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Preface

The book "Programming Engineering Application in Python, wxPython and Streamlit" by Dorian Nedelcu
and Tihomir Latinovic is designed for both beginners and those with some programming experience. It covers
various applications of Python, including numerical integration, databases, image operations; and more. The
content is accessible, making it suitable for students, teachers; and self-learners. Each application comes with the
complete code as well as detailed explanations and visual results, which can be a great help in the learning
process.

The context of the book authored by Dorian Nedelcu and Tihomir Latinovic, focuses on programming
engineering applications using Python, wxPython; and Streamlit. It provides comprehensive explanations and
code examples for a variety of applications, including numerical integration, databases, image operations; and
other relevant scenarios that utilize different versions of Python and its libraries. Complete code examples: each
topic is accompanied by complete code snippets and detailed explanations, facilitating hands-on learning.

This comprehensive approach ensures that readers gain practical and theoretical knowledge across various
programming aspects, making it suitable for both beginners and those looking to enhance their skills in Python
programming. In summary, while a basic understanding of Python is beneficial, the book is structured to support
learners at various levels, making it accessible to a broad audience interested in programming with Python and its
libraries.

Familiarity with Python programming language is essential, as the book focuses on applications built using
Python; and libraries including: wxPython, Matplotlib, Streamlit, Open 3D, VTK and OpenCV. Ability to install
Python and associated libraries. A desire to explore programming applications in fields such as: numerical
integration, image and PDF operations, optical character recognition, database management (SQLite, MySQL).
The book is suitable for students, teachers; and anyone interested in programming, making it accessible for
educational purposes.

Readers are encouraged to engage with the material actively by trying out the complete code and detailed
explanations provided for various applications. These applications are designed to cater to various educational
and practical scenarios, making them useful for students, teachers, and professionals alike. Each application is
supported by complete code examples and detailed explanations of the underlying functions and classes used in
their development. These libraries and frameworks facilitate a wide range of engineering applications, from
numerical integration and data visualization to machine learning and image processing, making Python a versatile
choice for developers in various fields.

The book effectively combines theoretical concepts with practical coding examples, making it a valuable
resource for anyone looking to deepen their understanding of Python in engineering contexts and artificial
intelligence applications.

Based on its structure, comprehensive coverage of topics, practical examples, and accessibility, this book is
highly recommended for anyone looking to learn Python effectively. It is particularly useful for beginners due to
its clear explanations and focus on application-based learning, making it a valuable resource in the field of
programming.

The book encompasses a wide range of programming concepts primarily focused on Python, wxPython, and
Streamlit.

Being aware that any work can be improved, we are waiting for suggestions or comments on the book at
dorian.nedelcu@ubbcluj.ro and tihomirlatinovic@live.com.

Authors



1. Introduction to Python and its role in Artificial Intelligence

This Python programming language is known for its simplicity. The syntax provides concise and readable
code, making it easier for non-programmers to understand. This is why Python is the best choice for those new
to programming. Also, its syntax enables fast testing (without implementation) of complex algorithms, which
also saves development time.

Python's flexibility is perhaps its greatest strength. Developers can choose to use it as an object-oriented
or scripting language. Its flexibility reduces the possibility of error, and for even better results, Python can be
combined with other programming languages.

The programming language was created in the early nineties by the Dutch programmer Guido van
Rossum. It is intended as a language for learning programming and a replacement for languages such as BASIC
and Pascal. The programming language was named after the British comedy series Monty Python's Flying Circus.
The IDLE development environment (Integrated Development and Learning Environment) is named after group
member Eric Idle.

The first version of the Python language appeared in 1994. Two different versions of the language are
currently in use. Version 2, which first appeared in 2000, is still in use. The new version appeared in 2008 and
influenced further parallel development of the previous version. In practice, the latest editions of versions 2 and
3 are used in parallel. Programs developed for a specific version are not compatible, but there are tools for
automatic conversion of programs from version 2 to version 3.

Major releases of individual versions of the Python language are: Python 1 / 1994, Python 2 / 2000,
Python 3 /2008, Python 3.4 / 2014, Python 3.5 / 2015, Python 3.6 / 2016, Python 3.7 / 2018, Python 3.8 / 2019.

The Python language is relatively simple, but it contains extensive and high-quality programming libraries.
According to the annual analysis of the World Association of Electrical and Electronics Engineers, the Institute of
Electrical and Electronics Engineers (Institute of Electrical and Electronics Engineers, IEEE) Python is currently the
most popular programming language. The most important reasons for its popularity are:

O simple syntax and very readable code.
@ great software capabilities and wide use.
© used by large companies and organizations, such as YouTube, Google, Yahoo and NASA.
O it's free and has good customer support.
The program code can be executed in two ways:
O Interactive - where the code is executed at the time it is written.
@® Scripted - where the code is stored within a text file that is executed when the script is run.

In engineering practice, the script execution method is most often used. Well-known applications written
in Python are:

O Blender3D - 3D animation, gaming, and video editing software.

® Dropbox - web hosting site for files.

© Firefox - one of the most popular web browsers.

O Google App Engine - many components of the most famous search engine and web application
development platform.

© Instagram - social network for sharing photos.

@ Pinterest - social network for sharing photos.

@ Quora - a famous site and network for asking questions.

©® Yahoo Maps - certain software services for maps.

O YouTube - the most famous site for sharing and displaying videos, etc.

Artificial intelligence (Al) automates human intelligence based on the way the human brain processes
information. This opened the door to a new world of possibilities for developers, but also new horizons for us,
the users. Al not only enables the Spotify or Netflix platforms to recommend artists, songs, and movies, but is
also a great help to companies in developing customer services, improving business and employee productivity,
and especially for processing large amounts of data, where most of it is used.

In the first place is certainly many libraries specially created for machine learning (NumPy, SciPy, Pandas,
scikit-learn, NLTK, TensorFlow), as well as a large selection of frameworks that greatly facilitate development
and at the same time save time that programmers can devote to solving specific project problems.
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Many developers choose Python for its many advantages when it comes to machine learning and artificial
intelligence. Such projects are already playing a significant role in various economic sectors such as fintech,
transportation, healthcare, travel, and the entertainment industry. In addition to the development of artificial
intelligence, Python is used by Google, Facebook, as well as NASA and CERN, and its application is expanding
day by day.

Basic reasons why Python is a good choice for Al:

© Python is a high-level programming language; this means you don't have to worry about memory
allocation, pointers, or machine code in general.

® Python is in the first place as the favorite language of programmers, because it is readable and
simple, and it is also great for fast application development.

© The main advantage is memory efficiency because Python can handle large databases.

O Python is a general-purpose language; it can be used to create desktop applications, database
applications, mobile applications, and games. Its network programming characteristics should also be
mentioned. Python is a great prototyping tool.



2. Facial recognition system
2.1 Introduction

Facial recognition technology has become so widespread that today it is hard to imagine life without it.
Most of us use this very technology every day without even realizing it. Facial recognition technology has
become one of the main features of all smartphones. It made it possible to unlock the phone quickly and easily
without remembering and typing in codes, it is enough just to place the phone screen in front of the face and
the unlocking process is complete. Also, its high level of security has allowed smartphones to become virtual
wallets. In addition to everyday applications, facial recognition technology is also used in security systems in
various places. It is used by the police, airports, army, banks, and other security services to check whether a
certain person is in the suspect database. Also, the application of this technology is growing day by day, and in
the future, it is expected that this technology will be "infiltrated" in almost all smart devices.

2.2 Face recognition system

Facial recognition is a biometric software algorithm that can identify or verify a person by analyzing the
contours of a person's face. In principle, facial recognition systems differ, but their concept is the same. The
software scans photos of people's face and converts them into a suitable geometric record, then compares that
record with a database of other photos looking for a match, Figure 2.1. Face images can be obtained by taking
photos or recording videos. In addition to face recognition, this category also includes recognition using a
fingerprint, iris, voice, ... [2.1].

The situations in which these systems are used are usually related to security, so the users of such systems
are usually airports, military bases, police, banks, and other organizations that need a high level of protection.
Such systems are used around the world to determine whether a person from a photograph is in the database
of convicted or suspected persons. A big obstacle for these systems is that they must work with photos that are
of very poor quality, because not every photo can be taken in ideal conditions. But today's systems and
technologies have managed to overcome this, and poor-quality photos can be improved in just a few steps
[2.2], [2.3].

In facial recognition technology, facial features are divided into a main subset and an elaborated subset.
The main subset consists of the corners of the eyebrows, eyes, tip of the nose, mouth, and chin. The elaborated
subset represents only the augmented main subset, Figure 2.2 [2.1].

STEP BY STEP

Figure 2.1 Concept of face recognition system [2.1] Figure 2.2 Division of facial features [2.1]

Facial recognition cameras are installed in public places in almost all major cities and special attention is
paid to making these cameras as invisible to people as possible. Also, one "trick" is used to get the best possible
quality photos: facial recognition cameras are made to resemble ordinary cameras as much as possible. This is
why people instinctively look at the camera, not knowing that it is a facial recognition camera. In this way, good
quality photographs are obtained, which greatly facilitate the process of face recognition [2.2].

There are many facial recognition technologies available today, but some of the most important are:

© The traditional 2D face recognition method.
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® 3D face recognition method.
© Face detection using thermography.

2.2.1 Traditional 2D face recognition method

The traditional 2D face recognition method, or "Frontal recognition", is an approach in which, during
image processing, certain features of the face of the frontal 2D image are found and extracted, which are then
compared with the corresponding features of the face in a known database. The goal of the image processing
phase is to reduce the amount of data to process and speed up the subsequent parameter search procedure.

There are two approaches to the 2D facial recognition method, namely:

© geometric approach,

® photometric approach.

The advantages of 2D face recognition are that the images can be acquired remotely (no physical contact
with the scanner) and no observing/imaging subject is required. The biggest disadvantages are the variations
that occur when taking pictures (pose, lighting, facial expression, aging, hairstyle, glasses, makeup, beard...).
Another major drawback is that the system can be fooled very easily by planting a printed 2D photo [2.4].

2.2.1.1 Geometric 2D face recognition

The concept of geometric 2D face recognition is based on modeling the human face based on
characteristic details (eyes, mouth, nose, eyebrows...) and the arrangement of these details on the face.
Geometric relations (areas, angles, and distances) are generated between the corresponding facial details used
as points of interest. Each face contains about 80 key details, Figure 2.3 [2.4].

The first time this technology was tested was in January 2000 at the American football game, "Super Bowl
XXXV", which was held in Tampa Bay, Florida. The visitors of this event, by purchasing their ticket, not only
attended the match, but also tested the new facial recognition technology on them for the first time. "Facelt",
which makes it possible to use a video camera to detect the face of each visitor and compare it with the
database of criminals. The "Facelt" system uses 2D geometric recognition and 36 cameras were used to operate
the system, placed in different parts of the city. The system was used by the police, and it made it possible to
keep a closer eye on general activities and to recognize people with a file. When this testing was done, the
visitors were not aware of it at all and did not notice anything strange. The system cost about 30,000 US
dollars, Figure 2.4 [2.5].

.«‘ .
= Rgé?ﬂin
ﬁiﬁ‘”!ﬂ! jm’*
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,

Figure 2.4 Using the software Facelt along
with the monitoring system [2.5]

The principle of operation of such a system consists of several steps, and they are:

© Discovery- When the system is connected to a video surveillance system, the recognition software
searches for faces in the field of view video cameras. If there is a face in the camera's field of view, it is
detected in a fraction of a second. If you work with low resolutions, the system has an algorithm that also
overcomes this, Figure 2.5.

@ Alignment- Once a face is detected, the system determines the size and position of the head. The face

Figure 2.3 Geometric 2D face recognition [2.4]

-10 -



Dorian Nedelcu & Tihomir Latinovic - Programming engineering application in Python, wxPython and Streamlit

should be turned at least 35 degrees towards the camera for the system to register it.

©® Normalization- The head image is scaled and rotated so that it can be registered and mapped to the

appropriate size and position. Normalization is performed regardless of the position of the head and the

distance from the camera. Brightness does not affect the normalization process, Figure 2.6.

@ Representation- The system translates face data into a unique code. This coding procedure allows

easier comparison of newly acquired face data with stored face data, Figure 2.7.

© Matching- The newly acquired face data is compared with the stored data and (ideally) is linked to at

least one saved face representation in the database, Figure 2.7 [2.4], [2.5].

This biometric technology can also be used to protect files on computer. By mounting the web cameras to
the computer and installing facial recognition software, the face can become the password used to enter the
computer. IBM was the first to incorporate this technology into screensaver for their own portable computers,
[2.5].

Such systems have the ability to recognize between 15-60 million images per minute depending on the
quality of the images and the user population, Figure 2.8 [2.5].

b Al

Figure 2.7 Phase of face detection [2.4] Figure 2.8 Matching phase[2.5]

2.2.1.2 Photometric 2D face recognition

Photometric systems are used for recognition based on the overall appearance of the face. Every human
face can be represented as a combination of standard building blocks - eigenfaces. The creators of this method
are Matthew Turk and Alex Pentland, and they started from the fact that for face recognition it is not enough to
find characteristic points and measure their mutual distance [2.6].

What Turk and Pentland have come up with is a new way of encoding and decoding facial photographs,
while highlighting facial features. They showed that the characteristics of the face do not have to correspond to
the characteristic points of the face (eyes, mouth, nose, ...). Turk and Pentland did the following: they extracted
information from a photo of a face and somehow captured the variations of faces in a collection of photos,
while not paying attention to the characteristic points of the face (mouth, nose, eyebrows, ...). They then coded
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that information and later used it to compare it with face photos from the database [2.7].

Mathematically speaking, each photo is treated as a point (or vector) in a high-dimensional space. Looking
at the matrices of a set of face photos, the eigenvectors of the specified matrix are searched for. A set of
eigenvectors can be viewed as a set of features of a face obtained from photo variations. Inherent vectors are
called eigenfaces. The eigenfaces are gray in color and are shown in Figure 2.9 [2.7].

For this system to work, the face photos from the database and the face image of the query must be the
same size. It is necessary to perform normalization to match the positions of the eyes and mouth in the images.
And finally, based on the numerical value carried by each characteristic face, the system compares the query
image with the characteristic faces from the database, and based on the comparison, produces a matching
result. Figure 2.10 shows the result of the system operation. The loaded image is made up of 55% of eigenface
1 and 10% of eigenface 2, etc. [2.6].

N = -/ A
Figure 2.10 Face recognition using
characteristic faces [2.6]

Figure 2.9 Eigenfaces [2.4]

2.2.1.3 3D face recognition method

As the 3D imaging process is getting cheaper and faster, the use of 3D sensors thought to have the
potential for more accurate facial recognition than 2D recognition. The advantage of using 3D technology is
that depth information does not depend on pose and lighting, so the representation of the object does not
change with these parameters, which makes the complete system more robust. The 3D face recognition
method introduces additional information into the system compared to 2D systems (the shape/structure of the
face in space entered). The system produces a three-dimensional structure of the face, that is, the image of the
face gains depth (shape of the skull, eye part, jaw, ...). With a 2D system, the several tens of characteristic
points are recorded on the image, while with a 3D system, several thousand characteristic points are recorded
(that is, a network of face images in space is obtained). The disadvantage of 3D systems is the price and the fact
that some systems require a person to remain in front of the camera for several seconds [2.8]

3D face model or better known as 3D Morphable Model is the most famous method used for 3D face
recognition. The method is designed to work with 2D color photos and create 3D models from them, Figure
2.11 [2.1]. 3D Morphable Model method uses laser scans of faces as a set of photographs. The laser scans were
made as if the person was wearing a cap over their hair and only their head was scanned. From the scans, the
face is separated from the rest of the head and after that the processing continues, Figure 2.12 [2.1].

The models of the 3D Morphable Model method are processed in such a way that x, y ,z coordinates and
the red, blue and green components of each pixel are taken for each pixel of the scanned face. With the help of
this data, the face is identified using the method of characteristic faces, that is, the matching of all faces from
the database with the scanned face is sought. As with the method of eigenfaces, the percentage of agreement
is obtained as a result [2.1].

Aging is a big problem for these systems, but with today's algorithms it can be solved. For people aged 2-
18 years, variations in the shape of the face due to aging are mainly the product of "displacement" of facial
features. In older people, variations due to aging are mainly the product of changes in facial texture. On Figure
2.13 can be seen how the algorithm predicts changes due to aging [2.4].
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Figure 2.11 3D Morphable Model [2.9] Figure 2.12 Laser skews [2.1]
2.2.2 Face detection using thermography

Thermographic cameras detect light in the infrared spectrum and produce images called thermograms. The
amount of radiation emitted by the body increases with temperature and therefore thermography allows the
visualization of temperature variations. Seen with a thermal imaging camera, warm bodies are clearly
distinguished from the colder environment, which clearly enables the detection of a person's face [2.4].
Advantages of detection using thermography:

© Detection of objects in motion and in real time.

@® Object detection in inaccessible environments.

© Possibility of object detection in the dark.

® Object detection does not depend on age, facial expressions, and aesthetic modifications.

In addition to all these advantages, the biggest disadvantage of thermography is the price of the cameras.
On Figure 2.13 you can see what a thermograph of a person's face looks like.

Another important feature of thermography is that it makes it very easy to distinguish twins. The reason is
that each twin has a different set of blood vessels on the face that can be very easily seen using a thermographic
camera Figure 2.14 [2.4].

BHE B

Original Gmw(h pavamelus Transformed Original
age=2yrs (2yrs—5yrs) age=5yrs age=5yrs

l Uﬂ 4

Original Growth parameters Transformed Original
age=9yrs (9yrs=12yrs) age=12yrs age=12yrs

4

Original Growth parameters Transformed Original
age=7yrs (7yrs=16y1s) age=16yrs age=16yrs

Figure 2.13 Prediction of facial changes due to aging [2.4] Figure 2.14 Thermograph of the face [2.4]

2.3 Conclusion

Facial recognition technology has attracted the attention of both ordinary people and many experts and
researchers. Today, this technology represents the fastest biometric technology aimed at identifying the human
face. This is precisely the main characteristic recognized by various experts. It enabled them to search several
tens of thousands of people in just one minute, to identify suspicious persons and to prevent possible incidents.
Because of its great ease of use, every day many people provide their facial biometric information. Most people
are not even aware of the dangers that can arise due to the misuse of biometric information, but this is the
price that must be paid to live in the modern world.

-13 -



3. Python and associated library installation

This book is intended for those who want to assimilate the Python language and get in touch with its
multiple libraries: wxPython, Matplotlib, Streamlit, Open CV, etc. It can also be used for educational purposes, as
the presented applications are accompanied by the complete code and detailed explanations.

Most of every script was created in two versions: one based on Python & wxPython library and the other
based on Python & Streamlit library. Specific elements of the two languages are presented in comparison, as well
as the conceptual differences resulting from their use in the creation of the script. All applications were generated
and tested on Windows 11 operating system.

Python & wxPython applications are saved with pyw extension and were designed using Python version
2.7.10 and libraries from table 3.1. Listing 3.1 display the code for printing library versions for Python version
2.7.10.

Python & Streamlit applications are saved with py extension and were designed using Python version 3.12.2
and libraries from table 3.2. Listing 3.2 display the code for printing library versions for Python version 3.12.2.

Table 3.1 Table 3.2
Python version 2.7 and libraries Python version 3.12 and libraries
Python version: 2.7.10 Python version: 3.12.2
wxPython version: 2.8.12.1 wxPython version: 4.2.1
Matplotlib version: 1.4.3 Matplotlib version: 3.8.2
sqlite version: 3.7.12.1 sqlite version: 3.43.1
Pandas version: 0.16.2 Pandas version: 2.2.0
Open CV version: 2.4.11 Open CV version: 4.10.0
Numpy version: 1.9.2 Numpy version: 1.26.4
SciPy version: 0.15.1 SciPy version: 1.14.0
Pillow (PIL) version: 1.7 Pillow (PIL) version: 10.2.0
MySQL server: 8.0.39.0 Streamlit version: 1.37.0
Listing 3.1 _ Listing 3.2
- 1. import sys
1. import sys 2 import wx
2. import wx 3' . .
. . . import matplotlib
3. import matplotlib 4 import pandas as pd
4. import pandas as pd 5' . t
5. import numpy as np ' import numpy as np
. 6. import cv2
. !mport CV.Z 7. import scipy
7. import scipy 8 import PIL
8. from PIL import Image ’ . .
9 from pysqlite2 import dbapi2 as sqlite i Do S e
: 10. import streamlit

10. print "Python version:", sys.version

1. print "wxPython version:", wx.__version__

12. print "Matplotlib version:", matplotlib.__version__
13. print "sqlite version:", sqlite.sqlite_version

14. print "Pandas version:", pd.__version__

15. print "Open CV version:", cv2.__version__

16. print "Numpy version:", np.__version__

17. print "SciPy version:", scipy.version.version

18. print("Pillow (PIL) version:", Image.VERSION)

1n. print ( "Python version:", sys.version )

12. print ( "wxPython version:", wx.__version__)

13. print ( "Matplotlib version:", matplotlib.__version__)
14.  print ( "sqlite version:", sqlite3.sqlite_version)

15.  print ( "Pandas version:", pd.__version__)

16. print ( "Open CV version:", cv2.__version__)

17.  print ("Numpy version:", np.__version__)

18.  print ( "SciPy version:", scipy.version.version )

19. print ( "Pillow (PIL) version:", PIL. __version__ )

20.  print ( "Streamlit version:", streamlit.__version__)

The Python version 2.7.10 environment and associated libraries do not come prepackaged with Windows. It
is not a simple task to install the desired version along with the required dependencies, so we recommend the
most efficient way using the Python(x,y) package from [3.1]. Python (x,y) is a free scientific and engineering
development environment for numerical calculations/methods, data analysis and data visualisation based on the
Python programming language. The downloaded file is Python (x, y) - 2.7.10.0.exe with size ~808 Mb and can be
accessed via the green Download Python-xy button placed at the upper right of the window, Figure 3.1. After
downloading, the file Python (x, y) -2.7.10.0.exe must be launched to install the Python environment. We
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recommend that you do not change the Python directory proposed by the installer and leave the one
proposed by the installer. Installation will take a few minutes and will require minimal user intervention by
following the steps on the screen. Select the Recommended option to install the package version. At the end
of the installation, the Python(x,y) entry is placed in the Windows Start menu. Figures 3.2 show the interface

of this library, launched from the icon after installation:
© Shortcuts — to acces Spyder (a free and open source scientific environment written in Python, for
Python), Qt Designer (the Qt tool for designing and building graphical user interfaces (GUIs) with Qt
Widgets), gnuplot (a graphical library);
® Documentation — Qt Help, Python language manuals, NumPy reference guide, 2D and 3D plotting, 3D
visualization, etc.;
©® About — show all installes libraries for Python 2.7.

K*%} ython(x.y 0 ¥ Python(xy) Home = X
= Python(x,y) - the scientific Python distribution. | N

Download Python-xy -
‘ python(x,y)

Python(x.y) is a free scientific and engineering development software for numerical computations, data analysis and data visualization based on Python programming language, Qt graphical user |
interfaces and Spyder interactive scientific development environment. | 2.7.100

Spyder Interactive Shorteuts
72 Scientific Development
Environment

. Python programming —, QtApplication Documentation About
e language “  Development Framework

With Python(x,y), one can do: Python{x,y) 2.7.10.0 Python 2.7.10

« interactive calculations including for example 2D and 3D plotting or symbalic maths, : Installed plugins

« simple functionnal programming (with MATLAB-like syntax) as well as powerful object-oriented programming, | BeautifulSoupd 4.3.2-2

= scientific projects development from the simplest script to the most sophisticated application thanks to Qt development framework and Spyder development environment

« parallel computing on multicore/processors computers or even clusters (with Parallel Python), Cythen 0.22.1-16
EnthoughtToolSuite 4.4.4-15

And A lot more. 1 Gnuplot 1.8.0.3

IPython 2.4.1-10

OpenCV 24.11-7

s ——— i OpenS5L 0.15.1-9
‘ PIL 2.8.2-16

‘ PylCU 1.9.2-6

PyOpenGL 3.1.0-4

= Remove pluging =

Interactive com; puting GUl design tools Scientific developmert environment 1
with bitplatib and 1Pythen 1 - Eelipse integration with Spyder ook familar, isnit it

. Pvth . . . Figure 3.2
Figure 3.1 Download the Python(x,y) environment for installation Python(x,y) interface
If the following libraries are missing after Python(x,y) installation, they will have to be installed manually in
order to run some of the Python 2.7 scripts:
O pywin32-214.win32-py2.7.exe - Win32 is a programming interface that allows developers to create
applications for the Microsoft Windows operating system, by exemple connect with Excel or Word from
Python script [3.2];
® pysqlite - Interface to the SQLite 3.x embedded relational database engine
© wxPython3.0-win32-docs-demos-3.0.0.0.exe — this library can be optional installed to study wxPython
demo, other samples and wxWidgets documentation; this package install a complete list of educational
scripts exemples to generate wxPython controls [3.3].

To run Python 3.12 version Streamlit scripts, we recommend the use of the Visual Studio Code (VSC) editor

and the installation of the following libraries:

© go to [3.4] and download and run the VSCodeUserSetup-x64-1.90.2.exe file (~ 96 Mb);

@® select VSC icon from Start => All aps;

© install Python Extension for VSC - From VSC environment, activate Extension option with Ctrl+Shift+X

keyboard, Figure 3.3 and, from Search extension field, write Python to select the Python module; click Install

blue button for installation; also, the Pylance and Python Debugger modules will be automatically installed to

provide Python language support and to provide a debug experience with debugpy;

O use the Ctrl+Shift+X keyboard shortcut to enable the Extension option and, from Search extension field,

write Python Image Preview to select this module; click Install blue button which will install the libraries:

Numpy, Pillow, OpenCV, Matplotlib, Plotly, ImagelO, Scikit Image, Tensorflow, Pytorch Image Preview;

© use the Ctrl+Shift+X keyboard shortcut to enable the Extension option and, from Search extension field,

write SQLite to select this module; click Install blue button to explore and query SQLite databases;
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O if the content of Search extension field is erased, the installed modules will be displayed and, from the
bottom Recommended list, new modules can be selected for installation;

@ close VSC - from VSC menu go to : File => Exit;

O install Streamlit - launch cmd as administrator and write the following command: pip install streamlit.

