

    
      
          
            
  
Welcome to Chemios!


The Chemios Framework is a simple, open-source (i.e. FREE) software package for laboratory automation and monitoring.

It is easy-to-use and extensible. It currently works with pumps, spectrometers and temperature controllers. And, the list of equipment will continue to grow.

The framework is written in python (the unoffical language of science) and actively maintained. It works with pumps, spectrometers and more.
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Chemios Framework API Documentation


chemios.pumps



chemios.spectrometers

Chemios Ocean Optics Module


	
class chemios.spectrometers._oceanoptics.OceanOptics(spectrometer_model, seabreeze)

	Class to define the spectrometers


	
spectrometer_model

	Model of the spectrometer (e.g., FLMS02673)


	Type:

	str










	
seabreeze (

	obj:): Seabreeze.spectrometers object






	
absorbance_read(integration_time, scans_to_average, filter=0, normalized=False)

	Function to read the UV data from the spectrometer
Stores the normalized absorbance and flourescence data into Spectrometer Object


	Parameters:

	
	integration_time (float) – Integration time in microseconds


	scans_to_average (int) – Number of scans to average over


	filter (int, optional) – The starting point for the Spectrum (e.g, start from the 300th data point). Defaults to use the whole spectram


	normalize (bool) – If true, absorbances will be normalized to the maximum absorbance.  Defaults to false.






	Yields:

	Numpy array with first column as wavelengths and second column as absorbance










	
read_spectrometer_raw(integration_time)

	Function to print the raw data from the spectreomter


	Parameters:

	integration_time (float) – Integration time in microseconds



	Yields:

	Numpy matrix with first column as wavelengths and second column a intensisties










	
store_blank(blank)

	Method to save blank intensisties


	Parameters:

	blank (array) – Two column array of wavelengths and intesities










	
store_dark(dark)

	Method to save dark intensisties


	Parameters:

	dark (array) – Two column array of wavelengths and intesities















chemios.temperature_controllers

Omega Temperature Controller Module


	
class chemios.temperature_controllers._omega.OmegaCN9300Series(port, slave_address)

	Class to Control Omega CN 9311 Temperature Controller


	
port

	Serial port over which communication should be sent


	Type:

	str










	
slave_address

	Address of the temperature controller from 1 to 247


	Type:

	int









Notes

Set the address on the Level C of the menu of the omega temperature controller


	
get_current_temperature()

	Method to get the current temperature


	Yields:

	
	update = {

	‘temp_set_point’: setpoint in deg C,
‘current_temp’: temperature in deg C
}














	
set_temperature(temp_set_point)

	Method to set the temperature


	Parameters:

	temp_set_point (float) – temperature setpoint in deg C
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  All modules for which code is available

	chemios.spectrometers._oceanoptics

	chemios.temperature_controllers._omega

	chemios.utils




          

      

      

    

  

    
      
          
            
  Source code for chemios.utils

'''
/*
 *
 * Useful Utilities
 *
 */
 '''

import numpy as np
import json
import logging
import datetime
import time
import sys
import glob
import serial
import datetime
import arrow
    
[docs]def convert_to_lists(df):
    '''Convert data frame to list of lists'''
    output = []
    for i in range(len(list(df))):
        column = df.iloc[:,i]
        output.append(column.values.tolist())       
    for i in output:
        for j in i:
            try:
                x = output[i][j]                
                output[i][j] = x.item()
            except Exception:
                pass
    return output


[docs]def import_module(name):
    '''Import a module from a string'''
    components = name.split('.')
    mod = __import__(components[0])
    for comp in components[1:]:
        mod = getattr(mod, comp)
    return mod 



#Useful functions for serial
[docs]def serial_write(ser, cmd):
    """ General Serial Writing Method

    Args:
        Ser (:object:): Serial object from pyserial
        cmd (str): String being sent
        handle(str): Function handle (needed for error reporting)
        output(bool): If true, fucntion returns output/errors from serial defvece
    """
    ser.flushOutput()
    ser.write(cmd.encode())
    logging.debug('Sent serial cmd ' + cmd)


[docs]def sio_write(sio, cmd, 
              output=False, exp = None, ctx = 'Device', 
              timeout = 2):
    """ General Serial Writing Method with reading response

