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1 Introduction  
After presenting the methods used for detecting changes between time periods and determining the 
significance of the detected changes, that we presented in D4.6, this deliverable dives deeper into the 
software components needed for the characterisation and identification of behaviour changes. In 
particular, D4.7 accompanies D4.6 and aims to present the updated Holistic Behaviour Analysis 
Framework (HBAF) architecture (originally presented in D4.3), including the software components and 
the scripts for modelling behaviour changes.  

First, the technical setup including the hardware components and the system’s architecture is presented 
in Section 3. Then, the developed models for detecting and assessing behaviour changes are 
implemented in Section 4. 
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2 Objectives 
The main objective of this deliverable (D4.7) is to describe the software implementation of the methods 
developed to detect behaviour changes based on short-term behaviour information (D4.6).  
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3 Technical Setup  
 Hardware 

The hardware setup is based on the same approach as presented in D4.3 (please refer to Section 3.1 of 
that deliverable for a full description). Specifically, on-body and off-body sensor data such as 
acceleration, phone call logs and ambient sound are collected and stored into the Holistic Behaviour 
Analysis Framework (HBAF) in order to detect physical, social, emotional and cognitive short-term 
behaviours. Based on these behaviours, a number of features are extracted for identifying physical, 
social, emotional and cognitive behaviours changes over different periods of time. 

 Software  
One of the key points of the HBAF is to analyse multimodal sensor data and extract useful information 
to describe the user’s behaviour. In that spirit, once behaviour changes are detected they are constantly 
pushed through a secured connection to the Shared Knowledge Base, where they are stored and 
available for use in the Council of Coaches dialogues with the end-users. Thus, the provided information 
can be used in order to feed the dialogues among coaches and trigger possible updates to coaching 
strategies and actions. The complete operation flow of the HBAF is presented in the following picture 
(see Figure 1 below). 

 
Figure 1: Operation flow of the HBAF (from raw sensor data to behaviour changes). 

As it was first introduced in D4.3, the operation flow, which is extended here, unwraps as follows. 
Smartphone raw data such as accelerometer, GPS, Bluetooth and ambient noise are recorded and 
stored into the Apache Web server on a Linux system (Ubuntu, 2019). Then, scripts are developed in 
Python 3.5 (Python, 2015) in order to process the raw data and detect short-term and long-term 
behaviours but also behaviour changes. At first, short-term behaviour models detect physical, social, 
emotional and cognitive behaviours, which are stored into a MySQL 5.7 database (MySQL, 2019). 
Additionally, the generated short-term behaviours time series are further analysed in order to detect and 
assess potential behaviour changes. Specifically, as explained in D4.6, the Dynamic Programming 
Search Method (ENS Paris-Saclay, 2018) is used in order to estimate when, and for how long, a change 
occurs. Furthermore, some relevant statistics are extracted from these time series to determine the 
magnitude of the change (average values for each segment representing a change in the behaviour 
trend; day-to-day or week-to-week absolute difference - i.e. absolute change -; and their relative 
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difference - i.e. relative change -), which in turn may help identifying whether the detected change is 
worth reporting to the council of coaches to take further action (e.g. a specific intervention).  

Then, the Shared Knowledge Base gets permanent access to this database via a secured REST API 
connection (Framework Slim, 2017), based on JSON web token authentication. The HBAF 
communicates with the Shared Knowledge Base through the cURL web2web communication protocol. 
The data are distributed through JSON format according to RFC 8259 (Datatracker, 2018) and ECMA-
404 (ECMA, 2017). It is worth mentioning that the Shared Knowledge Base component can get access 
to the HBAF and post data extracted from the dialogs between user and coach (Coach-as-a-Sensor) for 
further analysis, as was presented in Section 3 of the D4.6. 

The software scripts implemented for both the detection and assessment of behaviour changes are 
presented in Section 4. However, for the sake of clarity and contextualisation, we show some exemplary 
data frames resulting from the application of such scripts. First, we present in Figure 2 the input data, 
which is a subset of the dataset used for evaluation in D4.6 (see ‘4.1.1 Experimental Setup’ in D4.6), 
including physical, social, emotional and cognitive short-term behaviours. In Figure 3, we present the 
absolute difference of two data points of the short-term behaviour dataset, comparing namely the 
values of every day of the week with the same day of the previous week (i.e. freq=’7 days’). The absolute 
difference represents the deviation of the user’s behaviour from one week to another, which can be 
considered as a quantifier of behaviour change. In Figure 4, we present the magnitude of the change in 
relative terms, which is attained by normalizing the absolute difference. The relative change can be used 
to quantify the change among all the behaviours, which will normally have a different value range. Finally, 
in Figure 5, we show for every behaviour domain and a given individual, the total number of changes, 
when these changes start and end, and also some relevant statistics that can be used during the Council 
of Coaches sessions in order to assess the estimated behaviour changes. For instance, user’s physical 
behaviour time series analysis indicates 3 behaviour changes; the first starts on 7/10/2019 (user’s 
retirement day), the second starts one week later on 15/10/2019 (when COUCH intervention takes 
place), and the third change starts on 23/10/2019. It is clear that the first physical behaviour change 
occurs because the user is significantly less active after the retirement day (compared to how he used 
to be during the working days), while the third physical behaviour change occurs because the user tries 
to maintain a healthier lifestyle (after the COUCH intervention).  