To create an Streamlit application from scratch and run with Python 3.12 version the following steps must
be performed:
O create a main folder _Apps_Streamlit that will keep all Streamlit applications; you can use any other name
for main folder; it's recommended that each application has its own subfolder in the main folder.
® create subfolder Hello in main folder _Apps_Streamlit; this subfolder will contain the future Streamlit
Hello.py application;
© create & save the Hello.py Python file in Hello subfolder, with the following content:

import streamlit as st
st.write('Hello World')
st.write('Modified Hello World ')

O this file will print Hello World & Modified Hello World textd on the default browser at run time; any text
editor can be used to create the Hello.py file;

© start VSC and open Hello subfolder in VSC environment; from VSC File menu select Add Folder to
Workspace... and select Hello subfolder with Add button; the folder files list will be displayed on VSC left side;
® in VSC environment open a new terminal by click on three dots points (...) and select Terminal => New
Terminal option from the menu or taste Ctrl + Shift + * combination keybord;

@ to run Hello.py file in Terminal window write the following command and hit Enter key:

streamlit run Hello.py

©® in local browser at http://localhost:8501/ address will be displayed the following text, Figure 3.4:

O if the script is modified, a save operation must be performed with File => Save; however, the easiest way is
to turn on the Auto Save setting by selecting this option from the menu.: File => Auto Save; any changes will
be updated on browser window;

@ assuming that the Hello.py is saved in E:\_Apps_Streamlit\Hello\ it is also possible to open a Windows
Terminal and write the command to run the Hello.py application:

streamlit run E:\_Apps_Streamlit\Hello\Hello.py.

localhost

Hello World

Modified Hello World

Figure 3.3 VSC
extension interface

Figure 3.4 Hello.py script running from VSC in browser window

To create an Streamlit application from scratch in VSC environment and run with Python 3.12 version the
following steps must be performed:
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O create a subfolder in main folder _Apps_Streamlit; this subfolder will contain the future application;

@® start VSC and open the created subfolder in VSC environment; from VSC File menu click on Add Folder to
Workspace... option and select the created subfolder with Add button; the list of folder files (if any) will be
displayed on the left hand side of the VSC;

Figure 3.5 Create a new file

Mew File...

© click on New File icon, Figure 3.5, to create a new file file name.py;

O save the file file name.py;

© in VSC environment open a new terminal by click on three dots points (...) and select Terminal => New
Terminal option from the menu or taste Ctrl + Shift + * combination keybord;

@ to run the Python file in Terminal window write the following command and hit Enter key:

streamlit run file name.py

@ in local browser at http://localhost:8501/ address will be displayed the file results.

To deploy an app on Streamlit Community Cloud the following steps must be taken [3.5], [3.6]:
O create a github repository with the code and with a requirements.txt file (where the app dependencies
must be specified);
@ sign in https://streamlit.io/;
© connect the github repo with your Streamlit account;
® deploy your app linking to the github repo where the code was stored;
© in some minutes the app will be deployed; the app can be set public from settings; the app subdomain will
be something like: myapp.streamlit.app.

If you want to select from VSC one of the Python 2 or 3 version already installed on the computer, to run a
non-Streamlit file, you must load the file from the File => Open File option menu and click on the bottom right
line of VSC on the Python current name, Figure 3.6 and select the desired interpreter from the top list, Figure 3.7;
to start file execution, click on the right arrow icon located in the top right area, Figure 3.8.

@  Ln18 Col65 TabSize:4 UTF-8 CRLF {& Python 2.7.10 32-bit (system}

Figure 3.6 Activate the selection of the desired Python version

—+ Create Virtual Environment...

B3 Enter interpreter path...

¢ Use Python from ‘python.defaultinterpreterPath’ setting C:\Python27\python.exe
Python 3.12.2 64-bit C:\Program Files\Python312\python.exe

Run or Debug...

Python 2.7.10 32-bit (system) C\Python27\python.exe

Figure 3.8 The icon to

Figure 3.7 Select the desired Python version run the Python file

If you want to install a specific library for a specific version of Python, you can go to the [3.7] web page,
where are saved ~ 120,000,000 files.
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Help Sponsors Login Register

Find, install and publish Python packages
with the Python Package Index

Search projects Q

Or browse projects

566,369 projects 6,033,294 releases 11,904,209 files 852,146 users

Figure 3.9 WEB page to find Python libraries [3.7]

To display the Python versions installed on the computer, the command py —list or py -0 can be use in
command prompt, Figure 3.10.

The py.exe placed in command prompt will automatically select and launch the most recent version of
Python you've installed, Figure 3.11.

You can also use commands like py -2.7 to select a particular version, Figure 3.12.

The python --version command display the active Python version, Figure 3.13.

To install a library for a specific Python versions, the command pip2.7 install library or pip3.11 install
library can be use in command prompt, Figure 3.14.

E:\Book_files\Executable Python>py —-list E:\Book_files\Executable Python>py -0
-V:3.12 * Python 3.12 (6U-bit) -V:3.12 * Python 3.12 (6U-bit)

3 3
-V:3.11 Python 3.11 (6U-bit) -V:3.11 Python 3.11 (6U-bit)
2 p

-V:2.7-32 Python .7-32

.7-32 -V:2.7-32 Python

Figure 3.10 Display the Python versions installed on the computer
E:\Book_files\Executable Python>py

Python 3.12.2 (tags/v3.12.2:6abddd9, Feb 6 2024, 21:26:36) [MSC v.1937 64 bit (AMD&U)] on
win32

Type "help", "copyright", "credits" or "license" for more information.

Figure 3.11 Launch the most recent version of installed Python

E:\Book_files\Executable Python>py -2.7
Python 2.7.10 (default, May 23 2015, 09:48:32) [MSC v.1500 32 bit (Intel)] on win32

Type "help", "copyright", "credits" or "license" for more information.

e |

Figure 3.12 Launch a specific version of installed Python
E:\Book_files\Executable Python>python —-version

Python 3.11.9

Figure 3.13 Display the active Python version

E:\Book_files\Executable Python=pip2.7 install cx—freeze Figure 3.14 Install a
library for a specific
Python versions

E:\Book_files\Executable Python>pip3.11 install cx—freeze
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4. Integration by rectangles method

Let consider the parabolic function: Y=X%, Figure 4.1. The area under the curve Y=X?, between the limits X=a
and X=b respectively, is computed exactly by the integral formula:

b b 3 7 3 3
.4:';!'(1':J_*r-a?.\‘zj)(g-dx:L b:b —a

-

-
2 2

The approximate calculation of the integral can be done by numerical integration through method of
rectangles, approximating the area by the sum of the elementary rectangles ad;= | x Y;, of width I=(b-a)/N and
height Y;=Xi 2 where N - is the imposed number of rectangles. The abscissa X; in the Y; expression is calculated as
follows:

X =at+l/2 ; Xp=a+1+1/2 ; X5=a+2*1+1/2 ; Xy=a+3*1+/2 ........ R
and for the general case "i" :
Xi=a+(@i-1)*1+1/2.

The input data are: the number of intervals (elementary rectangles) N and the limits of integration a, b; the
results of this script is the area calculated by rectangles method approximation, compared with that obtained by
exact integration (for the parabolic function).

The interval [a, b] is divided into N elementary rectangles of constant width 'lI' and variable height ‘Y,
calculated in the middle of the elementary rectangles width. The area obtained by summing the elementary
rectangles is an approximation of the area under the curve; it is expected that the accuracy approximation is
expected to increase with increasing the number of elementary rectangles. The procedure can be applied for
functions whose integration cannot be applied because their complexity.

The variable ‘aria’ is the variable that collects the sum of the elementary rectangles areas ad; in a FOR cycle,
inside which the parameters of each elementary rectangle are successively summed. Finally the area computed
by summation is displayed compared with the exact area computed by the formula resulting from the analytical
integration.

The script exemplifies a mathematical application, reducing the integral calculation to a summation. The
script results, for different values of integration limits a, b respectively numbers of intervals N, are given in table
4.1, from which the accuracy increases for higher values of N.

Of course the script is customized for the parabolic function Y=X?, but, by changing the function expression,
the script can also be applied to other functions.

This is the simplest numerical integration method. There are other methods with higher accuracy, such as:
the trapezoidal method, the Simpson method, the Romberg method with Richardson extrapolation or the Gauss
method.

Y
Table 4.1
a b N Exact area Approximate area
3 8.5926
10 8.66
1 3 0 8.6667 3.6664
: : . 100 8.6666
: j | : 3 40,576.907
' ‘ ‘ | 1 | 50 F22 | 416663333 41,568.295
50 ’ 41,662.4117
100 41,665.3529

Figure 4.1

-19 -



Dorian Nedelcu & Tihomir Latinovic - Programming engineering application in Python, wxPython and Streamlit

Listing 4.1 displays the Python & wxPython version of script, Integrate.pyw and Listing 4.2 displays the
Python & Streamlit version of the same script, Integrate.py. Figure 4.2a & 4.2b display the screens generated by
Python & wxPython version of the script, while Figure 4.3a and 4.3b display the screens generated by Python &
Streamlit version.

The Integrate.pyw script (Python & wxPython version) include the funct function and two classes:
Integrate & Plot_ Window. The script begin with importing libraries: wx (the cross-platform GUI toolkit for the
Python language), os (module with methods for interacting with the operating system, like creating files and
directories, management of files and directories, input, output, environment variables, process management,
etc.) and matplotlib (library for creating static, animated and interactive visualizations in Python). The public
funct define the parabola expression, before any class of the script.

The Integrate class compute the integration based on the rectangles method and include the following
functions:
e __init__ This function is is used to access variables that belongs to the class; at the end the calculation
function is called. The variables self.X and self.Y are initialized as list type. Here the Lim_A,
Lim_B, N values are transmitted when the class is called in line 97.
e calculation  Here is applied rectangles method algorithm were the elementary rectangles areas adi are
calculated and summed to self.aria variable.

e get_aria Return outside the class the value of area under the curve (lines 34, 121).
o get_X Return outside the class the values of self.X list (lines 36, 98).
o get_ Y Return outside the class the values of self.Y list (lines 38, 98).
The Plot_ Window class include the following functions:
e _ init__ Define the frame (a window whose size and position can be changed by the user), the panel

(that will hold the contents of the frame) the StatusBar (placed at the frame bottom, were
messages can be displayed); also, call the _TOOLBAR function, initializes top level container for
all plot elements and center the frame in the display.

e _TOOLBAR Create the toolbar (lines 55+57), the Image button (lines 59+60) and connect with Bind
statement (line 60) to Onlmage function to display the picture from Figure 4.2a and create
three text fields (wx.TextCtrl) to input numerical values of input data variables; before text
fields three wx.StaticText controls are defined as labels; create the Calculate button (line 67)
and connect with Bind statement to OnClicked function (line 68). Lines 70+77 add these
controls to the ToolBar and lines 78+79 generate and show the ToolBar.

e Onlmage Display the picture from Figure 4.2a (lines 81+83).

e MouseMotion Display in the StatusBar the current values of X & Y mouse position in the chart.

e Recreate_Axis Initialize the chart (line 88), show the chart grid (line 89) and set the labels for X & Y axes of the
chart (lines 90+91).

e OnClicked The function is called by Calculate button; extract the input data values (a, b, N) from text
fields (lines 93+95), calculate the interval length (I - line 96), call Integrate class (line 97) and
extract the list values to X and Y list type (line 98); create the canvas element were the chart
will be placed (line 99); connect the MouseMotion function with the canvas figure (line 100);
create the sizer (line 101) and place the canvas inside the sizer (line 102); line 103 call
Recreate_Axis function; lines 104+116 plot the chart elements from 4.2b; the chart is updated
by the draw statement from line 120; lines 121+124 place the exact and approximate area
values in StatusBar.

Line 126 create the app which initializes the GUI toolkit for xPython; line 127 call Plot_Window class to
create the window showed by line 129; finally, the line 131 enter into infinite continuous loop to receive key

events from the user; the script can be interrupted with button of the frame.
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Listing 4.1 Integrate.pyw - Integration by rectangles method — Python & wxPython version

1. # The // operator will be available to request floor division unambiguously. This

2. # statement will change the / operator to mean true division throughout the module.

3. from __future__ import division

4.

3 import wx # import wx module

6. import os

7. import matplotlib as mpl # The tools are imported from the Matplotlib library

8. import matplotlib.pyplot as plt

9. import matplotlib.image as img

10. from matplotlib.backends.backend_wxagg import FigureCanvasWxAgg as FigureCanvas
1n. from matplotlib.backends.backend_wxagg import NavigationToolbar2Wx as Toolbar

12.

13. def funct(x): # Define public function 'funct'

14. y=x*x # Calculate the 'y' value as power of 'x' variable (parabolic function)
15. returny # The function return'y' value

16.

17. class Integrate:

18. # The self parameter is a reference to the current instance

19. # of the class, and is used to access variables that belongs to the class.

20. def __init__(self, Lim_A, Lim_B, N):

21. # The __init__() function is called automatically every

22. # time the class is being used to create a new object.

23. self A=Lim_A ; selfB=Lim_B ; selfN=N

24. self.aria=0 ; self.X=[] ; self.Y=[]

25. self.calculation() # Call ‘calculation' function

26. def calculation(self):

217. |=(self.B-self.A)/self.N

28. for iin range(l,self.N+1):

29. xi = self.A+(i-1)*1+l/2 ; self.X.append(xi)

30. yi = funct(xi) ; self.Y.append(yi)

31 adi=L*yi

32. self.aria = self.aria+adi

33. def get_aria(self):

34. return self.aria

35. def get_X(self):

36. return self.X

37. def get_Y(self):

38. return self.Y

39.

40. class Plot_Window(wx.Frame):

41. def __init__(self, parent, title):

42. wx.Frame.__init__(self, parent, title=title, size=(650,600),

43. style=wx.DEFAULT_FRAME_STYLE * (wx.RESIZE_BORDER | wx.MINIMIZE_BOX |
44, wx.MAXIMIZE_BOX )) # Initialize the frame

45. self.panel = wx.Panel(self) # The panel will hold the contents of the frame
46. self.statusbar = self.CreateStatusBar() # Create the status bar

47. self.statusbar.SetFieldsCount(3)

48. self.statushar.SetStatusWidths([-25, -30, -40])

49. self.statushar.SetStatusText("This is the plot window",0) # Add text to StatusBar
50. self._TOOLBAR() # Create toolbar

51. self.figure = mpl.figure.Figure() # Initializes top level container for all plot elements
52. self.axes=self.figure.add_subplot(111) # Add only one subplot area
53. self.Center() # Center the frame in display

54. def _TOOLBAR(self):

55. self.toolbar = self.CreateToolBar( ( wx.TB_HORIZONTAL | wx.TB_TEXT) )
56. self.toolbar.SetBackgroundColour("white")

57. self.toolbar.SetToolBitmapSize((24,24))

58. self.btn_Img = wx.Button(self.toolbar, -1, "Image")

59. self.btn_Img.SetToolTipString("Show image of integrate algorithm")
60. self.btn_Img.Bind(wx.EVT_BUTTON,self.OnImage)

61. stl = wx.StaticText(self.toolbar, -1, " Limit A value = ")

62. self.txt_Lim_A = wx.TextCtrl(self.toolbar, value="1", size=(40,-1))

63. st2 = wx.StaticText(self.toolbar, -1, " Limit B value = ")

b4, self.txt_Lim_B = wx.TextCtrl(self.toolbar, value="3", size=(40,-1))

65. st3 = wx.StaticText(self.toolbar, -1, " Intervals number N = "

66. self.txt_N = wx.TextCtrl(self.toolbar, value="10", size=(40,-1))

67. self.btn = wx.Button(self.toolbar, -1, "Calculate")

68. self.btn.Bind(wx.EVT_BUTTON,self.OnClicked)

69.

70. self.toolbar.AddControl(self.btn_Img)

71. self.toolbar.AddControl(st1)
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Listing 4.1 Integrate.pyw - Integration by rectangles method — Python & wxPython version

72.
73.
74.
75.
76.
717.
78.
79.
80.
81.

82.
83.
84.
85.
86.
87.
88.
89.
90.
91.

92.
93.
94.
95.
96.
97.
98.
99

100.

101.

102.
103.
104.
105.
106.
107.
108.
109.

1o0.
m.

n2.
3.
Na.
5.
6.
n7.
8.
n9

120.

121.

122.
123.
124.
125.
126.
127.
128.
129.
130.

131

132.
133.

self.toolbar.AddControl(self.txt_Lim_A)
self.toolbar.AddControl(st2)
self.toolbar.AddControl(self.txt_Lim_B)
self.toolbar.AddControl(st3)
self.toolbar.AddControl(self.txt_N)
self.toolbar.AddControl(self.btn )
self.toolbar.Realize()  # Toolbar generation
self.toolbar.Show() # Toolbar show
def Onlmage(self, event):
testimage = img.imread(os.getcwd()+'/Integrate.jpg’)
plt.imshow(testimage)
plt.show()
def MouseMotion(self, event):
al,bl=self.axes.transData.inverted().transform([event.x, event.y])
self.statusbar.SetStatusText("X="+%0.3f' % al+", Y="+%0.3f' % b1,0)
def Recreate_Axis(self):
self.axes.cla()
self.axes.grid(True)
self.axes.set_xlabel('X', fontsize=20, fontweight='bold')
self.axes.set_ylabel('Y', fontsize=20, fontweight="bold')
def OnClicked(self, event):
a = float(self.txt_Lim_A.GetValue())
b = float(self.txt_Lim_B.GetValue())
N = int(self.txt_N.GetValue())
l=(b-a)/N
cv = Integrate(a, b, N)
X=cv.get_X() ; Y=cv.get_Y() ;lx=len(X) ;x1=len(X)-1
self.canvas = FigureCanvas(self.panel,-1,self.figure)
self.axes.figure.canvas.mpl_connect('motion_notify_event', self.MouseMotion)
sizer = wx.BoxSizer(wx.VERTICAL)
sizer.Add(self.canvas, 1, wx.TOP | wx.LEFT | wx.EXPAND)
self.Recreate_Axis()
for i, ( xplot, yplot) in enumerate(zip(X, Y)):
self.axes.plot(xplot,yplot, 'x', color="Red", markersize=12) # Mark median curve points
self.axes.plot((xplot,xplot),(0,funct(xplot)), '--', color="Red" linewidth=1.0) # Median vertical lines
self.axes.text(xplot,funct(xplot)/2, str(i+1), color="Red", weight="bold', ha='center’,va='center)
x1=xplot-l/2 ; yl1= funct(x1)
self.axes.plot(x1,y1, ', color="Black", markersize=10) # Mark curve points
self.axes.plot((x1,x1),(0,funct(x1)), '-', color="Black" linestyle="solid" linewidth=2.0) # Vertical lines
self.axes.plot(b,funct(b), ', color="Black", markersize=10) # Left vertical lines
self.axes.plot((b,b),(0,funct(b)), -, color="Black" linestyle="solid" linewidth=2.0) # Right vertical lines
self.axes.plot(X,Y, 'b--'linewidth=1.0) # Draw the parabola curve
self.axes.plot((X[0]-1/2,X[0]+1/2),(funct(a),funct(X[0]+!/2)), '--', color="Blue" linewidth=1.0) # Close the left curve
self.axes.plot((X[lx1], X[lx1]+1/2),(funct(X[lx1]),funct(b)), '--', color="Blue" linewidth=1.0) # Close the right curve
foriin range(lx): # Draw rectangle horizontal lines
self.axes.plot((X[i]-1/2,X[i]+/2),(funct(X[i]),funct(X[i])), '--', color="Red" linewidth=2.0)
for i in range(lx): # Close red rectangles with left vertical lines
self.axes.plot((X[i]-1/2,X[i]-1/2),(funct(X[i]),funct(X[i]-1/2)), '--', color="Red" linewidth=2.0)
self.axes.figure.canvas.draw()
Exact_val = (b**3-a**3)/3
self.statusbar.SetStatusText("Exact value = "+str(Exact_val),1) # Add text to StatusBar
Integrated_value=str(cv.get_aria())
self.statushar.SetStatusText("Integrated value (approximate) = "+Integrated_value,2)
self.SetSizer(sizer)
self.Fit()

app = wx.App(redirect=False) # wx.App initializes the GUI toolkit for WxPython.
window=Plot_Window(None, "Integration by rectangles method") # Call 'Plot_Window' class
window.Show() # Show 'window' object

# This keeps the GUI in a continuous loop that is ready to receive key events

# from the user. It does not return until the program closes!

app-MainLoop()

The Integrate.py script (Python & Streamlit version) include the public funct function to define the

parabola expression. The script begin with importing libraries: streamlit (create a great interactive web
application with Python), PIL (Python Imaging Library), matplotlib (library for creating static, animated and
interactive visualizations in Python), pathlib (provide classes to represent abstract/concrete paths), numpy (the
fundamental package for scientific computing with Python). This script contains 62 lines.

-22-




Dorian Nedelcu & Tihomir Latinovic - Programming engineering application in Python, wxPython and Streamlit

‘| Figure 1 - a B Integration by rectangles method X
A ~ = Image | LimitA value = 1 Limit B value = 3 Intervals number N = 10 Caloulate
200 ++ BEV 0 e — —
9
.
g -
2 ) Consider Y=X'. The area Under the curve 8 . >\€
Integration by rectangles method ¥=x?, imit =b ively, i i
exactly by the Integral: 2 e - I
== P S & b 4
100/ Y 4:1y1=J’1‘nv=_‘\ e = | R e PR .
" he approximate calculation of the Intsgral can be done by i ; T |
numerical integration through method of rectangles, r & - ! !
200 ‘approximating the area by the sum of the areas of the rectangle: L S o LR
ad,=1x ¥, of width I={b-a)/N and height Y;=Xi*, where N - is thel ’ ! | |
Imposed number of rectangles. The abscissa X; In the expression ol - ! ! !
| i fortheheight Y;is calculated as follows: sho g T i L L
I NXp=a+l2 3 NXomaHH2 3 Xo=at27h402 ; Xi=a+37H12 ! i ! !
300} J v i X P AeRtE LA
1 — soforthegenerslcasei":  Xi=at+(i-1)*1+1/2 > H r= >|{_ : : : ;I.O
. - The input data are thus: the number of Intervals (approximation a2 : - | | i 9 |
h—————————"———————= actangles) N and the limits of Integration a, b, and the result of this : r=fF- . | i | |
400 | Numerical results program s the area calculated by approximation, compared with that H o | | B8 | |
T taetorm obtained by exact Integration (for the parabolic function). 3 + o _9(_ i I 5 i i i
The interval [a, b] s divided into N "strips” of constant width 'I' and H | 1 | f i 1 I
i .| varisble height °Y/, calculated in the middle of the strip width. The area P | 6 | i | |
500 | obtained by summing the strips elementary strips Is an approximation 2 A | 5 N ! i ' '
of the area under the curve; it is expected that the accuracy s B a H | | i | |
pproximation Is expected to Increase with increasing the number of -F h , h | i h |
1| s |46 lementary. The procedure can be applied for functions whose b o il I :3 | | h . i i .
600 2 et i 1 i 1 1 1 I i 1 I
0 400 600 800 | | i | | | | I 1 |
ol I i I I I I I I I
10 15 2.0 25 3.0
| x=284.147  y=23.623 X=3.169, ¥=10.125 Exact value = B.66666666667 Integrated value (approximate) = 8.66

Figure 4.2a

Figure 4.2b

Figure 4.2 The screens generated by Python & wxPython version of the Integrate.pyw script

Lines 1 to 5 import the required modules. Lines 7 to 9 define the funct function. Line 12 defines the current
folder. Line 13 defines the script title with subheader command. Line 15 inserts a container element (with
st.empty() command) into the script that can be used to hold a single element like Integrate.jpg image (Figure
4.3a) and also define the width of the image and no caption. Line 17 creates a form where input data will be
specified. Line 18 defines the form title with subheader command. Line 19 creates columns with 3 elements. Lines
20 to 22 define the fields of input data (a, b, N) into the previous columns created, using number_input
command. The form require 3 numerical data: a, b, N and the number_input command specify the default values
that can be changed by the user. Line 23 creates the button with the form_submit_button command and set the
caption Calculate. When this button is clicked, all widget values inside the form will be sent to Streamlit in a
batch. Every form must have a form_submit_button, which cannot exist outside a form. Line 24 verifies if the
button was clicked and, only for True value, run the lines 25 to 31 where integration calculation is made. Lines
34+56 plot the chart elements from Figure 4.3b. Lines 61+62 display the exact and approximate area values.

Integration by rectangles method

Consider the parabolic function: Y=X’. The area under the curve

Integration by rectangles method Y=X’, between the limits X=a and X=b respectively, is computed

exactly by the integral:
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rectangles) N and the limits of integration a, b, and the result of this
program Is the area calculated by approximation, compared with that
obtained by exact integration (for the parabolic function).

The interval [a, b] s divided into N "strips” of constant width 'I' and
variable height Y/, calculated in the middle of the strip width. The area
obtained by summing the strips elementary strips is an approximation
of the area under the curve; It is expected that the accuracy
approximation is expected to increase with increasing the number of
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integration cannot be applied because their complexity.
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Figure 4.3 The screens generated by Python & Streamlit version of the Integrate.py script
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Listing 4.2 Integrate.py - Integration by rectangles method — Python & Streamlit version

1. import streamlit as st # Import streamlit library

2. from PIL import Image # PIL is the Python Imaging Library

3. import matplotlib.pyplot as plt

4. from pathlib import Path # This module provides classes to represent abstract/concrete paths
5. import numpy

6.

7. def funct(x): # Define public function 'funct'

8. y=x*x  # Calculate the 'y’ value as power of 'x' variable (parabolic function)

9. return y # The function return'y' value

10.

1n. # Define the application path

12. current_dir = Path(__file__).parent if "__file__" in locals() else Path.cwd()

13. st.subheader(":green[Integration by rectangles method]") # Application subtitle

14. # Place the integrate method image

15.  st.empty().image(Image.open(str(current_dir)+"/"+"Integrate.jpg"), width=700, caption=")

16.

17. with st.form(Input Data'): # Create input data form

18. st.subheader(:green[Input Data]') # Form subtitle

19. coll, col2, col3 = st.columns(3) # Insert containers laid out as side-by-side columns
20. a = coll.number_input('Limit A", value=1.0) # Control to input 'a' value

21. b = col2.number_input(‘'Limit B ', value=3.0) # Control to input 'b' value

22. N = col3.number_input('N ', value=10) # Control to input 'N' value

238 submit_button = st.form_submit_button('Calculate’) # Display a form submit button.
24. if submit_button:

25. l=(b-a)/N # The interval length

26. aria=0 ; X=[] ; Y=[] # Initialize one variable 'aria' and two lists ‘X', 'Y"

217. for i in range(1,N+1):

28. xi = a+(i-1)*1+l/2 ; X.append(xi) # Calculate x-coordinate and append to list ‘X'

29. yi = funct(xi) ; Y.append(yi) # Calculate y-coordinate and add to list 'Y"

30. adi = L * yi # Calculate area of 'i' rectangle

31 aria = aria+adi # Sum area of 'i' rectangle to total ‘aria’

32.

