type"]
                    self.uuid = self.char_metadata["uuid"]
                if val.tag == 'Summary':
                    if hasattr(val.text, 'strip'):
                        self.summary = val.text.strip()
                    else:
                        self.summary = val.text
                if val.tag == 'Description':
                    if hasattr(val.text, 'strip'):
                        self.description = val.text.strip()
                    else:
                        self.description = val.text
                if val.tag == 'InformativeText':
                    if hasattr(val.text, 'strip'):
                        self.info_text = val.text.strip()
                    else:
                        self.info_text = val.text
                if val.tag == 'Note':
                    if hasattr(val.text, 'strip'):
                        self.note = val.text.strip()
                    else:
                        self.note = val.text
                if val.tag == 'p':
                    if hasattr(val.text, 'strip'):
                        if self.note is None:
                            self.note = ''
                        self.note += val.text.strip() + '\n'
            except Exception as e:
                print(traceback.format_exc())

    def _get_fields(self):
        for val in self._root.iter():
            try:
                if val.tag == "Field":
                    self.fields[val.attrib["name"]] = {}
                    self._actual_field = val.attrib["name"]

                if val.tag == "Maximum":
                    if hasattr(val.text, "strip"):
                        if self.fields.keys():
                            self.fields[self._actual_field][val.tag] = val.text.strip()
                    else:
                        if self.fields.keys():
                            self.fields[self._actual_field][val.tag] = val.text
                if val.tag == "Minimum":
                    if hasattr(val.text, "strip"):
                        if self.fields.keys():
                            self.fields[self._actual_field][val.tag] = val.text.strip()
                    else:
                        if self.fields.keys():
                            self.fields[self._actual_field][val.tag] = val.text
                if val.tag == "Requirement":
                    try:
                        if self.fields.keys():
                            if val.tag in self.fields[self._actual_field].keys():
                                self._nr += 1
                                self.fields[self._actual_field][
                                    "{}-{}".format(val.tag, self._nr)
                                ] = val.text
                            else:
                                self.fields[self._actual_field][val.tag] = val.text
                    except Exception as e:
                        print(e)
                if val.tag == "Format":
                    if self.fields.keys():
                        self.fields[self._actual_field][val.tag] = val.text
                        self.fields[self._actual_field]["Ctype"] = DATA_FMT[val.text]

                if val.tag == "Enumeration":
                    if self.fields.keys():
                        if "Enumerations" in self.fields[self._actual_field].keys():
                            self.fields[self._actual_field]["Enumerations"][
                                val.attrib["key"]
                            ] = val.attrib["value"]
                            if "requires" in val.attrib:
                                if (
                                    "Requires"
                                    not in self.fields[self._actual_field][
                                        "Enumerations"
                                    ]
                                ):
                                    self.fields[self._actual_field]["Enumerations"][
                                        "Requires"
                                    ] = {}
                                self.fields[self._actual_field]["Enumerations"][
                                    "Requires"
                                ][val.attrib["key"]] = val.attrib["requires"]

                        else:
                            self.fields[self._actual_field]["Enumerations"] = {}
                            self.fields[self._actual_field]["Enumerations"][
                                val.attrib["key"]
                            ] = val.attrib["value"]
                            if "requires" in val.attrib:
                                if (
                                    "Requires"
                                    not in self.fields[self._actual_field][
                                        "Enumerations"
                                    ]
                                ):
                                    self.fields[self._actual_field]["Enumerations"][
                                        "Requires"
                                    ] = {}
                                self.fields[self._actual_field]["Enumerations"][
                                    "Requires"
                                ][val.attrib["key"]] = val.attrib["requires"]

                if val.tag == "Enumerations":
                    if self.fields.keys():
                        self.fields[self._actual_field][val.tag] = {}

                if val.tag == "BitField":
                    if self.fields.keys():
                        self.fields[self._actual_field][val.tag] = {}
                    self._actual_bitfield = val.tag
                if val.tag == "Bit":
                    if self.fields[self._actual_field].keys():
                        if "name" in val.attrib.keys():
                            bitname = val.attrib["name"]
                        else:
                            bitname = "BitGroup {}".format(val.attrib["index"])
                        self.fields[self._actual_field][self._actual_bitfield][
                            bitname
                        ] = {}
                        self.fields[self._actual_field][self._actual_bitfield][bitname][
                            "index"
                        ] = val.attrib["index"]
                        self.fields[self._actual_field][self._actual_bitfield][bitname][
                            "size"
                        ] = val.attrib["size"]
                        self._actual_bit = bitname

                if val.tag == "Enumeration":
                    if self._actual_bitfield is not None:
                        if (
                            self._actual_bitfield
                            in self.fields[self._actual_field].keys()
                        ):
                            if self.fields[self._actual_field][
                                self._actual_bitfield
                            ].keys():
                                self.fields[self._actual_field][self._actual_bitfield][
                                    self._actual_bit
                                ]["Enumerations"][val.attrib["key"]] = val.attrib[
                                    "value"
                                ]
                                if "requires" in val.attrib:
                                    if (
                                        "Requires"
                                        not in self.fields[self._actual_field][
                                            self._actual_bitfield
                                        ][self._actual_bit]["Enumerations"]
                                    ):
                                        self.fields[self._actual_field][
                                            self._actual_bitfield
                                        ][self._actual_bit]["Enumerations"][
                                            "Requires"
                                        ] = {}
                                    self.fields[self._actual_field][
                                        self._actual_bitfield
                                    ][self._actual_bit]["Enumerations"]["Requires"][
                                        val.attrib["key"]
                                    ] = val.attrib[
                                        "requires"
                                    ]

