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import smbus       #import package    
 
class mpu6050:      #define class 
  GRAVITIY_MS2 = 9.80665     #define variables 
  address = None  
  bus = smbus.SMBus(1)  
 
  ACCEL_SCALE_MODIFIER_2G = 16384.0   #sensitivity scale 
factors 
  ACCEL_SCALE_MODIFIER_4G = 8192.0 
  ACCEL_SCALE_MODIFIER_8G = 4096.0 
  ACCEL_SCALE_MODIFIER_16G = 2048.0  
  GYRO_SCALE_MODIFIER_250DEG = 131.0  
  GYRO_SCALE_MODIFIER_500DEG = 65.5 
  GYRO_SCALE_MODIFIER_1000DEG = 32.8 
  GYRO_SCALE_MODIFIER_2000DEG = 16.4 
 
  ACCEL_RANGE_2G = 0x00    #sensor range registers 
  ACCEL_RANGE_4G = 0x08 
  ACCEL_RANGE_8G = 0x10 
  ACCEL_RANGE_16G = 0x18 
  GYRO_RANGE_250DEG = 0x00 
  GYRO_RANGE_500DEG = 0x08 
  GYRO_RANGE_1000DEG = 0x10 
  GYRO_RANGE_2000DEG = 0x18 
 
  PWR_MGMT_1 = 0x6B     #other necessary 
registers 
  PWR_MGMT_2 = 0x6C 
  ACCEL_XOUT0 = 0x3B 
  ACCEL_YOUT0 = 0x3D 
  ACCEL_ZOUT0 = 0x3F 
  TEMP_OUT0 = 0x41 
  GYRO_XOUT0 = 0x43 
  GYRO_YOUT0 = 0x45 
  GYRO_ZOUT0 = 0x47 
  ACCEL_CONFIG = 0x1C 
  GYRO_CONFIG = 0x1B 
  
def __init__(self, address):   #startup the sensor 
  self.address = address ��
  self.bus.write_byte_data(self.address, self.PWR_M GMT_1, 0x00) 
�
def read_i2c_word(self, register):      #read the i2c registers 
  high = self.bus.read_byte_data(self.address, regi ster) 
  low = self.bus.read_byte_data(self.address, regis ter + 1) 
 
  value = (high << 8) + low 
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  if (value >= 0x8000): 
    return -((65535 - value) + 1) 
  else: 
    return value �
�
def get_temp(self):     #read/convert temperature 
  raw_temp = self.read_i2c_word(self.TEMP_OUT0) 
  actual_temp = (raw_temp / 340.0) + 36.53 
  return actual_temp 
 
def set_accel_range(self, accel_range): #initiate accel range 
  self.bus.write_byte_data(self.address, self.ACCEL _CONFIG, 0x00) 
  self.bus.write_byte_data(self.address, self.ACCEL _CONFIG,    
  accel_range) 
 
def read_accel_range(self, raw = False): #read acceleration range 
  raw_data = self.bus.read_byte_data(self.address, 
self.ACCEL_CONFIG) 
  if raw is True: 
    return raw_data 
  elif raw is False: 
    if raw_data == self.ACCEL_RANGE_2G: 
      return 2 
    elif raw_data == self.ACCEL_RANGE_4G: 
      return 4 
    elif raw_data == self.ACCEL_RANGE_8G: 
      return 8 
    elif raw_data == self.ACCEL_RANGE_16G: 
      return 16 
    else: 
      return -1 
 
def get_accel_data(self, g = False):    #dictionary with 
  x = self.read_i2c_word(self.ACCEL_XOUT0)  measurement  results  
  y = self.read_i2c_word(self.ACCEL_YOUT0) 
  z = self.read_i2c_word(self.ACCEL_ZOUT0) 
 
  accel_scale_modifier = None 
  accel_range = self.read_accel_range(True) 
 
  if accel_range == self.ACCEL_RANGE_2G: #set acceleration range 
    accel_scale_modifier = self.ACCEL_SCALE_MODIFIE R_2G 
  elif accel_range == self.ACCEL_RANGE_4G: 
    accel_scale_modifier = self.ACCEL_SCALE_MODIFIE R_4G 
  elif accel_range == self.ACCEL_RANGE_8G: 
    accel_scale_modifier = self.ACCEL_SCALE_MODIFIE R_8G 
  elif accel_range == self.ACCEL_RANGE_16G: 
    accel_scale_modifier = self.ACCEL_SCALE_MODIFIE R_16G 
  else: 
    print(“Unkown range – accel_scale_modifier set to     
    self.ACCEL_SCALE_MODIFIER_2G”) 
    accel_scale_modifier = self.ACCEL_SCALE_MODIFIE R_2G 
    