838 # Chart drawing

34. Place_Chart = st.empty() # Inserts a container into app that can be used to hold a single element
35. fig=plt.figure() # Create chart figure

36. plt.grid(True) # Show the chart grid

37. plt.title("Integration by rectangles method", fontsize=14,

38. fontweight="bold',color='Black’) # Define chart title

39. Ix=len(X) ; Ix1=len(X)-1

40. foriin range(0, N):

41, ptt.plot([X[il, X[ill,IY[i], YI[ill, 'x', color="Red', linewidth=2) # Mark median curve points
42. ptt.plot([X[il, X[i]l.[0, funct(X[i])], '--', color='Red' linewidth=1) # Median vertical lines
43. x1=X[i]-1/2 ; y1= funct(x1)

44, plt.plot(x1,y1, "', color="Black", markersize=10) # Mark curve points

45, plt.plot((x1,x1),(0, funct(x1)), '-', color="Black" linewidth=2.0) # Vertical lines

46. plt.plot(b,funct(b), ', color="Black", markersize=10) # Right vertical point

47. plt.plot((b,b),(0,funct(b)), '-', color="Black" linewidth=2.0) # Right vertical line

48. plt.plot((X[0]-1/2,X[0]+1/2),(funct(a),funct(X[0]+l/2)), '--', color="Blue" linewidth=1.0) # Left semicurve line
49. foriin range(lx-1):

50. plt.plot((X[i], X[i+1]),(Y[i],Y[i+1]), '--', color="Blue" linewidth=1.0) # Curve lines

51. plt.plot((X[Lx1], X[Lx1]+1/2),(funct(X[lx1]),funct(b)), ‘--, color="Blue" linewidth=1.0) # Right semicurve line
52. foriin range(lx): # Draw rectangle horizontal lines

53. plt.plot((X[i]-1/2,X[i]+/2),(funct(X[i]),funct(X[i])), '--', color="Red" linewidth=1.0)

54. foriin range(lx): # Close red rectangles with left vertical lines

558 plt.plot((X[i]-1/2,X[i]-1/2),(funct(X[i]),funct(X[i]-1/2)), '--', color="Red" linewidth=1.0)
56. Place_Chart.write(fig) Place_Chart.write(fig)

57.

58. # Chart dimensions & coordinates

59. coll, col2 = st.columns([0.4,0.6]) # Insert containers laid out as side-by-side columns
60. Exact_val = (b**3-a**3)/3 # Calculate exact area by mathematical formula

61. coll.write("Exact area = "+'%0.6f' % Exact_val+" [mm2]") # Print exact area

62. col2.write("Integrated value (approximate) = "+'%0.6f' % aria +" [mm2]") # Print integrated area
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so it convert the integral calculation into a sum of 16 terms,
in which the values of the function f are computed in
abscissa x; imposed, the values coefficients a; and xg; are
given in the right table. These coefficients are irrational
numbers, calculated under the condition that the above
formula is exact for any algebraic polynomial of degree (2n-

5. Integration by Gauss method

The general Gauss integration formula is:

jjf(:\')dx =h, -iai f(x)

X, =h *xg +h,

h

1

h,

1), where n=16.

& Streamlit version of the same script, Gauss.py.

_b-a
2
_b+a
2

i aj Xg;
1. 0.02715245 -0.98940093
2. 0.06225352 -0.94457502
3. 0.09515851 -0.86563120
4. 0.12462897 -0.75540440
5. 0.14959598 -0.61787624
0. 0.16915651 -0.45801677
7. 0.18260341 -0.28160355
8. 0.18945061 -0.09501250
9, 0.18945061 0.09501250
10. | 0.18260341 0.28160355
11. | 0.16915651 0.45801677
12. | 0.149359598 0.61787624
13. | 0.12462897 0.75540440
14. | 0.09515851 0.86563120
15. | 0.06225352 0.94457502
16. | 0.02715245 0.98940093

Numerical integration by Gauss method combines a high degree of accuracy with respect to relatively
small number of points through calculates the integral and the particular simplicity of the computational
procedure. The program was tested for numerical integration of the functions from table 5.1. The calculated
values from table 5.1 show a great accuracy of this integration method.
Listing 5.1 displays the Python & wxPython version of script, Gauss.pyw and Listing 5.2 displays the Python

Table 5.1
. Integration limits Value from Gauss integration
ID Function Exact value
a b Gauss.pyw Gauss.py
1la 1 3 8.6667 8.66666629571 | 8.666666295713735
fix) =x"
1b 1 50 41.666,3333 41666.3313095 | 41666.33130952317
2 C.\"v'l ~x dx 0 0.9999 % = 0.19634954 | 0.196378392758 |0.19637839275823257
3 [ol ~l—l——,—a’.\' 0 1 % = 0.78539816 | 0.785398132586 | 0.7853981325857171
0+ x°
i T
4 [ SIN(x)dx 0 5 1 0.999999963949 | 0.9999999639540322
5 [::.\-- SIN (x)dx 0 2-m | -2m=-6.2831853 | -6.28318504761 | -6.283185047606339
B =
6 Lvl ~x"dx -0.9999 |0.9999 % =1.5707963 1.5709695597 1.57096955970272
7 _(_Tlull 8-COS(x) +16] dx 0 T 2mnIn(4) = 8.7103444 | 8.71034401767 | 8.710344017664525
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The Gauss.pyw script (Python & wxPython version) include only one class: Plot_Window and 10 public
functions (functla, functlb, funct2 ..., funct7, Put_Clipboard, Gauss). The script begin with importing libraries:
wx (the cross-platform GUI toolkit for the Python language), wx.combo (a combobox that displays bitmap in front
of the list items; it currently only allows using bitmaps of one size and resizes itself so that a bitmap can be shown
next to the text field), os (module with methods for interacting with the operating system, like creating files and
directories, management of files and directories, input, output, environment variables, process management,
etc.), math (module which provides access to the mathematical functions), matplotlib (library for creating static,
animated and interactive visualizations in Python), win32con (this module contains constants related to Win32
programming) and win32clipboard (a module which supports the Windows Clipboard API).

The public functions functla, functlb, funct2 ..., funct7 define the tested function according to table 5.1.

The Put_Clipboard function receive a string Sir_Clip as parameter, open and empty the clipboard, place the
string into clipboard and close the clipboard.

The Gauss function receive the integration limits a & b and the function FUNCT for integration as
parameters. Line 47 initialize the ag and xg lists. Lines 48+52 store the values of Gauss coefficients from indexes
9+16. The for cycle (lines 54+56) generate the values of Gauss coefficients from indexes 1+8. Indexing in Python
starts at 0, which means that the first element in a array has an index of 0, the second element has an index of 1
and so on. In this case, the ag and xg lists are dimensioned with 17 elements to avoid using index O of the list.
Lines 57+63 calculate the integral value according to Gauss integration method. A return statement is used to end
the execution of the function call and returns the result (value of the expression following the return keyword) to
the caller. Usually a function returns a single result. In our case we want to return three results stored in a single
list Ist_return: suma_Gauss which is the value of the integral and lists x, y which store the coordinates of Gauss
integration points, which will be drawn in OnCalculate function of Plot_Window class.

The Plot_Window class create the interface, calculate the selected function integral, draw the function
curve and include the following functions:

e _init__ Define the frame (a window whose size and position can be changed by the user), the panel
(that will hold the contents of the frame) the StatusBar (placed at the frame bottom, were
messages can be displayed); call the _TOOLBAR function; initializes top level container for
all plot elements (line 77); add only one subplot area (line 78) and center the frame in the
display.

e _TOOLBAR Create the toolbar (lines 82+84) and the control self.cb_Imagelist as
wx.combo.BitmapComboBox to store the images and functions name like in Figure 5.1;
lines 89+91 create a list with function names and lines 92+97 add to self.cb_ImagelList
control the function images and names. Line 88 connect self.cb_ImagelList control with Bind
statement to OnFunction function. Lines 99+102 create the two wx.TextCtrl to input the
integration limits; create the Calculate button (line 103) and connect with Bind statement
to OnCalculate function (line 104); lines 106+112 add these controls to the ToolBar and line
113+114 generate and show the ToolBar.

e OnFunction Based on selected function from the cb_Imagelist control (line 116) this class function set
the function name in FUNCT variable and store in self.txt_Lim_A & self.txt_Lim_B text
controls the values of integration limits.

e MouseMotion Display in the StatusBar the current values of X & Y mouse position in the chart.

e Recreate_Axis Initialize the chart (line 137), show the chart grid (line 138) and set the labels for X & Y axes
of the chart (lines 139+140).

e OnCalculate Read the the values of integration limits (lines 142+143), generate self.canvas and self.axes

areas for curve drawing, draw the curve drawing (lines 149+159), call the Gauss public
function (line 161), extract the selected function name in sel variable (line 163), put the
integral value Int_Gauss into self.axes title and StatusBar (lines 164+165) and plot the
Gauss integration points with red colour (lines 168+170).
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Listing 5.1 Gauss.pyw — Integration by Gauss method — Python & wxPython version

SoONocOrwNS

SURWNTOOONGCOAWN"TOOVOPNOCURWMNTOOONICIRWNTOORICTRrWN-OPYRITT AR WN:

67.

68.

70.

7.
72.

from __future__ import division

import wx
import wx.combo
import os

import math

import matplotlib as mpl # The tools are imported from the Matplotlib library
import matplotlib as plt
from matplotlib.backends.backend_wxagg import FigureCanvasWxAgg as FigureCanvas

import win32con # This module contains constants related to Win32 programming
import win32clipboard

def functla(x):
y=x*x
returny

def functlb(x):
y=x*x
returny

def funct2(x):
y=x*x*math.sqrt(1-x*x)
returny

def funct3(x):
y=1/(1+x*x)
returny

def funct4(x):
y=math.sin(x)
returny

def funct5(x):
y=x*math.sin(x)
returny

def functé(x):
y=math.sqrt(1-x*x)
returny

def funct7(x):
y=math.log(1-8*math.cos(x)+16)
returny

def Put_Clipboard(Sir_Clip):
win32clipboard.OpenClipboard() # Open clipboard
win32clipboard.EmptyClipboard() # Empty clipboard
win32clipboard.SetClipboardData(win32con.CF_TEXT, Sir_Clip) # Set clipboard data
win32clipboard.CloseClipboard() # Close clipboard

def Gauss(a, b, FUNCT):
ag = [None] *17 ; xg = [None] * 17
ag[9] =0.18945061 ; ag[10]=0.18260341 ; ag[11]=0.16915651 ; ag[12]=0.14959598
ag[13]=0.12462897 ; ag[14]=0.09515851; ag[15]=0.06225352 ; ag[16]=0.02715245

xg[9] =0.09501250 ; xg[10]=0.28160355 ; xg[11]=0.45801677 ; xg[12]=0.61787624
xg[13]=0.75540440 ; xg[14]=0.86563120 ; xg[15]=0.94457502 ; xg[16]=0.98940093

foriin range(l, 9):
aglil=ag[17-i]
xgl[i]=-xg[17-i]
h1=(b-a)/2; h2=(b+a)/2; suma_Gauss=0
x=[l ; y=ll
foriin range(l1, 17):
xi=h1*xg[i]+h2
suma_Gauss=suma_Gauss+ag[i]*FUNCT(xi)
x.append(xi) ; y.append(FUNCT(xi))
suma_Gauss=suma_Gauss*h1
Ist_return=[suma_Gauss, x, y]
return Ist_return

class Plot_Window(wx.Frame):
def __init__(self, parent, title):
wx.Frame.__init__(self, parent, title=title, size=(650,600),
style=wx.DEFAULT_FRAME_STYLE * (wx.RESIZE_BORDER | wx.MINIMIZE_BOX |
wx.MAXIMIZE_BOX )) # Initialize the frame
self.panel = wx.Panel(self) # The panel will hold the contents of the frame
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Listing 5.1 Gauss.pyw — Integration by Gauss method — Python & wxPython version

/s
74.
75.

71.
78.

80.
81.

83.
84.

86.
87.

89.
90.

92.
93.

95.
96.

98.
99.

100.

101.

102.
103.
104.
105.
106.
107.
108.
109.

110.
m.
2.
113.
4.
115.
116.
n7.
8.
9.

120.

121.

122.
123.
124.
125.
126.
127.
128.
129.
130.

131.

132.
133.
134.
135.
136.
137.
138.
139.
140.

141

142.
143.
144.

self.statusbar = self.CreateStatusBar() # Create the status bar
self.statusbar.SetFieldsCount(1)

self.statusbar.SetStatusText("This is the plot window",0) # Add text to StatusBar
self._TOOLBAR() # Create toolbar

self.figure = mpl.figure.Figure() # Initializes top level container for all plot elements
self.axes=self.figure.add_subplot(111) # Add only one subplot area

self.Center() # Center the frame in display

def _TOOLBAR(self):
self.toolbar = self.CreateToolBar( ( wx.TB_HORIZONTAL | wx.TB_TEXT) )
self.toolbar.SetBackgroundColour("white")
self.toolbar.SetToolBitmapSize((24,40))

self.cb_lmageList = wx.combo.BitmapComboBox(self.toolbar, size=(220,-1))

self.cb_lmageList.SetToolTipString("Select function to integrate ")

self.Bind(wx.EVT_COMBOBOX, self.OnFunction,self.cb_ImageList)

c=0 ; fct=["Functiala","Functialb"]

foriin range(2,8):

fct.append("Functia"+str(i))
for filename in os.listdir(os.getcwd()):
if filename.endswith(".jpg") :

img = wx.Image(filename , wx.BITMAP_TYPE_ANY) # load the image from the file
sel_bmp=wx.BitmapFromlmage(img.Scale(140,40))
self.cb_ImageList.Append('%s' % fct[c], sel_bmp)
c=c+l

st1 = wx.StaticText(self.toolbar, -1, " Limit A value ="
self.txt_Lim_A = wx.TextCtrl(self.toolbar, value="0", size=(90,-1))
st2 = wx.StaticText(self.toolbar, -1, " Limit B value = ")
self.txt_Lim_B = wx.TextCtrl(self.toolbar, value="1", size=(90,-1))
self.btn = wx.Button(self.toolbar, -1, "Calculate")
self.btn.Bind(wx.EVT_BUTTON,self.OnCalculate)

self.toolbar.AddControl(self.cb_ImageList )
self.toolbar.AddControl(st1)
self.toolbar.AddControl(self.txt_Lim_A)
self.toolbar.AddControl(st2)
self.toolbar.AddControl(self.txt_Lim_B)

self.toolbar.AddControl(self.btn )
self.toolbar.Realize()  # Toolbar generation
self.toolbar.Show() # Toolbar show
def OnFunction(self, event):
selectia=self.cb_ImageList.GetValue().strip()
if selectia=="Functiala":
self. FUNCT=functla ; self.txt_Lim_A.SetValue(str(1)) ; self.txt_Lim_B.SetValue(str(3))
elif selectia=="Functialb" :
self. FUNCT=functlb ; self.txt_Lim_A.SetValue(str(1)) ; self.txt_Lim_B.SetValue(str(50))
elif selectia=="Functia2" :
self. FUNCT=funct2 ; self.txt_Lim_A.SetValue(str(0)) ; self.txt_Lim_B.SetValue(str(0.9999))
elif selectia=="Functia3":
self. FUNCT=funct3 ;self.txt_Lim_A.SetValue(str(0)) ; self.txt_Lim_B.SetValue(str(1))
elif selectia=="Functia4" :
self. FUNCT=funct4 ; self.txt_Lim_A.SetValue(str(0)) ; self.txt_Lim_B.SetValue(str(math.pi/2))
elif selectia=="Functia5" :
self.FUNCT=funct5 ; self.txt_Lim_A.SetValue(str(0)) ; self.txt_Lim_B.SetValue(str(2*math.pi))
elif selectia=="Functiaé" :
self. FUNCT=functé ; self.txt_Lim_A.SetValue(str(-0.9999)) ; self.txt_Lim_B.SetValue(str(0.9999))
else:
self.FUNCT=funct7 ; self.txt_Lim_A.SetValue(str(0)) ; self.txt_Lim_B.SetValue(str(math.pi))
def MouseMotion(self, event):
al,bl=self.axes.transData.inverted().transform([event.x, event.y])
self.statusbar.SetStatusText("X="+%0.3f' % al+", Y="+'%0.3f' % b1,0)
def Recreate_Axis(self):
self.axes.cla()
self.axes.grid(True)
self.axes.set_xlabel('X', fontsize=20, fontweight="bold’)
self.axes.set_ylabel('Y", fontsize=20, fontweight="bold")
def OnCalculate(self, event):
a = float(self.txt_Lim_A.GetValue())
b = float(self.txt_Lim_B.GetValue())
self.canvas = FigureCanvas(self.panel,-1,self.figure)
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Listing 5.1 Gauss.pyw — Integration by Gauss method — Python & wxPython version

145. self.axes.figure.canvas.mpl_connect('motion_notify_event', self.MouseMotion)
146. sizer = wx.BoxSizer(wx.VERTICAL)

147. sizer.Add(self.canvas, 1, wx.TOP | wx.LEFT | wx.EXPAND)

148. self.Recreate_Axis()

149. NrPct=100

150. pas=(b-a)/NrPct

151. xi=a ; X=[a] ; Y=[self.FUNCT(a)]

152. for iin range(l, NrPct+1):

153. Xi=xi+pas

154. X.append(xi)

155. Y.append(self. FUNCT(xi))

156. Ix=len(X)-1

157. for i in range(lx-1):

158. self.axes.plot((X[i], X[i+1]),(Y[i],Y[i+1]), '-', color="Blue" linewidth=1.0)
159. self.axes.plot((X[lx-1],X[x]),(self.FUNCT(X[lx-1]),self. FUNCT(X[lx])), '-', color="Blue" linewidth=1.0)
160.

161. LST_RETURN= Gauss(a,b,self.FUNCT)

162. Int_Gauss=LST_RETURN]|O]

163. sel=self.ch_ImageList.GetValue().strip()

164. self.statusbar.SetStatusText("Value of the Gauss integral = "+str(Int_Gauss)+" for "+sel,0)
165. self.axes.set_title("Value of the Gauss integral = "+str(Int_Gauss)+" for "+sel, fontsize=12)
166. Put_Clipboard(str(Int_Gauss))

167.

168. xgauss=LST_RETURN[1] ; ygauss=LST_RETURNI2]

169. for i, ( xplot, yplot) in enumerate(zip(xgauss, ygauss)):

170. self.axes.plot(xplot,yplot, ‘o', color="Red", markersize=4)

17. self.axes.figure.canvas.draw()

172.

173. self.SetSizer(sizer)

174. self.Fit()

175.

176.  app = wx.App(redirect=0)

1717. window=Plot_Window(None, "Integration by Gauss method")
178.  window.Show()

179.  app.MainLoop()

The screen generated by Python & wxPython version of the Gauss.pyw script for the functions from table
5.1 are displayed in the following figures: Figure 5.1 for function 1a, Figure 5.2 for function 1b, Figure 5.3 for
function 2, Figure 5.4 for function 3, Figure 5.5 for function 4, Figure 5.6 for function 5, Figure 5.7 for function 6,
Figure 5.8 for function 7. In this figures the blue curve is the function curve and the red points are the Gauss
integration points.

The Gauss.py script (Python & Streamlit version) include the 9 public functions (functla, functlb, funct2 ...,
funct7, Gauss). The script begin with importing libraries: streamlit (create a great interactive web application with
Python), PIL (Python Imaging Library), matplotlib (library for creating static, animated and interactive
visualizations in Python), math (module which provides access to the mathematical functions), pandas (open
source data analysis and manipulation tool) and pathlib (provide classes to represent abstract/concrete paths),
This script contains 123 lines.

The public functions functla, functlb, funct2 ..., funct7 define the tested function according to table 5.1.

The Gauss function (lines 32+50) is identical with the same function from Gauss.pyw (Python & wxPython
version) script.

Line 52 define the title with subheader command and line 53 define the current script folder. Lines 55 and
61 create 4 column areas to place the images of the tested function through 56+59 and 62+65 lines. Line 67
create a list of function names used in line 70 to create a selectbox control from where the function name can be
selected. Based on selected function from the selectbox control (line 70) the lines 73+88 set the function name in
FUNCT variable and store the values of integration limits in AA & BB variables.

The form created in line 89, wait to confirm or set the value of integration limits (lines 91+92). Lines
95+101 calculate 100 points of the function curve. Line 103 call the Gauss public function; lines 108+116 draw
the function curve with blue color, while lines 118+120 draw the intergation Gausus points with red color.

Figure 5.9 show the screen generated by Python & Streamlit version of the Gauss.py script.
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7 Integration by Gauss method X [&7 integration by Gauss method x
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Figure 5.1 The screen generated by Python & wxPython Figure 5.2 The screen generated by Python & wxPython

version of the Gauss.pyw script - function 1a version of the Gauss.pyw script - function 1b
[ Integration by Gauss method X [ W8 integration by Gauss method %
Ex’\h-xli\- Functia2 - |Limit A value = O Limit B value = 0.9999 '#m’ Functia} | Limit A value = 0 LimitB value = 1 Calculate

Value of the Gauss integral = 0.783398132586 for Functia3

Value of the Gauss integral = 0.196378392738 for Functia?

Figure 5.3 The screen generated by Python & wxPython Figure 5.4 The screen generated by Python & wxPython

version of the Gauss.pyw script - function 2 version of the Gauss.pyw script - function 3
|87 Integration by Gauss method X 87 Integration by Gauss method x
[ sevena Functad | Limit A value = 0 Limit Bvake = 157079632673 _E‘;.Sﬂv(x).ﬁ Functia5  ~ |Limit A value = 0 Limit B value = 6.28318530718 | Calaiate

Figure 5.5 The screen generated by Python & wxPython Figure 5.6 The screen generated by Python & wxPython
version of the Gauss.pyw script - function 4 version of the Gauss.pyw script - function 5
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Figure 5.7 The screen generated by Python & wxPython
version of the Gauss.pyw script - function 6
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Figure 5.8 The screen generated by Python & wxPython
version of the Gauss.pyw script - function 7

Value of the Gauss integral =0.19637839275823257

Integration by rectangles method

LimitA

0.000000

Limit B

0.999900

Continuous blue line display the function plot

Red points display Gauss integration points

Figure 5.9 The screen generated by Python & Streamlit version of the Gauss.py script for function 2

Listing 5.2 Gauss.py - Integration by Gauss method — Python & Streamlit version

1. import streamlit as st

2. from PIL import Image

3. import matplotlib.pyplot as plt
4, import math

5. from pathlib import Path
6.

7. def functla(x):

8. y=x*x

9. returny

10. def functlb(x):

1. y=x*x

12. returny

13. def funct2(x):

14. y=x*x*math.sqrt(1-x*x)
15. returny

16. def funct3(x):

17. y=1/(1+x*x)

18. returny

19. def funct4(x):

20. y=math.sin(x)
21. returny

22. def funct5(x):

23. y=x*math.sin(x)
24, returny

25. def functé(x):
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Listing 5.2 Gauss.py - Integration by Gauss method — Python & Streamlit version

26. y=math.sqrt(1-x*x)

27. returny

28. def funct7(x):

29. y=math.log(1-8*math.cos(x)+16)

30. returny

31

32. def Gauss(a, b):

33. ag = [None] *17 ; xg = [None] *17

34. ag[9] =0.18945061 ; ag[10]=0.18260341; ag[11]=0.16915651 ; ag[12]=0.14959598
35. ag[13]=0.12462897 ; ag[14]=0.09515851 ; ag[15]=0.06225352 ; ag[16]=0.02715245
36.

37. xg[9] =0.09501250 ; xg[10]=0.28160355 ; xg[11]=0.45801677 ; xg[12]=0.61787624
38. xg[13]=0.75540440 ; xg[14]=0.86563120 ; xg[15]=0.94457502 ; xg[16]=0.98940093
39. foriin range(1, 9):

40. agli]=ag[17-i]

41. xg[il=-xg[17-i];

42. h1=(b-a)/2; h2=(b+a)/2; suma_Gauss=0

43. x=[ ; y=[l

44, for iin range(1, 17):

45. xi=h1*xg[i]+h2

46. suma_Gauss=suma_Gauss+ag[i]*FUNCT(xi)

47. x.append(xi) ; y.append(FUNCT(xi))

48. suma_Gauss=suma_Gauss*hl

49. Ist_return=[suma_Gauss, x, y]

50. return Ist_return

51.

52. st.subheader(":green[Integration by Gauss method]")

53. current_dir = Path(__file__).parent if "__file__" in locals() else Path.cwd()

54.

55. coll, col2, col3, col4 = st.columns(4)

56. coll.image(Image.open(str(current_dir)+"/"+"Functiala.jpg"), width=140, caption="1a')
57. col2.image(Image.open(str(current_dir)+"/"+"Functialb.jpg"), width=140, caption="1b’)
58. col3.image(Image.open(str(current_dir)+"/"+"Functia2.jpg"), width=140, caption='2")
59. col4.image(Image.open(str(current_dir)+"/"+"Functia3.jpg"), width=140, caption='3")
60.

61. coll, col2, col3, col4 = st.columns(4)

62. coll.image(Image.open(str(current_dir)+"/"+"Functia4.jpg"), width=140, caption='4')
63. col2.image(Image.open(str(current_dir)+"/"+"Functia5.jpg"), width=140, caption='5")
64. col3.image(Image.open(str(current_dir)+"/"+"Functiaé.jpg"), width=140, caption="6")
65. col4.image(Image.open(str(current_dir)+"/"+"Functia7.jpg"), width=140, caption='7")
66.

67. Ist_Functions=["Select function","1a","1b","2" "3" "4" "5" "6" "7"]

68. st.subheader(:green[Input Data]’)

69.

70. selectia=st.selectbox("Select function ",options=Ist_Functions)
7.

72. if selectia I= "Select function™:

73. if selectia=="1a" :

74, FUNCT=functla ; AA=1. ; BB=3.

75. elif selectia=="1b" :

76. FUNCT=functlb ; AA=1. ; BB=50.

71. elif selectia=="2":

78. FUNCT=funct2 ; AA=0. ; BB=0.9999

79. elif selectia=="3":

80. FUNCT=funct3 ; AA=0. ; BB-=1.

81. elif selectia=="4":

82. FUNCT=funct4 ; AA=0. ; BB=math.pi/2

83. elif selectia=="5":

84. FUNCT=funct5 ; AA=0. ; BB=2*math.pi

85. elif selectia=="6":

86. FUNCT=functé ; AA=-0.9999 ; BB=0.9999

87. else:

88. FUNCT=funct7 ; AA=0. ; BB=math.pi

89. with st.form('Input Data’):

90. coll, col2 = st.columns(2)

91. a = coll.number_input(label="Limit A ',value=AA format="%.6f")
92. b = col2.number_input(label="Limit B ',value=BB,format="%.6f")
93. submit_button = st.form_submit_button(‘Calculate')

94. if submit_button:

95. NrPct=100

96. pas=(b-a)/NrPct

97. xi=a ; X=[a] ; Y=[FUNCT(a)]
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Listing 5.2 Gauss.py - Integration by Gauss method — Python & Streamlit version

98.
99.