                if val.tag == "Enumerations":
                    if self._actual_bitfield is not None:
                        if (
                            self._actual_bitfield
                            in self.fields[self._actual_field].keys()
                        ):
                            if self.fields[self._actual_field][
                                self._actual_bitfield
                            ].keys():
                                self.fields[self._actual_field][self._actual_bitfield][
                                    self._actual_bit
                                ][val.tag] = {}
                if val.tag == "DecimalExponent":
                    if self.fields.keys():
                        self.fields[self._actual_field][val.tag] = int(val.text)

                if val.tag == "Unit":
                    self.fields[self._actual_field]["Unit_id"] = val.text
                    # get unit from unit stringcode
                    unit_stringcode_filt = val.text.replace("org.bluetooth.unit.", "")
                    quantity = " ".join(unit_stringcode_filt.split(".")[0].split("_"))
                    self.fields[self._actual_field]["Quantity"] = quantity
                    try:
                        unit = " ".join(
                            unit_stringcode_filt.split(".")[1].split("_")
                        ).strip()
                        self.fields[self._actual_field][val.tag] = unit
                        self.fields[self._actual_field]["Symbol"] = CHARS_UNITS[unit]
                    except Exception as e:
                        try:
                            self.fields[self._actual_field][val.tag] = quantity
                            self.fields[self._actual_field]["Symbol"] = CHARS_UNITS[
                                quantity
                            ]
                        except Exception as e:
                            self.fields[self._actual_field][val.tag] = ""
                            self.fields[self._actual_field]["Symbol"] = ""
                if val.tag == "InformativeText":
                    if self.fields.keys():
                        if hasattr(val.text, "strip"):
                            self.fields[self._actual_field][val.tag] = val.text.strip()
                        else:
                            self.fields[self._actual_field][val.tag] = val.text
                if val.tag == "Reference":
                    if self.fields.keys():
                        if hasattr(val.text, "strip"):
                            self.fields[self._actual_field][val.tag] = val.text.strip()
                        else:
                            self.fields[self._actual_field][val.tag] = val.text
                if val.tag == "BinaryExponent":
                    if self.fields.keys():
                        if hasattr(val.text, "strip"):
                            self.fields[self._actual_field][val.tag] = int(
                                val.text.strip()
                            )
                        else:
                            self.fields[self._actual_field][val.tag] = int(val.text)
                if val.tag == "Multiplier":
                    if self.fields.keys():
                        if hasattr(val.text, "strip"):
                            self.fields[self._actual_field][val.tag] = int(
                                val.text.strip()
                            )
                        else:
                            self.fields[self._actual_field][val.tag] = int(val.text)

                if val.tag == "Reference":
                    if self.fields.keys():
                        if hasattr(val.text, "strip"):
                            self.fields[self._actual_field][val.tag] = " ".join(
                                ch.capitalize()
                                for ch in val.text.strip().split(".")[-1].split("_")
                            )
                        else:
                            self.fields[self._actual_field][val.tag] = val.text
            except Exception as e:
                print(traceback.format_exc())



[docs]def get_xml_char(characteristic: Union[str, BleakGATTCharacteristic])-> CHAR_XML:
    """
    Get characteristic metadata from its xml file

    Args:
        * **characteristic** *(str, BleakGATTCharacteristic)*:

            The name of the characteristic or bleak characteristic class

    Returns:
        * **characteristic metatada class** *(CHAR_XML)*:

            The characteristic metadata parsed from its xml file
        """
    if isinstance(characteristic, BleakGATTCharacteristic):
        characteristic = uuidstr_to_str(characteristic.uuid)
    if "Magnetic Flux" in characteristic:
        char_string = "_".join(
            [
                ch.lower().replace("magnetic", "Magnetic")
                for ch in characteristic.replace("-", " ", 10).replace("–", " ").split()
            ]
        )
        char_string = char_string.replace("3d", "3D").replace("2d", "2D")
    else:
        char_string = "_".join(
            [ch.lower() for ch in characteristic.replace("-", " ", 10).replace("–", " ").split()]
        )
    char_string += ".xml"
    char_string = char_string.replace("_characteristic", "")
    return CHAR_XML(char_string)



def _unpack_data(ctype, data):
    """
    Unpack 'data' bytes with 'ctype' equivalent format
    """
    if ctype == "utf8":
        if hasattr(data, 'decode'):
            return data.decode("utf8")
        else:
            data = bytes(data).decode("utf8")
            return data
    else:
        (data,) = sup_struct.unpack(ctype, data)
        return data


# BITMASKS

def _complete_bytes(bb):
    """
    Make bytes number even
    """
    len_bytes = len(bb)
    if (len_bytes % 2) == 0:
        pass
    else:
        bb = b'\x00' + bb
    return bb


def _autobitmask(val, total_size, index, size, keymap):
    """
    Generate a bitmask and apply it to 'val' bits given the 'total_size',
        'index', and 'size' of the BitField
    """
    _bitmask = eval(
        "0b{}".format("0" * (total_size - (index + size)) + (size * "1") + "0" * index)
    )

    key = (val & _bitmask) >> index
    key_str = str(key)
    mapped_val = keymap[key_str]
    return mapped_val


def _autobitmask_req(val, total_size, index, size, keymap):
    """
    Generate a bitmask and apply it to 'val' bits given the 'total_size',
        'index', and 'size' of the BitField
    """
    _bitmask = eval(
        "0b{}".format("0" * (total_size - (index + size)) + (size * "1") + "0" * index)
    )
    key = (val & _bitmask) >> index
    key_str = str(key)
    if key_str in keymap:
        mapped_val = keymap[key_str]
        return mapped_val
    else:
        return False