  x = x / accel_scale_modifier   #divide measurement 
through 
  y = y / accel_scale_modifier    scale factor 
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  z = z / accel_scale_modifier 
�
����if g is True:      #multiply value with 
gravity 
    return {‘x’: x, ‘y’: y, ‘z’: z}   variable to obtain m/s2 
as  
  elif g is False:      unit 
    x = x * self.GRAVITIY_MS2 
    y = y * self.GRAVITIY_MS2 
    z = z * self.GRAVITIY_MS2 
    return {‘x’: x, ‘y’: y, ‘z’: z �a�
�
def set_gyro_range(self, gyro_range):  #initiate gyro range 
  self.bus.write_byte_data(self.address, self.GYRO_ CONFIG, 0x00) 
  self.bus.write_byte_data(self.address, self.GYRO_ CONFIG, 
gyro_range) 
 
def read_gyro_range(self, raw = False): #read gyro range  
  raw_data = self.bus.read_byte_data(self.address, self.GYRO_CONFIG) 
 
  if raw is True: 
    return raw_data 
  elif raw is False:     #set gyro range 
    if raw_data == self.GYRO_RANGE_250DEG: 
      return 250 
    elif raw_data == self.GYRO_RANGE_500DEG: 
      return 500 
    elif raw_data == self.GYRO_RANGE_1000DEG: 
      return 1000 
    elif raw_data == self.GYRO_RANGE_2000DEG: 
      return 2000 
    else: 
      return -1 
 
def get_gyro_data(self):    #dictionary with  
  x = self.read_i2c_word(self.GYRO_XOUT0)  measurement results 
  y = self.read_i2c_word(self.GYRO_YOUT0) 
  z = self.read_i2c_word(self.GYRO_ZOUT0) 
 
  gyro_scale_modifier = None 
  gyro_range = self.read_gyro_range(True) 
 
  if gyro_range == self.GYRO_RANGE_250DEG: 
    gyro_scale_modifier = self.GYRO_SCALE_MODIFIER_ 250DEG 
  elif gyro_range == self.GYRO_RANGE_500DEG: 
    gyro_scale_modifier = self.GYRO_SCALE_MODIFIER_ 500DEG 
  elif gyro_range == self.GYRO_RANGE_1000DEG: 
    gyro_scale_modifier = self.GYRO_SCALE_MODIFIER_ 1000DEG 
  elif gyro_range == self.GYRO_RANGE_2000DEG: 
    gyro_scale_modifier = self.GYRO_SCALE_MODIFIER_ 2000DEG 
  else: 
    print("Unkown range - gyro_scale_modifier set t o  
    self.GYRO_SCALE_MODIFIER_250DEG") 
    gyro_scale_modifier = self.GYRO_SCALE_MODIFIER_ 250DEG 
�
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  x = x / gyro_scale_modifier   #divide measurement 
through 
  y = y / gyro_scale_modifier    scale factor 
  z = z / gyro_scale_modifier 
  return {'x': x, 'y': y, 'z': z} 
 
def get_all_data(self):    #combine and return all  
  temp = self.get_temp()     measurement  values 
  accel = self.get_accel_data() 
  gyro = self.get_gyro_data() 
 
  return [accel, gyro, temp] 
 
  if __name__ == "__main__":   #print data in specific 
form 
    mpu = mpu6050(0x68) 
    print(mpu.get_temp()) 
    accel_data = mpu.get_accel_data() 
    print(accel_data['x']) 
    print(accel_data['y']) 
    print(accel_data['z']) 
    gyro_data = mpu.get_gyro_data() 
    print(gyro_data['x']) 
    print(gyro_data['y']) 
    print(gyro_data['z']) 
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import paho.mqtt.client as mqtt   #import package  
 