 
Figure 2: Short-term Behaviour dataset. 
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Figure 3: Dataset for behaviour change based on the absolute difference of two elements (freq=’7 days’). 

 

 

Figure 4: Dataset for behaviour change based on the normalized absolute differences. 
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Figure 5: Dataset for quantifying and assessing behaviour changes. 
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4 Scripts for Behaviour Change Detection 
The following script describes the methodology for detecting and assessing behaviour changes. First, 
the short-term behaviour data is fetched from the HBAF database for a given time span (this period can 
be configured and may change from subject to subject). Then, the behaviour changes are detected 
through the dynamic programming search method. This method is implemented using the Ruptures 
Python library (ENS Paris-Saclay, 2018). Finally, the segments that represent a behaviour change, and 
the absolute and relative change are computed for every segment. Further details are provided along 
with the code in the accompanying comments (please see below). 

 

1. # =============================================================================     
2. # Behaviour Change Model             
3. # =============================================================================     
4.          
5. #import libraries     
6. import itertools     
7. import pandas as pd     
8. import numpy as np     
9. from pandas import datetime     
10. import os     
11. import os.path     
12. import statsmodels.api as sm     
13. import matplotlib.pyplot as plt     
14. import ruptures as rpt     
15. from pandas.plotting import register_matplotlib_converters     
16. from ruptures.metrics import precision_recall     
17. from ruptures.metrics import randindex     
18. from ruptures.metrics import hausdorff      
19. from os import listdir   
20. import mysql.connector   
21. from scipy.signal import butter, lfilter,argrelmax   
22. import math   
23. from datetime import datetime, timedelta   
24.    
25.    
26.    
27. # =============================================================================   
28. #    Timestamp Condition for data acquisition   
29. # =============================================================================   
30. #defines the timestamp query in order to get the available data from database   
31. date_threshold1 = '2019-09-09'   
32.    
33. # =============================================================================   
34. # list with available userID   
35. # =============================================================================   
36. list_userID = ['user01', 'user02', 'user03']   
37.    
38.    
39. #==============================================================================   
40. #     START CONNECTION and Read Short_Term_Behaviour database   
41. #==============================================================================     
42. for userID in list_userID:   
43.        
44.     # Open database connection   
45.     #define server name and password!   
46.     db = mysql.connector.connect(host='HBAF_Server',user ='Short_Behaviour',passwd='pswd',db='

ShortTerm_Behaviour' )   
47.    
48.        
49.     # prepare a cursor object using cursor() method   
50.     cursor = db.cursor()   
51.        
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52.     sql_df_short = "SELECT * FROM ShortTerm_Behaviour.Short_Term_Behaviour WHERE timestamp>=%s
"%date_threshold1 + " AND user_id='%s'"%userID   

53.     short_term_behaviour = pd.read_sql(sql_df_short, db)   
54.        
55.     db.close()   
56.    
57. # =============================================================================   
58. # SQL Connection - Create a table for the first time (if there is not)   
59. # =============================================================================   
60.     create_table() #method for creating a table for the first time (if there is not)   
61.        
62.        
63. # =============================================================================   
64. # SQL Connection - Insert Data   
65. # =============================================================================   
66.    
67.     #returns a dataset with the segments of the detected behaviour changes   
68.     behaviour_change = Behaviour_Change(short_term_behaviour, userID)   
69.    
70.     #returns two datasets, with the absolute difference and relative absolute difference of be

haviour change    
71.     behaviour_change_absolute, behaviour_change_relative  = Absolute_Relative_Change(short_ter

m_behaviour, userID)   
72.        
73.     #returns a dataset with the weekly percentage change of user's behaviour   
74.     behaviour_change_pct = PCT_Change(short_term_behaviour, userID)   
75.    
76.     #returns a dataset in order to quantify and assess the behaviour changes   
77.     behaviour_change_quantifier = Quantifier_Behaviour_Change(short_term_behaviour, behaviour_

change, userID)   
78.    
79.     connect = mysql.connector.connect(host='HBAF_Server',user ='Short_Behaviour',passwd='pswd'