100.

101

102.
103.
104.
105.
106.
107.
108.
109.

110.
m.

2.
113.
4.
115.
116.
n7.
118.
19

120.

121.

122.
123.

for iin range(l, NrPct+1):
Xi=xi+pas
X.append(xi)
Y.append(FUNCT(xi))

LST_RETURN= Gauss(a,b)
Int_Gauss=LST_RETURN[0]
st.write("Value of the Gauss integral = "+str(Int_Gauss))

# Chart drawing

fig=plt.figure()

plt.grid(True)

plt.title("Integration by rectangles method", fontsize=14,
fontweight="bold',color='Black’)

Ix=len(X)-1

for i in range(lx-1):
plt.plot((X[i], X[i+11),(Y[il,Y[i+1]), '-", color="Blue" linewidth=1.0)
print (i, X[lx-1])

plt.plot((X[lx-1],X[tx]),(FUNCT(X[lx-1]),FUNCT(X[(x])), '-', color="Blue" linewidth=1.0)

xgauss=LST_RETURN(I] ; ygauss=LST_RETURNI2]

for i, ( xplot, yplot) in enumerate(zip(xgauss, ygauss)):
plt.plot(xplot,yplot, ‘o', color="Red", markersize=4)

st.empty().write(fig)

st.write("Continuous blue line display the function plot")

st.write("Red points display Gauss integration points")
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6. NACA hydrodynamic profile

This script is designed to draw a NACA profile defined through coordinates readed from an Excel file using
wx.FileDialog control; then, in the same Excel file, the chart drawing of the NACA profile is exported. A new way
to define toolbar with icons is used. Also, the profile coordinates are shown in an
wx.lib.dialogs.ScrolledMessageDialog control and profile drawing will be saved as image file. The input data are
the Excel file from which the profile coordinates are readed; the results of this script are the profile drawing
exported to Excel file, the displayed of the profile coordinates and the saved image file of the profile.

Listing 6.1 displays the Python & wxPython version of script, NACA.pyw and Listing 6.2 displays the Python
& Streamlit version of the same script, NACA.py. Figure 6.1 display the screens generated by Python & wxPython
version of the script, while Figure 6.2 display the screens generated by Python & Streamlit version.

The NACA.pyw script (Python & wxPython version) include only one class: Plot_ Window. The script begin
with importing libraries: wx (the cross-platform GUI toolkit for the Python language), os (module with methods
for interacting with the operating system, like creating files and directories, management of files and directories,
input, output, environment variables, process management, etc.), StringlO (the StringlO module is used to
implement basic tasks on file-like objects), cStringlO (an optional module, which contains a faster implementation
of the StringlO module), from win32com.client import Dispatch (the win32com. client package contains a
number of modules to provide access to automation objects) and matplotlib (library for creating static, animated
and interactive visualizations in Python). To use win32com.client the pywin32-214.win32-py2.7.exe file must be
installed for python version 2.7; this will be used to connect with an Excel or Word file.

The Plot_ Window class create the interface, draw the profile and include the following functions:

e _init__ Define the frame (a window whose size and position can be changed by the user), the
panel (that will hold the contents of the frame) the StatusBar (placed at the frame
bottom, were messages can be displayed); call the _TOOLBAR function, initializes top
level container for all plot elements (the chart area self.figure & self.axes) and center the

frame in the display.
—

Create the toolbar (lines 33+35); create the toolbar icon based on open.png image =
(lines 37+40) and connect with Bind statement (line 41) to OnOpenExcelFile function
which open the Excel file with profile coordinates using wx.FileDialog; create the toolbar

o _TOOLBAR

icon based on table.png image éj (lines 43+47) and connect with Bind statement (line
48) to OnViewCoordinates function which display profile coordinates using
wx.lib.dialogs.ScrolledMessageDialog; create the toolbar icon based on save.png image

E (lines 50+53) and connect with Bind statement (line 54) to OnSave function which

save the chart figure; create the toolbar icon based on Excel.png image Igl (lines 56+59)
and connect with Bind statement (line 54) to OnExportExcel function which export the

chart figure to Excel file; create the toolbar icon based on exit.png image ﬂ (lines
62+65) and connect with Bind statement (line 67) to OnExit function to exit from script;

lines 68+69 generate and show the ToolBar.
- |

This function is called by "7 toolbar icon. Through this function the user can select an
Excel file with profile coordinates using wx.FileDialog dialog (lines 71+74), Figure 6.1a.
The Excel file name is intialized in line 30 and stored in the same variable self.Excel_File,
line 75; lines 76+79 connect and open the Excel file and define the sheet shtl variable
from where the coordinates X, Y are readed in self.X & self.Y lists (line 87) up to an
empty empty cell (tested in line 84); line 88 store in self.XY list both X and Y values; this
list variable will be used to show the coordinates in functiion OnViewCoordinates;
finally, the Excel file is closed without saving and function DrawProfile is called.

e OnOpenExcelFile

e DrawProfile This function create the canvas and drawing self.axes (lines 134+136); create the sizer
(line 137) and place the canvas inside the sizer (line 138); ); line 139 call Recreate_Axis
function;
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lines 140+143 plot the profile from Figure 6.1b; the chart is updated by the draw
statement ( line 144); line 145 display in StatusBar the name of the Excel file.

* OnSave This function is called by toolbar icon to save the profile drawing from Figure 6.1b as

image file ‘Profile.jpg’ (lines 94+95); line 96 show an info message about the file name
and path where the image is saved, using wx.MessageBox command.

* OnViewCoordinates 1his fynction is called by BBl toolbar icon to show the profile coordinates readed from

Excel file, Figure 6.1c.

OnExportExcel :
¢ UnEtxportkxce This function is called by \é—l toolbar icon to export the profile drawing to the the same

Excel file from where the profile coordinates where readed, Figure 6.1d; lines 105+107
connect and open the Excel file and define the sheet XLSheet variable; line 110 write the
text marked by quotation marks into cell line 1 column 4; lines 112+113 save the drawing
into 'Exported_Image.jpg' image file, open by 114 line and converted to bitmap by
115+116 lines; lines 118+119 define the position (column left and line top) where the
image will be placed in Excel file; the image is placed in Excel sheet by 120 command line
and saved by 122 line.

e MouseMotion Display in the StatusBar the current values of X & Y mouse position in the chart.

e Recreate_Axis Initialize the chart (line 129), show the chart grid (line 130) and set the labels for X & Y
axes of the chart (lines 131+132).

* OnExit This function is called by ﬂ toolbar icon; if the exit step is confirmed as a response of

wx.MessageDialog (lines 149+152), the main loop is stopped by line 153.

Listing 6.1 NACA.pyw — NACA profile — Python & wxPython version

1. # The // operator will be available to request floor division unambiguously. This

2. # statement will change the / operator to mean true division throughout the module.

Sk from __future__ import division

4,

5. import wx # import wx module

6. import wx.lib.dialogs

7. import os

8. import StringlO, cStringlO

9.

10. from win32com.client import Dispatch

n import matplotlib as mpl # The tools are imported from the Matplotlib library

12. import matplotlib.pyplot as plt

13. import matplotlib.image as img

14. from matplotlib.backends.backend_wxagg import FigureCanvasWxAgg as FigureCanvas

15. from matplotlib.backends.backend_wxagg import NavigationToolbar2Wx as Toolbar

16.

17. class Plot_Window(wx.Frame):

18. def __init__(self, parent, title):

19. wx.Frame.__init__(self, parent, title=title, size=(650,600),

20. style=wx.DEFAULT_FRAME_STYLE * (wx.RESIZE_BORDER | wx.MINIMIZE_BOX |
21. wx.MAXIMIZE_BOX)) # Initialize the frame

22. self.panel = wx.Panel(self) # The panel will hold the contents of the frame

23. self.statusbar = self.CreateStatusBar() # Create the status bar

24. self.statusbar.SetFieldsCount(2)

25. self.statusbar.SetStatusWidths([-15, -60])

26. self.statusbar.SetStatusText("This is the plot window",0) # Add text to StatusBar
27. self._TOOLBAR() # Create toolbar

28. self.figure = mpl.figure.Figure() # Initializes top level container for all plot elements
29. self.axes=self.figure.add_subplot(111) # Add only one subplot area

30. self XY="" ; self.Excel_File=""

31. self.Center() # Center the frame in display

32. def _TOOLBAR(self):

33. self.toolbar = self.CreateToolBar( ( wx.TB_HORIZONTAL | wx.TB_TEXT) )

34. self.toolbar.SetBackgroundColour("white")

35. self.toolbar.SetToolBitmapSize((24,24))

36.

37. id_Open=wx.Newld()

38. img = wx.Image(os.getcwd()+'/open.png', wx.BITMAP_TYPE_ANY)

39. sel_bmp=wx.BitmapFromlmage(img.Scale(24,24))

40. self.toolbar.AddLabelTool(id_Open , "Open", sel_bmp, shortHelp="Open Excel file to read NACA coordinates")
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Listing 6.1 NACA.pyw — NACA profile — Python & wxPython version

41
42.
43.

45,
46.
47.
48.
49.

51.
52.

54.
55.

57.
58.

60.
61.

63.
64.

66.
67.

69.
70.

72.
73.

75.
76.

78.
79.

81.
82.

84.
85.
86.
87.

89.
90.

92.
93.

95.
96.

98.
99.

100.

101.

102.
103.
104.
105.
106.
107.
108.
109.

110.
m.
2.

self.Bind(wx.EVT_TOOL, self.OnOpenExcelFile, id=id_Open)

id_ViewCoordinates=wx.Newld()

img = wx.Image(os.getcwd()+'/table.png', wx.BITMAP_TYPE_ANY)
sel_bmp=wx.BitmapFromlmage(img.Scale(24,24))

self.toolbar.AddLabelTool( id_ViewCoordinates , "View", sel_bmp, shortHelp="View the NACA profile coordinates

extracted from Excel")

self.Bind(wx.EVT_TOOL, self.OnViewCoordinates, id=id_ViewCoordinates)

id_Save=wx.Newld()

img = wx.Image(os.getcwd()+'/save.png', wx.BITMAP_TYPE_ANY)
sel_bmp=wx.BitmapFromlmage(img.Scale(24,24))

self.toolbar.AddLabelTool( id_Save , "Save", sel_bmp, shortHelp="Save profile to image file")
self.Bind(wx.EVT_TOOL, self.OnSave, id=id_Save)

id_Excel=wx.Newld()

img = wx.Image(os.getcwd()+'/Excel.png', wx.BITMAP_TYPE_ANY)
sel_bmp=wx.BitmapFromlmage(img.Scale(24,24))

self.toolbar.AddLabelTool( id_Excel , "Excel", sel_bmp, shortHelp="Save profile image to Excel file")
self.Bind(wx.EVT_TOOL, self.OnExportExcel, id=id_Excel)

id_Exit=wx.Newld()

img = wx.Image(os.getcwd()+'/exit.png', wx.BITMAP_TYPE_ANY)
sel_bmp=wx.BitmapFromlmage(img.Scale(24,24))

self.toolbar.AddLabelTool( id_Exit , "Exit", sel_bmp, shortHelp="Exit application")

self.Bind(wx.EVT_TOOL, self.OnExit, id=id_Exit)
self.toolbar.Realize()  # Toolbar generation
self.toolbar.Show() # Toolbar show

def OnOpenExcelFile(self, event):

wildcard="Excel files (*.xlsx)|*.xlsx|Excel files (*.xsl)|*.xls"

dialog = wx.FileDialog(None, "Open Excel file to read NACA coordinates”, "*, ", wildcard, wx.OPEN)
if dialog.ShowModal() == wx.ID_CANCEL:
return

self.Excel_File= dialog.GetPath().strip().upper()
xlApp = Dispatch("Excel. Application") # Connect to Excel
xlApp.Visible=False
xIWb = xlApp.Workbooks.Open(self.Excel_File)
shtl = xIWb.Worksheets("Data")
lex=2 ; self.X=[] ; self.Y=]]
while True:
X=str(shtl.Cells(lex,1).Value).strip()
Y=str(shtl.Cells(lex,2).Value).strip()
if X==""or X=="None":
break
else:
self.X.append(float(X)) ; self.Y.append(float(Y))
self. XY=self XY+"X="+'%0.6f' % float(X)+", Y="+%0.6f" % float(Y)+"\n"
lex+=1
xIWb.Close(SaveChanges=0)
xlApp.Quit()
self.DrawProfile()

def OnSave(self, event):

img_file = os.getcwd()+'/Profile.jpg'
self.axes.figure.savefig(img_file)
wx.MessageBox("Image saved in "+img_file, "Info", wx.0OK | wx.ICON_INFORMATION)

def OnViewCoordinates(self, event):

if len(self.XY)==0:
wx.MessageBox("Open an Excel file to read profile coordinates !",
"ERROR", wx.0K | wx.ICON_INFORMATION)
return
dlg = wx.lib.dialogs.ScrolledMessageDialog(self, self.XY, "View Coordinates")
dlg.ShowModal()

def OnExportExcel(self, event):

xlApp = Dispatch("Excel.Application") # Conexiune Excel
xlApp.Visible=False

xIWb = xlApp.Workbooks.Open(self.Excel_File)
XLSheet=xIWh.Worksheets("DATA")

XLSheet.Cells(1,4).Value="Profile image exported from NACA.pyw script"

Pathlmage = os.getcwd()+'/Exported_Image.jpg"
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Listing 6.1 NACA.pyw — NACA profile — Python & wxPython version

13. self.axes.figure.savefig(Pathlmage)

4. data = open(Pathlmage, "rb").read()

15. stream = cStringl0.StringlO(data) # Convert to a data stream Require to import cStringlO & StringlO
6. sel_bmp=wx.BitmapFromImage( wx.ImageFromStream( stream)) # convert to a bitmap

n7. required_width=sel_bmp.GetWidth() ; required_height=sel_bmp.GetHeight()

8. left=XLSheet.Cells(1,4).Left

9. top=XLSheet.Cells(2,1).Top

120. XLSheet.Shapes.AddPicture(Pathimage, False, True,left, top,required_width,required_height)
121. os.remove(Pathlmage)

122. xIWb.Close(SaveChanges=1)

123. xlApp.Quit()

124. wx.MessageBox("Image saved in "+os.getcwd()+'/'+self.Excel_File, "Info", wx.0K | wx.ICON_INFORMATION)
125. def MouseMotion(self, event):

126. al,bl=self.axes.transData.inverted().transform([event.x, event.y])

127. self.statusbar.SetStatusText("X="+%0.3f' % al+", Y="+'%0.3f'% b1 ,0)

128. def Recreate_Axis(self):

129. self.axes.cla()

130. self.axes.grid(True)

131. self.axes.set_xlabel('X', fontsize=20, fontweight="bold')

132. self.axes.set_ylabel('Y", fontsize=20, fontweight="bold’)

133. def DrawProfile(self):

134. self.canvas = FigureCanvas(self.panel,-1,self.figure)

135. self.axes.figure.canvas.mpl_connect('motion_notify_event', self.MouseMotion)

136. self.axes.axis(‘equal’)

137. sizer = wx.BoxSizer(wx.VERTICAL)

138. sizer.Add(self.canvas, 1, wx.TOP | wx.LEFT | wx.EXPAND)

139. self.Recreate_Axis()

140. for i, ( xplot, yplot) in enumerate(zip(self.X, self.Y)):

141. self.axes.plot(xplot,yplot, ‘o', color="Red", markersize=3)

142. if i<>len(self.X)-1:

143. self.axes.plot((self.X[i],self X[i+1]),(self.Y[i],self.Y[i+1]), '-', color="Blue" linewidth=1.0)
144. self.axes.figure.canvas.draw()

145. self.statusbar.SetStatusText(self.Excel_File,1)

146. self.SetSizer(sizer)

147. self.Fit()

148. def OnExit(self, event):

149. d = wx.MessageDialog(self, "Confirmati application exit ?", caption = "Confirm", style = wx.YES_NO |
150. wx.ICON_QUESTION)

151. response = d.ShowModal()

152. if response == wx.ID_YES:

153. app.ExitMainLoop()

154.

155.  app = wx.App(redirect=False) # wx.App initializes the GUI toolkit for WxPython.
156.  window=Plot_Window(None, "NACA profile") # Call 'Plot_Window' class

157.  window.Show() # Show 'window' object

158.  # This keeps the GUI in a continuous loop that is ready to receive key events
159.  # from the user. It does not return until the program closes!

160.  app.MainLoop()

The NACA.py script (Python & Streamlit version) begin with importing libraries: streamlit (create a great
interactive web application with Python), pandas (open source data analysis and manipulation tool), matplotlib
(library for creating static, animated and interactive visualizations in Python), pathlib (provide classes to represent
abstract/concrete paths) and openpyx! (Python library to read/write Excel files). This script contains 44 lines.
Lines 1 to 6 import the required modules. Line 8 defines the current folder. Line 9 defines the script title with
subheader command.

With line 11 the user can select the Excel file with profile coordinates; line 12 test if the file was uploaded;
line 13 read the profile coordinates into df dataframe; line 14 show a table of coordinates; line 15 extract
coordinates from dataframe to X list; line 16 extract coordinates from dataframe to Y list. Line 19 inserts a
container element (with st.empty() command) into the script that can be used to hold the profile drawing
created by lines 20+29; line 30 define the path and name of future image file of the drawing, saved by line 33.
Lines 37+43 export, in the same Excel file uploaded in line 11, the image in D2 cell.

Figure 6.2 show the screens generated by Python & Streamlit version of the NACA.py script.
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Listing 6.2 NACA.py — NACA profile — Python & Streamlit version

1. import streamlit as st
2. import pandas as pd
3. import matplotlib.pyplot as plt
4. from pathlib import Path # This module provides classes to represent abstract/concrete paths
5. from openpyxl import load_workbook # Import Python library to read/write Excel files
6. from openpyxl.drawing.image import Image
7.
8. current_dir = Path(__file__).parent if "__file__" in locals() else Path.cwd()
9. st.subheader(":green[NACA profile]")
10. # Require to install openpyxl library with command 'pip install openpyx!'
n. uploaded_file = st.file_uploader("Choose a XLSX file with profile coordinates", type="xlsx")
12. if uploaded_file:
13. df = pd.read_excel(uploaded_file)
14. st.dataframe(df) # Display the table with profile coordinates
15. X = df['X"].tolist() # Convert columns X from dataframe to list
16. Y = df['Y'].tolist() # Convert columns Y from dataframe to list
17.
18. # Chart drawing
19. Place_Chart = st.empty()
20. fig=plt.figure() # Create chart figure
21. plt.grid(True) # Show the chart grid
22. plt.xlabel('X', fontsize=20, fontweight="bold’)
23. plt.ylabel('Y", fontsize=20, fontweight="bold’)
24. plt.axis(‘equal’) # Set and adjust plots with equal axis aspect ratios
73, plt.title("NACA profile", fontsize=14, fontweight='bold',color='"Black') # Define chart title
26. for i, ( xplot, yplot) in enumerate(zip(X, Y)):
217. plt.plot(xplot,yplot, ‘o', color="Red", markersize=3)
28. if i 1= len(X)-1:
29. plt.plot((X[i], X[i+11),(Y[il,Y[i+1]), '-", color="Blue" linewidth=1.0)
30. img_file = str(current_dir)+'/Profile.jpg’
31.
32. # Save image to an image file
33. plt.savefig(img_file)
34. st.write("Image saved in "+img_file)
35.
36. # Export image to Excel file
37. wb = load_workbook(f"{uploaded_file.name}")
38. ws = wh.active
39. ws['D1] = 'Profile image exported from NACA.py script'
40. img=Image(img_file)
41. ws.add_image(img,'D2")
42. whb.save(f"{uploaded_file.name}")
43. Place_Chart.write(fig)
44, st.write("Image exported in Excel file "+f"{uploaded_file.name}")
R NACA profile B NACA profile X
CoHd=E4d = 5= =
Open View Save Excel Exit Open View Save Excel Exit
Open Excel file to read NACA coordinates 0.3
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Figure 6.1a Figure 6.1b
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Figure 6.1 The screens generated by Python & wxPython version of the NACA.pyw script
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Figure 6.2 The screens generated by Python & Streamlit version of the NACA.py script
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7. Recursive functions

Recursion in programming is a special way of repeating groups of statements using functions that call
themselves. Examples of recursive structures, where parts repeat the whole:
o In everyday life: a mirror image in a mirror or a screenshot showing the image of the camera itself;
o In mathematics: many definitions are recursive, e.g. the definition of a natural number (if n is a natural
number, then n +1 is also a natural number);
o In nature: biological structures of trees and flowers, clouds, topographical structures, galaxies,
etc.
Recursive functions are functions that call themselves. Program code written using recursive functions is
shorter, but such functions require more time to execute.
The basic form of the definition of the recursive function is shown in Figure 7.1.
An example of a recursive function that does not return a result is the countdown function shown in Figure
7.2. The function prints to the screen all numbers from n, n-1, ...1. It calls itself recursively with a modified
argument value. On the screen will be displayed the following numbers: 5, 4, 3, 2, 1.

def countdown (parameters): def co_untdown (n):
print n

ifn>1:
countdown(n-1) # Self function call
countdown(5) # First function call

function block
countdown(parameters): # Self function call

Figure 7.1 The basic form of the recursive function Figure 7.2 The countdown recursive function form

Vector graphics in Python is a way of creating graphical representations using basic geometric objects. A
special approach to creating vector graphics is the so-called turtle graphics, where objects are drawn using
relative coordinates and commands for drawing geometric objects that are issued to an imaginary pencil, the
so-called turtle. The pen is displayed on the screen in the form of a small triangle that indicates the direction of
drawing. Using such graphical commands, require to include the program library with the import turtle
command.

Some of the basic functions of this library are:

o pendown() - lowers the pen so that it draws a line as it moves;
penup() - raises the pen so it doesn't leave a trail while moving, goto(x,y);
goto - sets the (x,y) coordinates of the pen on the screen;
left (corner), exactly (corner) - change of arrow direction for a given angle;
forward (distance), back (distance) - moving the pen by a certain number of pixels in the direction
of the arrow or the opposite direction;

o pen (color) - pen color adjustment;

o fill color (color) - adjusting the color of the interior of the figure, etc.

Drawing simple geometric figures is done by placing the pen on the selected starting point of the screen
with coordinates (x,y) after which the lines are drawn by changing the direction and moving the pen in the
appropriate direction by a certain number of pixels. If the initial position of the pen is not specified, the initial
coordinates are assumed to be (0, 0). The script example from Figure 7.3 illustrates the process of creating a
star animation, the result of which is shown in Figure 7.4.

The next example compares two scripts (with nonrecursive and recursive functions) for generating a
sequence of numbers based on the following algorithm: the following operations can be done with a natural
number:

O O O O

A) add the digit 4 at the end;
B) add the digit 0 at the end;
C) divide by 2 (if even).
For number N starting from the initial value 4 and applying the operations described above, to generate
the number N and to display the transformation sequence intermediate transformations. Example: for the
number N=5 the transformation sequence is: 4, 2, 1, 10, 5.

- 40 -




Dorian Nedelcu & Tihomir Latinovic - Programming engineering application in Python, wxPython and Streamlit

§ Python Turtle Graphics - 0o X

import turtle # Import the graphics library
turtle.pencolor("Yellow") # Set pen color
turtle.bgcolor('Blue') # Set background screen color
turtle.penup() # Set not drawing state
turtle.goto(-200, 100) # Move the turtle to an absolute position
turtle.pendown() # Set drawing state
def star(turtle, size): # Define recursive function "star"
if size <=10:
return # Exit from recursive function if "size <= 10"
else:
for i in range(5): # Create a loop with values i=0, 1, 2, 3, 4
# Move the turtle forward by the argument value
turtle.forward(size)
star(turtle, size/3) # Call "star" recursive function
# Move the turtle left by the argument value
turtle.left(216)
star(turtle, 360) # Call "star" recursive function
# Starts event loop (last statement in a turtle graphics
program)
turtle.done()

Figure 7.3 Creating a star animation with turtle library Figure 7.4 The final result of creating a star with
turtle script

The problem does not pose any particular problems in terms of the operations to be applied, but generates
uncertainties due to the choice of the type of operation to be applied (A or B), with implications for the multiple
branching of the algorithm. For this reason, the solution relies on a method that provides a unique sequence
generation: starting from the given number N, the inverse operations are applied, thus generating the sequence
of inverse transformations; representing this sequence in reverse order gives the sequence that would have been
obtained by applying the direct operations. The uniqueness of this solution lies in the deterministic nature of the
operation to be applied, according to the following logic: if the last digit is O or 4, it is removed, otherwise the
number is doubled. For example, starting from the number 5 and applying the inverse operations according to the
above logic, the result is the sequence 5, 10, 1, 2, 4, which, displayed in reverse order, represents the sequence
you are looking for.

Listing 7.1 displays the Python version of script Generate_Sequence.pyw. The script use two function:
NonRecursiv which implement the nonrecursive algorithm and Recursiv function which implement the recursive
algorithm. The results are identical, regardless of the used function. Figure 7.5 exemplify the comparative
graphical results of Generate_Sequence.pyw script.