    Args:
        sio (:object:): io.Wrapper object from pyserial
        cmd (str): String being sent
        exp (str): Expected response (optional)
        ctx (str): The device being communicated with. Used for debug messages (optional)
        output(bool): If true, function returns output/errors from serial device. Defaults to false.
        timeout (int): Timeout in seconds. Defaults to 2 seconds. 
    Returns:
        Response from the serial buffer.
    """
    #Add carriage return at the end of the string if it was forgotten
    cmd = cmd + '\x0D'
    try:
        sio.write(cmd)
    except TypeError:
        try:
            sio.write(cmd.encode())
        except Exception:
            logging.warning("sio_write cannot send message: {}".format(cmd))
            return 1
    logging.debug('Sent serial cmd ' + cmd)
    if output:
        start = arrow.utcnow()
        timeout = datetime.timedelta(seconds = timeout)
        response_buffer = ''
        while True:
            sio.flush()
            time.sleep(0.1)
            response = sio.readline()
            response = response.strip('\n')
            response = response.strip('\r')
            if response != '':
                response_buffer = str(response) + response_buffer
            else:
                if response != exp and exp:
                    logging.warning('Did not receive expected response of {} from command {}. '
                                    '{} might not be connected.'
                                    .format(exp, cmd, ctx))
                return response_buffer
            elapsed_time = arrow.utcnow() - start
            if elapsed_time > timeout:
                logging.debug('chemios.utils.sio_write timeout after {} seconds.'.format(str(elapsed_time.seconds)))
                if response != exp and exp:
                    logging.warning('Did not receive expected response of {} from command {}. '
                                    '{} might not be connected.'
                                    .format(exp, cmd, ctx))
                return response_buffer

        

[docs]class SerialTestClass(object):
    """A serial port test class using a mock port """
    def __init__(self):
        self._port = "loop://"
        self._timeout = 0
        self._baudrate = 9600
        self.ser = \
            serial.serial_for_url(url=self._port,
                                  timeout=self._timeout,
                                  baudrate=self._baudrate)


[docs]def discover_serial_ports():
    """ Lists serial port names

        :raises EnvironmentError:
            On unsupported or unknown platforms
        :returns:
            A list of the serial ports available on the system
    """
    #For windows
    if sys.platform.startswith('win'):
        ports = ['COM%s' % (i + 1) for i in range(256)]
    #for linux/cygwin
    elif sys.platform.startswith('linux') or sys.platform.startswith('cygwin'):
        # this excludes your current terminal "/dev/tty"
        ports = glob.glob('/dev/ttyUSB*') + glob.glob('/dev/ttyACM*')
    #for mac
    elif sys.platform.startswith('darwin'):
        ports = glob.glob('/dev/tty.*')
        ports = ports + glob.glob('/dev/cu.usb*')
        print(ports)
    else:
        raise EnvironmentError('Unsupported platform')

    #Remove any ports that we don't want
    ports_to_remove = ['/dev/ttyS0', '/dev/ttyAMA0', '/dev/ttyprintk','/dev/tty.Bluetooth-Incoming-Port']
    for port in ports_to_remove:
        try:
            ports.remove(port)
        except Exception:
            pass

    result = []
    for port in ports:
        try:
            s = serial.Serial(port)
            s.close()
            result.append(port)
        except (OSError, serial.SerialException):
            pass
    return result


[docs]def write_i2c(string, bus, address):
    """Method for writing via i2c"""
    converted = []
    for b in string:
        #Convert string to bytes
        converted.append(ord(b))
    #Write converted string to given address with 0 offset
    bus.write_i2c_block_data(address,0, converted)
    return -1





          

      

      

    

  

    
      
          
            
  Source code for chemios.spectrometers._oceanoptics

''' Chemios Ocean Optics Module
'''
#import seabreeze.spectrometers as sb
import numpy as np
from chemios.utils import convert_to_lists
import pandas as pd

#Note to self: Make the buffer a list of dictionaries each with the stage position and spectraself.
#Use pop(0) to pop off the first spectra in the buffer when get_spectrum is called
[docs]class OceanOptics(object):
    """Class to define the spectrometers

    Attributes:
        spectrometer_model (str): Model of the spectrometer (e.g., FLMS02673)
        seabreeze (:obj:): Seabreeze.spectrometers object

    """
    def __init__(self, spectrometer_model, seabreeze):
        self.spectrometer_model = spectrometer_model # Spectrometer model number
        self.seabreeze = seabreeze
        self.spectrometer_on = False # Initialize the spectrometer to off
        # Initialize wavelengths_splice, normalized_absorbance, and fluorescence to empty
        self.blank_intensities = []
        self.dark_intensities = []
        self.buffer = []

        #Check that the spectrometer is connected 
        try:
            self.ocean_optics = self.seabreeze.Spectrometer.from_serial_number(self.spectrometer_model)
            self.ocean_optics.close()
        except Exception:
            raise IOError("Spectrometer not connected")

    def __enter__(self):
        ## Initialize self.ocean_optics to be a spectrometer from seabreeze package
        try:
            self.ocean_optics = self.seabreeze.Spectrometer.from_serial_number(self.spectrometer_model)
            self.spectrometer_on = True
            return self
        except Exception:
            raise IOError("Spectrometer not connected")
    
    def __exit__(self, *args):
        #Close the spectrometer object on exit
        try:
            self.ocean_optics.close()
        except Exception:
            pass
        
