Tools in Scientific Computing
Prof. Aditya Bandopadhyay
Department of Mechanical Engineering
Indian Institute of Technology, Kharagpur

Lecture - 43
Analyzing data files and 2D interpolation
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Hi everyone, in this particular lecture we are going to analyze the following problem. So,

| set up a table fan or a stand fan at a certain location in my lab something like this this is



the top view and | marked out various positions on the floor each of the positions were
separated by 1 feet.

The distance between each cross is 1 feet and what | did was | took a vane anemometer
or a fan anemometer | do not know. I mean you can call it whatever you want, but

basically it is a device like this it has a housing like this and that is it has a fan like this.

And when wind blows like this the fan starts to rotate and the microcontroller inside is
able to transduce the RPM of the fan to the wind speed ok. So, the fan is turned on and
then | stand at various positions in the hallway and I denote this position where the fan
does not rotate at all (0, 0). So, this distance is also 1 foot and so, we will call this as the
origin 1 mean we do not mind we can call this as the origin and we have a bunch of

points.

So, I went ahead and collected data for all these kind of marked locations ok. So, what
do you expect? | mean first things first, we expect the fan to draw air like this and push it
out. So, because a typical fan has a casing like this and this point is closed ok, so

something like this.

So, immediate to the vicinity there will be | mean of course, there will be a velocity, but
it will not be high at some distance it will be high and then it will be something like this.
So, at this at some location we expect a maximum velocity and if I look at the velocity

field at this transect | should have a variation of velocity like this ok.

And along the actual location as well I should maybe | have something like this. Well let
us see whether we are able to achieve all these kind of variations and let us try to
reconstruct the 2 dimensional image this entire problem. So, let us begin and just to give

you some context all the data files are saved like this.
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Phase portraits in nonlinear systems

ingort nuspy as np;
Totlib.pyplot

¢ In the previous lectur have looked at behaviour of linear system and their phase plots and dependance of

stability on the eigen values

» We now look at nonlinear systems

© Letus analyze the following system:
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So, d-0-2 so, | saved the data files with this particular name. So, d-0-2 means the row
number is 0 and the column number is 2 so, the row number actually corresponds to a y

location the column number corresponds to x location ok. So, we have all these kind of

data sets
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So, let us let us start processing the data let me create a new file let me select Python 3 as
the interpreter. And we are going to need this standard thing we have been importing it,
but in this particular problem additionally we going to require a data frame. So, we going
to import pandas. So, pandas is a module with which you can do data analytics, but in
this particular example we just want to use pandas for loading the data and because the

data is actually csv file.
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So, let me open a data file and show you. So, this is how the data file looks like so, it
stores the date and time it stores the temperature in degree Celsius, it stores the velocity
in meters per second, and its it tells the name of the instrument its testo 410 i. So, the

name of the brand is Testo and they manufacture such kinds of thing.

And the serial number of the device is 49005051 and the device is courtesy of the
refrigeration lab Professor Sourab Mitra is the person whom | borrowed it from the

Mechanical Engineering Department.

And we use this routinely in many of our experiments to measure wind speed. So, | am
going to import pandas and the utility of pandas is primarily to just to help us import csv
files right. So, let me do this. So, data frame equal to pd.csv ok pd.read csv and here we

will give a file name
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DateTime  051[°C] 051[m/s] Unnamed:3
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So, let us say d-2, 2. So, let us run this and let us see what df actually contains, So, df is
actually this entire data is its this table ok. So, what can we do with this table? I mean we
cannot really do anything with this table, but what we can do is sort of isolate the

different columns from this ok.
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So, df this will give us the velocities and actually once we have this we can do np.mean
to obtain the mean velocity. So, this gives us a clue on how to go about. So, let me sorry,
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let me do that, let me cut this, let me put it over here, let me delete this cell.

So now, we have read the file we found out the mean velocity alright. So, let me allot it

to velo right. Now, let us also have the standard deviations stddev = np.std of this same

thing so, it will give us the standard deviation as well alright.
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So, for this particular file ok let us do this. Let us do this particular transact first this
particular transact. So, let us fix up a value of x so we going to fix X and vary Y
meaning, we are going to fix the 2nd index in this case we have a bunch of data files

with the index 2 and we are going to vary the 1st index.

So, basically we are going to loop over that di,i_2.csv and stuff like that alright. So,
instead of this we going to write file name and file name is going to be d-%d-2.csv;
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And this is going to be the data file but we have to replace the %d over here with say let
us let me substitute it with i ok. So, now we must perform a loop. So, for i in so, well let
us see what different values we have. So, we have 12, 2 so we have 12 then 2, 3, 2 so, 2,
2,3,2,4,5,6,9and 12.
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So, let me create an array which contains these values. So, let me create an array so i =
np.array( 2, 3, 4, 5, 6, 9, 12). So, for in i array so then filename will be this. In fact, let

me show you whether it is going to pick up the correct file names.