# AUTOFORMAT BITFIELDS

# FLAG VALUES


def _autoformat(char, val, field_to_unpack=None):
    """
    Given a characteristic and 'val' bytes, obtain the BitField values
    """
    fields = {}
    if not field_to_unpack:
        for field in char.fields:
            if "Ctype" in char.fields[field]:
                # ctype = char.fields[field]['Ctype']
                total_size = 0
                if "BitField" in char.fields[field]:
                    fields[field] = {}
                    bitfield = char.fields[field]["BitField"]
                    for bitf in bitfield:
                        total_size += int(bitfield[bitf]["size"])
                    for bitf in bitfield:
                        size = int(bitfield[bitf]["size"])
                        index = int(bitfield[bitf]["index"])
                        key_map = bitfield[bitf]["Enumerations"]
                        fields[field][bitf] = _autobitmask(
                            val,
                            total_size=total_size,
                            index=index,
                            size=size,
                            keymap=key_map,
                        )
                    break

        return fields
    else:
        field = field_to_unpack
        if hasattr(char, 'fields'):
            if "Ctype" in char.fields[field]:
                # ctype = char.fields[field]['Ctype']
                total_size = 0
                if "BitField" in char.fields[field]:
                    fields[field] = {}
                    bitfield = char.fields[field]["BitField"]
                    for bitf in bitfield:
                        total_size += int(bitfield[bitf]["size"])
                    for bitf in bitfield:
                        size = int(bitfield[bitf]["size"])
                        index = int(bitfield[bitf]["index"])
                        key_map = bitfield[bitf]["Enumerations"]
                        fields[field][bitf] = _autobitmask(
                            val,
                            total_size=total_size,
                            index=index,
                            size=size,
                            keymap=key_map,
                        )
        else:
            if "Ctype" in char[field]:
                # ctype = char.fields[field]['Ctype']
                total_size = 0
                if "BitField" in char[field]:
                    fields[field] = {}
                    bitfield = char[field]["BitField"]
                    for bitf in bitfield:
                        total_size += int(bitfield[bitf]["size"])
                    for bitf in bitfield:
                        size = int(bitfield[bitf]["size"])
                        index = int(bitfield[bitf]["index"])
                        key_map = bitfield[bitf]["Enumerations"]
                        fields[field][bitf] = _autobitmask(
                            val,
                            total_size=total_size,
                            index=index,
                            size=size,
                            keymap=key_map,
                        )

        return fields


# FIELDS REQUIREMENTS


def _autoformat_reqs(char, val):
    """
    Given a 'char' characteristic and 'val' bytes, obtain the BitField values
    requirements
    """
    fields = {}
    for field in char.fields:
        if "Ctype" in char.fields[field]:
            # ctype = char.fields[field]['Ctype']
            total_size = 0
            if "BitField" in char.fields[field]:
                fields[field] = {}
                bitfield = char.fields[field]["BitField"]
                for bitf in bitfield:
                    total_size += int(bitfield[bitf]["size"])
                for bitf in bitfield:
                    size = int(bitfield[bitf]["size"])
                    index = int(bitfield[bitf]["index"])
                    key_map = bitfield[bitf]["Enumerations"]
                    if "Requires" in key_map:
                        fields[field][bitf] = _autobitmask_req(
                            val,
                            total_size=total_size,
                            index=index,
                            size=size,
                            keymap=key_map["Requires"],
                        )

    return fields


# GET FIELD REQUIREMENTS
def _get_req(char_field):
    """
    Get characteristics field requirements
    """
    reqs = []
    for key in char_field:
        if "Requirement" in key:
            reqs.append(char_field[key])
    return reqs


# GET FIELD REFERENCES RECURSIVELY
[docs]def get_ref_char_field(_field, name_field):
    """
    Get characteristics field references recursively
    """
    _REFERENCE_TAGS_FIELDS = {}
    _FIELDS_OF_REFERENCED_CHAR = {}
    _REFERENCE_FIELDS = {}
    ctype_global = ''
    if "Reference" in _field:
        reference = _field["Reference"]
        _REFERENCE_TAGS_FIELDS[name_field] = reference
        reference_char = get_xml_char(reference)
        _FIELDS_OF_REFERENCED_CHAR[reference] = []
        for ref_field in reference_char.fields:
            if "Reference" not in reference_char.fields[ref_field]:

                _REFERENCE_FIELDS[ref_field] = reference_char.fields[ref_field]
            _FIELDS_OF_REFERENCED_CHAR[reference].append(ref_field)
            if "Ctype" in reference_char.fields[ref_field]:
                ctype = reference_char.fields[ref_field]["Ctype"]
                ctype_global += ctype
            elif "Reference" in reference_char.fields[ref_field]:
                _ref_tag_fields, _fields_of_ref_char, _ref_fields, _ctype_global = get_ref_char_field(
                    reference_char.fields[ref_field], ref_field)
                _REFERENCE_TAGS_FIELDS.update(_ref_tag_fields)
                _FIELDS_OF_REFERENCED_CHAR.update(_fields_of_ref_char)
                _REFERENCE_FIELDS.update(_ref_fields)
                ctype_global += _ctype_global
        return (_REFERENCE_TAGS_FIELDS, _FIELDS_OF_REFERENCED_CHAR, _REFERENCE_FIELDS, ctype_global)