Listing 7.1 Generate_Sequence.pyw — Sequence generated using an imposed algorithm — Python version
1. import matplotlib.pyplot as plt
2. import numpy as np
3.
4. def NonRecursiv(N): # Nonrecursiv variant
5 Lst=[N]
6. while N<>4:
7. x=str(N) # Convert N to string
8. if x[-1]=="0" or x[-1]=="4".
9. x=x[:-1] # Remove the last string char
10. N=int(x) # Convert string to N
1n. else:
12. N=2*N # Doubling N
13. Lst.append(N)
14. return Lst
15.
16. def Recursiv(X): # Recursive variant
17. x=str(X)
18. if X==4:
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Listing 7.1 Generate_Sequence.pyw — Sequence generated using an imposed algorithm — Python version

19. return # Exit from recursive calls
20. elif x[-1]=="0" or x[-1]=="4"
21. x=x[:-1] # Remove the last string char
22. N=int(x) # Convert string to N
23. else:
24, N=2*X # Doubling N
25. Lst2.append(N)
26. Recursiv(N) # Self function call
27.
28. # Main program =======================================
29. N=55
30. Lstl = NonRecursiv(N) # Call nonrecursiv function
31. Lst2 =[N]
32. Recursiv(N) # First recursive function call
33.
34. fig, ax = plt.subplots()
35. plt.xlabel("lteration", fontsize=16, fontweight="'bold', color="Brown")
36. plt.ylabel("Generated numbers", fontsize=16, fontweight="bold', color="Brown")
37. plt.xticks(fontsize=16, fontweight='bold', color="Black")
38. plt.yticks(fontsize=16, fontweight="bold', color="Blue")
39.
40. X_axis = np.arange(len(Lst1))
41. Lstl_string =",".join(str(element) for element in Lst1)
42. Lst2_string = ",".join(str(element) for element in Lst2)
43. ax.bar(X_axis - 0.2, Lst1, width=0.4, label = "Nonrecursiv: "+Lst]_string, color="Red")
44, ax.bar(X_axis + 0.2, Lst2, width=0.4, label = "Recursiv : "+Lst2_string, color="Blue")
45.
46. plt.title("Sequence generated using an imposed algorithm", fontsize=16, fontweight="bold', color="Black")
47. plt.legend() ; plt.grid(True)
48. plt.show()
" Figure 1 = [m] *

OO ++« BEV

Sequence generated using an imposed algorithm

I Nonrecursiv: 55,110,11,22,44,4
I Recursiv :55,110,11,22,44,4

120

Generated numbers

Iteration

Figure 7.5 The comparative results for Generate_Sequence.pyw script
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Listing 7.2 displays the Python & Streamlit version of script Generate_Sequence.py. The script use the
same functions: NonRecursiv and Recursiv like in Generate_Sequence.pyw script. Figure 7.6 exemplify the

comparative graphical results of Generate_Sequence.py script.

Listing 7.2 Generate_Sequence.py — Sequence generated using an imposed algorithm — Python & Streamlit

version

1. import streamlit as st

2. import numpy as np

3. import matplotlib.pyplot as plt

4. from pathlib import Path

58

6. def NonRecursiv(N): # Nonrecursiv variant

7. Lst=[N]

8. while N I= 4:

9. x=str(N)  # Convert N to string

10. if x[-1]=="0" or x[-1]=="4":

1n. x=x[:-1] # Remove the last string char

12. N=int(x) # Convert string to N

13. else:

14. N=2*N # Doubling N

15. Lst.append(N)

16. return Lst

17.

18. def Recursiv(X): # Recursive variant

19. x=str(X)

20. if X==4:

21. return # Exit from recursive calls

22. elif x[-1]=="0" or x[-1]=="4"

23. x=x[:-1] # Remove the last string char

24. N=int(x) # Convert string to N

25. else:

26. N=2*X # Doubling N

27. Lst2.append(N)

28. Recursiv(N) # Self function call

29.

30. st.subheader(":green[Sequence generated using an imposed algorithm]")
31. with st.form('Input Data'): # Create input data form

32. st.subheader(:green[Input Data]')

33. coll, col2, col3 = st.columns(3)

34. N= coll.number_input('Input number ="', value=55)

35. submit_button = st.form_submit_button('Generate')

36. if submit_button:

37. # Main program =======================================

38. N=55

39. Lst1 = NonRecursiv(N) # Call nonrecursiv function

40. Lst2 =[N]

41. Recursiv(N) # First recursive function call

42.

43. placeholderl = st.empty()

44, fig = plt.figure(figsize=(8, 8)) ; ax = plt.axes()

45. plt.xlabel("lteration", fontsize=16, fontweight="bold', color="Brown")
46. plt.ylabel("Generated numbers", fontsize=16, fontweight='bold', color="Brown")
47. plt.xticks(fontsize=16, fontweight="'bold', color="Black")

48. plt.yticks(fontsize=16, fontweight="bold', color="Blue")

49.

50. X_axis = np.arange(len(Lst1))

51. Lstl_string =",".join(str(element) for element in Lst1)

52. Lst2_string = ",".join(str(element) for element in Lst2)

53. ax.bar(X_axis - 0.2, Lst1, width=0.4, label = "Nonrecursiv: "+Lst1_string, color="Red")
54, ax.bar(X_axis + 0.2, Lst2, width=0.4, label = "Recursiv : "+Lst2_string, color="Blue")
558

56. plt.title("Sequence generated using an imposed algorithm", fontsize=10, fontweight='bold', color="Black")
57. plt.legend() ; plt.grid(True) ; plt.show() ; placeholderl.pyplot(fig)
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8. Cylinder unfold

This script is designed to unfold the cylinder intersected by two planes, Figure 8.1. The unfolded surface
and the applied restrictions are displayed in Figure 8.2. The input data are: the cylinder diameter D, the cylinder
height H, a and B angles; the results of this script are the unfolded surface, the main dimensions, area and
coordinates of the upper side unfolded surface.

A
12/ KA . s 4o
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SN for the correctness of the unfold sheet:
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Figure 8.1 The cylinder 3D geometry Figure 8.2 The unfolded cylinder

Listing 8.1 displays the Python & wxPython version of script, Cylinder.pyw and Listing 8.2 displays the
Python & Streamlit version of the same script, Cylinder.py. Figure 8.3a & 8.3b display the screens generated by
Python & wxPython version of the script, while Figure 8.4 display the screens generated by Python & Streamlit

version.

The Cylinder.pyw script (Python & wxPython version) include only one class: Plot_ Window. The script
begin with importing libraries: wx (the cross-platform GUI toolkit for the Python language), os (module with
methods for interacting with the operating system, like creating files and directories, management of files and
directories, input, output, environment variables, process management, etc.), numpy (the package for scientific
computing with Python), pandas (open source data analysis and manipulation tool) and matplotlib (library for
creating static, animated and interactive visualizations in Python). The Plot_ Window class create the interface,
compute & draw the unfolded surface and include the following functions:

o _init__

e _TOOLBAR

e Onimagel

e Onlmage2

e Onlmage

* MouseMotion
e Recreate_Axis

e OnClicked

Define the frame (a window whose size and position can be changed by the user), the panel
(that will hold the contents of the frame) the StatusBar (placed at the frame bottom, were
messages can be displayed); call the _TOOLBAR function, initializes top level container for all
plot elements (the chart area self.figure & self.axes) and center the frame in the display.
Create the toolbar (lines 31+33), the self.btn_Img1 button (lines 35+36) and connect with Bind
statement (line 37) to Onlmagel function to display the picture from Figure 8.1, the
self.btn_Img2 button (lines 38+39) and connect with Bind statement (line 40) to Onimage2
function to display the picture from Figure 8.2; create four text fields (wx.TextCtrl) to input
numerical values of input data variables (Diameter, Height, Alfa & Beta angles) (lines 42+49);
before text fields three wx.StaticText controls are defined as labels; create the Calculate
button (line 51) and connect with Bind statement to OnClicked function (line 52). Lines 54+65
add these controls to the ToolBar and lines 66+67 generate and show the ToolBar.

Call Onlmage function to display the picture from Figure 8.1 (line 69).

Call Onimage function to display the picture from Figure 8.2 (line 72).

Display the picture defined in the Onlmagel or Onimage2 call.

Display in the StatusBar the current values of X & Y mouse position in the chart.

Initialize the chart (line 81), show the chart grid (line 82) and set the labels for X & Y axes of the
chart (lines 83+84).

The function is called by Calculate button; extract the input data values (Diameter, Height, Alfa
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& Beta angles) from text fields (lines 86+89), calculate the PI constant (line 90), verify
restrictions from Figure 8.2 (lines 91+95), calculate the unfold surface main dimensions and
coordinates (lines 97+110); create the canvas and drawing self.axes (lines 112+113); create
the sizer (line 114) and place the canvas inside the sizer (line 115); line 103 call Recreate_Axis
function; lines 118+123 plot the chart elements from Figure 8.3a; the chart is updated by the
draw statement ( line 124); lines 128+132creat dataframe element with coordinates: Teta
angle, X and Y, saved into HTML file by line 134; the main dimension are placed into a string
variable sir (lines 136+143) displayed by wx.MessageBox command (line 144) Figure 8.3b.

Line 146 create the app which initializes the GUI toolkit for xPython; line 147 call Plot_Window class to
create the window showed by line 148; finally, the line 151 enter into infinite continuous loop to receive key

events from the user; the script can be interrupted with button of the frame.
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Figure 8.3 The screens generated by Python & wxPython version of the Cylinder.pyw script

Listing 8.1 Cylinder.pyw - Cylinder unfold — Python & wxPython version

1. # The // operator will be available to request floor division unambiguously. This

2. # statement will change the / operator to mean true division throughout the module.

3 from __future__ import division

4,

5 import wx # import wx module

6. import os

7. import numpy as np

8. import pandas as pd

9. import matplotlib as mpl # The tools are imported from the Matplotlib library

10. import matplotlib.pyplot as plt

1n. import matplotlib.image as img

12. from matplotlib.backends.backend_wxagg import FigureCanvasWxAgg as FigureCanvas

13. from matplotlib.backends.backend_wxagg import NavigationToolbar2Wx as Toolbar

14.

15. class Plot_Window(wx.Frame):

16. def __init__(self, parent, title):

17. wx.Frame.__init__(self, parent, title=title, size=(650,600),

18. style=wx.DEFAULT_FRAME_STYLE * (wx.RESIZE_BORDER | wx.MINIMIZE_BOX |
19. wx.MAXIMIZE_BOX )) # Initialize the frame

20. self.panel = wx.Panel(self) # The panel will hold the contents of the frame
21. self.statusbar = self.CreateStatusBar() # Create the status bar

22. self.statusbar.SetFieldsCount(3)

23. self.statusbar.SetStatusWidths([-25, -30, -40])

24, self.statusbar.SetStatusText("This is the plot window",0) # Add text to StatusBar
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Listing 8.1 Cylinder.pyw - Cylinder unfold — Python & wxPython version

25. self._TOOLBAR() # Create toolbar

26. self.figure = mpl.figure.Figure() # Initializes top level container for all plot elements
217. self.axes=self.figure.add_subplot(111) # Add only one subplot area
28. self.Center() # Center the frame in display

29. def _TOOLBAR(self):

30. self.toolbar = self.CreateToolBar( ( wx.TB_HORIZONTAL | wx.TB_TEXT) )
31. self.toolbar.SetBackgroundColour("white")

32. self.toolbar.SetToolBitmapSize((24,24))

33.

34. self.btn_Imgl = wx.Button(self.toolbar, -1, "Cylinder")

35. self.btn_Img1.SetToolTipString("View cylinder geometry")

36. self.btn_Img1.Bind(wx.EVT_BUTTON,self.OnImageT)

37. self.btn_Img2 = wx.Button(self.toolbar, -1, "Demo")

38. self.btn_Img2.SetToolTipString("View unfolding demo & restrictions")
39. self.btn_Img2.Bind(wx.EVT_BUTTON,self.Onlmage2)

40.

41. st1 = wx.StaticText(self.toolbar, -1, " Diameter = ")

42. self.txt_Diameter = wx.TextCtrl(self.toolbar, value="80", size=(40,-1))
43. st2 = wx.StaticText(self.toolbar, -1, " Height = ")

44, self.txt_Height = wx.TextCtrl(self.toolbar, value="140", size=(40,-1))
45. st3 = wx.StaticText(self.toolbar, -1, " Alfa ="

46. self.txt_Alfa = wx.TextCtrl(self.toolbar, value="60", size=(40,-1))
47. st4 = wx.StaticText(self.toolbar, -1, " Beta=")

48. self.txt_Beta = wx.TextCtrl(self.toolbar, value="30", size=(40,-1))
49.

50. self.btn = wx.Button(self.toolbar, -1, "Calculate")

51. self.btn.Bind(wx.EVT_BUTTON,self.OnClicked)

52.

53. self.toolbar.AddControl(self.btn_Img1)

54. self.toolbar.AddControl(self.btn_lmg2)

55. self.toolbar.AddControl(st1)

56. self.toolbar.AddControl(self.txt_Diameter)

57. self.toolbar.AddControl(st2)

58. self.toolbar.AddControl(self.txt_Height)

59. self.toolbar.AddControl(st3)

60. self.toolbar.AddControl(self.txt_Alfa)

61. self.toolbar.AddControl(st4)

62. self.toolbar.AddControl(self.txt_Beta)

63.

64. self.toolbar.AddControl(self.btn )

65. self.toolbar.Realize()  # Toolbar generation

66. self.toolbar.Show() # Toolbar show

67. def Onlmagel(self, event):

68. testimage = img.imread(os.getcwd()+'/Cylinder.jpg')

69. self.Onlmage('Cylinder.jpg")

70. def Onlmage2(self, event):

71. self.Onlmage('Cylinder_Demo.jpg’)

72. def Onlmage(self, Image_File):

73. testimage = img.imread(os.getcwd()+'/'+Image_File)

74. plt.imshow(testimage)

75. plt.show()

76. def MouseMotion(self, event):

77. al,bl=self.axes.transData.inverted().transform([event.x, event.y])
78. self.statusbar.SetStatusText("X="+%0.3f' % al+", Y="+%0.3f' % b1,0)
79. def Recreate_Axis(self):

80. self.axes.cla()

8l. self.axes.grid(True)

82. self.axes.set_xlabel('X', fontsize=20, fontweight="bold')

83. self.axes.set_ylabel('Y", fontsize=20, fontweight="bold')

84. def OnClicked(self, event):

85. Diameter = float(self.txt_Diameter.GetValue())

86. Height = float(self.txt_Height.GetValue())

87. Alfa = int(self.txt_Alfa.GetValue())

88. Beta = int(self.txt_Beta.GetValue())

89. Pl=np.arctan(1)*4

90. Umax= np.arctan(2 * Height / Diameter) * 180 / PI

91. if Diameter=="" or Height=="" or Alfa=="" or Beta=="" :

92. wx.MessageBox("Please fill all fields with numerical data !", "Info", wx.ICON_ERROR)
93. elif (Alfa > Umax or Beta > Umax):

94. wx.MessageBox("Alpha and Beta angles cannot be greater than "+str(Umax)+" grade", "Info",
95. wx.ICON_ERROR)

96. else:
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Listing 8.1 Cylinder.pyw - Cylinder unfold — Python & wxPython version

917. NrPct = 8 ; ALFAR=Alfa * P| /180 ; BETAR=Beta * Pl /180

98. H1 = Height - Diameter * np.tan(ALFAR) / 2

99. H2 = Height - Diameter * np.tan(BETAR) / 2

100. Lungime = Pl * Diameter # Unfolded length

101. Aria = Diameter * (Height * Pl - Diameter * (np.tan(ALFAR) + np.tan(BETAR)) / 2)
102. XP=[] ; YP=[] ; Teta=[]

103. foriinrange(l, 4 * NrPct + 2):

104. UT=(i - 1) * Pl /2 / NrPct

105. Teta.append(UT*180/PI)

106. XP.append(UT * Diameter / 2)

107. if (UT<P1/2)or (UT>3*Pl/2):

108. YP.append(Height - Diameter /2 * np.cos(UT) * np.tan(ALFAR))
109. else:

110. YP.append(Height + Diameter / 2 * np.cos(UT) * np.tan(BETAR))
m. Xmax=XP[4 * NrPct] ; H1=YP[0]

12. self.canvas = FigureCanvas(self.panel,-1,self.figure)

3. self.axes.figure.canvas.mpl_connect('motion_notify_event', self.MouseMotion)
4. sizer = wx.BoxSizer(wx.VERTICAL)

115. sizer.Add(self.canvas, 1, wx.TOP | wx.LEFT | wx.EXPAND)

1é. self.Recreate_Axis()

17. self.axes.set_title("Unfolded cylinder", fontsize=16, fontweight='bold')

18. foriin range(l, 4 * NrPct):

19. self.axes.plot([XP[i], XP[i]],[0, YP[il], '--', color="Red', linewidth=2)
120. self.axes.plot(XP,YP, color='Blue’, linewidth=3)

121. self.axes.plot([0,0],[0,H1], color="Blue’, linewidth=3)

122. self.axes.plot([0,Xmax],[0,0], color="Blue', linewidth=3)

123. self.axes.plot([Xmax,Xmax],[0,H1], color="Blue’, linewidth=3)

124. self.axes.figure.canvas.draw()

125. self.SetSizer(sizer)

126. self.Fit()

127.

128. df= pd.DataFrame(

129. {Teta [deg]" Teta,

130. X [mm]": XP,

131. 'Y [mm]: YP

132. )

133. file=os.getcwd()+'/'+'temp.html’

134. df.to_html(file)

135.

136. sir="Main dimensions"

137. sir=sir+"\nH1="+'%0.2f' % H1+" [mm]"

138. sir=sir+"\nH2="+'%0.2f' % H2+" [mm]"

139. sir=sir+"\nHmax="+%0.2f' % Height+" [mm]"

140. sir=sir+"\nLenght="+'%0.2f' % Lungime+" [mm]"

141. sir=sir+"\nArea="+'%0.2f' % Aria+" [mm2]"

142. sir=sir+"\n\nCoordinates saved in the file:"

143. sir=sir+"\n"+file

144, wx.MessageBox(sir, "Info", wx.0K)

145.

146.  app = wx.App(redirect=False) # wx.App initializes the GUI toolkit for WxPython.
147. window=Plot_Window(None, "Cylinder unfold") # Call 'Plot_Window' class

148.  window.Show() # Show 'window' object

149.  # This keeps the GUI in a continuous loop that is ready to receive key events
150.  # from the user. It does not return until the program closes!

151. app.MainLoop()

The Cylinder.py script (Python & Streamlit version) begin with importing libraries: streamlit (create a great
interactive web application with Python), PIL (Python Imaging Library), pandas (open source data analysis and
manipulation tool), matplotlib (library for creating static, animated and interactive visualizations in Python),
numpy (the package for scientific computing with Python), pathlib (provide classes to represent
abstract/concrete paths.

This script contains 87 lines. Lines 1 to 6 import the required modules. Line 8 defines the current folder.
Line 10 defines the script title with subheader command. Line 12 inserts a container element (with st.empty()
command) into the script that can be used to hold two columns defined in line 13; the Cylinder.jpg image (Figure
8.4) is placed on column 1 and also define the width of the image and no caption (lines 14+15); the
Cylinder_Demo.jpg image (Figure 8.4) is placed on column 2 and also define the width of the image and no
caption (lines 16+17). Line 19 inserts a container element (with st.empty() command) into the script that can be
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used to hold three columns defined in line 20; line 21+22 open and read the video file 'Cylinder.mp4', while line
23 place the video into median column two.

Line 25 creates a form where input data will be specified. Line 26 defines the form title with subheader
command. Line 19 creates columns with four elements. Lines 28+31 define the fields of input data (Diameter,
Height, Alfa & Beta angles) into the previous columns created, using number_input command. The form require 4
numerical data and the number_input command specify the default values that can be changed by the user. Line
23 creates the button with the form_submit_button command and set the caption Calculate. When this button is
clicked, all widget values inside the form will be sent to Streamlit in a batch. Every form must have a
form_submit_button, which cannot exist outside a form. Line 33 verifies if the button was clicked and, only for
True value, run the next lines; line 34 calculate the PI constant; lines 35+39 verify restrictions from Figure 8.2;
lines 41+54 calculate the unfold surface main dimensions and coordinates. Lines 56+69 plot the chart elements
from Figure 8.4; lines 71+87display main dimensions and unfolded coordinate.

Listing 8.2 Cylinder.py - Cylinder unfold — Python & Streamlit version

21. import streamlit as st

22. from PIL import Image

23. import pandas as pd

24, import matplotlib.pyplot as plt

258 import numpy as np

26. from pathlib import Path

27.

28. current_dir = Path(__file__).parent if "__file__" in locals() else Path.cwd()
29.

30. st.subheader(":green[One cylinder intersected with 2 planes - Version 1]")
31

32. Place_lmages = st.empty()
33. coll, col2 = Place_Images.columns([0.4,0.6])
34. coll.image(Image.open(str(current_dir)+"/"+"Cylinder.jpg"),

5. width=240, caption='"Cylinder geometry')

36. col2.image(Image.open(str(current_dir)+"/"+"Cylinder_Demo.jpg"),
37. width=390, caption='"Unfolding demo & Restrictions')

38.

39. Place_Images = st.empty()

40. coll, col2, col3 = Place_lmages.columns([0.2,0.6,0.2])

41, video_file = open(str(current_dir)+"/"+'Cylinder.mp4', 'rb")
42. video_bytes = video_file.read()

43. col2.video(video_bytes, format="mp4", start_time=0)

44,

45, with st.form('Input_Data'):

46. st.subheader(:green[Input Data]")

47. coll, col2, col3, col4 = st.columns(4)

48. Diameter = coll.number_input('Diameter [mm]', value=80.0)

49. Height = col2.number_input('Height [mm]', value=140.0)

50. Alfa = col3.number_input('Alpha angle [deg]’, value=60.0)

51. Beta = col4.number_input('Beta angle [deg]’, value=30.0)

52. submit_button = st.form_submit_button(‘Calculate’)

588 if submit_button:

54, Pl=np.arctan(1)*4

55. Umax= np.arctan(2 * Height / Diameter) * 180 / PI

56. if Diameter=="" or Height=="" or Alfa=="" or Beta=="" :

57. st.warning("Please fill all fields with numerical data !")

58. elif (Alfa > Umax or Beta > Umax):

59. st.warning("Alpha and Beta angles cannot be greater than "+str(Umax)+" grade")
60. else: # st.success("Success !")

61. NrPct = 8 ; ALFAR=Alfa * P| /180 ; BETAR=Beta * Pl /180

62. H1 = Height - Diameter * np.tan(ALFAR) / 2

63. H2 = Height - Diameter * np.tan(BETAR) / 2

64. Lungime = Pl * Diameter # Lungime desfasurata

65. Aria = Diameter * (Height * Pl - Diameter * (np.tan(ALFAR) + np.tan(BETAR)) / 2)
66. XP=[] ; YP=[] ; Teta=[]

67. foriin range(l, 4 * NrPct + 2):

68. UT=(i - 1) * Pl /2 / NrPct

69. Teta.append(UT*180/PI)

70. XP.append(UT * Diameter / 2)

71. if (UT<P1/2)or (UT>3*Pl/2)):

72. YP.append(Height - Diameter / 2 * np.cos(UT) * np.tan(ALFAR))
73. else:

74. YP.append(Height + Diameter /2 * np.cos(UT) * np.tan(BETAR))

- 49 -




Dorian Nedelcu & Tihomir Latinovic - Programming engineering application in Python, wxPython and Streamlit

Listing 8.2 Cylinder.py - Cylinder unfold — Python & Streamlit version

75.

76. # Chart drawing

71. Place_Chart = st.empty()

78. Xmax=XP[4 * NrPct] ; H1=YP[0]

79. fig=plt.figure()

80. plt.title("Unfolded cylinder - Variant 1", fontsize=14,
8l. fontweight='bold',color='Black’)

82. plt.grid(True)

83. foriin range(1, 4 * NrPct):

84. plt.plot([XP[i], XP[il],[0, YPIi]], color="Red', linewidth=1)
85. plt.plot(XP,YP, color='Blue’, linewidth=3)

86. plt.plot([0,0],[0,H1], color='Blue’, linewidth=3)

87. plt.plot([0,Xmax],[0,0], color='Blue’, linewidth=3)
88. plt.plot([Xmax,Xmax],[0,H1], color="Blue', linewidth=3)
89. Place_Chart.write(fig)

90.

91. # Chart dimensions & coordinates

92. st.divider()

93. coll, col2 = st.columns([0.4,0.6])

94. coll.subheader(":.green[Main dimensions]")

95. coll.write("H1="+'%0.2f' % H1+" [mm]")

96. coll.write("H2="+'%0.2f' % H2+" [mm]")

97. coll.write("Hmax="+'%0.2f' % Height+" [mm]")
98. coll.write("Lenght="+'%0.2f' % Lungime+" [mm]")
99. coll.write("Area="+'%0.2f' % Aria+" [mm2]")

100. df= pd.DataFrame(

101. {Teta [deg]" Teta,

102. X [mm]": XP,

103. Y [mm]": YP

104. 1)

105. col2.subheader(":green[Unfolded Coordinates]")
106. col2.dataframe(df)

107. st.divider()
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Figure 8.4 The screens generated by Python & Streamlit version of the Cylinder.py script
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9. Elbow unfold

This script is designed to unfold the elbow geometry from Figure 9.1. The input data are: the elbow
diameter D & radius R, the a & B angles; the results of this script are the elbow geometry and unfolded surfaces;
also the main dimensions, the unfolded coordinates and the unfolded surfaces drawings exported into an Excel
file using Windows clipboard.

Listing 9.1 displays the Python & wxPython version of script, Elbow.pyw and Listing 9.2 displays the Python
& Streamlit version of the same script, Elbow.py. Figure 9.2 display interface & the screens generated by Python
& wxPython version of the script and Figure 9.3 display the Excel file content generated by Elbow.pyw script.
Figure 9.4 display the screens generated by Python & Streamlit version.
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Figure 9.1 The elbow geometry and unfolded surfaces

The Elbow.pyw script (Python & wxPython version) include only one class: Plot_ Window. The script begin
with importing libraries: wx (the cross-platform GUI toolkit for the Python language), os (module with methods
for interacting with the operating system, like creating files and directories, management of files and directories,
input, output, environment variables, process management, etc.), numpy (the package for scientific computing
with Python), pandas (open source data analysis and manipulation tool) StringlO (the StringlO module is used to
implement basic tasks on file-like objects), cStringlO (an optional module, which contains a faster implementation
of the StringlO module), from win32com.client import Dispatch (the win32com. client package contains a
number of modules to provide access to automation objects) and matplotlib (library for creating static, animated
and interactive visualizations in Python). To use win32com.client the pywin32-214.win32-py2.7.exe file must be
installed for python version 2.7; this will be used to connect with an Excel or Word file.