So, let me just print file name forgot this alright great. So, we are we are able to obtain
all these file names. So now, we going to read all those so let us see if there is an error

there is no error. So, we are able to load all the files into a data frame.
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And yeah let us oops so, yeah something mismatched. So in fact, let us print all this print
so, let me remove this print file name. So, instead let me print the velocity oops right. So,

these are the velocities that we obtained ok. So, we did have another data set 0, 2 and 1,

2.
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So, let me add those indices over here alright. So, let me run this this is the velocity set
that we have and let us add all of this to a variable ok. So, corresponding to this i_a. Let
me declare some additional arrays. So, let me declare velo as an array so,

np.zeros(np.shape(i_a)).

Let me copy this paste so this will be for the standard deviation, let me make another this
will be for the y locations because, you also want to plot the y locations. So, what will be
the y location? So, like | said the y locations are actually, the y locations are actually the

index multiplied by 1 foot.

So, 1 foot is approximately 30 centimeters. So, let me do this so y[i] = [i]*0.3. Actually I
cannot do y[i] because I will actually have these indices. So, what | have to do is i in

np.arange(np.size(i_a)) and this file name has to be then i_a[i].

So, this will make it loop normally and this has to be i_a[i]. So, just think about what |
have done, | have not done something very complicated instead of using i directly from
the array | am using i as a loop counter nothing else there are multiple ways of getting

this done.

So, do not think this is the only way. Now, because | have defined velo as an array, | can

define this and | can define this as well. So, let me suppress this printing let me run this



great there is no error. So now, what do we have? We have a bunch of y’s and we have
the corresponding velocities and standard deviations.
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So, now what we can do is we can plot the error. So, we are going to do plt.errorbar(y,
velo, stddev). So, let us see great. So, this is what the plot we have. In fact, let me put

plt.xlabel("axial distance from fan (in m)"), plt.ylabel("Averaged velocity (m/s)"), that
is great.

Hm, but because this is scarcity of data | have not taken data at a very large number of

points, usually that is the case you do not have so much resource to do that.



(Refer Slide Time: 16:01)

5 X
W+ 0

— 8 ! -4 sT=0 &
~ File Edit View Run Kemel Tabs Settings Help

X
ml X Bleax Heax Eume Hlecx Hlecix Eieax ' 4

B+XO0O»nC» Code v Pyhon3 O 0,0 CYIen w | Fan
1 kootq \

o \ |

M
Q |
B £
%
O

0 B 8 € Python3|.. Savingcomp.. Mode:.

(Refer Slide Time: 16:20)

U )
M —> w nd !
pesd

NaneError Traceback ¥~ / 7

(most recent call last) ; R ¥\ )
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14 yf = np.linspace(np.min(y), np.max(y), 38 ’ R b ="

NameError: name “interpl' is not defined
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So, let me interpolate the data so that we can make some kind of a cubic approximation
of the data. So, we have already done this before. So, let me import scipy or rather from
scipy.interpolate import interpld that is 1 dimensional interpolation. Let me now define
f = interp1d(y, velo, kind="cubic’) and let me declare another yf = np.linspace(np.min(y),

np.max(y), 30). Let me take 30 points.

So, basically I am just taking these discrete points, whatever these points are 00.3 and so

on. | am creating a new array which has more number of points in them. So, yf is this yf



stands for y fine. So, on top of this | am going to plt.plot(yf, f(yf), '--k’) and let me put it
at a dotted line of black color. So, let me put this this should be interpld ok.
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There is still an error interpld | have not yet run this cell it is a classic mistake alright.
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There is still an error interpld I have not yet run this cell it is a classic mistake alright.
So, this is how the velocity looks like once it is interpolated. You can do various kinds of
interpolations linear this is a linear interpolation. And you can choose large number of

points ok, it looks something like this.
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So, great so, so far we have done this transit and similarly you can do this transect as
well. So, let us see how that can be done. So, what are the points that we have? If |

remember correctly for the for transect | did take some points this 90 92 94 96 alright.

So, the 1st index is fixed meaning y is fixed and X is varying ok. So, the 1st index is
fixed meaning this y is fixed the row number is fixed. So, what I am going to do is

modify this so that it contains 0, 2, 4 and 6 and modify this.



