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Supplementary Information

S1. Creation of Data Matrices
a) Data matrix (Type 1)

The data matrix of type 1 that consists of all the features of a particular sensor calculated by iterating
the loop for all the pois and independently calling all the feature functions and storing them in the

data frame subsequently providing option to user to store in separate csv files as per the code below:

def matrix_typel(df,list_poi,gap,points,sensor_name):

sensor_list=df.columns.tolist()
sensor=sensor_list.index(sensor_name)
num_poi=len(list_poi)
list_poi.sort(reverse=False)
num_rows = df.shape[0]
points = points // gap
poi = list_poi[0]//gap
if num_poi==1:

next = num_rows-((list_poi[0])//gap)
else:

next = (list_poi[1]-list_poi[0])//gap

sens = find_sensitivity(sensor,poi,df,next)

recslope = recovery_slope(sensor,poi,df,next,gap)

resslope = response_slope(sensor,poi,df,next,gap)
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restime = response_time(sensor,poi,df,next,gap)
rectime = recovery_time(sensor,poi,df,next,gap)
area = integral_area(sensor,poi,df,points,gap)
Ratio = 1-sens
sens *=100
features = [[sens,recslope,resslope,rectime,restime,area,Ratio]]
dfl = pd.DataFrame(features,columns=['Response(in %)','Recovery Slope', 'Response Slope', 'Reco
very Time', 'Response Time', 'Integral Area','Ratio'])
foriin range(1,num_poi):
poi = list_poili]//gap
if i+1==num_poi:
next = num_rows-((list_poi[i])//gap)
else:
next = (list_poi[i+1]-list_poi[i])//gap
sens = find_sensitivity(sensor,poi,df,next)
recslope = recovery_slope(sensor,poi,df,next,gap)
resslope = response_slope(sensor,poi,df,next,gap)
restime = response_time(sensor,poi,df,next,gap)
rectime = recovery_time(sensor,poi,df,next,gap)
area = integral_area(sensor,poi,df,points,gap)
Ratio = 1-sens
sens *= 100
features = [[sens,recslope,resslope,restime,rectime,area,Ratio]]

dfl = dfl.append(pd.DataFrame(features,columns=['Response(in %)','Recovery Slope', 'Respons

e Slope', 'Recovery Time', 'Response Time', 'Integral Area','Ratio']),ignore_index=True)

index_col =[]

foriin range (1,num_poi+1):
index_col.append('Signal '+str(i))

dfl.insert(loc=0,column='Signal’,value=index_col)

dfl.set_index("Signal",inplace=True)

return dfl
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b) Data matrix (Type 2)

The data matrix type 2 is the table of a chosen feature for all the sensors. The elements of the data

frame are computed by iterating all the sensors followed by the signals associated with that feature.

The code for this type of matrix is given below.

def matrix_type2(feature,df,list_poi,gap,total_sensor, dat_col, points):
num_rows=df.shape[0]
num_poi=len(list_poi)
start=int(dat_col)-1
column_name = df.columns|start: start+total_sensor].tolist()
dfl = pd.DataFrame(columns=column_name)
if feature=='Response(in %)":
foriin range(num_poi):
poi = list_poili]//gap
if i+1==num_poi:
next = num_rows-((list_poi[i])//gap)
else:
next = (list_poi[i+1]-list_poi[i])//gap
sens=[]
foriin range (start,start+total_sensor):
sens.append(find_sensitivity(i,poi,df,next)*100)
dfl=dfl.append(pd.DataFrame([sens],columns=column_name),ignore_index=True)
elif feature=="'Recovery Slope':
foriin range(num_poi):
poi = list_poili]//gap
if i+1==num_poi:
next = num_rows-((list_poi[i])//gap)
else:
next = (list_poi[i+1]-list_poili])//gap
sens=[]
foriin range (start,start+total_sensor):
sens.append(response_slope(i,poi,df,next,gap))

dfl=dfl.append(pd.DataFrame([sens],columns=column_name),ignore_index=True)
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elif feature=='Response Slope":
foriin range(num_poi):

poi = list_poili]//gap

if i+1==num_poi:
next = num_rows-((list_poi[i])//gap)

else:
next = (list_poi[i+1]-list_poili])//gap

sens=[]

foriin range (start,start+total_sensor):
sens.append(recovery_slope(i,poi,df,next,gap))

dfl=dfl.append(pd.DataFrame([sens],columns=column_name),ignore_index=True)

elif feature=="'Recovery Time":
foriin range(num_poi):

poi = list_poili]//gap

if i+1==num_poi:
next = num_rows-((list_poi[i])//gap)