,db='ShortTerm_Behaviour' )   
80.        
81.     cursor = connect.cursor()   
82.        
83.     #convert NaN values to None numeric values for SQL   
84.     behaviour_change = behaviour_change.where(pd.notnull(behaviour_change), None)   
85.     behaviour_change_absolute = behaviour_change_absolute.where(pd.notnull(behaviour_change_ab

solute), None)   
86.     behaviour_change_relative = behaviour_change_relative.where(pd.notnull(behaviour_change_re

lative), None)   
87.     behaviour_change_pct = behaviour_change_pct.where(pd.notnull(behaviour_change_pct), None) 

  
88.     behaviour_change_quantifier = behaviour_change_quantifier.where(pd.notnull(behaviour_chang

e_quantifier), None)   
89.        
90.     #inserts data rows to the Behaviour_Change table on HBAF database   
91.     for index,row in behaviour_change.iterrows():   
92.        
93.         sql="""INSERT INTO Behaviour_Change(Timestamp_Start, Key_id, User_id, Steps, Sedentary

_Duration, Vigorous_Duration, Social_Interaction,  
94.         Social_Isolation, Happiness_Duration, Sadness_Duration, Cognitive_Duration)   
95.         SELECT  %s, %s, %s, %s, %s, %s, %s, %s, %s, %s, %s FROM DUAL  
96.         WHERE NOT EXISTS (SELECT Key_id FROM Behaviour_Change WHERE Key_id=%s); """   
97.            
98.         values = [row['Timestamp_Start'], row['Key_id'], row['User_ID'], row['Steps'], row['Se

dentary_Duration'], row['Vigorous_Duration'], row['Social_Interaction'],    
99.                   row['Social_Isolation'], row['Happiness_Duration'], row['Sadness_Duration'],

 row['Cognitive_Duration'], row['Key_id'] ]   
100.         cursor.execute(sql,values)   
101.         connect.commit()   
102.            
103.     #inserts data rows to the Behaviour_Change_Absolute table on HBAF database   
104.     for index,row in behaviour_change_absolute.iterrows():   
105.        



Council of Coaches 

 
D4.7: Behaviour change detection analysis prototype 14 
 

106.         sql="""INSERT INTO Behaviour_Change_Absolute(Timestamp_Start, Key_id, User_id, Steps, 
Sedentary_Duration, Vigorous_Duration, Social_Interaction,  

107.         Social_Isolation, Happiness_Duration, Sadness_Duration, Cognitive_Duration)   
108.         SELECT  %s, %s, %s, %s, %s, %s, %s, %s, %s, %s, %s FROM DUAL  
109.         WHERE NOT EXISTS (SELECT Key_id FROM Behaviour_Change_Absolute WHERE Key_id=%s); """   
110.            
111.         values = [row['Timestamp_Start'], row['Key_id'], row['User_ID'], row['Steps'], row['Se

dentary_Duration'], row['Vigorous_Duration'], row['Social_Interaction'],    
112.                   row['Social_Isolation'], row['Happiness_Duration'], row['Sadness_Duration'],

 row['Cognitive_Duration'], row['Key_id'] ]   
113.         cursor.execute(sql,values)   
114.         connect.commit()   
115.            
116.     #inserts data rows to the Behaviour_Change_Relative table on HBAF database   
117.     for index,row in behaviour_change_relative.iterrows():   
118.        
119.         sql="""INSERT INTO Behaviour_Change_Relative(Timestamp_Start, Key_id, User_id, Steps, 

Sedentary_Duration, Vigorous_Duration, Social_Interaction,  
120.         Social_Isolation, Happiness_Duration, Sadness_Duration, Cognitive_Duration)   
121.         SELECT  %s, %s, %s, %s, %s, %s, %s, %s, %s, %s, %s FROM DUAL  
122.         WHERE NOT EXISTS (SELECT Key_id FROM Behaviour_Change_Relative WHERE Key_id=%s); """   
123.            
124.         values = [row['Timestamp_Start'], row['Key_id'], row['User_ID'], row['Steps'], row['Se

dentary_Duration'], row['Vigorous_Duration'], row['Social_Interaction'],    
125.                   row['Social_Isolation'], row['Happiness_Duration'], row['Sadness_Duration'],

 row['Cognitive_Duration'], row['Key_id'] ]   
126.         cursor.execute(sql,values)   
127.         connect.commit()   
128.            
129.     #inserts data rows to the Behaviour_Change_Relative table on HBAF database   
130.     for index,row in behaviour_change_pct.iterrows():   
131.        
132.         sql="""INSERT INTO Behaviour_Change_PCT(Timestamp_Start, Key_id, User_id, Steps, Seden