# GET REFERENCE FIELD IN ONE LEVEL DEEP
def _get_plain_ref_fields(fof_refchar):
    it_dict = fof_refchar.copy()
    for ref in it_dict:
        if any([sf in it_dict for sf in it_dict[ref]]):
            for sf in it_dict[ref]:
                if sf in it_dict:
                    index = fof_refchar[ref].index(sf)
                    fof_refchar[ref].pop(index)
                    for rf in it_dict[sf]:
                        fof_refchar[ref].insert(index, rf)
                        index += 1
            fof_refchar = _get_plain_ref_fields(fof_refchar)
        else:
            break
        break

    return fof_refchar


# GET FORMATTED VALUE

def _get_single_field(char, val, debug=False):
    """
    Get characteristic single field data
    """
    if debug:
        print("CASE 1: ONE FIELD")
    for field in char.fields:
        # FIXME: CASE 1C REFERENCE ANOTHER CHAR (WITH ONE OR MULTIPLE FIELDS) ?
        if "Ctype" in char.fields[field]:
            ctype = char.fields[field]["Ctype"]
            if "BitField" in char.fields[field]:
                if debug:
                    print("CASE 1A: BITFIELD")
                (raw_data,) = struct.unpack(ctype, val)
                data = list(_autoformat(char, raw_data).values())[0]
                return {field: {"Value": data}}
            else:
                if debug:
                    print("CASE 1B: VALUE")
                if "Enumerations" in char.fields[field]:
                    if debug:
                        print("CASE 1B.1: MAPPED VALUE")
                    keymap = char.fields[field]["Enumerations"]
                    if keymap:
                        (data,) = struct.unpack(ctype, val)  # here read char
                        try:
                            mapped_val = keymap[str(data)]
                            return {field: {"Value": mapped_val}}
                        except Exception as e:
                            if debug:
                                print("Value not in keymap")
                    else:
                        (data,) = struct.unpack(ctype, val)
                else:
                    if debug:
                        print("CASE 1B.2: SINGLE VALUE")
                    data = _unpack_data(ctype, val)
                # Format fields values according to field metadata: (DecimalExponent/Multiplier):
                _FIELDS_VALS = {}
                _FIELDS_VALS[field] = {}
                if "Quantity" in char.fields[field]:
                    _FIELDS_VALS[field]["Quantity"] = char.fields[field]["Quantity"]
                if "Unit" in char.fields[field]:
                    _FIELDS_VALS[field]["Unit"] = char.fields[field]["Unit"]
                if "Symbol" in char.fields[field]:
                    _FIELDS_VALS[field]["Symbol"] = char.fields[field]["Symbol"]

                formatted_value = data
                if "Multiplier" in char.fields[field]:
                    formatted_value *= char.fields[field]["Multiplier"]
                if "DecimalExponent" in char.fields[field]:
                    formatted_value /= 1 / (10 ** (char.fields[field]["DecimalExponent"]))
                if "BinaryExponent" in char.fields[field]:
                    formatted_value *= 2 ** (char.fields[field]["BinaryExponent"])

                _FIELDS_VALS[field]["Value"] = formatted_value
                return _FIELDS_VALS


def _get_multiple_fields(char, val, rtn_flags=False, debug=False):
    """
    Get characteristic multiple fields data
    """
    if debug:
        print("CASE 2: MULTIPLE FIELDS")
    _FLAGS = None
    _REQS = None
    if "Flags" in char.fields:
        if debug:
            print("CASE 2.A: Flags Field Present")
        if "Ctype" in char.fields["Flags"]:
            ctype_flag = char.fields["Flags"]["Ctype"]
            if "BitField" in char.fields["Flags"]:
                (raw_data,) = struct.unpack(
                    ctype_flag, val[: struct.calcsize(ctype_flag)]
                )
                _FLAGS = list(_autoformat(char, raw_data).values())[0]
                _REQS = list(_autoformat_reqs(char, raw_data).values())[0]

    if _FLAGS:
        # Get fields according to flags
        if debug:
            print(_FLAGS)
            print(_REQS)
            print("Fields to read according to Flags:")
        _FIELDS_TO_READ = []
        for field in char.fields:
            if field != "Flags":
                field_req = None
                # get requirements if any:
                field_req = _get_req(char.fields[field])
                if "Mandatory" in field_req:
                    if debug:
                        print("   - {}: {}".format(field, True))
                    _FIELDS_TO_READ.append(field)
                else:
                    _READ_FIELD = all([req in _REQS.values() for req in field_req])
                    if _READ_FIELD:
                        if debug:
                            print("   - {}: {}".format(field, field_req))
                        _FIELDS_TO_READ.append(field)
        if _FIELDS_TO_READ:
            # get global unpack format: ctype_flag += ctype_field_to_read
            ctype_global = ctype_flag
            # REFERENCE FIELDS
            _REFERENCE_FIELDS = {}  # fields with attributes
            _REFERENCE_TAGS_FIELDS = {}  # fields that references another characteristic
            _FIELDS_OF_REFERENCED_CHAR = {}  # fields of the referenced characteristic
            copy_FIELDS_TO_READ = _FIELDS_TO_READ.copy()
            for field in copy_FIELDS_TO_READ:
                if "Ctype" in char.fields[field]:
                    ctype = char.fields[field]["Ctype"]
                    ctype_global += ctype