The Plot_ Window class create the interface, draw the elbow geometry and unfolded surfaces and include
the following functions:

e Put_Clipboard Public function to copy content to Windows clipboard.

o _init__ Define the frame (a window whose size and position can be changed by the user), the
panel (that will hold the contents of the frame) the StatusBar (placed at the frame
bottom, were messages can be displayed); call the _TOOLBAR function, initializes top
level container for all plot elements (the chart area self.figure & self.axesl + self.axes3);
center the frame in the display and call Recreate_Axis class function; self.axes1 is used to
draw the elbow geometry; self.axes2 and self.axes2 are used to draw the elbow
unfolded surfaces.

e _TOOLBAR Create the toolbar (lines 46+48); create the toolbar Image button (lines 50+51) and
connect with Bind statement (line 52) to Onlmage class function to show the image from
Figure 9.1; create self.D & self.R as TextCtrl to input the diameter and radius (lines
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e Recreate_Axis
e Onimage
e OnGama

e OnAlfa

e OnClicked

54+58); create self.Gama & self.Alfa as Choice to select values of y and a angles (lines
60+68); line 68 put the self.Alfa control into a disabled state, which will be reversed in
OnGama function; connect self. Gama control with Bind statement (line 64) to OnGama
class function (line 64); connect self.Alfa control with Bind statement (line 64) to OnAlfa
class function (line 67); create self.N as TextCtrl to display the numbert of elbow
elements (lines 70+71); line 72 put the self.N control into a permanent disabled state
because the value will be calculated by the script in OnAlfa function; create the toolbar
Calculate button (line 73) and connect with Bind statement (line 74) to OnClicked class
function to calculate the elbow main dimensions, to draw the elbow and the unfolded
surfaces, to export numerical results (main dimensions & coordinates) and charts to
Excel.

Initialize the axes1, axes 2, axes3, show the axes grid and set the axes titles (lines 86+88).
Display the picture from Figure 9.1 (lines 82+84).

Put the value of selected y angle into Gama_Sel variable (line 90); define the posible
values of a angle (line 91) into Alfa_Angles list; line 92 put the self.Alfa control into a
enabled state; intialize variable Selected_Alfa list (line 93); because, for a selected y
value only certain a angle values can be selected, into Selected_Alfa list will be appended
only the values that verify the condition from line 98; these values from Selected_Alfa list
will be transferred to self.Alfa Choice control to permit the selection of one a angle.

Put the value of selected y angle into Gama_Sel variable (line 102); put the value of
selected a angle into Alfa_Sel variable (line 103); calculate the number of elbow
elements rl based on the condition from line 106; put the rl value into self.N control in
toolbar.

Lines 109+130 calculate the main dimension of elbow and drawings coordinates; lines
133+154 draw the elbow geometry in self.axesl, Figure 9.2; lines 157+165 draw the
unfolded surface of element 1 in self.axes2, Figure 9.2; lines 168+177 draw the unfolded
surface of element 2 in self.axes3, Figure 9.2; lines 180+183 connect, create and open
the Excel file Elbow_Results.xlsx and define the sheet XLSheet variable; lines 185+197
write the text marked by quotation marks into cells A1+A13; lines 199+205 define a
dataframe df containing the coordinates of unfolded surfaces (element 1 & 2); line 206
connvert df dataframe to lis type; line 208 and 209 define the table headings as string,
put this string in clipboard and paste in Excel sheet in starting with line 15 column 1; in a
for cycle a string of coordinates are created (lines 211+213), put this string String in
clipboard and paste in Excel sheet in starting with line 16 column 1; lines 216+217 save
the chart into ' Charts.jpg' image file, open by 218 line and converted to bitmap by
219+220 lines; line 222 define the position (column left and line top) where the image
will be placed in Excel file; the image is placed in Excel sheet by 223 command line and
saved by 229 line, Figure 9.3.

Line 234 create the app which initializes the GUI toolkit for xPython; line 235 call Plot_Window class to
create the window showed by line 236; finally, the line 239 enter into infinite continuous loop to receive key

events from the user; the script can be interrupted with button of the frame.

Listing 9.1 Elbow.pyw — Elbow unfold — Python & wxPython version

# The // operator will be available to request floor division unambiguously. This
# statement will change the / operator to mean true division throughout the module.

from __future__ import division

import wx # import wx module

import os

import numpy as np

import pandas as pd

import StringlO, cStringlO

# The win32com.client package contains modules to provide access to automation objects
from win32com.client import Dispatch

PN rLN S

=5
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Listing 9.1 Elbow.pyw — Elbow unfold — Python & wxPython version

12.
13.
14.

16.
17.

19.

20.

22.
23.

25.
26.

28.
29.

31.

32.

34.
35.

37.
38.

40.

41

43.
44,

46.
47.

49.
50.

52.
53.

55.
56.
e
58.

60.

61.

63.
64.

66.
67.

69.
70.

72.
s

75.
76.

78.
79.

81.

82.
83.

import win32con # This module contains constants related to Win32 programming

import win32clipboard

import matplotlib as mpl # The tools are imported from the Matplotlib library

import matplotlib.pyplot as plt # matplotlib.pyplot = collection of functions that make matplotlib work like MATLAB
import matplotlib.image as img # Import matplotlib.image module

from matplotlib.backends.backend_wxagg import FigureCanvasWxAgg as FigureCanvas

from matplotlib.backends.backend_wxagg import NavigationToolbar2Wx as Toolbar

def Put_Clipboard(Sir_Clip):
win32clipboard.OpenClipboard() # Open clipboard
win32clipboard.EmptyClipboard() # Empty clipboard
win32clipboard.SetClipboardData(win32con.CF_TEXT, Sir_Clip) # Set clipboard data
win32clipboard.CloseClipboard() # Close clipboard

class Plot_Window(wx.Frame):
def __init__(self, parent, title):
wx.Frame.__init__(self, parent, title=title, size=(800,730),
style=wx.DEFAULT_FRAME_STYLE * (wx.RESIZE_BORDER | wx.MINIMIZE_BOX |
wx.MAXIMIZE_BOX )) # Initialize the frame
self.panel = wx.Panel(self) # The panel will hold the contents of the frame
self.statusbar = self.CreateStatusBar() # Create the status bar
self.statusbar.SetFieldsCount(2)
self.statusbar.SetStatusWidths([-15, -60])
self.statushar.SetStatusText("This is the plot window",0) # Add text to StatusBar
self._TOOLBAR() # Create toolbar
self.figure = mpl.figure.Figure(figsize =(10, 8)) # Initializes top level container for all plot elements
# figsize define Figure dimension (width, height) in inches
self.axesl=self figure.add_subplot(121) ; self.axesl.axis('equal’) # Add three subplot area
self.axes2=self.figure.add_subplot(222) # Add first subplot area
self.axes3=self.figure.add_subplot(224) # Add second subplot area
self.Center() # Center the frame in display
self.canvas = FigureCanvas(self.panel,-1,self.figure)
self.Recreate_Axis()
def _TOOLBAR(self):
self.toolbar = self.CreateToolBar( ( wx.TB_HORIZONTAL | wx.TB_TEXT) )
self.toolbar.SetBackgroundColour("white")
self.toolbar.SetToolBitmapSize((24,24))

self.btn_Img = wx.Button(self.toolbar, -1, "Image", size=(50,-1))
self.btn_Img.SetToolTipString("Show elbow image & unfold demo")
self.btn_Img.Bind(wx.EVT_BUTTON,self.Onlmage)

stl = wx.StaticText(self.toolbar, -1, " Diameter = ")

self.D = wx.TextCtrl(self.toolbar, value="80", size=(40,-1))
st2 = wx.StaticText(self.toolbar, -1, " Elbow Radius R=")
self.R = wx.TextCtrl(self.toolbar, value="150", size=(40,-1))
st3 = wx.StaticText(self.toolbar, -1, " Gama angle = ")

Gama_Angles = ["24","25","28","30","32" "33" "35" "36" "40","42" " 44" " 45" " 48" " 49" ,"50" "5 4" "55",
"56""60""63" "64" "65" "66" "67.5" 70" "72" 75" "77" "78","80" "84" "85" "88","90"]

Gama_Angles.reverse()

self.Gama = wx.Choice(self.toolbar, -1, (100, 50), choices = Gama_Angles)

self.Gama.Bind(wx.EVT_CHOICE, self.OnGama)

st4 = wx.StaticText(self.toolbar, -1, " Alfa angle = ")

self.Alfa = wx.Choice(self.toolbar, -1, size=(50, -1), choices = "")

self.Alfa.Bind(wx.EVT_CHOICE, self.OnAlfa)

self.Alfa.Enabled=False

st5 = wx.StaticText(self.toolbar, -1, " No. of elbow elements = ")
self.N = wx.TextCtrl(self.toolbar, value="", size=(40,-1))
self.N.Enabled=False

self.btn = wx.Button(self.toolbar, -1, "Calculate")
self.btn.Bind(wx.EVT_BUTTON,self.OnClicked)

Ist_Control=[self.btn_Img, stl, self.D, st2, self.R, st3, self.Gama, st4, self.Alfa, st5, self.N, self.btn ]
for lc in lst_Control:
self.toolbar.AddControl(lc)
self.toolbar.Realize()  # Toolbar generation
self.toolbar.Show() # Toolbar show
def Onlmage(self, event):
testimage = img.imread(os.getcwd()+'/Elbow1.jpg")
plt.imshow(testimage)
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84. plt.show()

85. def Recreate_Axis(self):

86. self.axesl.cla() ; self.axesl.grid(True) ; self.axesl.set_title('Elbow geometry')
87. self.axes2.cla() ; self.axes2.grid(True) ; self.axes2.set_title('‘Chart drawing element 1)
88. self.axes3.cla() ; self.axes3.grid(True) ;self.axes3.set_title('Chart drawing element 2')
89. def OnGama(self, event):

90. Gama_Sel = self.Gama.GetStringSelection()

91. Alfa_Angles=["2.5""3","3.5" "4" "5","5.5" "6" "7.5" "8" "10","11.25"]

92. self.Alfa.Enabled=True

93. Selected_Alfa=[]

94. if Gama_Sel 1= "":

95. for alf in Alfa_Angles:

96. n = (float(Gama_Sel)/float(alf)+2) / 2

917. r = np.floor(n)

98. if n == r and n>2 and n<=19:

99. Selected_Alfa.append(alf)

100. self. Alfa.Setltems( Selected_Alfa )

101. def OnAlfa(self, event):

102. Gama_Sel = self.Gama.GetStringSelection()

103. Alfa_Sel = self.Alfa.GetStringSelection()

104. n1 = (float(Gama_Sel)/float(Alfa_Sel)+2) / 2

105. r1 = np.floor(n1)

106. if n1==rl:

107. self.N.SetValue(str(int(r1)))

108. def OnClicked(self, event):

109. Diameter = float(self.D.GetValue())

110. Raza = float(self.R.GetValue())

m. Gama_Sel = self.Gama.GetStringSelection()

12. Alfa_Sel = self.Alfa.GetStringSelection()

13. No = self.N.GetValue()

4. Pl=np.arctan(1)*4

115. NrPct = 8

6. GamaR-=float(Gama_Sel)*PI/180

17. AlfaR=float(Alfa_Sel)*PI/180

118. K = Raza * np.tan(GamaR / 2)

9. t = Raza * np.tan(AlfaR)

120. H1 =t - Diameter * np.tan(AlfaR) / 2

121. H2 =t + Diameter * np.tan(AlfaR) / 2

122. Ld = PI * Diameter # Unfolded length

123. Arial = P| * Diameter * (H2 - Diameter * (np.tan(AlfaR) + np.tan(0)) / 2)
124. Aria2 = Pl * Diameter * (2 * H2 - Diameter * (np.tan(AlfaR) + np.tan(0)) / 2)
125. XP=[] ; Y1=[] ; Teta=[]

126. foriin range(l, 4 * NrPct + 2):

127. UT=(-1*Pl/2/NrPct

128. Teta.append(UT)

129. XP.append(UT * Diameter/ 2)

130. Yl.append(Diameter /2 * (1 - np.cos(UT)) * np.tan(AlfaR))
131.

132. # Elbow drawing

133. self.Recreate_Axis()

134. self.axesl.set_title("Elbow geometry with "+'%2d' % float(No)+" elements")
135. XN=[]; Yn=[ ; X22=[1 ; Y22-]

136. cnt=0 ; RpD2 = Raza + Diameter/2 ; RmD2 = Raza - Diameter/2

137. foriin range(l, 2 * int(float(No)) ):

138. unghi = AlfaR * (i - 1)

139. self.axesl.plot([0,RpD2 * np.sin(unghi)],[RpD2,RpD2-RpD2 * np.cos(unghi)], color='Red', linewidth=1)
140. if i==10r (i % 2) == 0 or i == (2 * int(float(No)) - 2) +1:

141. x1=RpD2*np.sin(unghi) ; x2=RmD2*np.sin(unghi)

142. y1=RpD2-RpD2*np.cos(unghi) ; y2=RpD2-RmD2*np.cos(unghi)

143. self.axesl.plot([x1,x2],[y1, y2], color='Blue’, linewidth=3)

144. cnt+=1

145. X1l.append(x1) ; Y1l.append(y1) ; X22.append(x2) ; Y22.append(y2)

146. foriin range(0, cnt):

147. if i==0:

148. Xant1=X11[i] ; Yant1=Y11[i]

149. Xant2=X22[i] ; Yant2=Y22[i]

150. else:

151. self.axesl.plot([Xant1,X11[i]],[Yant1, Y11[i] ], color="Blue', linewidth=3)
152. self.axesl.plot([Xant2,X22[i]],[Yant2, Y22[i] ], color='Blue’, linewidth=3)
153. Xant1=X11[i] ; Yant1=Y11[i]

154. Xant2=X22[i] ; Yant2=Y22[i]

155.
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156.
157.
158.
159.
160.
161.

162.
163.
164.
165.
166.
167.
168.
169.
170.
171.

172.
173.
174.
175.
176.
1717.
178.
179.
180.
181.

182.
183.

184.

185.
186.
187.

188.

189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.

200.

201.

202.
203.
204.
205.
206.
207.
208.
209.

210.
21.
212.
213.
214.
215.
216.
217.
218.
219.

220.

221

222.
2238
224,
225.
226.
227.

# Chart drawing element 1
YH1=[]
foriin range(0, 4 * NrPct+ 1):

YH1.append(H1+Y1[i])

self.axes2.plot([XP[i], XP[i]],[0, YH1[i]], color="Red', linewidth=1)
self.axes2.plot(XP,YH1, color='Blue', linewidth=3)
self.axes2.plot([0,0],[0,H1], color="Blue', linewidth=3)
self.axes2.plot([0,Ld],[0,0], color='Blue’, linewidth=3)
self.axes2.plot([Ld,Ld],[0,H1], color='Blue’, linewidth=3)
self.axes2.figure.canvas.draw()

# Chart drawing element 2
YH2a=[] ; YH2b=[]
foriin range(0, 4 * NrPct+ 1):

YH2a.append(H2-H1-Y1[i])

YH2b.append(H2+H1+Y1[i])

self.axes3.plot([XP[i], XP[i]],[YH2ali], YH2b([i]], color='Red’, linewidth=1)
self.axes3.plot(XP,YH2a, color='Blue', linewidth=3)
self.axes3.plot(XP,YH2b, color='Blue’, linewidth=3)
self.axes3.plot([0, 0],[H2-H1, H2+HT], color="Blue', linewidth=3)
self.axes3.plot([Ld,Ld],[H2-H1, H2+H1], color="Blue', linewidth=3)
self.axes3.figure.canvas.draw()

# Export numerical results (Main dimensions & coordinates) and charts to Excel
xlApp = Dispatch("Excel.Application") # Conexiune Excel

whb_template = xlApp.Workbooks.Add()

XLSheet = wh_template.Worksheets(1)
Excel_file=os.getcwd()+'/'+'Elbow_Results.xlsx'

XLSheet.Range("A1").Value ="Main dimensions"

XLSheet.Range("A2").Value ="Diameter="+'%0.2f' % Diameter+" [mm)]"
XLSheet.Range("A3").Value ="Elbow Radius="+'%0.2f' % Raza+" [mm]"
XLSheet.Range("A4").Value ="Gama angle="+%0.2f' % float(Gama_Sel)+" [deg]"
XLSheet.Range("A5").Value ="Alfa angle="+'%0.2f' % float(Alfa_Sel)+" [deg]"
XLSheet.Range("Aé").Value ="Elbow Elements No.="+%2d"' % float(No)+" [-]"
XLSheet.Range("A7").Value ="K1 length="+'%0.2f' % K+" [mm]"
XLSheet.Range("A8").Value ="t length="+'%0.2f' % t+" [mm]"
XLSheet.Range("A9").Value ="H1="+'%0.2f' % H1+" [mm]"
XLSheet.Range("A10").Value ="H2="+'%0.2f' % H2+" [mm]"
XLSheet.Range("A11").Value ="Unfolded length Ld ="+'%0.2f' % Ld +" [mm]"
XLSheet.Range("A12").Value ="Area 1="+'%0.2f' % Arial +" [mm2]"
XLSheet.Range("A13").Value ="Area 2="+'%0.2f' % Aria2 +" [mm2]"

df= pd.DataFrame(
{Teta [deg]" Teta,
X [mm]": XP,
Y1 [mm]": YH1,
'Y2a [mm]": YH2a,
'Y2b [mm]": YH2b,
)

coordinates = df.values.tolist()

Stringl="Teta"+"\t"+"X"+"\t"+"Y1"+"\t"+"Y2a"+"\t"+"Y2b"+"\t\n"

Put_Clipboard(Stringl) ; XLSheet.Cells(15,1).Select() ; XLSheet.Paste()

String=""

for teta, x, y1, y2a, y2b in coordinates:
String=String+str(teta)+"\t"+str(x)+"\t"+str(y1)+"\t"+str(y2a)+"\t"+str(y2b)+"\t\n"

Put_Clipboard(String) ; XLSheet.Cells(16,1).Select() ; XLSheet.Paste()

self.figure.savefig("Charts.jpg", dpi=150)

Pathimage = os.getcwd()+'/Charts.jpg’

data = open(Pathimage, "rb").read()

stream = cStringl0.StringlO(data) # Convert to a data stream ; require to import cStringlO & StringlO
sel_bmp=wx.BitmapFromImage( wx.ImageFromStream( stream )) # convert to a bitmap
required_width=sel_bmp.GetWidth() ; required_height=sel_bmp.GetHeight()

left=XLSheet.Cells(1,7).Left ; top=XLSheet.Cells(1,1).Top

XLSheet.Shapes.AddPicture(Pathimage, False, True,left, top,required_width,required_height)
os.remove(Pathlmage)

XLSheet.Cells(1,1).Select()

if os.path.exists(Excel_file):
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228. os.remove(Excel_file)

229. wh_template.SaveAs(Excel_file)

230. whb_template.Close()

231. xlApp.Quit()

232. self.statusbar.SetStatusText("Results saved in "+Excel_file,1) # Add text to StatusBar
233.

234.  app = wx.App(redirect=False) # wx.App initializes the GUI toolkit for WxPython.

235. window=Plot_Window(None, "The unfold components of an elbow") # Call 'Plot_Window' class
236.  window.Show() # Show 'window' object

237.  # This keeps the GUI in a continuous loop that is ready to receive key events

238.  # from the user. It does not return until the program closes!

239.  app.MainLoop()

The Elbow.py script (Python & Streamlit version) begin with importing libraries: streamlit (create a great
interactive web application with Python), PIL (Python Imaging Library), pandas (open source data analysis and
manipulation tool), matplotlib (library for creating static, animated and interactive visualizations in Python),
numpy (the package for scientific computing with Python), pathlib (provide classes to represent
abstract/concrete paths.

This script contains 145 lines. Lines 1 to 6 import the required modules. Line 8 defines the current folder.
Line 9 defines the script title with subheader command. Line 11 inserts a container element (with st.empty()
command) into the script that can be used to hold two columns defined in the same line 11; the Elbow.jpg image
(Figure 9.4) is placed on column 1 and also define the width and caption of the image (lines 12); the
Elbow_Demo.jpg image (Figure 9.4) is placed on column 2 and also define the width and caption of the image of
the image (line 13).

Line 15 inserts a container element (with st.empty() command) into the script that can be used to hold
three columns defined in line 15; line 16+17 open and read the video file Elbow.mp4', while line 18 place the
video into median two column.

Line 20 define a list with possible angles of the elbow, list reversed in line 22; in first position of the list is
inserted the text “Select angle”.

Line 26 defines the title “Input Data” with subheader command. Line 27 creates columns with three
elements. Lines 28+29 define the fields of input data (Diameter & Radius) into the previous columns created
(coll and col2), using number_input command.

Line 30 define a selectbox control from where the value of y angle can be selected. Line 31 test if an y angle
is selected; after selection the following code will be executed.

Line 32 define the values of a angle. Line 33 initialize Ualfa list to “Select angle” value. Because, for a
selected y value only certain a angle values can be selected, into Ualfa list will be appended only the values that
verify the condition from line 38; these values from Ualfa list will be transferred to Alfa_Sel selectbox control to
permit the selection of one a angle.

Line 41 test if an a angle is selected; after selection the following code will be executed. Lines 42+66
calculate the main dimension of elbow and drawings coordinates; lines 68+92 draw the elbow geometry, Figure
9.4; lines 94+105 draw the unfolded surface of element 1, Figure 9.4; lines 107+119 draw the unfolded surface of
element 2, Figure 9.4.

Line 122 creates columns with two elements, where main dimensions will be placed in coll (lines 123+135).
Lines 136+142 define a dataframe df containing the coordinates of unfolded surfaces (element 1 & 2) placed in
col2in line 144.

Listing 9.2 Elbow.py — Elbow unfold — Python & Streamlit version

import streamlit as st

from PIL import Image

import pandas as pd

import matplotlib.pyplot as plt
import numpy as np

from pathlib import Path

current_dir = str(Path(__file__).parent if "__file__" in locals() else Path.cwd())
st.subheader(":green[The unfold components of an elbow]")

SooENcarWN S

coll, col2 = st.empty().columns([0.3,0.7])
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12.
13.
14.

16.
17.

19.

20.

22.
23.

25.
26.

28.
29.

31.

32.

34.
35.

37.
38.

40.

41

42.
43.
44,

46.
47.

49.
50.

52.
53.

55.
56.
e
58.

60.

61.

63.
64.

66.
67.

69.
70.

72.
s

75.
76.

78.
79.

81.

82.
83.

coll.image(Image.open(current_dir+"/Elbow.jpg"), width=200, caption='Cylindrical elbow')
col2.image(Image.open(current_dir+"/Elbow_unfolded.jpg"), width=440, caption='"Unfolding demo')

coll, col2, col3 = st.empty().columns([0.1,0.8,0.1])
video_file = open(current_dir+'/Elbow.mp4', 'rb")
video_bytes = video_file.read()
col2.video(video_bytes, format="mp4", start_time=0)

Gama_Angles = ['24","25","28","30","32" "33","35" "36","40","42" "4 4" " 45" " 48" " 49" "50" "5 4" "55",
"56" "60""63" "64" "65" "66" "67.5" 70" "72" "75" "77" "78" 80" "84" "85" 88" "90"]

Gama_Angles.reverse()

Gama_Angles.insert(0, "Select angle")

st.divider()
st.subheader(:green[Input Data]')
coll, col2, col3 = st.columns(3)
Diameter = coll.number_input('Diameter [mm]', value=80.0)
Raza = col2.number_input('Elbow Radius R [mm]', value=150.0)
Gama_Sel=col3.selectbox("Gama angle [deg]",options=Gama_Angles)
if Gama_Sel != "Select angle™
Alfa_Angles=["2.5""3""3.5","4" "5" "5.5" "6","7.5","8","10","11.25"]
Ualfa=["Select angle"]
for alf in Alfa_Angles:
n = (float(Gama_Sel)/float(alf)+2) / 2
r = np.floor(n)
if n == r and n>2 and n<=19:
Ualfa.append(alf)
coll, col2, col3 = st.columns(3)
Alfa_Sel=coll.selectbox("Alfa angle [deg]",options=Ualfa)
if Alfa_Sel != "Select angle™:
n1 = (float(Gama_Sel)/float(Alfa_Sel)+2) / 2
r1 = np.floor(n1)
ifnl==rl:
No = col2.text_input('No. of elbow elements [-]', int(np.floor(n1)), disabled=True)
col3.write("")
s_btn = col3.button("Calculate",use_container_width=True)
st.divider()
if s_btn: # Calculate elbow elements
Pl=np.arctan(1)*4
NrPct = 8
GamaR-=float(Gama_Sel)*P1/180
AlfaR=float(Alfa_Sel)*P1/180
K = Raza * np.tan(GamaR / 2)
t = Raza * np.tan(AlfaR)
H1 =t - Diameter * np.tan(AlfaR) / 2
H2 =t + Diameter * np.tan(AlfaR) / 2
Ld = Pl * Diameter # Unfolded length
Arial = Pl * Diameter * (H2 - Diameter * (np.tan(AlfaR) + np.tan(0)) / 2)
Aria2 = Pl * Diameter * (2 * H2 - Diameter * (np.tan(AlfaR) + np.tan(0)) / 2)
XP=[I ; Y1=[] ; Teta=[]
foriin range(l, 4 * NrPct + 2):
UT=(i-1)*Pl/2/NrPct
Teta.append(UT)
XP.append(UT * Diameter/ 2)
Yl.append(Diameter /2 * (1 - np.cos(UT)) * np.tan(AlfaR))

fig=plt.figure() # Elbow drawing
plt.title("Elbow geometry with "+'%2d' % float(No)+" elements", fontsize=14, fontweight='bold',color='Black’)
plt.grid(True)
plt.axis(‘equal’)
XN=[]; YN=[] ; X22=[ ; Y22=]]
cnt=0 ; RpD2 = Raza + Diameter/2 ; RmD2 = Raza - Diameter/2
foriin range(1, 2 * int(float(No)) ):
unghi = AlfaR * (i - 1)
plt.plot([0,RpD2 * np.sin(unghi)],[RpD2,RpD2-RpD2 * np.cos(unghi)], color='Red’, linewidth=1)
if i==10r (i % 2) == 0 or i == (2 * int(float(No)) - 2) +1:
x1=RpD2*np.sin(unghi) ; x2=RmD2*np.sin(unghi)
y1=RpD2-RpD2*np.cos(unghi) ; y2=RpD2-RmD2*np.cos(unghi)
plt.plot([x1,x2],[y1, y2], color="Blue', linewidth=3)
cnt+=1
X1l.append(x1) ; Yl.append(yl) ; X22.append(x2) ; Y22.append(y2)
for i in range(0, cnt):
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84.
85.
86.

88.
89.

91.
92.

94.
95.

97.
98.

100.

101.

102.
103.
104.
105.
106.
107.
108.
109.

110.
m.
2.
113.
4.
115.
116.
n7.
118.
19.

120.

121.

122.
123.
124.
125.
126.
127.
128.
129.
130.

131

132.
133.
134.
135.
136.
137.
138.
139.
140.

141.