So, that it is 9-%d and in fact, it is very easy to reuse that above code. Instead of the level
being actual distance we will say. So, we are going to say transverse distance from axis
and in fact, when we do the transverse distance from the axis we are going to take y
minus mean of y. So, that we can show that the y = 0 has the maximum value. And
similarly we are going to do — np.mean(yf) alright.

So, once | do this actually | have to feed so, yf can remain as it is we can simply modify
this ok, at 2.7 meter because it is all done at a y location of 9 other the row number 9 so,
9 corresponds to a distance of 9 times 0.3 which is 2.7. So, let me run this there is an

error let us see ok.

(Refer Slide Time: 20:48)

w0
S B f- 2 sT=0 8
~ n Kemel Tabs Settings
X lec1X X R Unt@ lectX X 1%
= N - -
Rybons: O 0% [ Yane [ Fan
Comiaidiem : 1 koptd S
extrapolate. T ) \ rmomglen,

below_bounds, above_bounds = sel

5 if len(y_new) >
B 861 # Note fi11_value nust be bro
adcast up to the proper size

% F:\anaconda\1ib\site-packages\scipy\interpolate\inter
polate.py in (self, x_new)
686 # 11 Could provide more inforsation a
bout which values are out of bounds
0O 687 if self.bounds_error and below_bound
s.any
--> 688
» is b e interpola
“range.”)
698 if self.bounds_error and above_bound
s.any

ValueError: A value in x_new is below the interpolati
on range.

0 @8 € Phon3|.. Savingcompl.. Mode:.. ® Ln1,C.. Untitledli © s [}




(Refer Slide Time: 21:16)

y 5]
co ax 20|
S T e sclfl-4-/mT20- o-248 -
~ File Edit View Run Kemel Tabs Setfings Help
- 5
n SheX  WleciX WiectX Hunt® MleciX WieclX WleciX ‘ )
B+ XDOD0»mC» Coe v Python3 @ 0,0 CAIXD Yane | Fan
0 axal distance from fan (in m) *”’f‘j \ emomgler
i ;
-H o
8 4 %
%
u
O REM— wind |
(pesd
» \f
F\\ A )i
il
~
{
4
sV
[
0 B 8 € Python3|.. Savingcom.. Mode:Co.. @ Lni Untitled?.

So, the interpolation goes out of bound because, we did an interpolation over here so, in
fact let me keep things as they are. And | mean it is not that difficult to figure out at all,

but yeah I mean you can
it. We can plot the shifted
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So, what do we see? So, we need to see a maxima somewhere near the origin and there is
a big error bar over here, that would be to less number of points. So, this would be 9, 3

let us open up 9 4 ok.

So, this this data variation from 0.6 all the way to 2.4 so, that does seem to be some error
ideally I would have taken a lot of points and then done the averaging. So, that is would
that would have led to smaller error bars that is ok. Ok, so far we have seen how to do all
this but.

But we have a bunch of files and the indexing of the files does indicate the x and y of
that particular data. So, there has to be some way of easily extracting the x and y from
the file name it is self, looping over all the csv files and then making a 2 dimensional plot
of the velocity field. Given that we have only a velocity field at a few scattered points,
but still it should be possible. So, let us see how we can get that done. So, first of all in

order to list all the files in this folder.
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We must import glob ok. So, let me run this. So, let us check the number of files so,
num_files = np.size(glob.glob("*.csv")). Let me print the number of files. So, it says 16.
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[26]: isport glob

num_files = np.size(glob.glob("*.csv'));

| 1

print(nua_files

Saving completed

So, it is 1. So, let me see whether they are indeed 16 they are 16 ok.
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So, we have 16 files of the current csv this is how you can get all the files. So, let me

remove this ok. So, what do we do with this ok so, for filename in glob.glob("*.csv')

print file name. So, it prints out all the csv files ok. So this is also good, we can move

this to the main cell let me delete this alright.
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inport glob
inport re

num_files =
for filenane

sv', filenane, flags=0)

Mode:Command @  Ln1, Col1

So, now we have a way of sort of printing out the file name we need to extract those
2digits from the file. So, for this we will utilize what is called as a regular expression or

regex functionality of python actually it is a functionality of Unix.

So, we have we will import regex regular expression; and what this will help us it will
help us to identify strings inside file. So, once you see what it is you will understand

what it really means matches is equal to ra dot match now.

We are going to pass the raw string that we want to check and the raw string that we

want to check is d then we want to ok let me just do this .csv(.*)-(.*); and we will check



for this kind of string and file name and we will have no flags ok. So, let me print
matches. So, what | am doing is | am taking this raw string | am taking the file name.
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And comparing the file name to this raw string. So, dot star means whatever comes in

between da dash something and dash then, whatever appears in in this placeholder ok.