tary_Duration, Vigorous_Duration, Social_Interaction,  
133.         Social_Isolation, Happiness_Duration, Sadness_Duration, Cognitive_Duration)   
134.         SELECT  %s, %s, %s, %s, %s, %s, %s, %s, %s, %s, %s FROM DUAL  
135.         WHERE NOT EXISTS (SELECT Key_id FROM Behaviour_Change_Relative WHERE Key_id=%s); """   
136.            
137.         values = [row['Timestamp_Start'], row['Key_id'], row['User_ID'], row['Steps'], row['Se

dentary_Duration'], row['Vigorous_Duration'], row['Social_Interaction'],    
138.                   row['Social_Isolation'], row['Happiness_Duration'], row['Sadness_Duration'],

 row['Cognitive_Duration'], row['Key_id'] ]   
139.         cursor.execute(sql,values)   
140.         connect.commit()   
141.            
142.     #inserts data rows to the Behaviour_Change_Quantifier table on HBAF database   
143.     for index,row in behaviour_change_quantifier.iterrows():   
144.         sql="""INSERT INTO Behaviour_Change_Quantifier(Key_id, User_id, Behaviour_Type, Change

_Num, Timestamp_Start, Timestamp_End, Total_Duration,  
145.         Mean, Diff, Relative_Diff)   
146.         SELECT  %s, %s, %s, %s, %s, %s, %s, %s, %s, %s FROM DUAL  
147.         WHERE NOT EXISTS (SELECT Key_id FROM Behaviour_Change_Quantifier WHERE Key_id=%s); """

   
148.            
149.         values = [row['Key_id'], row['User_ID'], row['Behaviour_Type'], row['Change'], row['Ti

mestamp_Start'], row['Timestamp_End'],    
150.                   row['Total_Duration(Days)'], row['Mean'], row['Diff'], row['Relative_Diff'],

 row['Key_id'] ]   
151.         cursor.execute(sql,values)   
152.         connect.commit()   
153.            
154.        
155.     print (behaviour_change['Key_id'][-

1], 'and %s rows inserted / Behaviour_Change DB is ok'%len(behaviour_change))   
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156.     print (behaviour_change_absolute['Key_id'][-
1], 'and %s rows inserted / Behaviour_Change_Absolute DB is ok'%len(behaviour_change_absolute)
)   

157.     print (behaviour_change_relative['Key_id'][-
1], 'and %s rows inserted / Behaviour_Change_Relative DB is ok'%len(behaviour_change_relative)
)   

158.     print (behaviour_change_pct['Key_id'][-
1], 'and %s rows inserted / Behaviour_Change_PCT DB is ok'%len(behaviour_change_pct))   

159.     print (behaviour_change_quantifier['Key_id'][-
1], 'and %s rows inserted / Behaviour_Change_Quantifier DB is ok'%len(behaviour_change_quantif
ier))   

160.        
161.     cursor.close()   
162.     connect.close()   
163.        
164. #userID for loop ends - all data are calculated/inserted for every user      
165.        
166.        
167.        
168.        
169.    
170. # =============================================================================     
171. # Functions for Change Point Detection         
172. # =============================================================================     
173.              
174. #returns the number of changes based on the Dynamic Programming Search Method     
175. def CPD_Dynamic_Programming(df_short, plot_option=True):     
176.     df_short = df_short.dropna() #removes NaN values   
177.     points=np.array(df_short)     
178.     model = "l1"       
179.     algo = rpt.Dynp(model=model, min_size=2, jump=4).fit(points)     
180.     my_bkps = algo.predict(n_bkps=3)    
181.     if plot_option == True:   
182.         CPD_Plot (points, my_bkps)   
183.     return my_bkps     
184.    
185. #plots the CPD figures   
186. def CPD_Plot (points, my_bkps):   
187.     rpt.display(points, my_bkps, figsize=(13, 5))   
188.     plt.title('CPD: Dynamic Programming Search Method')   
189.     plt.xlabel('Days')   
190.     plt.ylabel('Percentage Change')   
191.     plt.gca().xaxis.grid(True)   
192.     plt.show()    
193.    
194.    
195. #returns a dataframe with the number of behaviour changes   
196. def Behaviour_Change (df_short, userID):   
197.     # The short_term_behaviour dataframe was created for D4.3 and contains the short-

term physical, social, emotional and cognitive behaviours per day     
198.     df_change = df_short.copy()   
199.     # The behaviour_change is based on the columns of the short_term_behaviour dataframe, whic

h are initially edited to nan values.      
200.     df_change[df_change.columns[2:]] = np.nan     
201.        
202.     for i in range(2,len(df_change.columns)):  #the range=2 selects the columns from Steps and