[docs]    def read_spectrometer_raw(self, integration_time):
        """Function to print the raw data from the spectreomter

        Args:
            integration_time (float): Integration time in microseconds

        Yields:
            Numpy matrix with first column as wavelengths and second column a intensisties

        """
        # if not self.spectrometer_on:
        #     raise NameError("Spectrometer not connected")

        # Setting the integration time into the spectrometer and integrating
        self.ocean_optics.integration_time_micros(integration_time)
        # Assigning wavelength values into wavelengths
        wavelengths = self.ocean_optics.wavelengths()
        # Assigns intensity into intensities array
        intensities = self.ocean_optics.intensities(correct_dark_counts=True, correct_nonlinearity=True)
        #Return spectrum array with wavelengths and intensities
        spectrum = [wavelengths, intensities]
        output = [[],[]]
        #Convert int64 to int
        for i, column in enumerate(spectrum):
            for value in column:
                try:
                    output[i].append(float(value))             
                except AttributeError:
                    pass
                except TypeError:
                    pass
        return output


[docs]    def store_blank(self, blank):
        """ Method to save blank intensisties

        Args:
            blank (array): Two column array of wavelengths and intesities

        """
        if isinstance(blank, list):
            #assuming it a two column array of wavelengths and intensities
            self.blank_intensities = blank[1]
        else:
            raise ValueError('Please pass an array of wavelengths and intensities')


[docs]    def store_dark(self, dark):
        """ Method to save dark intensisties

        Args:
            dark (array): Two column array of wavelengths and intesities

        """
        if isinstance(dark, list):
            #assuming it a two column array of wavelengths and intensities
            self.dark_intensities = dark[1]
        else:
            raise ValueError('Please pass a list of wavelengths and intensities')


[docs]    def absorbance_read(self, integration_time, scans_to_average, filter=0, normalized=False):
        """
        Function to read the UV data from the spectrometer
        Stores the normalized absorbance and flourescence data into Spectrometer Object

        Args:
            integration_time (float): Integration time in microseconds
            scans_to_average (int): Number of scans to average over
            filter (int, optional): The starting point for the Spectrum (e.g, start from the 300th data point). Defaults to use the whole spectram
            normalize (bool): If true, absorbances will be normalized to the maximum absorbance.  Defaults to false.

        Yields:
            Numpy array with first column as wavelengths and second column as absorbance
            
        """
        #check types
        if not isinstance(scans_to_average, int):
            raise ValueError('Please pass an integer number of scans to average')
        if not isinstance(filter, int):
            raise ValueError('Please pass an integer number for filter')

        #Make sure dark and blanks exist
        if len(self.dark_intensities) == 0: raise ValueError("Please save dark values")
        if len(self.blank_intensities) == 0: raise ValueError("Please save blank values")

        # If the spectrometer is on
        if not self.spectrometer_on:
            raise NameError("Spectrometer not connected")

        #Set integration time
        self.ocean_optics.integration_time_micros(integration_time)

        #Get wavelengths and drop useless data
        wavelengths = self.ocean_optics.wavelengths()
        wavelengths_splice = np.array(wavelengths[filter:])

        #Subtract dark from blank
        blank = np.array(self.blank_intensities[filter:])
        dark = np.array(self.dark_intensities[filter:])
        blank_minus_dark = np.subtract(blank, dark)

        #Find absorbance averaged over requested number of scans
        average_buffer = [[] for i in range(scans_to_average)]
        for i in range(scans_to_average):
            average_buffer[i] = self.ocean_optics.intensities(correct_dark_counts=True, correct_nonlinearity=True)
        average_intensities = np.mean(average_buffer, axis = 0) #average element wise the arrays
        intensities_splice = np.array(average_intensities[filter:])
        intensities_splice_minus_dark = np.subtract(intensities_splice, dark)
        absorbance = -np.log10(blank_minus_dark/intensities_splice_minus_dark)
        if normalized:
            maximum = np.amax(absorbance)
            absorbance = absorbance/maximum

        #Remove Nans
        absorbance = [x for x in absorbance if ~np.isnan(x)]

        #Return spectrum array with wavelengths and absorbances
        spectrum = [wavelengths_splice, intensities_splice]
    
        output = [[],[]]
        #Convert int64 to int
        for i, column in enumerate(spectrum):
            for value in column:
                try:
                    output[i].append(float(value))             
                except AttributeError:
                    pass
                except TypeError:
                    pass
        return output


    def fluorescence_read(self,integration_time, scans_to_average, filter=0):
        raise NotImplementedError()