So, in this placeholder you will have 0 and 2.

So, let me do this print matches 0 print matches 1 not 0, but this will be so, 0 will give

me all the string. So, 1, 2 so, its matches dot group 1 group 2. So, this actually gives me

all the different strings and if you are not convinced whether this is working or not ah.
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Let me do this now what is required alright. So, look its giving us all the strings we want
and | have type casted the string to an integer that is standard | mean because, it is giving
you a string output the matches is giving you a string output you must type cast it to

integer, if you want to use it in further calculation.
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So, good so group 1 is going to be the y coordinate and group 2 is going to be the x
coordinate as simple as that. So, xlocs = float(matches.group(2))*0.3 actually | have to

type caste it to float so, | will talk type caste it to float multiplied by this xlocs =



float(matches.group(2))*0.3 match or matches ok. So, everything runs fine and now that
we have the file name we can simply reuse all this so, we are going to copy this bit of
code.

We are going to import it paste it over here. So, file name velo why you do not need y
anymore? Actually we do need y because, y[i] will be ylocs and actually let me write it
as points[i,0] = xlocs and points[i,1] = ylocs ok. So, once we are going in this loop it will

take xlocs it will put in points 0 comma.

So, we need to define what points is so because number of files is 16 so, points will be
np dot zeros we are going to initialize it and it will be np dot so it will be actually num

files comma 2.

So, number of rows will be the number of files and 2 columns for x location and my
location alright. Corresponding to these points we will have the wvelo =
np.zeros(num_files). So, we are soft coding everything we can put np 0.016, but we are

soft coding everything.
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see if the scenario there is no error great, hm. Let me print what points is ok, does so |
have to set i = 0 over here. At the end of it | have to do i = i+1 let me run this let me run

this great.
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We have all the pairs of point’s hm. So, now that we have all the pairs of points, we must
do a 2 dimensional interpolation ok. So, let us get to that so first of all we must import
grid data. So, from scipy.interpolate import griddata. So, what grid data does is, if you
have x y value triplets all over domain if its scattered you can take those scattered points
and you can sort of interpolate them over a grid data using this particular function, it will

be clear what it means.

So, let me write xg = np.linspace(np.min(points[:,0]), np.max(points[:,0])) similarly, I
will define yg = np.linspace(np.min(points[:,1]), np.max(points[:,1])). So, Oth column are
the all the x values the minimum of all the x values and the maximum of all the x values
will be sort of used to create the finer grid by default it is 50. So, this should be np.min

and this should be np.max similarly this should be np.max and this should be np.min ok.

Now, with the help of these two axis we are going to create the mesh. So, [Xg, Yq] =
np.meshgrid(xg,yg) as simple as that now, once we have this values on this fine grid will

be grid data.

So, the points pair the values. So, the values are velo then the Xg and Yg on which you
want to obtain the interpolated values and finally the method. So, the method has to be
there is a bunch of methods we can use linear, nearest, or cubic let us keep it cubic for

now.
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So, let me run this and see if there is an error there is no error. So, lastly what we can do
is plt.pcolor(Xg,Yg,Vg). So, let us see what we obtain we obtain the interpolated data,
wherever its white meaning it cannot interpolate because we do not have enough points

from which we can create that interpolation.
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So, this is great let me add a color bar plt.colorbar() alright. So, the velocity is higher
near the fan so, this is the location of the fan and it sort of decays. So, this is the region if



you sit near this region you get the maximum wind, if you sit near the edges you get

nothing ok.

(Refer Slide Time: 34:31)

-0 x
* 5*8

View Run Kemel Tabs Settings Help
t C Show Conte:X M ectSipynb X M lecdOipynb X X Untitledlipy® M leciipynb X ®leci7ipynb X M leci8ipynb X

Python3 O

plt.pcolor(Xg,Yg,Vg); plt.colorbar();

« A Untitledipynb

8 v}

0@ 3@ Pyhon3|ide Saving completed

In fact, the interpolation predicts a negative velocity in fact; let me make this linear let us
see yeah. The linear gets rid of those negative values because the cubic is going to
undershoot, the cubic usually does this undershooting business that is ok because, the

number of grid points that we had were quite less right.

So, just like that we were able to make a file through which we were able to take data
analyze it make the 2d map of the data and | hope you will find this very useful in your

endeavors.

So, with this we come to the conclusion of this course | hope you have learned a lot of
new things and hopefully it will benefit you in your research or in your assignments or in
fact, your learning as well. | have enjoyed this journey and | really hope you have
enjoyed this as well with this | sign out and | will see you again someday with a new

course bye.