                # Get Reference if any and ctype/unit/symbol/decexp/multiplier

                if "Reference" in char.fields[field]:
                    reference = char.fields[field]["Reference"]
                    _rtf, _fofrc, _rf, ctype = get_ref_char_field(char.fields[field],
                                                                  field)
                    # clean intermediate references
                    # _ref_tag_fields = { k:v for k,v in _rtf.items() if k == field}
                    _fofrc = _get_plain_ref_fields(_fofrc)
                    # _fields_of_ref_char = { k:v for k,v in _fofrc.items() if k == reference}
                    _REFERENCE_TAGS_FIELDS[field] = reference
                    _FIELDS_OF_REFERENCED_CHAR[reference] = []
                    for ref_field in _rf:
                        _FIELDS_OF_REFERENCED_CHAR[reference].append(ref_field)
                        _REFERENCE_FIELDS[ref_field] = _rf[ref_field]
                    ctype_global += ctype
                    # reference = char.fields[field]["Reference"]
                    # _REFERENCE_TAGS_FIELDS[field] = reference
                    # reference_char = get_xml_char(reference)
                    # _FIELDS_OF_REFERENCED_CHAR[reference] = []
                    # for ref_field in reference_char.fields:
                    #     # Add fields to _REFERENCE_FIELDS
                    #     _FIELDS_OF_REFERENCED_CHAR[reference].append(ref_field)
                    #     _REFERENCE_FIELDS[ref_field] = reference_char.fields[ref_field]
                    #     if "Ctype" in reference_char.fields[ref_field]:
                    #         ctype = reference_char.fields[ref_field]["Ctype"]
                    #         ctype_global += ctype

            # Unpack data
            # First value is the flags value
            # Rest are field values

            # val = _complete_bytes(val)
            # HEART RATE MEASUREMENT FIX
            if char.name == 'Heart Rate Measurement':
                rri = _FLAGS['RR-Interval bit']
                if rri == 'One or more RR-Interval values are present.':
                    interval_index = 0
                    _REFERENCE_TAGS_FIELDS['RR-Interval'] = 'RR-Interval'
                    _FIELDS_OF_REFERENCED_CHAR['RR-Interval'] = []
                    ref_field = 'RR-I{}'.format(interval_index)
                    _FIELDS_OF_REFERENCED_CHAR['RR-Interval'].append(ref_field)
                    _REFERENCE_FIELDS[ref_field] = char.fields['RR-Interval']
                    while len(val) > struct.calcsize(ctype_global):
                        interval_index += 1
                        ctype_global += 'H'
                        ref_field = 'RR-I{}'.format(interval_index)
                        _FIELDS_OF_REFERENCED_CHAR['RR-Interval'].append(ref_field)
                        _REFERENCE_FIELDS[ref_field] = char.fields['RR-Interval']
            if debug:
                print("Global Unpack Format: {}".format(ctype_global))

            flag, *data = sup_struct.unpack(ctype_global, val)
            if debug:
                print(data)
                print(_FIELDS_TO_READ)
                print(_REFERENCE_TAGS_FIELDS)
                print(_FIELDS_OF_REFERENCED_CHAR)
                print(_REFERENCE_FIELDS)
            value_index = 0
            _FIELDS_VALS = {}
            # Format fields values according to field metadata: (DecimalExponent/Multiplier):
            for field in _FIELDS_TO_READ:
                value = data[value_index]
                if field in char.fields:
                    _FIELDS_VALS[field] = {}
                    if field not in _REFERENCE_TAGS_FIELDS:
                        if "Quantity" in char.fields[field]:
                            _FIELDS_VALS[field]["Quantity"] = char.fields[field]["Quantity"]
                        if "Unit" in char.fields[field]:
                            _FIELDS_VALS[field]["Unit"] = char.fields[field]["Unit"]
                        if "Symbol" in char.fields[field]:
                            _FIELDS_VALS[field]["Symbol"] = char.fields[field]["Symbol"]

                        formatted_value = value
                        if "Multiplier" in char.fields[field]:
                            formatted_value *= char.fields[field]["Multiplier"]
                        if "DecimalExponent" in char.fields[field]:
                            formatted_value /= 1 / (10 ** (char.fields[field]["DecimalExponent"]))
                        if "BinaryExponent" in char.fields[field]:
                            formatted_value *= 2 ** (char.fields[field]["BinaryExponent"])
                        if "BitField" in char.fields[field]:
                            formatted_value = list(
                                _autoformat(char, formatted_value, field).values()
                            )[0]
                        if "Enumerations" in char.fields[field] and 'BitField' not in char.fields[field]:
                            if str(value) in char.fields[field]["Enumerations"]:
                                formatted_value = char.fields[field]["Enumerations"][str(value)]