 onwards   
203.         print (df_change.columns[i])     
204.         #calculates the number of changes and their indexes     
205.         bkps = CPD_Dynamic_Programming(df_short.iloc[:,i])     
206.         for change in range(1, len(bkps)):     
207.             print (change)     
208.             if change-1 < (len(bkps)):     
209.                 #it adds the number of change when this occurs     
210.                 df_change.iloc[ bkps[change-1] : bkps[change] , i] = change     
211.        
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212.     df_change["Timestamp_Start"] = df_change.index   
213.     df_change["User_ID"] = userID   
214.     df_change["period"] = df_change.index.strftime('%s')   
215.     df_change["Key_id"] = df_change[['period', 'User_ID']].apply(lambda x: '_'.join(x), axis=1

)   
216.     return df_change   
217.            
218. #returns two dataframes with the number of absolute and relative behaviour changes   
219. def Absolute_Relative_Change(df_short, userID):   
220.     df_Abs_Change, df_Relative_Change = df_short.copy(), df_short.copy()     
221.     df_Abs_Change[df_Abs_Change.columns[2:]] = np.nan   
222.     df_Relative_Change[df_Relative_Change.columns[2:]] = np.nan     
223.        
224.     #calculates the diff data based on freq='7D'   
225.     df_Abs_Change.iloc[:,2:] = df_short.iloc[:,2:].diff(periods=7).abs()    
226.        
227.     #calculates the normalized df_Abs_Change   
228.     df_Relative_Change.iloc[:,2:] = (df_Abs_Change.iloc[:,2:] - df_Abs_Change.iloc[:,2:].min()

)/(df_Abs_Change.iloc[:,2:].max() - df_Abs_Change.iloc[:,2:].min())   
229.     df_Relative_Change["Timestamp_Start"] = df_Relative_Change.index   
230.     df_Relative_Change["User_ID"] = userID   
231.     df_Relative_Change["period"] = df_Relative_Change.index.strftime('%s')   
232.     df_Relative_Change["Key_id"] = df_Relative_Change[['period', 'User_ID']].apply(lambda x: '

_'.join(x), axis=1)   
233.        
234.     #extra columns for df_Abs_Change   
235.     df_Abs_Change["Timestamp_Start"] = df_Abs_Change.index   
236.     df_Abs_Change["User_ID"] = userID   
237.     df_Abs_Change["period"] = df_Abs_Change.index.strftime('%s')   
238.     df_Abs_Change["Key_id"] = df_Abs_Change[['period', 'User_ID']].apply(lambda x: '_'.join(x)

, axis=1)   
239.        
240.     return df_Abs_Change, df_Relative_Change    
241.    
242. #returns a dataframe based on the weekly percentage of change (freq= '7D')   
243. def PCT_Change(df_short, userID):   
244.     #selects the data based on freq='7D'   
245.        
246.     df_PCT = df_short.copy()     
247.     df_PCT[df_PCT.columns[2:]] = np.nan     
248.        
249.     #loop starting from 2 (selects the columns from Steps and onwards)   
250.     for i in range(2,len(df_PCT.columns)):     
251.         #calculates the weekly PCT change   
252.         df_PCT.iloc[:,i] = df_short.iloc[:,i].pct_change(freq='7D')   
253.            
254.         #the following steps use interpolation approach in order to deal with the zero divisio

n problem (values such as cognitive duration might be 0)   
255.         #replaces the nan values with 0, exluding the first 7 rows with nan values(due to week

ly PCT calculation)   
256.         df_PCT.iloc[7:,i] = df_PCT.iloc[7:,i].fillna(0)   
257.         #replaces the inf values (this results from division with 0) with nan values   
258.         df_PCT.iloc[7:,i] = df_PCT.iloc[7:,i].replace([np.inf, -np.inf], np.nan)   
259.         #interpolates nan values    
260.         df_PCT.iloc[7:,i] = df_PCT.iloc[7:,i].interpolate(method='polynomial', order=2)   
261.            
262.         #nornalization per column   
263.         df_PCT.iloc[:,i]=(df_PCT.iloc[:,i]-df_PCT.iloc[:,i].min())/(df_PCT.iloc[:,i].max()-

df_PCT.iloc[:,i].min())   
264.            
265.         #add extra columns   
266.         df_PCT["Timestamp_Start"] = df_PCT.index   
267.         df_PCT["User_ID"] = userID   
268.         df_PCT["period"] = df_PCT.index.strftime('%s')   
269.         df_PCT["Key_id"] = df_PCT[['period', 'User_ID']].apply(lambda x: '_'.join(x), axis=1) 
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270.            
271.     return df_PCT   
272.    
273.    
274.    
275.    
276. #returns the total number of changes, when these changes start and end, but also some relevant

 statistics (mean, diff, and relative_diff)   
277. #that can be used during the COUCH sessions in order to assess the estimated behaviour changes