142.
143.
144,
145.

if i==0:
Xant1=X11[i] ; Yant1=Y11[i]
Xant2=X22[i] ; Yant2=Y22[i]

else:
plt.plot([Xant1,X11[i]],[Yant1, Y11[i] ], color='Blue’, linewidth=3)
plt.plot([Xant2,X22[i]],[Yant2, Y22[i] ], color='Blue’, linewidth=3)
Xant1=X11[i] ; Yant1=Y11[i]
Xant2=X22[i] ; Yant2=Y22[i]

st.empty().write(fig)

fig=plt.figure() # Chart drawing element 1
plt.title("Unfolded element 1", fontsize=14, fontweight="bold',color='Black’)
plt.grid(True)
YH1=[]
foriin range(0, 4 * NrPct+1):

YH1.append(H1+Y1[i])

plt.plot([XP[i], XP[il],[0, YH1[i]], color='Red', linewidth=1)
plt.plot(XP,YH1, color='Blue', linewidth=3)
plt.plot([0,0],[0,H1], color='Blue’, linewidth=3)
plt.plot([0,Ld],[0,0], color='Blue’, linewidth=3)
plt.plot([Ld,Ld],[0,H1], color="Blue', linewidth=3)
st.empty().write(fig)

fig=plt.figure() # Chart drawing element 2
plt.title("Unfolded element 2", fontsize=14, fontweight='bold',color='Black’)
plt.grid(True)
YH2a=[] ; YH2b=[]
foriin range(0, 4 * NrPct+1):

YH2a.append(H2-H1-Y1[i])

YH2b.append(H2+H1+Y1[i])

plt.plot([XP[i], XP[i]],[YH2ali], YH2b[i]], color='"Red', linewidth=1)
plt.plot(XP,YH2a, color='Blue', linewidth=3)
plt.plot(XP,YH2b, color='Blue', linewidth=3)
plt.plot([0, 0],[H2-H1, H2+H]1], color='Blue’, linewidth=3)
plt.plot([Ld,Ld],[H2-H1, H2+H1], color='Blue’, linewidth=3)
st.empty().write(fig)

st.divider() # Chart dimensions & coordinates
coll, col2 = st.columns([0.35,0.65])
coll.subheader(":green[Main dimensions]")
coll.write("Diameter="+'%0.2f' % Diameter+" [mm]")
coll.write("Elbow Radius="+'%0.2f' % Raza+" [mm]")
coll.write("Gama angle="+'%0.2f' % float(Gama_Sel)+" [deg]")
coll.write("Alfa angle="+%0.2f' % float(Alfa_Sel)+" [deg]")
coll.write("Elbow Elements No.="+'%2d' % float(No)+" [-]")
coll.write("K1 length="+'%0.2f' % K+" [mm]")
coll.write("t length="+%0.2f' % t+" [mm]")
coll.write("H1="+'%0.2f' % H1+" [mm]")
coll.write("H2="+'%0.2f' % H2+" [mm]")
coll.write("Unfolded length Ld ="+'%0.2f' % Ld +" [mm]")
coll.write("Area 1="+'%0.2f' % Arial +" [mm2]")
coll.write("Area 2="+'%0.2f' % Aria2 +" [mm2]")
df= pd.DataFrame(

{Teta [deg]" Teta,

X [mm]": XP,

Y1 [mm]" YH1,

'Y2a [mm]": YH2a,

'Y2b [mm]": YH2b,

b
col2.subheader(":green[Unfolded Coordinates]")
col2.dataframe(df)
st.divider()
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1" The unfold components of an elbow *
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This is the plot window Results saved in E\Book_files\Elbow/Elbow_Resultsxlsx
Figure 9.2 The interface and screen generated by Python & wxPython version of the Elbow.pyw script
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Figure 9.3 The Excel file content generated by Elbow.pyw script
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Figure 9.4 The interface and screen generated by Python & Streamlit version of the Elbow.py script
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10. Flatten surface

The Surfaces script is an application to flatten a surface defined by two 3D curve. Engineering has many
examples of using this type of 3D geometry, as in Figure 10.1, Figure 10.2.

%

Figure 10.1 The spiral casing geometry of hydraulic turbine Figure 10.2 The draft tube geometry of hydraulic
[10.1] turbine [10.2]

The surface defined by two 3D curve with thickness=5 mm, shown in Figure 10.3, is symmetrical and has
been cut in half by Top plane as in Figure 10.4. Figure 10.5 show the mid surfaces, with thickness=0 mm, created
between upper and lower faces. Technically, since such an area cannot be flatten, still the unfolded surface can
be approximated by dividing the spatial area into triangles, Figure 10.6, and flattening them in the same plan.

The flatten steps are the following:

o Open an Excel file to read the coordinates of the two 3D curves; the template of the curve
coordinates is shown in table 10.1.

o Based on these coordinates, a spatial spline interpolation is performed; this is done in order to
obtain more points for a better approximation of the flattened surface;

o The script generates a 3D figure with the two curves joined by triangles covering the surface;

o The script calculate the coordinates of the flatten surface and draw, in a separate figure, the flatten
geometry;

o The coordinates of the flatten surface and the two drawings can be exported to an Excel file.

Upper face

Lower face

Figure 10.3 The surface defined by two 3D curve Figure 10.4 The half surface defined by two 3D curve
(thickness=5 mm) (thickness=5 mm)
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Figure 10.5 The mid surfaces between upper and
lower faces (thickness=0 mm)

Figure 10.6 The mid surface covered by triangles

Table 10.1
A | B c| Db |E]F ] e | H ]

1 Section 1 Section 2
2 X Y z X Y z
3| 1 | 5136 -2081 2132 1| 55.64 | -20.80 | -0.04
41 2 | s617 | 2922 | 23.31 2 | 6091 | -29.63 | -0.04
> | 3 | 6247 | 3639 | 2591 3 | 67.89 | -37.17 | -0.03
6| 4 | 6999 | -41.99 | 29.02 4| 7628 | -43.11 | -0.02
7| 5 | 7843 | -45.81 | 32.51 5 | 85.72 | -47.19 | -0.01
8 | 6 | 87.40 | -47.68 | 36.22 6 | 9579 | -49.23 | 0.01
9 | 7 | 9654 | -47.50 | 39.99 7 | 106.07 | -49.14 | 0.02
10 | 8 |105.45 | -45.29 | 43.67 8 [116.11| -46.92 | 0.03
11 | 9 |[113.75| -41.15 | 47.10 9 12547 | -42.68 | 0.04
12 | 10 |121.09 | -35.25 | 50.13 10 | 133.76 | -36.59 | 0.05
13 | 11 |127.14 | -27.84 | 52.64 11 | 140.60 | -28.92 | 0.05
14 | 12 |131.67 | -19.25 | 54.51 12 | 145.72 | -20.00 | 0.06
15 | 13 |134.46 | -9.84 | 55.66 13 | 148.88 | -10.22 | 0.06
16 | 14 |13541| 0.00 | 56.05 14 | 149.94 | 0.00 | 0.06

The Surfaces script use a database Config.db to store all icons loaded in frame Toolbar; this will avoid the

-
existence of following icons files in the application folder: “—, Lél and ﬂ . The Config.db = objects store icons
for the script interface of Python 2. 7 & wxPython application version. Initially, the icons files are stored in the
Flatten surface=> Objects application folder. The icons files were loaded into Config.db = objects as Binary Large
Object (BLOB) through the _copyimg.pyw script displayed in Listing 8.1, from where they will be used into
application interface through Python 2.7 = Surfaces.pyw script.

The Surfaces.pyw script (Python & wxPython version) include three classes: Plot, PlotNotebook,
Flatten_surface and two public functions: ExportimageToExcel, ExtragimageMemory. The script begin with
importing libraries (lines 3+11).

The Plot class (lines 34+44) create self.figure, self.canvas, self.toolbar and sizer entities for the class that
calls it. The PlotNotebook class (lines 46+60) creates several pages for the class that calls it, using the internal
function add; through internal function ChangePagina the user can change the page. This class represents a
notebook control, which manages multiple windows with associated tabs.
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The ExportlmageToExcel public function export an image Excel file. The parameters of the function are: the
file Path — the path were the image file is saved, Sheet — the sheet were the image will be placed and row &
column which identify the cell were the image will be placed in Excel sheet.

The ExtraglmageMemory function (lines 28+32) selecteaza din SQLite database > Objects an icon si
create & returneaza the icon img from data in memory. This function is called from class Flatten_surface =

_TOOLBAR function.

The Flatten_surface class create the interface (toolbar, grid, ...), create the aplication main functionalities
and include the following functions:

e _init__

o _TOOLBAR

e EviTextEnter

e RecreateAxis
e OnOpen

e Calculation

e ALFA

¢ Flatten

Define the frame (a window whose size and position can be changed by the user); create
the statusbar (lines 67+69); line 71 create in self.plotter an instance of PlotNotebook class;
lines 73, 74 create one 3D graphics subplot self.Axa_3D; line 75 create in
self.Axa2D_Flatten a new instance of PlotNotebook class; lines 76, 77 create one 2D
graphics subplot self.Axa2D that will be connected to OnMouseMotion class internal
function (line 77); line 79 initialize the public variables of the class self.Excel_File and
self.xad, self.yad, self.xbd, self.ybd, which are the coordinates of flatten surfaces; line 80
call _TOOLBAR; line 81 read the number of the spline interpolation points from
self.txt_Points text control placed on self.toolbar; line 82 initialize the 3D curves
coordinates self.X1, self.Y1, self.Z1, self.X2, self.Y2, self.Z2, that will be readed from an
Excel file on OnOpen function; line 83 call RecreateAxis function;
lines 84 center and show the frame in the display.
Create the toolbar (line 87); set the toolbar background color (line 88) and icons size (line
89); create the connection and cursor using Config.db database (line 90); generate
Lst_label, Lst_icons and Lst_Help lists (lines 91+93), which store the tooolbar icons labels,
the icon names that must be extracted from memory by calling ExtragimageMemory
function and the associated icons help; for every line 95 associate an unique identificator
ID; through for cycle from line 94 the img icon is extracted into memory (line 96); create the
bitmap of img memory icon and scale at the imposed toolbar icons size (line 97); in this
cycle, for every operation, the icon is added in toolbar (line 98) ; lines 100+109 connect
with Bind statement to associated functions; lines 102+105 create self.txt_Points text
control to input the number of the spline interpolation points; this control is connected to
EvtTextEnter class internal function (line 106); line 110 generate and show the toolbar; line
111 close the connection with Config.db database.
This function is activated from self.txt_Points text control after Enter key was pressed; lines
114+117 verify if the curves coordinates was readed through self.X1 variable; line 118 call
RecreateAxis function; line 119 read the value from self.txt_Points text control in
self.Ninterp public variable; line 119+120 define and update the title of self.Axa_3D; line
122 call Calculation function to drawn the curves and triangles, based on the 3D curves
coordinates.
This function define the parameters of the two graphics area: self.Axa_3D and self.Axa2D.
Open a dialog to load an Excel file (line 157) and store the filename in variable Excel_File
(line 155); read the curve coordinates (lines 164+169); close the Excel file (line 171) and call
Calculation function. The content of Excel file is shown in table 10.1, where the coordinates
start from line 3.
This function compute the spline interpolation curve 1 & 2 (lines 189+191 & 194+195) and
draw the following geometry in self.Axa_3D: section 2 curve, points & text (lines 176+180),
section 1 curve, points & text (lines 182+186), spline interpolate curve 1 & 2 (lines 192, 196)
, straight bending lines (lines 198, 199) and diagonal bending lines (lines 201+204); the left
pressed mouse button rotate the 3D geometry, while the right pressed mouse button
redraw the geometry at different levels of zoom; call Flatten function.
This function calculates the a angle of triangles used in flattening calculations (Flatten
function) to correctly align one triangle with the next.
This is the function that calculates the coordinates of the flattened surface: self.xad,
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self.yad, self.xbd, self.ybd.

e Draw_Flatten This function draw the flatten surface in self.Axa2D chart: section 1, 2 curve, points, stright
bending lines and diagonal bending lines.

e OnMouseMotion ldentify the current mouse position (line 162); only for self.Axa2D write these coordinates
in statusbar (line 292).

e OnExcel Lines 296+299 verify if the curves coordinates was readed through self.xbd variable; open
self.Excel_File file (line 301) and activate sheet 1 (line 302) ; create Excel table coordinates
headings (line 303+304) and write in a for loop the flatten surface coordinates (self.yad,
self.xbd, self.ybd) (lines 306+309); lines 311+313 save the self.Axa_3D and self.Axa2D as
image files which is exported to Excel file (lines 315+316) using ExportimageToExcel
function; line 317 save and close the Excel file and reopen & shown by line 318. The saving
of the coordinates and drawings will be performed on Excel sheet 2; for this reason, the file
must have at least two sheets: the coordinates of the curves are read from the first sheet
and the numerical & graphical results are stored in the second sheet.

e OnClose Exit from application.

The interface of Surfaces.pyw script is displayed in Figure 10.7 and Figure 10.8. Listing 10.1 displays the
Python & wxPython version of script Surfaces.pyw.

The Surface.py script (Python & Streamlit version) contains 171 lines and begin with importing libraries
(lines 1+8). Lines 10+15 configures the title settings of the script and the max-width of the page (70 rem = 1120
px, where 1 rem = 16px). Lines 17 define the the script path.

Lines 19+27 define ALFA function which calculate the a angle of triangles used in flattening calculations to
correctly align one triangle with the next.

Line 31 wait to select an Excel file by the user to read the curves points coordinates in 6 lists (line 44+54).

The coordinates readed from Excel will be stored in a dataframe df (line 55) and displayed as table and the Excel

file name is also displayed (Figure 10.9).

Line 58 create a form to input a value Ninterp variable (number of spline interpolation points - lines
59+61) Also, a submit_button is created (line 62). If the button is clicked, lines 64+95 draw the following
geometry in fig: section 1 curve, points & text, section 2 curve, points & text, spline interpolate curve 1 & 2,
straight bending lines and diagonal bending lines. Lines 97+144 compute the flatten surface coordinates. Lines
145+163 draw the flatten surface. Lines 164+171 show the numerical results.

The interface of Surface.py script is displayed in Figure 10.9. Listing 10.2 displays the Python & Streamlit
version of script Surface.py.

B Flatten surface <

Ow:»m.-é]ﬂ

el Qut
D Surfece  Fiatten surface

Surface defined by two curves 3D with 50 spline interpolation points

-~ Curvel

Surface 1-2 — Curve2

e®e Curve 1 points

Ty o #%¢ Curve 2 points

¥ *« Interpolation Curve 1
++ Interpolation Curve 2

E\BOOK FILES\FLATTEN SURFACE\COORDONATE 1-2XLSX F = 54884 Length curve 1213499 Length curve 2:120.83

Figure 10.7 The 3D geometry of curves and triangles
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Figure 10.8 The flatten surface

Listing 10.1 Surfaces.pyw — Flatten surface — Python & wxPython version

1. from __future__ import division
2.
& from win32com.client import Dispatch
4. from pysqlite2 import dbapi2 as sqlite

5. from scipy import interpolate

6. import Stringl0,cStringlO

7. import wx , os, math

8. import numpy as np

9. import matplotlib as mpl

10. import matplotlib.pyplot as plt

1n. from mpl_toolkits.mplot3d import Axes3D

12. from matplotlib.backends.backend_wxagg import FigureCanvasWxAgg as Canvas
13. from matplotlib.backends.backend_wxagg import NavigationToolbar2Wx as Toolbar
14.

15. def ExportimageToExcel(Pathimage, Sheet, row, column):

16. data = open(Pathimage, "rb").read()

17. stream = cStringl0.StringlO(data) # convert to a data stream

18. sel_bmp=wx.BitmapFromimage( wx.ImageFromStream( stream)) # convert to a bitmap
19. width=sel_bmp.GetWidth() ; height=sel_bmp.GetHeight()

20. left=Sheet.Cells(1,column).Left ; top=Sheet.Cells(row,1).Top

21. Sheet.Shapes.AddPicture(Pathimage, False, True,left, top,width,height)
22. os.remove(Pathlmage)

23. return

24.

25. def ExtraglmageMemory(cursor, Numelmage):

26. cursor.execute("SELECT fisier FROM objects where nume="+Numelmage+"")
217. blob=cursor.fetchone()[0]

28. img = wx.ImageFromStream(Stringl0.StringlO(blob))

29. return img

30.

31. class Plot(wx.Panel):

32. def __init__(self, parent, id = -1, dpi = None, **kwargs):

33. wx.Panel.__init__(self, parent, id=id, **kwargs)

34. self.figure = mpl.figure.Figure(dpi=dpi)

35. self.canvas = Canvas(self, -1, self.figure)

36. self.toolbar = Toolbar(self.canvas)

37. self.toolbar.Realize() ; self.toolbar.Hide()

38. sizer = wx.BoxSizer(wx.VERTICAL) ;

39. sizer.Add(self.canvas,1,wx.EXPAND)

40. sizer.Add(self.toolbar, 0, wx.LEFT | wx.EXPAND)

41. self.SetSizer(sizer)

42.

43. class PlotNotebook(wx.Panel):

4, def __init__(self, parent, id = -1):
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Listing 10.1 Surfaces.pyw — Flatten surface — Python & wxPython version

45,
46.
47.

49.
50.

52.
53.

55.
56.

58.
59.

61.
62.

64.
65.

67.
68.

70.
T

73.
74.

76.
71.

79.
80.

82.
83.

85.
86.

88.
89.
90.
91.

93.
94.

96.
97.

99.

100.

101

102.
103.
104.
105.
106.
107.
108.
109.

110.
m.

2.
113.
4.
115.
6.

wx.Panel.__init__(self, parent, id=id)
self.nb = wx.Notebook(self)
sizer = wx.BoxSizer() ; sizer.Add(self.nb, 1, wx.EXPAND)
self.SetSizer(sizer)
def add(self,name="plot"):
page = Plot(self.nb)
self.nb.AddPage(page,name)
return page.figure
def add_PAGE(self,name):
Pagina=wx.Panel(self.nb) ; self.nb.AddPage(Pagina, name)
return Pagina
def hide_PAGE(self,number):
self.nb.RemovePage(number)
def ChangePagina(self,INDEX):
self.nb.ChangeSelection(INDEX)

class Flatten_surface(wx.Frame): # ========================================z===z====
def __init__(self):

displaySize= self.DS=wx.DisplaySize()

wx.Frame.__init__(self, None, -1, title="Flatten surface",
size=(displaySize[0]*0.75, displaySize[1]*0.85),
style=wx.DEFAULT_FRAME_STYLE * ( wx.MINIMIZE_BOX | wx.MAXIMIZE_BOX))

self.SB=self.SB = self.CreateStatusBar() # StatusBar

self.SB.SetFieldsCount(5) ; self.SB.SetStatusWidths([-35,-70,-30, -30, -30])

self.SB.SetStatusText("",1)

self.plotter = PlotNotebook(self) # Create Notebook
mpl.rcParams['legend.fontsize’] = 14

self.Axa_3D_Surface = self.plotter.add("3D Surface").gca()

self.Axa_3D = self.Axa_3D_Surface.figure.add_subplot(1, 1, 1, projection='3d")
self.Axa2D_Flatten = self.plotter.add("Flatten surface").gca()

self.Axa2D = self.Axa2D_Flatten.figure.add_subplot(1, 1, 1)
self.Axa2D.figure.canvas.mpl_connect('motion_notify_event', self.OnMouseMotion)

self.Excel_File=""; self.xad=[] ; self.yad=[] ; self.xbd=[] ; self.ybd=[]
self._TOOLBAR()
self.Ninterp=int(self.txt_Points.GetValue().strip())

self.X1=[] ; self.Y1=[] ; self.Z1=[] ; self.X2=[] ; self.Y2=[] ; self.Z2=]]
self.RecreateAxis()

self.CenterOnScreen() ; self.Show() # self.Maximize(True)

def _TOOLBAR(self):
self.toolbar = self.CreateToolBar( ( wx.TB_HORIZONTAL | wx.TB_TEXT) )
self.toolbar.SetBackgroundColour(wx.Colour(224,238,224))
self.toolbar.SetToolBitmapSize((24,24))
conn = sqlite.connect(os.getcwd()+'\Config.db') ; cursor = conn.cursor()
Lst_label=["Open","Excel","Quit"]
Lst_icons=["open.png","Excel.png", "exit.png"]
Lst_Help=["Open image file.","Export coordinates & charts to Excel","Quit application"]
for i, ( label, icon, HELP) in enumerate(zip(Lst_label, Lst_icons, Lst_Help )):
ID_tool= wx.Newld()
img = ExtraglmageMemory(cursor, icon)
sel_bmp=wx.BitmapFromIlmage(img.Scale(24,24))
self.toolbar.AddLabelTool(ID_tool, label, sel_bmp, shortHelp=HELP)
if label=="Open™:
self.Bind(wx.EVT_TOOL, self.OnOpen, id=ID_tool)
stl = wx.StaticText(self.toolbar, -1," Points =")
self.txt_Points = wx.TextCtrl(self.toolbar, value="50", size=(40,-1))
self.txt_Points.SetBackgroundColour('Black’)
self.txt_Points.SetForegroundColour("White")
self.txt_Points.SetToolTipString("No. of spline interpolation points\nChange and hit ENTER key
")
self.Bind(wx.EVT_TEXT_ENTER, self.EvtTextEnter, self.txt_Points)
self.toolbar.AddControl(stl) ; self.toolbar.AddControl(self.txt_Points)
if label=="Excel": self.Bind(wx.EVT_TOOL, self.OnExcel, id=ID_tool)
if label=="Quit": self.Bind(wx.EVT_TOOL, self.OnClose, id=ID_tool)
self.toolbar.Realize() ; self.toolbar.Show() # Generate toolbar
cursor.close() ; conn.close()

def EviTextEnter(self, event):
if len(self.X1)==0:
mesaj = "Please open an Excel file with sections coordinates !"
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Listing 10.1 Surfaces.pyw — Flatten surface — Python & wxPython version

17. wx.MessageBox(mesaj, "Info",style=wx.0K|wx.ICON_EXCLAMATION)
8. return

9. self.RecreateAxis()

120. self.Ninterp=int(self.txt_Points.GetValue().strip())

121. sir="Surface defined by two curves 3D with "+str(self.Ninterp)+" spline interpolation points"
122. self.Axa_3D.figure.suptitle(sir, fontsize=16, fontweight='bold', color="Blue")

123. self.Calculation()

124.

125. def RecreateAxis(self):

126. self.plotter.ChangePagina(0) ; self.Ninterp=int(self.txt_Points.GetValue().strip())
127. self.Axa_3D.clear() ; param=dict()

128. self.Axa_3D.tick_params(axis='y', colors='Blue’)

129. self.Axa_3D.grid(b=True, which="major', color="#666666', linestyle="'-'

130. self.Axa_3D.grid(b=True, which="minor", color="#999999', linestyle='-', alpha=0.2)
131. self.Axa_3D.minorticks_on()

132. self.Axa_3D.set_xlabel("X", fontsize=22, fontweight="bold', color="Blue")

133. self.Axa_3D.set_ylabel("Y", fontsize=22, fontweight="bold', color="Blue")

134. self.Axa_3D.set_zlabel("Z", fontsize=22, fontweight='bold', color="Blue")

135. self.Axa_3D.set_title("Surface 1-2", fontsize=14, fontweight="bold’)

136. self.Axa_3D.view_init(elev=55., azim=-127)

137. self.Axa_3D.figure.canvas.draw()

138. self.Axa2D.clear()

139. # self.Axa2D.set_xticklabels([]) ; self.Axa2D.set_yticklabels([])

140. self.Axa2D.tick_params(axis='y', colors='Blue')

141. self.Axa2D.grid(b=True, which="major', color="#666666', linestyle="-"

142. self.Axa2D.grid(b=True, which="minor', color="#999999', linestyle='-', alpha=0.2)
143. self.Axa2D.minorticks_on()

144. self.Axa2D.set_xlabel("X", fontsize=22, fontweight='bold', color="Red")

145. self.Axa2D.set_ylabel("Y", fontsize=22, fontweight='bold', color="Red")

146. self.Axa2D.set_title("Flatten surface 1-2", fontsize=14, fontweight='bold')

147. sir="Surface defined by two curves 3D with "+str(self.Ninterp)+" spline interpolation points"
148. self.Axa_3D.figure.suptitle(sir, fontsize=16, fontweight='bold', color="Blue")

149. self.Axa2D.figure.suptitle(sir, fontsize=16, fontweight="bold', color="Blue")

150. self.Axa2D.figure.canvas.draw()

151.

152. def OnOpen(self,event):

153. wildcard="Excel files (*.xlsx)|*.xlsx|Excel files (*.xls)|*.xls"

154. dialog = wx.FileDialog(None, "Open Excel file to read sections coordinates", ", ", wildcard, wx.OPEN)
155. if dialog.ShowModal() == wx.ID_CANCEL: return

156. self.Excel_File= dialog.GetPath().strip().upper()

157. self.SB.SetStatusText(self.Excel_File,1)

158. xlApp = Dispatch("Excel.Application") # Connect to Excel

159. xlApp.Visible=False ; xIWb = xlApp.Workbooks.Open(self.Excel_File)

160. shtl = xIWb.Worksheets(1) ; lex=3

161. while True:

162. if str(shtl.Cells(lex,2).Value).strip()=="None":

163. break

164. else:

165. self.X2.append( round(float(str(shtl.Cells(lex,2).Value)),3) )
166. self.Y2.append( round(float(str(shtl.Cells(lex,3).Value)),3) )
167. self.Z2.append( round(float(str(shtl.Cells(lex,4).Value)),3) )
168. self.X1.append( round(float(str(shtl.Cells(lex,7).Value)),3) )
169. self.Yl.append( round(float(str(shtl.Cells(lex,8).Value)),3) )
170. self.Zl.append( round(float(str(shtl.Cells(lex,9).Value)),3) )
171. lex+=1

172. xIWh.Close(SaveChanges=1) ; xlApp.Quit()

173. self.Calculation()

174.

175. def Calculation(self):

176. # Draw section 1 curve, points & text

1717. self.Axa_3D.plot(self.X2, self.Y2, self.Z2, 'b--', linewidth=1, label='Curve 2')

178. self.Axa_3D.scatter(self.X2, self.Y2, self.Z2, s=50, marker="8", color="Red", label="Curve 2 points')
179. for i, (Xt, Yt, Zt) in enumerate(zip(self.X2, self.Y2, self.Z2)):

180. sir="%0.1f' % Xt +", "+ '%0.1f' % Yt + '%0.1f' % Zt

181. self. Axa_3D.text(Xt, Yt, Zt, sir, (1,0,0), size=8, zorder=1, color='k'")

182. # Draw section 2 curve, points & text

183. self.Axa_3D.plot(self.X1, self.Y1, self.Z1, 'b-', linewidth=1, label="Curve 1)

184. self.Axa_3D.scatter(self.X1, self.Y1, self.Z1, s=50, marker="D", color="Red", label='"Curve 1 points’)
185. for i, (Xt, Yt, Zt) in enumerate(zip(self.X1, self.Y1, self.Z1)):

186. sir="%0.1f' % Xt +", "+ '%0.1f' % Yt + '%0.1f' % Zt

187. self.Axa_3D.text(Xt, Yt, Zt, sir, (1,0,0), size=8, zorder=1, color='k")

188. # bbox = dict(boxstyle = 'round,pad=0.3", fc = 'yellow', alpha = 0.3))
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189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.