                        _FIELDS_VALS[field]["Value"] = formatted_value
                    else:
                        ref_char = _REFERENCE_TAGS_FIELDS[field]
                        _FIELDS_VALS[field][ref_char] = {}
                        for ref_field in _FIELDS_OF_REFERENCED_CHAR[ref_char]:
                            _FIELDS_VALS[field][ref_char][ref_field] = {}
                            if "Quantity" in _REFERENCE_FIELDS[ref_field]:
                                _FIELDS_VALS[field][ref_char][ref_field]["Quantity"] = _REFERENCE_FIELDS[ref_field][
                                    "Quantity"
                                ]
                            if "Unit" in _REFERENCE_FIELDS[ref_field]:
                                _FIELDS_VALS[field][ref_char][ref_field]["Unit"] = _REFERENCE_FIELDS[ref_field][
                                    "Unit"
                                ]
                            if "Symbol" in _REFERENCE_FIELDS[ref_field]:
                                _FIELDS_VALS[field][ref_char][ref_field]["Symbol"] = _REFERENCE_FIELDS[ref_field][
                                    "Symbol"
                                ]
                            value = data[value_index]
                            formatted_value = value
                            if "Multiplier" in _REFERENCE_FIELDS[ref_field]:
                                formatted_value *= _REFERENCE_FIELDS[ref_field]["Multiplier"]
                            if "DecimalExponent" in _REFERENCE_FIELDS[ref_field]:
                                formatted_value /= 1 / (10 ** (
                                    _REFERENCE_FIELDS[ref_field]["DecimalExponent"]
                                ))
                            if "BinaryExponent" in _REFERENCE_FIELDS[ref_field]:
                                formatted_value *= 2 ** (
                                    _REFERENCE_FIELDS[ref_field]["BinaryExponent"]
                                )
                            if "BitField" in _REFERENCE_FIELDS[ref_field]:

                                formatted_value = list(
                                    _autoformat(_REFERENCE_FIELDS, formatted_value, ref_field).values()
                                )[0]

                            if "Enumerations" in _REFERENCE_FIELDS[ref_field] and 'BitField' not in _REFERENCE_FIELDS[ref_field]:
                                if str(value) in _REFERENCE_FIELDS[ref_field]["Enumerations"]:
                                    formatted_value = _REFERENCE_FIELDS[ref_field]["Enumerations"][str(value)]

                            _FIELDS_VALS[field][ref_char][ref_field]["Value"] = formatted_value
                            value_index += 1
                        value_index -= 1
                value_index += 1

            if not rtn_flags:
                return _FIELDS_VALS
            else:
                return [_FIELDS_VALS, _FLAGS]
    else:
        if debug:
            print("CASE 2.B: Flags Field Not Present")
            print("Fields to read:")
        _FIELDS_TO_READ = []
        for field in char.fields:
            if field != "Flags":
                field_req = None
                # get requirements if any:
                field_req = _get_req(char.fields[field])
                if "Mandatory" in field_req:
                    if debug:
                        print("   - {}: {}".format(field, True))
                    _FIELDS_TO_READ.append(field)
                else:
                    _READ_FIELD = all([req in _REQS.values() for req in field_req])
                    if _READ_FIELD:
                        if debug:
                            print("   - {}: {}".format(field, field_req))
                        _FIELDS_TO_READ.append(field)

        # REFERENCE FIELDS
        _REFERENCE_FIELDS = {}  # fields with attributes
        _REFERENCE_TAGS_FIELDS = {}  # fields that references another characteristic
        _FIELDS_OF_REFERENCED_CHAR = {}  # fields of the referenced characteristic
        copy_FIELDS_TO_READ = _FIELDS_TO_READ.copy()
        if _FIELDS_TO_READ:
            # get global unpack format: ctype_flag += ctype_field_to_read
            ctype_global = ""
            for field in copy_FIELDS_TO_READ:
                if "Ctype" in char.fields[field]:
                    ctype = char.fields[field]["Ctype"]
                    ctype_global += ctype

                # Get Reference if any and ctype/unit/symbol/decexp/multiplier

                if "Reference" in char.fields[field]:
                    reference = char.fields[field]["Reference"]
                    _rtf, _fofrc, _rf, ctype = get_ref_char_field(char.fields[field],
                                                                  field)
                    # clean intermediate references
                    # _ref_tag_fields = { k:v for k,v in _rtf.items() if k == field}
                    _fofrc = _get_plain_ref_fields(_fofrc)
                    # _fields_of_ref_char = { k:v for k,v in _fofrc.items() if k == reference}
                    _REFERENCE_TAGS_FIELDS[field] = reference
                    _FIELDS_OF_REFERENCED_CHAR[reference] = []
                    for ref_field in _rf:
                        _FIELDS_OF_REFERENCED_CHAR[reference].append(ref_field)
                        _REFERENCE_FIELDS[ref_field] = _rf[ref_field]
                    ctype_global += ctype
                    # reference = char.fields[field]["Reference"]
                    # _REFERENCE_TAGS_FIELDS[field] = reference
                    # reference_char = get_xml_char(reference)
                    # _FIELDS_OF_REFERENCED_CHAR[reference] = []
                    # for ref_field in reference_char.fields:
                    #     # Add fields to _REFERENCE_FIELDS
                    #     _FIELDS_OF_REFERENCED_CHAR[reference].append(ref_field)
                    #     _REFERENCE_FIELDS[ref_field] = reference_char.fields[ref_field]
                    #     if "Ctype" in reference_char.fields[ref_field]:
                    #         ctype = reference_char.fields[ref_field]["Ctype"]
                    #         ctype_global += ctype

            # Unpack data
            # There is no flags value
            # All fields are values
            if debug:
                print("Global Unpack Format: {}".format(ctype_global))
            data = sup_struct.unpack(ctype_global, val)
            value_index = 0
            _FIELDS_VALS = {}
            if debug:
                print(data)
                print(_FIELDS_TO_READ)
                print(_REFERENCE_TAGS_FIELDS)
                print(_FIELDS_OF_REFERENCED_CHAR)
                print(_REFERENCE_FIELDS)
            # Format fields values according to field metadata: (DecimalExponent/Multiplier):
            for field in _FIELDS_TO_READ:
                value = data[value_index]
                if field in char.fields:
                    _FIELDS_VALS[field] = {}
                    if field not in _REFERENCE_TAGS_FIELDS:
                        if "Quantity" in char.fields[field]:
                            _FIELDS_VALS[field]["Quantity"] = char.fields[field]["Quantity"]
                        if "Unit" in char.fields[field]:
                            _FIELDS_VALS[field]["Unit"] = char.fields[field]["Unit"]
                        if "Symbol" in char.fields[field]:
                            _FIELDS_VALS[field]["Symbol"] = char.fields[field]["Symbol"]