.   
278. def Quantifier_Behaviour_Change(df_short, df_change, userID):   
279.        
280.     df_change = df_change.fillna(0)   
281.     cols = ['User_ID', 'Behaviour_Type', 'Change', 'Timestamp_Start', 'Timestamp_End', 'Total_

Duration(Days)', 'Mean', 'Diff', 'Relative_Diff' ]   
282.     #creates the behaviour_change_quantifier dataframe   
283.     quantifier_behaviour_change = pd.DataFrame(columns = cols)   
284.        
285.     for col in range(2, len(df_change.columns)-4): #condition for only the necessary columns   
286.         for i in range(1, len(df_change)):   
287.             if df_change.fillna(0).iloc[i,col] == 0 and df_change.iloc[i,col] != df_change.ilo

c[i+1,col]:   
288.                 print ('No change')   
289.                 #current condition df segment   
290.                 mask1a = df_short.iloc[:,col].loc[df_change.iloc[:,col] == int(df_change.iloc[

i,col])]   
291.                 #next df segment   
292.                 mask1b = df_short.iloc[:,col].loc[df_change.iloc[:,col] == int(df_change.iloc[

i+1,col])]   
293.                 diff1 = mask1b.mean() - mask1a.mean()   
294.                 rel_diff1 = (mask1a.mean() - mask1b.mean()) / mask1a.mean() *100   
295.                 print ('duration: start on ', mask1a.index[0], ' end on ', mask1a.index[-1])   
296.                 print ('mean number: ', mask1a.mean())   
297.                 quantifier_behaviour_change = quantifier_behaviour_change.append({'User_ID':'u

ser01', 'Behaviour_Type': df_change.columns[col], 'Change':0,   
298.                                                                                   'Timestamp_S

tart':mask1a.index[0], 'Timestamp_End':mask1a.index[-
1], 'Total_Duration(Days)':len(mask1a), 'Mean':mask1a.mean(),    

299.                                                                                   'Diff':np.na
n, 'Relative_Diff':np.nan}, ignore_index=True)   

300.                
301.             if df_change.fillna(0).iloc[i,col] > 0 and df_change.iloc[i-

1,col] != df_change.iloc[i,col]:   
302.                        
303.                 print ('change: ', int(df_change.iloc[i,col]))   
304.                 #previous df segment   
305.                 mask2a = df_short.iloc[:,col].loc[df_change.iloc[:,col] == int(df_change.iloc[

i-1,col])]   
306.                 #current condition df segment   
307.                 mask2b = df_short.iloc[:,col].loc[df_change.iloc[:,col] == int(df_change.iloc[

i,col])]   
308.                 diff2 = mask2b.mean() - mask2a.mean()   
309.                 rel_diff2 = (mask2a.mean() - mask2b.mean()) / mask2a.mean() *100   
310.                 print ('duration: start on ', mask2b.index[0], ' end on ', mask2b.index[-1])   
311.                 print ('mean number: ', mask2b.mean())   
312.                 print ('diff number: ', diff2)   
313.                 print ('relative diff number: ', rel_diff2)   
314.                    
315.                 quantifier_behaviour_change = quantifier_behaviour_change.append({'User_ID':'u

ser01','Behaviour_Type': df_change.columns[col], 'Change':int(behaviour_change.iloc[i,col]),   
316.                                                                                   'Timestamp_S

tart':mask2b.index[0], 'Timestamp_End':mask2b.index[-
1],'Total_Duration(Days)':len(mask2b), 'Mean':mask2b.mean(),    

317.                                                                                   'Diff':diff2
, 'Relative_Diff':rel_diff2}, ignore_index=True)   

318.        
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319.        
320.     quantifier_behaviour_change['Change_id'] = "Change"+ quantifier_behaviour_change['Change']

.apply(str)   
321.     quantifier_behaviour_change['Key_id'] = quantifier_behaviour_change[['User_ID', 'Behaviour

_Type', 'Change_id']].apply(lambda x: '_'.join(x), axis=1)   
322.        
323.     return quantifier_behaviour_change    
324.    
325.    
326.    
327.    
328.    
329.    
330.    
331. # =============================================================================   
332. # Function for SQL Connection - Table Create if not exists   
333. # =============================================================================   
334. def create_table():   
335.     #Creates the Behaviour_Change Table   
336.     connectionObject = mysql.connector.connect(host='HBAF_Server',user ='Short_Behaviour',pass

wd='pswd',db='ShortTerm_Behaviour' )   
337.     try:   
338.         # Create a cursor object   
339.         cursorObject = connectionObject.cursor()                                        
340.         sqlQuery = """CREATE TABLE IF NOT EXISTS Behaviour_Change (ID int(11) NOT NULL AUTO_IN