else:
next = (list_poi[i+1]-list_poili])//gap

sens=[]

foriin range (start,start+total_sensor):

sens.append(response_time(i,poi,df,next,gap))

dfl=dfl.append(pd.DataFrame([sens],columns=column_name),ignore_index=True)

elif feature=='Response Time":
foriin range(num_poi):

poi = list_poili]//gap

if i+1==num_poi:
next = num_rows-((list_poi[i])//gap)

else:
next = (list_poi[i+1]-list_poi[i])//gap

sens=[]

foriin range (start,start+total_sensor):
sens.append(recovery_time(i,poi,df,next,gap))

dfl=dfl.append(pd.DataFrame([sens],columns=column_name),ignore_index=True)

elif feature=='Integral Area":
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points = points // gap
foriin range(num_poi):
poi = list_poili]//gap
if i+1==num_poi:
next = num_rows-((list_poi[i])//gap)
else:
next = (list_poi[i+1]-list_poili])//gap
sens=[]
foriin range (start,start+total_sensor):
sens.append(integral_area(i,poi,df,points,gap))
dfl=dfl.append(pd.DataFrame([sens],columns=column_name),ignore_index=True)
elif feature=="Ratio":
foriin range(num_poi):
poi = list_poili]//gap
if i+1==num_poi:
next = num_rows-((list_poi[i])//gap)
else:
next = (list_poi[i+1]-list_poili])//gap
sens=[]
foriin range (start,start+total_sensor):

sens.append(1-find_sensitivity(i,poi,df,next))

dfl=dfl.append(pd.DataFrame([sens],columns=column_name),ignore_index=True)

index_col =[]

foriin range (1,num_poi+1):
index_col.append('Signal '+str(i))

dfl.insert(loc=0,column='Signal’,value=index_col)

dfl.set_index("Signal",inplace=True)

return dfl
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S2. Python codes for response and recovery time calculations

def response_time(sensor,poi,df,next,gap):
serl=df.iloc[:,sensor]
baseline =base_line(poi,ser1)
ser2=df.iloc[poi-1:poi+next-1,sensor]
index_tip = tip(ser2,poi,next)
delR = (baseline-ser2[index_tip])*0.90
R90 = ser2[poi] -delR
index1=poi
index1min = abs(ser2[poi]-R90)
foriin range(poi,index_tip+1):
index1min = min(index1min,abs(ser2[i]-R90))
if indexImin == abs(ser2[i]-R90):
index1 =i
index2 = index1-1
timel = index1 * gap
time2 = index2 * gap
time = ((((R90-ser2[index2])/(ser2[index1]-ser2[index2]))*(timel-time2))+time2)-(poi*gap)

return time

def recovery_time(sensor,poi,df,next,gap):
serl=df.iloc[:,sensor]
baseline =base_line(poi+next,serl)
ser2=df.iloc[poi-1:poi+next-1,sensor]
index_tip = tip(ser2,poi,next)
delR = (baseline-ser2[index_tip])*0.90
R90 = ser2[index_tip]+delR
index1 = index_tip
index1min = abs(ser2[index_tip]-R90)
foriin range(index_tip,poi+next):
index1min = min(index1min,abs(ser2[i]-R90))
if index1min == abs(ser2[i]-R90):
index1 =i

index2 = index1-1
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timel = index1 * gap

time2 = index2 * gap

time = ((((R90-ser2[index2])/(ser2[index1]-ser2[index2]))*(timel-time2))+time2)-(index_tip*gap)

time

2 SMO sensor data analysis Toolbox

Multivariate Anal LAt E TTER NMETGEE Full pipeline for analysis of response data | Author Information | Disclaimer

This tab is de ned for a customised feature matrix.

Type | (All Features One Sensaor): All the features are extracted for a single chosen sensor (based on the
points of injection provided)

Type |l (One Feature All Sensors): One chosen feature is extracted for multiple sensors (based on the po
injection provided)

The following are the features available in the extraction module

1. Response% - Differential signal normalised with respect to baseline.

2. Response slope: Maximum rate of change of signal during response.

3. Recovery slope: Maximum rate of change of signal during recovery.

4. Response time: The time required for 90% response of sensor signal in seconds.

5. Recowvery time: The time taken for 90% recovery of sensor signal in seconds_

6. Integral area: Area of the signal swept between between the times of point of injection and
user defined value in seconds.

s the button below to upload a csv file of a data matrix and proceed to the visualization and multivariate
of the data matrix