                        formatted_value = value
                        if "Multiplier" in char.fields[field]:
                            formatted_value *= char.fields[field]["Multiplier"]
                        if "DecimalExponent" in char.fields[field]:
                            formatted_value /= 1 / (10 ** (char.fields[field]["DecimalExponent"]))
                        if "BinaryExponent" in char.fields[field]:
                            formatted_value *= 2 ** (char.fields[field]["BinaryExponent"])
                        if "Enumerations" in char.fields[field] and 'BitField' not in char.fields[field]:
                            if str(value) in char.fields[field]["Enumerations"]:
                                formatted_value = char.fields[field]["Enumerations"][str(value)]

                        if "BitField" in char.fields[field]:
                            print(formatted_value)
                            formatted_value = list(
                                _autoformat(char, formatted_value, field).values()
                            )[0]

                        _FIELDS_VALS[field]["Value"] = formatted_value
                    else:
                        ref_char = _REFERENCE_TAGS_FIELDS[field]
                        _FIELDS_VALS[field][ref_char] = {}
                        for ref_field in _FIELDS_OF_REFERENCED_CHAR[ref_char]:
                            _FIELDS_VALS[field][ref_char][ref_field] = {}
                            if "Quantity" in _REFERENCE_FIELDS[ref_field]:
                                _FIELDS_VALS[field][ref_char][ref_field]["Quantity"] = _REFERENCE_FIELDS[ref_field][
                                    "Quantity"
                                ]
                            if "Unit" in _REFERENCE_FIELDS[ref_field]:
                                _FIELDS_VALS[field][ref_char][ref_field]["Unit"] = _REFERENCE_FIELDS[ref_field][
                                    "Unit"
                                ]
                            if "Symbol" in _REFERENCE_FIELDS[ref_field]:
                                _FIELDS_VALS[field][ref_char][ref_field]["Symbol"] = _REFERENCE_FIELDS[ref_field][
                                    "Symbol"
                                ]
                            value = data[value_index]
                            formatted_value = value
                            if "Multiplier" in _REFERENCE_FIELDS[ref_field]:
                                formatted_value *= _REFERENCE_FIELDS[ref_field]["Multiplier"]
                            if "DecimalExponent" in _REFERENCE_FIELDS[ref_field]:
                                formatted_value /= 1 / (10 ** (
                                    _REFERENCE_FIELDS[ref_field]["DecimalExponent"]
                                ))
                            if "BinaryExponent" in _REFERENCE_FIELDS[ref_field]:
                                formatted_value *= 2 ** (
                                    _REFERENCE_FIELDS[ref_field]["BinaryExponent"]
                                )
                            if "Enumerations" in _REFERENCE_FIELDS[ref_field] and 'BitField' not in _REFERENCE_FIELDS[ref_field]:
                                if str(value) in _REFERENCE_FIELDS[ref_field]["Enumerations"]:
                                    formatted_value = _REFERENCE_FIELDS[ref_field]["Enumerations"][str(value)]

                            if "BitField" in _REFERENCE_FIELDS[ref_field]:

                                formatted_value = list(
                                    _autoformat(_REFERENCE_FIELDS, formatted_value, ref_field).values()
                                )[0]

                            _FIELDS_VALS[field][ref_char][ref_field]["Value"] = formatted_value
                            value_index += 1
                        value_index -= 1
                value_index += 1
            if not rtn_flags:
                return _FIELDS_VALS
            else:
                return [_FIELDS_VALS, _FLAGS]


[docs]def get_char_value(value: bytes, characteristic: Union[BleakGATTCharacteristic,
                                                       str, CHAR_XML],
                   rtn_flags: bool = False,
                   debug: bool = False) -> dict:
    """
    Given a characteristic and its raw value in bytes,\
    obtain the formatted value as a dict instance:

    Args:
        * **value (bytes)**:

            The result of ``read_gatt_char()``

        * **characteristic** *(BleakGATTCharacteristic, str, CHAR_XML)*:

            The characteristic from which get metadata.

        * **rnt_flags**:

            return the bitflags too if present

        * **debug**:

            print debug information about bytes unpacking

    Returns:
        * **dict**:

            `dict` instance with the formatted value and its metadata.
    """

    # Get characteristic metadata from xml file
    if isinstance(characteristic, str) or isinstance(characteristic,
                                                     BleakGATTCharacteristic):
        characteristic = get_xml_char(characteristic)
    # if isinstance(characteristic, BleakGATTCharacteristic):
    #     characteristic = get_xml_char(uuidstr_to_str(characteristic.uuid))

    if len(characteristic.fields) == 1:
        # CASE 1: ONLY ONE FIELD: SINGLE VALUE OR SINGLE BITFIELD
        return _get_single_field(characteristic, value, debug=debug)

    else:
        # CASE 2: MULTIPLE FIELDS: 1º Field flags, Rest of Fields values
        # check if Flags field exists
        # get flags and fields requirements if any
        return _get_multiple_fields(characteristic, value, rtn_flags=rtn_flags,
                                    debug=debug)