MQTT_BROKER = "127.0.0.1"    #define variables  
MQTT_PORT = 1883 
MQTT_KEEPALIVE_INTERVAL = 45 
MQTT_TOPIC = "testTopic" 
MQTT_MSG = "Hello MQTT" 
 
class mqpub:      #define MQTT client 
object 
  def __init__(self, broker="127.0.0.1", mqttport=1 883, 
  mqtt_keepalive_interval=50): 
    self._MQTT_BROKER = broker 
    self._MQTT_PORT = mqttport 
    self._MQTT_KEEPALIVE_INTERVAL = mqtt_keepalive_ interval     
    self._mqttc = mqtt.Client() 
    self._mqttc.on_publish = self._on_publish 
    self._mqttc.on_connect = self._on_connect 
    self.connect() 
�
def _on_connect(self, mosq, obj, rc):  #connect event 
  print("Connected to MQTT Broker") 
 
def _on_publish(self, client, userdata, mid): #publish event 
  print("Message Published...") 
 
def connect(self):     #connect with broker 
method 



�� 
�1���=��
�

  self._mqttc.connect(self._MQTT_BROKER,  
  self._MQTT_PORT, self._MQTT_KEEPALIVE_INTERVAL) 
 
def publish(self, MQTT_TOPIC, MQTT_MSG): #publish message method
  
  self._mqttc.publish(MQTT_TOPIC,MQTT_MSG) 
 
def disconnect(self):     #disconnect method 
  self._mqttc.disconnect() 
�
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from mpu6050 import mpu6050    #import packages 
from datetime import datetime 
import time 
import paho.mqtt.publish as mqpub 
import paho.mqtt.client as mq 
import os 
import threading 
import setproctitle 
 
global thread      #define variable 
thread = None 
 
def getserial():      #extract serial number    
  cpuserial = "0000000000000000" 
  try: 
    f = open('/proc/cpuinfo','r') 
    for line in f: 
    if line[0:6]=='Serial': 
      cpuserial = line[18:26] 
    f.close() 
  except: 
    cpuserial = "ERROR000" 
  return cpuserial 
 
class threadSensor(threading.Thread):  #start thread event 
  def __init__(self, serial): 
    threading.Thread.__init__(self) 
    self._exitFlag = threading.Event() 
    self._serial_number = serial 
�
def run(self):      #create text file 
  mpu = mpu6050(0x68) 
  f = open(‘buffer.txt’,’w+’) 
  while not self._exitFlag.is_set(): 
    try: 
      accel_data = mpu.get_accel_data() 
      gyro_data = mpu.get_gyro_data() 
      timestamp=str(datetime.now())  
  
    except Exception as err:   #in case error occurs  
      print(err) 
 
  f = open(‘buffer.txt’,’r’)   #write values in text 
file 
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  for line in f: 
    arr=line.split(’,’) 
    mqpub.single(“RPI_acc_gyro”,“{},{},{},{},{},{}, {},{}”     
    .format(self._serial_number, arr[1], arr[2],arr [3], arr[4], 
arr[5],  
    arr[6], arr[7]), hostname=”192.168.66.1”) 
  f.close() 
def stop(self):      #stop thread event 
  self._exitFlag.set() 
 
def on_disconnect(client, userdata, rc): #disconnect from client 
  print("Disconnect reason: ", str(rc)) 
  client.connected_flag=False 
  client.disconnected_flag=True 
 
def on_subscribe(client, userdata, mid, qos): #subscribe from 
client 
  print("Subscribed: "+str(mid)+" "+str(qos)) 
 
def on_message(client, userdata, msg):  #mqtt messages to control 
  global thread       RPIs/sensors  
  if msg.topic == "RPI_Start":   #start measuring all 
sensors 
    if thread == None: 
    thread = threadSensor(getserial()) 
    thread.start() 
  elif msg.topic == "RPI_Stop":   #stop measuring all 
sensors  
    if thread != None: 
    thread.stop() 
    time.sleep(1) 
    thread = None 
  elif msg.topic == "RPI_Poweroff":  #power off all sensors  
    if thread != None: 
    thread.stop() 
    if getserial() == "52935b70": 
    time.sleep(10) 
 
if __name__ == "__main__":    #control program 
  setproctitle.setproctitle("Crane Sensor") 
  mqclt = mq.Client() 
  mqclt.on_subscribe = on_subscribe   
  mqclt.on_message = on_message    
  try: 
    mqclt.connect("192.168.66.1", 1883, 50) #connect to RPI 3B 
    mqclt.subscribe("RPI_Start", qos=2) #subscribe to topic 
    mqclt.subscribe("RPI_Stop", qos=2) 
    mqclt.subscribe("RPI_Poweroff", qos=2) 
    mqclt.loop_forever()    #continue for ever 
 
except Exception as err:    #in case error occurs 
  print(err) 
 
mqclt.disconnect()     #MQTT disconnect 
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import time, datetime     #import packages 
import paho.mqtt.client as mq 
import mysql.connector 
import setproctitle 
 