Fig. S1 The descriptors of Multivariate Analysis of Feature Matrix tab

2 203_DMl.csv

9999999994 -74261.13,16.79489227174690
Signal 7,200.0,84.69030266288574,11192.169999999996_-104972 91999999998,6.05059395

mLﬁhL{:N-ﬁDE

Enter the row number where the true column headers are located. Type X in the box if the header
row(in white background) is the true column header. To find the true column header row number,
please use the ROW columnithe first column)

Enter the delimiter visible, i g ipe semi colon, *,"comma, ""colon). If not visible
please leave it blank

Submit

Fig. S2 Screenshot depicting the typical view of the uploaded data
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): Al the feature

ne Feature All Se ne chosen feature

The following are the features available in the extraction module

1. Response% : Differential signal normalised with respect to baseline.

2. Response slope: Maximum rate of change of signal during response.

3. Recovery slope: Maximum rate of change of signal during recovery.

4_Response time: The time required for 90% response of sensor signal in seconds.

5. Recovery time: The time taken for 90% recovery of sensor signal in seconds.

6. Integral area: Area of the signal swept between between the times of point of injection and
user defined value in seconds.

Fig. S3 Explanation tab with a short summary of the type of matrix and the features of the
signals which can be visualized

& 170619a2-delim-whitespace.csv - X

Input

[Row| _ Mame. | Data 8199 23916/17/2019 14.06.00
0

MNeuran

2:06:00 PM
8199::my4901

Control:

Submit

Fig. S4 In this typical example, user must enter 15 as the true headers to skip 15 rows and
leave delimiter option blank for formatting the multiple sensors time series data
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2 1706192 delim-whitespace.csv

Input

101 <Zn01= (OHM 103 <Zn02: (OHM 105 <Zn5Cr1 (OHM 106 <Zn5Cr2> (OHM 112 <Zn1Cr1> (OHM 114 <Zn1Cr2> (OHM
06+ 0 4343044 44144729 1 !

19 14:06:

4
5
6
7
8
9

25066

Parame from visual inspection

YES ifin
program to create

olumn number of th
nd colum

ering your delimiter, pl
ubmit to confirm the above dataframe for further computation

Submit

Fig. S5 Input screen for visual inspection with three entry options viz., index column, time
stamp column and column number of 1% sensor’s data
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2 Please choose a folder to save the plots - X
Pleas a folder tc e the plots

C:/Users/debaa/Documents/PS-1/test_data/Saved PlotiSslGl

f the plot

Enter the width of the plot (in in

Enter the height of the plot (in inch

Enter the line width for the plot

Enter the size of the x-tick labels:

Enter the size of the y-ticks |abs

Enter the desired number of ticks in the x-axis
Enter the desired number of in the y-axi
Do you require a legend in the plot?

Enter the font f the legend

The pdf fonttype use ping in line with IEEE standards

Even though the legend might not be visible on the canvas, it exists and can be viewed by saving the plot

curve dashboard and move to the feature ction module

(c)

Fig. S6 Options for (a) saving the plot, (b) choosing the format and resolution (DPI) and (c)
customized parameter selection for visualisation of the plots in plotting dashboard
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# Plotting dashboard

Plot parameters | Choose data | Plot preview |BEGE]g =GR T

Optional row indexing to examine behaviour of a signal clo

If you wish to plot a partic on of the graph, e
700th data point to t th data point for the
umns, then fill the following paramet g
eave it blar1|~ to allow the program to plot all the data

Enter the start index{eg. 800)
Enter the end index(eg. 1000}

Preview zoomed plot

Press default to see the default plot again | Default

Fig. S7 Zoomed plotting option with user-selected section of the time series plot

2 Feature Extraction and Data Matrix creation - X

orrespond to the number of

RN R TS TS 1000, 1300,1600,1900
rated by commas
eger values) between each data points

Figure S8 Basic input tab for pois and successive time gap between the time series data

# Typel Data matrix dashboard —

Current Data matrix (o0l ERURT G EE] 0| —Add column/concentration data -Next
he elgas arat»?.u:l by commas in a sequence. sigl, sig2, sig3, sigh

ubmit to view the modified matrix with the new index | Submit new index

set to clear the current data matrix and go back to the feature extraction dashboard |R

Fig. S9 Option to change the index column names as per the user’s choice
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# Typel Data matrix dashboard — >

SiEEREERGEYE Change of index column | Add column/concentration data | Next

(a)

@ Typell Data matrix dashboard - X

| Current Data matrix Change of index column | Add column/concentration data | Next

| Signal  [101 <Zn01> (103 <:Zn02> 105 <Zn5Cr1> (106 <Zn5Cr2> (112 <Zn1Cri> 114 <Zn1Cr2> 116 <Zn3Cr1>