[docs]def pformat_field_value(field_data, field='', sep=',', prnt=True,
                        rtn=False):
    """
    Print or return the field value in string format
    """
    try:
        field_string_values = ["{} {}".format(field_data['Value'], field_data['Symbol'])]
    except Exception as e:
        field_string_values = ["{}".format(field_data['Value'])]
    if field:
        if prnt:
            print('{}: {}'.format(field, sep.join(field_string_values)))
        elif rtn:
            return '{}: {}'.format(field, sep.join(field_string_values))
    else:
        if prnt:
            print(sep.join(field_string_values))
        elif rtn:
            return sep.join(field_string_values)



[docs]def pformat_char_value(data,
                       char="",
                       only_val=False,
                       one_line=False,
                       sep=",",
                       custom=None,
                       symbols=True,
                       prnt=True,
                       rtn=False):
    """
    Print or return the characteristic value in string format
    """
    if not custom:
        if not one_line:
            if char:
                print("{}:".format(char))
            if not only_val:
                for key in data:
                    try:
                        print(
                            "{}: {} {}".format(
                                key, data[key]["Value"], data[key]["Symbol"]
                            )
                        )
                    except Exception as e:
                        print("{}: {} ".format(key, data[key]["Value"]))
            else:
                for key in data:
                    try:
                        print("{} {}".format(
                            data[key]["Value"], data[key]["Symbol"]))
                    except Exception as e:
                        print("{}".format(data[key]["Value"]))
        else:

            if not only_val:
                try:
                    char_string_values = [
                        "{}: {} {}".format(
                            key, data[key]["Value"], data[key]["Symbol"])
                        for key in data
                    ]
                except Exception as e:
                    char_string_values = [
                        "{}: {}".format(key, data[key]["Value"]) for key in data
                    ]
                if char:
                    if prnt:
                        print("{}: {}".format(char, sep.join(char_string_values)))
                    elif rtn:
                        return "{}: {}".format(char, sep.join(char_string_values))
                else:
                    if prnt:
                        print(sep.join(char_string_values))
                    elif rtn:
                        return sep.join(char_string_values)
            else:
                try:
                    char_string_values = [
                        "{} {}".format(data[key]["Value"], data[key]["Symbol"])
                        for key in data
                    ]
                except Exception as e:
                    char_string_values = [
                        "{}".format(data[key]["Value"]) for key in data
                    ]
                if char:
                    if prnt:
                        print("{}: {}".format(char, sep.join(char_string_values)))
                    elif rtn:
                        return "{}: {}".format(char, sep.join(char_string_values))
                else:
                    if prnt:
                        print(sep.join(char_string_values))
                    elif rtn:
                        return sep.join(char_string_values)
    else:
        if not symbols:
            print(custom.format(*[data[k]["Value"] for k in data]))
        else:
            print(
                custom.format(
                    *["{} {}".format(data[k]["Value"], data[k]["Symbol"]) for k in data]
                )
            )



[docs]def get_plain_format(field):
    """
    Iterates until the last level where Value is
    """
    val = ""
    for k in field:
        if 'Value' in field[k]:
            try:
                val += "{}: {} {} ; ".format(k, field[k]['Value'],  field[k]['Symbol'])
            except Exception as e:
                val += "{}: {} ; ".format(k, field[k]['Value'])
        else:
            val += get_plain_format(field[k])
    if val != "":
        return val



[docs]def pformat_ref_char_value(char_value):
    """
    Print or return the characteristic value in string format
    """
    for field in char_value:
        if 'Value' in char_value[field]:
            print(field, char_value[field]['Value'])
        else:
            # iterate function
            val = get_plain_format(char_value[field])
            print("{}: {}".format(field, val))



[docs]def map_char_value(data, keys=[], string_fmt=False, one_line=True, sep=", "):
    """
    Map characteristic value with the given keys, return dict or string
    format
    """
    if keys:
        if not string_fmt:
            return dict(zip(keys, list(data.values())[0]['Value'].values()))
        else:
            map_values = dict(zip(keys, list(data.values())[0]['Value'].values()))
            if one_line:
                return sep.join(["{}: {}".format(k, v) for k, v in map_values.items()])
            else:
                sep += "\n"
                return sep.join(["{}: {}".format(k, v) for k, v in map_values.items()])



[docs]def dict_char_value(data, raw=False):
    """
    Simplify the characteristic value in dict format
    """
    try:
        if raw:
            values = {
                k: {"Value": data[k]["Value"], "Symbol": data[k]["Symbol"]}
                for k in data
            }
        else:
            values = {
                k: "{} {}".format(data[k]["Value"], data[k]["Symbol"]) for k in data
            }
    except Exception as e:
        values = {}
        if raw:
            for k in data:
                if "Symbol" in data[k]:
                    values[k] = {"Value": data[k]["Value"], "Symbol": data[k]["Symbol"]}
                else:
                    values[k] = {"Value": data[k]["Value"]}
        else:
            for k in data:
                if "Symbol" in data[k]:
                    values[k] = "{} {}".format(data[k]["Value"], data[k]["Symbol"])
                else:
                    values[k] = data[k]["Value"]
    return values



[docs]def pformat_char_flags(data, sep="\n", prnt=False, rtn=True):
    """
    Print or return the characteristic flag in string format
    """
    try:
        char_string_values = [
            ["{}: {}".format(k, v) for k, v in data[key].items()] for key in data
        ]
        all_values = []
        for values in char_string_values:
            if prnt:
                print(sep.join(values))
            elif rtn:
                all_values.append(sep.join(values))
        if rtn:
            return sep.join(all_values)

    except Exception as e:
        print(e)
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