          

      

      

    

  

    
      
          
            
  Source code for chemios.temperature_controllers._omega

''' Omega Temperature Controller Module
'''

import minimalmodbus

#required values
pre_security_check = 5
pre_security_clear_post = 6
security_check = 0
#minimal modbus
#function codes
output_status = 1
input_status = 2
read_register = 3
force_coil = 5
write_register = 6
device_info = 16

#memory registers ######DO NOT MODIFY############
temperature_register = 28 #read only
temperature_setpoint_register = 127 # read/write

output_register = None    ## currently unknown TODO find output register
device_info_register = 0x04FC #read only ## type of instrument and output configuration
input_register = 0x04
pre_security_register = 768
security_register_pre = 5376
security_register_post = 5632

[docs]class OmegaCN9300Series(object):
    '''Class to Control Omega CN 9311 Temperature Controller

    Attributes:
        port (str): Serial port over which communication should be sent
        slave_address (int): Address of the temperature controller from 1 to 247

    Notes:
        Set the address on the Level C of the menu of the omega temperature controller
    '''
    
    def __init__(self, port, slave_address):
        self.controller = minimalmodbus.Instrument(port, slave_address, mode=minimalmodbus.MODE_RTU)
        #Try a command to see if the instrument works
        self.controller.read_register(temperature_setpoint_register, numberOfDecimals=1 )

[docs]    def get_current_temperature(self):
        ''' Method to get the current temperature

        Yields:
            update = {
                    'temp_set_point': setpoint in deg C,
                    'current_temp': temperature in deg C
                    }

        '''
        setpoint = self.controller.read_register(temperature_setpoint_register, numberOfDecimals=1 ) #read only one setpoint register
        temperature = self.controller.read_register(temperature_register, 1)
        update = {
                  'temp_set_point': setpoint,
                  'current_temp': temperature
                 }
        return update


[docs]    def set_temperature(self, temp_set_point): #memory location for temperature set needed
        ''' Method to set the temperature
        
        Args:
            temp_set_point (float): temperature setpoint in deg C

        '''
        #TODO ensure that the proper responses are received
        #Enter Program Mode
        self.controller.write_register(pre_security_register,pre_security_check, functioncode = write_register)
        self.controller.write_register(security_register_pre, security_check)
        #write to setpoint register
        self.controller.write_register(temperature_setpoint_register, temp_set_point, numberOfDecimals = 1, functioncode = write_register)
        #exit Program Mode
        self.controller.write_register(pre_security_register, pre_security_clear_post)
        self.controller.write_register(security_register_post, security_check)
        #Get setpoint and current temperature
        update = self.get_current_temperature()
        return update









          

      

      

    

  

    
      
          
            
  
chemios.pumps package


Module contents





          

      

      

    

  

    
      
          
            
  
chemios.spectrometers package


Module contents





          

      

      

    

  

    
      
          
            
  
chemios.temperature_controllers package


Module contents





          

      

      

    

  

    
      
          
            
  
chemios package


Subpackages






Submodules



chemios.utils module


	/*

	
	

	Useful Utilities


	



*/






	
class chemios.utils.SerialTestClass

	Bases: object

A serial port test class using a mock port






	
chemios.utils.convert_to_lists(df)

	Convert data frame to list of lists






	
chemios.utils.discover_serial_ports()

	Lists serial port names


	Raises:

	EnvironmentError – On unsupported or unknown platforms



	Returns:

	A list of the serial ports available on the system










	
chemios.utils.import_module(name)

	Import a module from a string






	
chemios.utils.serial_write(ser, cmd)

	General Serial Writing Method


	Parameters:

	
	( (Ser) – object:): Serial object from pyserial


	cmd (str) – String being sent


	handle (str) – Function handle (needed for error reporting)


	output (bool) – If true, fucntion returns output/errors from serial defvece













	
chemios.utils.sio_write(sio, cmd, output=False, exp=None, ctx='Device', timeout=2)

	General Serial Writing Method with reading response


	Parameters:

	
	( (sio) – object:): io.Wrapper object from pyserial


	cmd (str) – String being sent


	exp (str) – Expected response (optional)


	ctx (str) – The device being communicated with. Used for debug messages (optional)


	output (bool) – If true, function returns output/errors from serial device. Defaults to false.


	timeout (int) – Timeout in seconds. Defaults to 2 seconds.






	Returns:

	Response from the serial buffer.










	
chemios.utils.write_i2c(string, bus, address)

	Method for writing via i2c







Module contents
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