Signal 1 4 )

Signa 5 ! 9565 7.94 T 9

g - : E 6 9 101_
‘?nqnal-i 3 i . 3 8 16.1998

data mat

(b)
Fig. S10 Tab showing the results with changed indices in (a) type | and (b) type Il data matrices

? Type | Data matrix dashboard — X

Current Data matrix | Change of index column [Ba R G IGT EGGE T RGE T liﬁl

nt in initial data

Concentration

. The

your 5.10,15.2(|

Pr ubmit to view the modified matrix with the new column | Submit n olumn

Fig. S11 Option to add columnar data of concentrations to the current data matrix
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2 Typel Data matrix dashboard - x

| Current Data matrix Change of index column | Add column/concentration data | Next

index Concentration dResponse(in %|Response SlopRecovery SlopgResponse TimgRecovery Time| Integral Area
- )

Fig. S12 Visualization of the modified type 1 data matrix
& Type| Data matrix dashboard - >

AR EEN Evel Change of index column | Add column/concentration data | Mext

|__index__| sefin %

i
806

? Please choose a folder to save the data matrix

data matrix )
Ple hoose a folder to save the data matrix

:/sers/debaa/Documents/PS-1/test_data/Saved PlotSi=lf

eset to clear the currel. ..

Fig. S13 Selection of a location to save the modified data matrix

2 Save data matrix - pd

Default encoding chosen is “utf-8" for readability re

Click "Save" to save the plot and "Exit" to quit the dataframe saving dashboard

Save | | Exit

Figure S14 Screenshot of exercising the choice of format of the modified data matrix while
saving
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2 Typel Data matrix dashboard — 4

Current Data matrix | Change of index column | Add column/concentration data [ Mext

t to clear the current data matrix and go back to the feature extraction dashboard

Figure S15 Screenshot of 'Next' tab to proceed either for feature visualization or for resetting
the user-defined parameters

? Type | Plotting dashboard - %

Current Data matrix | ot Param _Type | plot parameters _Plot preview
e theme of the plot K ic_test_patch -
10
Iu
6
IR
08

o

Enter the width of the plot (in inc
Enter the height of the plot {in i
Enter the line width for the plot
Enter tt ik
S|
12
|

Enter the <
Enter the ¢ d number of ticks in the x-axis
Enter the ¢ d number of ticks in the y-

Enter the f the marker in the scatter plot

Transparency value of the marker

Enter the font of the legend

Note

enter data in the

egend might no

he plotting dashboard and go back to the data matrix dashboard

Fig. S2 Basic plot parameters tab to format the visualization details
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Upload a Row number: to Provide Submit
data matrix skip header rows delimiter uomi

Multivariate Analysis
of data matrix

Feature matrix display tab

\4
Index column
confirmation

4

Type 1 matrix | Type 2 matrix

v v
Enter the name Select the
of the sensor ) feature label

dash board for dash board for

Data matrix action [Data matrix action ]
Type 1 Type 2

v 4

Fig. S17 A design flow sheet for multivariate analysis of data matrix
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Upload Process response

d
(a) [ I response data* data — Yes/No
Enter the column

Index column is
number of 1

Full pipeline for analysis
of response data

Enter the time
stamp column

Parameters for visual

Row number: to
skip header rows

Provide
delimiter

Display of time series

number if present,

sensor data visible — Yes/No
otherwise type ‘X’

inspection

| data after formatting }

Enter points of
injection

Response
data

Feature extraction and data

Enter the time interval
between the data
points in seconds

matrix creation

])[ Response data tab ]

plotting
dashboard

Choose the sensor
for which feature
matrix to be
computed

Basic input

Type | matrix
computation

Save plot
Choose the
feature for data
matrix
computation®

Enter the time in seconds for
integral area calculation

Compute Type |
data matrix

Enter the number
of sensors*

Type | matrix
computation

Compute Type Il
data matrix

* Response data should contain only one ‘time’ column with multiple sensor responses with common points of injection (POI)

@for integral area calculation provide time in seconds; ¥Do not consider empty columns

(b)

Type | or Il Data ]__)[
matrices dashboards

‘ Change of
index column

Current data

Save
matrix data matrix!

(o)

Enter the
indices

Enter the name
of the column

‘ Add column /
concentration data
Feature plotting
dashboard

MVA algorithm

application
Dashboard

data separated by
comma

10ne can opt *.csv or *.xlsx or *.txt formats with chosen separator like , or |, etc.

Enter concentration

Submit

Fig. S3A design flow sheet showing (a) Full pipeline for analysis of response data, (b) the

process flow sheet of Type I and Type Il data matrices.
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