Sensors = {"52935b70": "Sensor-rpi",   #define variables  
  "505af225": "Sensor-zero1",  "a2d71a58": "Sensor- zero2"} 
sql=mysql.connector.connect(user="******”, password =”*******”, 
database=”Crane_Displacement”) 
cursor=sql.cursor() 
�
def on_disconnect(client, userdata, rc): #disconnect mqtt event
  
  print(“Disconnect reason: “, str(rc)) 
  client.connected_flag=False 
  client.disconnected_flag=True 
 
def on_subscribe(client, userdata, mid, qos): #subscribe mqtt 
event 
  print("Subscribed: "+str(mid)+" "+str(qos)) 
 
def on_message(client, userdata, msg):  #message mqtt event 
  arr = str(msg.payload, encoding=”UTF-8”).split(“, ”) 
  data= {‘serial_numb’ : Sensors[arr[0]], ‘acc_x’ :  arr[1], ‘acc_y’ 
:     
    arr[2], ‘acc_z’ : arr[3], ‘gyro_x’ : arr[4],‘gy ro_y’ : arr[5],  
    ‘gyro_z’ : arr[6], ‘timestamp’ : arr[7],} 
  print(“{},{},{},{},{},{},{},{}”.format(Sensors[ar r[0]], arr[1],    
    arr[2], arr[3], arr[4], arr[5], arr[6], arr[7]) ) 
�
cursor.execute(“INSERT INTO `accel_gyro`  #import to database     
  (`serial_numb`, `acc_x`, acc_y`, `acc_z`, `gyro_x `,    
  `gyro_y`,`gyro_z`, `timestamp`) VALUES(%(serial_n umb)s, %(acc_x)s,  
  %(acc_y)s, %(acc_z)s, %(gyro_x)s,%(gyro_y)s, %(gy ro_z)s,  
  %(timestamp)s)”, data) 
sql.commit() 
 
if __name__ == "__main__":    #control program  
  print("Started Central") 
  setproctitle.setproctitle("Crane Central")    #ch ange process 
title 
  mqclt = mq.Client() # create MQTT object 
  mqclt.on_subscribe = on_subscribe  #set on_subscr ibe event 
  mqclt.on_message = on_message # set On_message ev ent 
 
  try:        
    mqclt.connect("192.168.66.1", 1883, 50) #connect to MQTT    
    service 
    mqclt.subscribe("RPI_acc_gyro", qos=2)  #subscribe to topic    
    RPI_acc_gyro 
    mqclt.loop_forever()     #continue forever  
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except Exception as err:    #in case error occurs 
  print(err)  
 
mqclt.disconnect()      #MQTT disconnect 
cursor.close()       #close database index   
sql.close()       #close database session 
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import time, datetime     #import packages 
import mysql.connector 
import os 
 
if __name__ == “__main__”:    #database connection 
 sql=mysql.connector.connect(user=”******”, 
password=”**********”,     database=”Crane_Displace ment”) 
 cursor=sql.cursor() 
 cursor.execute(“SELECT serial_numb, timestamp, acc _x, acc_y, 
 acc_z, gyro_x, gyro_y, gyro_z from accel_gyro”) 
 f=open(‘export.csv’, ‘w+’)   #open .csv file 
 
for (serial_numb, timestamp, acc_x, acc_y, acc_z,  #export format 
gyro_x, gyro_y, gyro_z) in cursor: 
 tsmin=timestamp.strftime("%M")  #timestamp separation 
 tssec=timestamp.strftime("%S") 
 tsmsec=timestamp.strftime("%f") 
 acc_x_str=str(acc_x).replace('.',',') #replace dot with comma 
to 
 acc_y_str=str(acc_y).replace('.',',')  make excel understand  
the   
 acc_z_str=str(acc_z).replace('.',',')  values are actual 
numbers  
 gyro_x_str=str(gyro_x).replace('.',',') 
 gyro_y_str=str(gyro_y).replace('.',',') 
 gyro_z_str=str(gyro_z).replace('.',',') 
 print("{};{};{};{};{};{};{};{};{};{} #establish order format 
 ".format(serial_numb, tsmin,tssec, tsmsec, acc_x_s tr, 
acc_y_str,     acc_z_str, gyro_x_str,  gyro_y_str, gyro_z_str), 
file=f) 
 
cursor.close()      #close database index 
sql.close()      #close database session 
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