CREMENT, Timestamp_Start datetime NOT NULL, Key_id varchar(150) NOT NULL,   
341.         User_id varchar(150) NOT NULL, Steps int(11) DEFAULT NULL, Sedentary_Duration int(11) 

DEFAULT NULL, Vigorous_Duration int(11) DEFAULT NULL,   
342.         Social_Interaction int(11) DEFAULT NULL, Social_Isolation int(11) DEFAULT NULL, Happin

ess_Duration int(11) DEFAULT NULL,   
343.         Sadness_Duration int(11) DEFAULT NULL, Cognitive_Duration int(11) DEFAULT NULL, UNIQUE

 KEY ID (ID), PRIMARY KEY (Key_id)) ENGINE=InnoDB DEFAULT CHARSET=latin1 AUTO_INCREMENT=1"""  
    

344.            
345.         # Execute the sqlQuery   
346.         cursorObject.execute(sqlQuery)   
347.         # SQL query string   
348.         sqlQuery = "show tables"      
349.         # Execute the sqlQuery   
350.         cursorObject.execute(sqlQuery)   
351.         #Fetch all the rows   
352.         rows = cursorObject.fetchall()   
353.            
354.         for row in rows:   
355.             print(row)   
356.        
357.     except Exception as e:   
358.        
359.         print("Exeception occured:{}".format(e))   
360.        
361.     finally:   
362.        
363.         connectionObject.close()   
364.         cursorObject.close()   
365.       
366.     #Creates the Behaviour_Change_Absolute Table   
367.     connectionObject = mysql.connector.connect(host='HBAF_Server',user ='Short_Behaviour',pass

wd='pswd',db='ShortTerm_Behaviour' )   
368.     try:   
369.         # Create a cursor object   
370.         cursorObject = connectionObject.cursor()                                        
371.         sqlQuery = """CREATE TABLE IF NOT EXISTS Behaviour_Change_Absolute (ID int(11) NOT NUL

L AUTO_INCREMENT, Timestamp_Start datetime NOT NULL, Key_id varchar(150) NOT NULL,   
372.         User_id varchar(150) NOT NULL, Steps float(18) DEFAULT NULL, Sedentary_Duration float(

18) DEFAULT NULL, Vigorous_Duration float(18) DEFAULT NULL,   
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373.         Social_Interaction float(18) DEFAULT NULL, Social_Isolation float(18) DEFAULT NULL, Ha
ppiness_Duration float(18) DEFAULT NULL,   

374.         Sadness_Duration float(18) DEFAULT NULL, Cognitive_Duration float(18) DEFAULT NULL, UN
IQUE KEY ID (ID), PRIMARY KEY (Key_id)) ENGINE=InnoDB DEFAULT CHARSET=latin1 AUTO_INCREMENT=1"
""      

375.            
376.         # Execute the sqlQuery   
377.         cursorObject.execute(sqlQuery)   
378.         # SQL query string   
379.         sqlQuery = "show tables"      
380.         # Execute the sqlQuery   
381.         cursorObject.execute(sqlQuery)   
382.         #Fetch all the rows   
383.         rows = cursorObject.fetchall()   
384.            
385.         for row in rows:   
386.             print(row)   
387.        
388.     except Exception as e:   
389.        
390.         print("Exeception occured:{}".format(e))   
391.        
392.     finally:   
393.        
394.         connectionObject.close()   
395.         cursorObject.close()   
396.            
397.            
398.     #Creates the Behaviour_Change_Relative Table   
399.     connectionObject = mysql.connector.connect(host='HBAF_Server',user ='Short_Behaviour',pass

wd='pswd',db='ShortTerm_Behaviour' )   
400.     try:   
401.         # Create a cursor object   
402.         cursorObject = connectionObject.cursor()                                        
403.         sqlQuery = """CREATE TABLE IF NOT EXISTS Behaviour_Change_Relative (ID int(11) NOT NUL

L AUTO_INCREMENT, Timestamp_Start datetime NOT NULL, Key_id varchar(150) NOT NULL,   
404.         User_id varchar(150) NOT NULL, Steps float(18) DEFAULT NULL, Sedentary_Duration float(

18) DEFAULT NULL, Vigorous_Duration float(18) DEFAULT NULL,   
405.         Social_Interaction float(18) DEFAULT NULL, Social_Isolation float(18) DEFAULT NULL, Ha

ppiness_Duration float(18) DEFAULT NULL,   
406.         Sadness_Duration float(18) DEFAULT NULL, Cognitive_Duration float(18) DEFAULT NULL, UN

IQUE KEY ID (ID), PRIMARY KEY (Key_id)) ENGINE=InnoDB DEFAULT CHARSET=latin1 AUTO_INCREMENT=1"
""      

407.            
408.         # Execute the sqlQuery   
409.         cursorObject.execute(sqlQuery)   
410.         # SQL query string   
411.         sqlQuery = "show tables"      
412.         # Execute the sqlQuery   
413.         cursorObject.execute(sqlQuery)   
414.         #Fetch all the rows   
415.         rows = cursorObject.fetchall()   
416.            
417.         for row in rows:   
418.             print(row)   
419.        
420.     except Exception as e:   
421.        
422.         print("Exeception occured:{}".format(e))   
423.        
424.     finally:   
425.        
426.         connectionObject.close()   
427.         cursorObject.close()   
428.            
429.     #Creates the Behaviour_Change_PCT Table   
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430.     connectionObject = mysql.connector.connect(host='HBAF_Server',user ='Short_Behaviour',pass
wd='pswd',db='ShortTerm_Behaviour' )   

431.     try:   
432.         # Create a cursor object   
433.         cursorObject = connectionObject.cursor()                                        
434.         sqlQuery = """CREATE TABLE IF NOT EXISTS Behaviour_Change_PCT (ID int(11) NOT NULL AUT

O_INCREMENT, Timestamp_Start datetime NOT NULL, Key_id varchar(150) NOT NULL,   
435.         User_id varchar(150) NOT NULL, Steps float(18) DEFAULT NULL, Sedentary_Duration float(

18) DEFAULT NULL, Vigorous_Duration float(18) DEFAULT NULL,   
436.         Social_Interaction float(18) DEFAULT NULL, Social_Isolation float(18) DEFAULT NULL, Ha

ppiness_Duration float(18) DEFAULT NULL,   
437.         Sadness_Duration float(18) DEFAULT NULL, Cognitive_Duration float(18) DEFAULT NULL, UN

IQUE KEY ID (ID), PRIMARY KEY (Key_id)) ENGINE=InnoDB DEFAULT CHARSET=latin1 AUTO_INCREMENT=1"
""      

438.            
439.         # Execute the sqlQuery   
440.         cursorObject.execute(sqlQuery)   
441.         # SQL query string   
442.         sqlQuery = "show tables"      
443.         # Execute the sqlQuery   
444.         cursorObject.execute(sqlQuery)   
445.         #Fetch all the rows   
446.         rows = cursorObject.fetchall()   
447.            
448.         for row in rows:   
449.             print(row)   
450.        
451.     except Exception as e:   
452.        
453.         print("Exeception occured:{}".format(e))   
454.        
455.     finally:   
456.        
457.         connectionObject.close()   
458.         cursorObject.close()   
459.            
460.     #Creates the Behaviour_Change_Quantifier Table   
461.     connectionObject = mysql.connector.connect(host='HBAF_Server',user ='Short_Behaviour',pass

wd='pswd',db='ShortTerm_Behaviour' )   
462.     try:   
463.         # Create a cursor object   
464.         cursorObject = connectionObject.cursor()                                        
465.         sqlQuery = """CREATE TABLE IF NOT EXISTS Behaviour_Change_Quantifier (ID int(11) NOT N

ULL AUTO_INCREMENT, Key_id varchar(150) NOT NULL,   
466.         User_id varchar(150) NOT NULL, Behaviour_Type varchar(150) DEFAULT NULL, Change_Num in

t(11) DEFAULT NULL, Timestamp_Start datetime NOT NULL,   
467.         Timestamp_End datetime NOT NULL, Total_Duration int(11), Mean float(18) DEFAULT NULL, 

Diff float(18) DEFAULT NULL,   
468.         Relative_Diff float(18) DEFAULT NULL, UNIQUE KEY ID (ID), PRIMARY KEY (Key_id)) ENGINE

=InnoDB DEFAULT CHARSET=latin1 AUTO_INCREMENT=1"""      
469.            
470.         # Execute the sqlQuery   
471.         cursorObject.execute(sqlQuery)   
472.         # SQL query string   
473.         sqlQuery = "show tables"      
474.         # Execute the sqlQuery   
475.         cursorObject.execute(sqlQuery)   
476.         #Fetch all the rows   
477.         rows = cursorObject.fetchall()   
478.            
479.         for row in rows:   
480.             print(row)   
481.        
482.     except Exception as e:   
483.        
484.         print("Exeception occured:{}".format(e))   
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485.        
486.     finally:   
487.        
488.         connectionObject.close()   
489.         cursorObject.close()   
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