200.

201

202.
203.
204.
205.
206.
207.
208.
209.

210.
21.

212.
213.
214.
215.
216.
217.
218.
219

220.

221.

222.
223.
224.
225.
226.
221.
228.
229.
230.

231

232.
233.
234,
235!
236.
237.
238.
239.
240.

241.

242.
243.
244,
245.
246.
247.
248.
249.
250.

251

252.
253.
254.
255.
256.
257.
258.
259.
260.

# Spline interpolate curve 2
pnts = np.linspace(0,1,self.Ninterp)
tck2, u2 = interpolate.splprep([self.X2, self.Y2, self.Z2], s=2)
self.Xs2, self.Ys2, self.Zs2 = interpolate.splev(pnts, tck2)
self.Axa_3D.scatter(self.Xs2, self.Ys2, self.Zs2, 'o', c="Black", s=10,label="Interpolation Curve 2")
# Spline interpolate curve 1
tckl, ul = interpolate.splprep([self.X1, self.Y1, self.Z1], s=2)
self.Xsl, self.Ys1, self.Zs1 = interpolate.splev(pnts, tckl)
self.Axa_3D.scatter(self Xs1, self.Ys1, self.Zs1, ‘o', c="Black", s=10,label="Interpolation Curve 1")
# Straight bending lines
for i, (x1, y1, z1, x2, y2, z2) in enumerate(zip(self.Xsl,self.Ysl,self.Zs1,self. Xs2,self.Ys2,self.Zs2)):
self.Axa_3D.plot([x1,x2],[y1,y2],[z1,22], color="Gray")
# Diagonal bending lines
for i, (x1a, yla, z1a) in enumerate(zip(self.Xs1,self.Ys1,self.Zs1)):
if i< len(self.Xs2) - 1:
x2b, y2b, z2b = self Xs2[i+1],self.Ys2[i+1],self.Zs2[i+1]
self.Axa_3D.plot([x1a,x2b],[yla,y2b],[z1a,z2b], color="Gray")
self.Axa_3D.legend(fontsize=12) ; self.Axa_3D.legend(loc='best’)
self.Axa_3D.figure.canvas.draw() ; self.Axa2D.figure.canvas.draw()
self.Flatten()

def ALFA(self, xdsfl, xdsf2, ydsf1, ydsf2):

if (xdsf2-xdsf1)==0:
alfaperp=0
else:
mcom=(ydsf2-ydsf1)/(xdsf2-xdsf1) ; mperp=-1/mcom ; alfaperp=math.atan(mperp)
if alfaperp<0: alfaperp=math.pi-abs(alfaperp)
coefi=1
if alfaperp*180/math.pi>90: alfaperp=math.pi-alfaperp ; coefi=-1
return [coefi, alfaperp]

def Flatten(self):

self.ARIA=0
for i, (x1, y1, z1, x2, y2, z2) in enumerate(zip(self.Xsl,self.Ysl,self.Zs1,self. Xs2,self.Ys2,self.Zs2)):
if i==0:
lcom=math.sqrt((x1-x2)**2+(y1-y2)**2+(z1-22)**2)
xdsf1=0 ; ydsf1=0 ; xdsf2=0 ; ydsf2=lcom ; yaxa=lcom
self.xad.append(0) ; self.yad.append(0) ; self.xbd.append(0) ; self.ybd.append(lcom)
else: #--------——— -

xdsfl=self.xad[i-1] ; ydsfl=self.yad[i-1] ; xdsf2=self.xbd[i-1] ; ydsf2=self.ybd][i-1]
lcom=math.sqrt((xdsfl-xdsf2)**2+(ydsf1-ydsf2)**2)
122=math.sqrt((x1-self.Xs1[i-1])**2+(y1-self.Ys1[i-1])**2+(z1-self.Zs1[i-1]) **2)
21=math.sqrt((self Xs2[i-1]-x1)**2+(self.Ys2[i-1]-y1)**2+(self.Zs2[i-1]-z1)**2)
sp=(lcom+122+121)/2 ; aria=math.sqrt(abs(sp*(sp-lcom)*(sp-122)*(sp-121)))
h=2*aria/lcom ; lh2=math.sqrt(abs(122**2-h**2)) ; lh1=math.sqrt(abs(l21**2-h**2))
kpunct=lh1/lh2 ; self.ARIA=self.ARIA+aria
if (lh1+lh2)-lcom>0.0001: kpunct=-kpunct
xk=(xdsfl+kpunct*xdsf2)/(1+kpunct) ; yk=(ydsfl+kpunct*ydsf2)/(1+kpunct)
coefi, alfaperp = self. ALFA(xdsfl, xdsf2, ydsfl, ydsf2)
xalt=xk-h*math.cos(alfaperp) ; yalt=yk-coefi*h*math.sin(alfaperp)
self.xbd.append( round(xk+h*math.cos(alfaperp),2) )
self.ybd.append( round(yk+coefi*h*math.sin(alfaperp),2) )
if i>2: Val_com = math.sqrt(abs((self.xad[i-2]-self.xbd[i]) **2+(self.yad[i-2] -self.ybd[i]) **2))
if i>2 and Val_com < math.sqrt((self.xad[i-2]-xalt)**2+(self.yad[i-2]-yalt)**2):

elel = self.xbd.pop() ; ele2 = yhd() ;

self.xbd.append( round(xalt,2) ); self.ybd.append( round(yalt,2) )

xdsfl=self.xad[i-1] ; ydsfl=self.yad[i-1] ; xdsf2=self.xbd[i] ; ydsf2=self.ybd[i]

lcom=121

122=math.sqrt((self.Xs2[i]-self.Xs2[i-1])**2+(self.Ys2[i]-self.Ys2[i-1])**2+
(self.Zs2[i]-self.Zs2[i-1])**2)

121=math.sqrt((self.Xs2[i]-self. Xs1[i]) **2+(self.Ys2[i] -self.Ys1[i]) **2+(self.Zs2[i] -self.Zs1[i]) **2)

sp=(lcom+122+121)/2 ; aria=math.sqrt(abs(sp*(sp-lcom)*(sp-122)*(sp-121)))

self.ARIA=self.ARIA+aria

h=2*aria/lcom ; lh2=math.sqrt(l22**2-h**2) ; lh1=math.sqrt(121**2-h**2) ; kpunct=lh1/lh2

if ((h1+lh2)-lcom>0.0001: kpunct=-kpunct

xk=(xdsf2+kpunct*xdsf1)/(1+kpunct) ; yk=(ydsf2+kpunct*ydsf1)/(1+kpunct)

coefi, alfaperp = self. ALFA(xdsf1, xdsf2, ydsf1, ydsf2)

xalt=xk-h*math.cos(alfaperp) ; yalt=yk-coefi*h*math.sin(alfaperp)

self.xad.append( round(xk+h*math.cos(alfaperp),2) )

self.yad.append( round(yk+coefi*h*math.sin(alfaperp),2) )

if i>2: Val_com = math.sqrt((self.xbd[i-1]-self.xad[i])**2+(self.ybd[i-1]-self.yad[i]) **2)
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261.

262.
263.
264.
265.
266.
267.
268.
269.
270.

271.

272.
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274.
275.
276.
271.
278.
279.
280.

281.

282.
283.
284.
285.
286.
2817.
288.
289.
290.

291

292.
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294.
295.
296.
297.
298.
299.
300.

301.

302.
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304.
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306.
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308.
309.

310.
3.
312.
313.
314.
315:
316.
317.
318.
319.

320.

321.

322.
8238
324.
325.
326.
327.

if i>2 and Val_com < math.sqrt((self.xbd[i-1]-xalt)**2+(self.ybd[i-1]-yalt)**2):
elel = self.xad.pop() ; ele2 = yad() ;
self.xad.append( round(xalt,2) ) ; self.yad.append( round(yalt,2) )
LengthA=0; LengthB=0
for i, (xa, ya, xb, yb) in enumerate(zip(self.xad,self.yad, self.xbd, self.ybd)):
if i>0:
LengthA = LengthA+math.sqrt((self.xbd[i-1] - xb) ** 2 + (self.ybd[i-1] - yb) ** 2)
LengthB = LengthB+math.sqrt((self.xad[i-1] - xa) ** 2 + (self.yad[i-1] - ya) ** 2)
self.SB.SetStatusText("Length curve 2="+str(round(LengthA,2)),3)
self.SB.SetStatusText("Length curve 1="+str(round(LengthB,2)),4)
self.Draw_Flatten()

def Draw_Flatten(self):
# Draw section 1, 2 curve, points
self.Axa2D.plot(self.xad, self.yad) ; self.Axa2D.plot(self.xbd, self.ybd)
self.Axa2D.scatter(self.xbd, self.ybd, marker="8", s=20, color="Blue", label="Curve 2")
self.Axa2D.scatter(self.xad, self.yad, marker="D", s=20, color="Red", label="Curve 1")
# Straight bending lines
for i, (xi1, yil, xi2, yi2) in enumerate(zip(self.xad, self.yad,self.xbd, self.ybd)):
self.Axa2D.plot([xi1,xi2],[yil,yi2], color="Gray")
# Diagonal bending lines
for i, (xbla, ybla) in enumerate(zip(self.xad, self.yad)):
if i< len(self.xad) - 1:
xblb, yblb = self.xbd[i+1],self.ybd[i+1]
self.Axa2D.plot([xbla,xblb],[ybla,yblb], color="Gray")
self.Axa2D.legend(fontsize=12) ; self.Axa2D.legend(loc="best’)
self.Axa2D.figure.canvas.draw()
self.SB.SetStatusText("Flatten aria="+str(round(self.ARIA,2)),2)

def OnMouseMotion(self, event):
xMouse,yMouse = event.xdata, event.ydata
if xMouse<>None and yMouse<> None:
SirReal="X point="+'%0.4f' % xMouse + ", Y point="+'%0.4f' % yMouse
self.SB.SetStatusText( SirReal,0)

def OnExcel(self, event):

if len(self.xbd)==0:
mesaj = "No point defined for surface.\n Open an Excel file with curves coordinates !"
wx.MessageBox(mesaj, "Info",style=wx.0K|lwx.ICON_EXCLAMATION)
return

xlApp = Dispatch("Excel.Application")

xIWb = xlApp.Workbooks.Open(self.Excel_File) ; sheets = xIWb.Sheets

XLSheet=xIWb.Worksheets(2) ; sheets(2).Activate()

XLSheet.Cells(1,1).Value = "X1" ; XLSheet.Cells(1,2).Value = "Y1"

XLSheet.Cells(1,3).Value = "X2" ; XLSheet.Cells(1,4).Value = "Y2"

SirClip1=""; lex=2

for i, (xb, yb, xa, ya) in enumerate(zip(self.xbd, self.ybd, self.xad, self.yad)):
XLSheet.Cells(lex,1).Value = xb ; XLSheet.Cells(lex,2).Value = yb
XLSheet.Cells(lex,3).Value = xa ; XLSheet.Cells(lex,4).Value = ya
lex+=1

Figl=os.getcwd()+'\\'+"3D_Surface.jpg" ; Fig2=os.getcwd()+'\\'+"Flatten surface.jpg"

self.Axa_3D.figure.savefig(Figl, orientation='landscape’, bbox_inches=None,
transparent=False, pad_inches=0, format ="jpg", quality = 95)

self.Axa2D.figure.savefig(Fig2, orientation='landscape', bbox_inches=None,
transparent=False, pad_inches=0, format ="jpg", quality = 95)

ExportimageToExcel(Figl, xXIWb.Worksheets(2), 1, 6)

ExportimageToExcel(Fig2, xlWb.Worksheets(2), 60, 1)

xIWh.Close(SaveChanges=1) ; xlApp.Quit()

xIWb = xlApp.Workbooks.Open(self.Excel_File) ; xlApp.Visible=True

def OnClose(self, event):
self.Destroy()

if _name__=='__main__". #==================z====z====z=z===z====z==

app = wx.App(0)
Flatten_surface()
app.MainLoop()
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SoONocOrwNS

NTO0ONOURWNTOORNCUIAWNTOOVONOCORMNCOOONGTRONTOO0ONITTRAWNSOOY RIS ARWN:

import streamlit as st

import numpy as np

import matplotlib.pyplot as plt

import pandas as pd

from pathlib import Path

from scipy import interpolate # pip install scipy
import openpyxl

import math

st.set_page_config(page_title="Surface flatten")
css=""
<style>
section.main > div {max-width:70rem} # Trem = 16px ; 70rem = 1120 px
</style>
st.markdown(css, unsafe_allow_html=True)
current_dir = Path(__file__).parent if "__file__" in locals() else Path.cwd()

def ALFA(xdsf1, xdsf2, ydsfl, ydsf2):
if (xdsf2-xdsf1)==0:
alfaperp=0
else:
mcom=(ydsf2-ydsf1)/(xdsf2-xdsf1) ; mperp=-1/mcom ; alfaperp=math.atan(mperp)
if alfaperp<0: alfaperp=math.pi-abs(alfaperp)
coefi=1
if alfaperp*180/math.pi>90: alfaperp=math.pi-alfaperp ; coefi=-1
return [coefi, alfaperp]

st.subheader(":green[Surface flatten]")
MSJ=":frame_with_picture: Open Excel file to read curves coordinates ! :arrow_down_small:"
uploaded_file = st.file_uploader(MSJ, type="xlsx")
if uploaded_file:
Xi=[1; Y1=[] ; Z1=[] ; X2=[] ; Y2=[] ; Z2=[]
xad=[] ; yad=[] ; xbd=[] ; ybd=[]
wb = openpyxl.load_workbook(uploaded_file)
sheet = wbh.worksheets[0]
# Count number of Excel rows filled with coordinates
count_lex =0
for row in sheet:
if not all([cell.value == None for cell in row]):
count_lex +=1
lex=3
# Read curve coordinates from Excel file
while True:
if lex > count_lex:
break
else:
X2append( sheet.cell(lex,2).value )
Y2.append( sheet.cell(lex,3).value )
Z2.append( sheet.cell(lex,4).value )
Xl.append( sheet.cell(lex,7).value )
Yl.append( sheet.cell(lex,8).value )
Zl.append( sheet.cell(lex,9).value )
lex+=1
df = pd.DataFrame( {X1: X1, 'Y1: Y1,'Z1" Z1, 'X2": X2, 'Y2". Y¥2,'22": 2} )
st.dataframe(df)

with st.form('Input Data'): # Create input data form
st.subheader(:green[Input Data]’)
coll, col2, col3 = st.columns(3)
Ninterp = coll.number_input('Input number of spline interpolation points Ninterp =", value=50)
submit_button = st.form_submit_button(‘Calculate’)

if submit_button:
placeholder = st.empty()
fig = plt.figure(figsize=(8, 8)) ; ax = plt.axes(projection="3d")
ax.set_xlabel("X") ; ax.set_ylabel("Y") ; ax.set_ylabel("Z")
# Draw section 1 curve, points & text
ax.plot(X2, Y2, Z2, 'b--', label="Curve 2)
ax.scatter(X2, Y2, Z2, s=50, marker="8", color="Red", label="Curve 2points')
sir="%0.1f' % X1[0] +", "+ '%0.1f' % Y1[0] + '%0.1f' % Z1[0]
ax.text(X1[0], Y1[0], Z1[0], sir, (1,0,0), size=8, zorder=1, color='k')
# Draw section 1 curve, points & text
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/s
74.
75.

71.
78.

80.
81.

83.
84.

86.
87.

89.
90.

92.
93.

95.
96.

98.
99.

100.

101.

102.
103.
104.
105.
106.
107.
108.
109.

110.
m.
2.
113.
4.
115.
116.
n7.
8.
9.

120.

121.

122.
123.
124.
125.
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127.
128.
129.
130.

131.

132.
133.
134.
135.
136.
137.
138.
139.
140.

141

142.
143.
144.

ax.plot(X1, Y1, Z1, 'b-', label='Curve 1"
ax.scatter(X1, Y1, Z1, s=50, marker="D", color="Red", label="Curve 1 points')
sir="'%0.1f' % X2[0] +", "+ '%0.1f' % Y2[0] + '%0.1f' % Z2[0]
ax.text(X2[0], Y2[0], Z2[0], sir, (1,0,0), size=8, zorder=1, color='k")
# Spline interpolate curve 2
pnts = np.linspace(0,1,Ninterp)
tck2, u2 = interpolate.splprep([X2, Y2, Z2], s=2)
Xs2, Ys2, Zs2 = interpolate.splev(pnts, tck2)
ax.scatter(Xs2, Ys2, Zs2, 'o', c="Black", s=10,label="Interpolation Curve 2")
# Spline interpolate curve 1
tckl, ul = interpolate.splprep([X1, Y1, Z1], s=2)
Xsl, Ys1, Zs1 = interpolate.splev(pnts, tckl)
ax.scatter(Xsl, Ys1, Zs1, ‘o', c="Black", s=10,label="Interpolation Curve 1")
# Straight bending lines
for i, (x1, y1, z1, x2, y2, z2) in enumerate(zip(Xs1,Ys1,Zs1,Xs2,Ys2,Zs2)):
ax.plot([x1,x2],[y1,y2],[z1,22], color="Gray")
# Diagonal bending lines
for i, (x1a, yla, z1a) in enumerate(zip(Xs1,Ys1,Zs1)):
if i< len(Xs2) - 1:
x2b, y2b, z2b = Xs2[i+1],Ys2[i+1],Zs2[i+1]
ax.plot([x1a,x2b],[yla,y2b],[z1a,22b], color="Gray")
ax.figure.canvas.draw() ; ax.legend(fontsize=10) ; ax.legend(loc='best’)
plt.show() ; placeholder.pyplot(fig)
# Compute flatten surface coordinates
ARIA=0
for i, (x1, y1, z1, x2, y2, z2) in enumerate(zip(Xs1,Ys1,Zs1,Xs2,Ys2,Zs2)):
if i==0:
lcom=math.sqrt((x1-x2)**2+(y1-y2)**2+(z1-22)**2)
xdsf1=0 ; ydsf1=0 ; xdsf2=0 ; ydsf2=lcom ; yaxa=lcom
xad.append(0) ; yad.append(0) ; xbd.append(0) ; ybd.append(lcom)

lcom=math.sqrt((xdsfl-xdsf2)**2+(ydsfl-ydsf2)**2)
122=math.sqrt((x1-Xs1[i-1])**2+(y1-Ys1[i-1])**2+(z1-Zs1[i-1])**2)
[21=math.sqrt((Xs2[i-1]-x1)**2+(Ys2[i-1]-y1)**2+(Zs2[i-1] -21)**2)
sp=(lcom+122+121)/2 ; aria=math.sqrt(abs(sp*(sp-lcom)*(sp-122)*(sp-121)))
h=2*aria/lcom ; lh2=math.sqrt(abs(122**2-h**2)) ; lh1=math.sqrt(abs(l21**2-h**2))
kpunct=lh1/lh2 ; ARIA=ARIA+aria
if ((h1+lh2)-lcom>0.0001: kpunct=-kpunct
xk=(xdsfl+kpunct*xdsf2)/(1+kpunct) ; yk=(ydsfl+kpunct*ydsf2)/(1+kpunct)
coefi, alfaperp = ALFA(xdsf1, xdsf2, ydsfl, ydsf2)
xalt=xk-h*math.cos(alfaperp) ; yalt=yk-coefi*h*math.sin(alfaperp)
xbd.append( round(xk+h*math.cos(alfaperp),2) )
ybd.append( round(yk+coefi*h*math.sin(alfaperp),2) )
if i>2: Val_com = math.sqrt(abs((xad[i-2]-xbd[i])**2+(yad[i-2]-ybd[i])**2))
if i>2 and Val_com < math.sqrt((xad[i-2]-xalt)**2+(yad[i-2]-yalt)**2):

elel = xbd.pop() ; ele2 = ybd() ;

xbd.append( round(xalt,2) ); ybd.append( round(yalt,2) )

xdsfl=xad[i-1] ; ydsfl=yad[i-1] ; xdsf2=xbd[i] ; ydsf2=ybd]i]
lcom=121
122=math.sqrt((Xs2[i]-Xs2[i-1])**2+(Ys2[i]-Ys2[i-1])**2+
(Zs2[i]-Zs2[i-1)**2)
121=math.sqrt((Xs2[i]-Xs1[i])**2+(Ys2[i]-Ys1[i])**2+(Zs2[i] - Zs1[i]) **2)
sp=(lcom+122+121)/2 ; aria=math.sqrt(abs(sp*(sp-lcom)*(sp-122)*(sp-121)))
ARIA=ARIA+aria
h=2*aria/lcom ; lh2=math.sqrt(122**2-h**2) ; lh1=math.sqrt(l21**2-h**2) ; kpunct=lh1/lh2
if (lh1+lh2)-lcom>0.0001: kpunct=-kpunct
xk=(xdsf2+kpunct*xdsfl1)/(1+kpunct) ; yk=(ydsf2+kpunct*ydsf1)/(1+kpunct)
coefi, alfaperp = ALFA(xdsf1, xdsf2, ydsfl, ydsf2)
xalt=xk-h*math.cos(alfaperp) ; yalt=yk-coefi*h*math.sin(alfaperp)
xad.append( round(xk+h*math.cos(alfaperp),2) )
yad.append( round(yk+coefi*h*math.sin(alfaperp),2) )
if i>2: Val_com = math.sqrt((xbd[i-1]-xad[i])**2+(ybd[i-1]-yad[i])**2)
if i>2 and Val_com < math.sqrt((xbd[i-1]-xalt)**2+(ybd[i-1]-yalt)**2):
elel = xad.pop() ; ele2 = yad() ;
xad.append( round(xalt,2) ) ; yad.append( round(yalt,2) )
LengthA=0 ; LengthB=0
for i, (xa, ya, xb, yb) in enumerate(zip(xad,yad, xbd, ybd)):
if i>0:
LengthA = LengthA+math.sqrt((xbd[i-1] - xb) ** 2 + (ybd[i-1] - yb) ** 2)
LengthB = LengthB+math.sqrt((xad[i-1] - xa) ** 2 + (yad][i-1] - ya) ** 2)
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Listing 10.2 Surfaces.py — Flatten surface — Python & Streamlit version

145. # Draw FLATTEN SURFACE

146. placeholder! = st.empty()

147. figl = plt.figure(figsize=(8, 8))

148. ax1 = plt.axes()

149. axl.set_xlabel("X") ; axl.set_ylabel("Y") ; axl.set_ylabel("Z")

150. # Draw section 1, 2 flaten curve, points

151. axl.plot(xad, yad) ; axl.plot(xbd, ybd)

152. axl.scatter(xbd, ybd, marker="8", s=20, color="Blue", label="Curve 2")

153. axl.scatter(xad, yad, marker="D", s=20, color="Red", label="Curve 1")

154. # Straight bending lines

155. for i, (xi1, yil, xi2, yi2) in enumerate(zip(xad, yad,xbd, ybd)):

156. ax1.plot([xi1,xi2],[yil,yi2], color="Gray")

157. # Diagonal bending lines

158. for i, (xbla, ybla) in enumerate(zip(xad, yad)):

159. if i< len(xad) - 1:

160. xblb, yblb = xbd[i+1],ybd[i+1]

161. ax1.plot([xbla,xblb],[ybla,yblb], color="Gray")

162. axl.legend(fontsize=10) ; axl.legend(loc='best') ; ax1.figure.canvas.draw()

163. axl.grid(True) ; placeholderl.pyplot(fig1)

164. coll, col2, col3, col4 = st.columns(4)

165. coll.write("Length curve 2= "+str(round(LengthA,2)))

166. col2.write("Length curve 1= "+str(round(LengthB,2)))

167. col3.write("Arie = "+str(round(ARIA,2)))

168. col4.write("No. of spline interpolation points = "+str(Ninterp))

169. # Flatten surface coordonates

170. dfl = pd.DataFrame( {Xad": xad, 'Yad': yad,'’Xbd": xbd, 'Ybd": ybd} )

171. st.dataframe(df1)
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Figure 10.9 The interface of Surfaces.py script
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11. Rotating a three-dimensional geometry

This script is designed to rotate a 3D geometry which consist in a house designed with points and lines,
Figure 11.1. The house coordinates are presented in Figure 11.2 and readed from Coordonate.xlsx file.

Listing 11.1 displays the Python & wxPython version of script, Rotate.pyw and Listing 11.2 displays the
Python & Streamlit version of the same script, Rotate.py. Figure 11.3 display interface & the screens generated by
Python & wxPython version of the script and Figure 11.4 display display the screens generated by Python &
Streamlit version.

The Rotate.pyw script (Python & wxPython version) include only one class: Class_Rotire_3D. The script
begin with importing libraries: wx (the cross-platform GUI toolkit for the Python language), os (module with
methods for interacting with the operating system, like creating files and directories, management of files and
directories, input, output, environment variables, process management, etc.), pandas (open source data analysis
and manipulation tool) and matplotlib (library for creating static, animated and interactive visualizations in
Python).

The Class_Rotire_3D class create the interface, draw the 3D geometry of the house and include the
following functions:

o _ init__ Define the self.ax area where the 3D geometry of the house will be drawn (line 12);
define the grid color (line 13); lines 14+16 define the axes titles; line 17 set the initial
view of the 3D geometry by imposing the values of the elevation and azimuth; call the
class functions Read_Data and Draw; finally show the plot (line 20).

e Read_Data Create df dataframe by reading geometry coordinates from the Excel file Coordonate.xlsx
(line 23); convert columns X, Y, Z from dataframe to individual lists: self.X, self.Y, self.Z
respectively (lines 24, 25, 26); line 27 convert columns ID_Face from dataframe to list of
float numbers ID_Pct; line 28 convert list of float numbers ID_Pct to list of strings

self.ID_Point.

e Draw Line 31 draw the points of the house using scatter command; line 32 draw the house
lines using wireframe command; lines 14+16 draw the identification points numbers in a
for cycle.

Line 36 create the app which initializes the GUI toolkit for xPython; line 37 call Class_Rotire_3D class to
create the window showed in Figure 1.3; finally, the line 38 enter into infinite continuous loop to receive key

events from the user; the script can be interrupted with button of the frame.
A number of icons are automatically placed on the top toolbar, with following functions:

Reset original view.

Back to previous view.

Forward to next view.

Pan axes with left mouse, zoom with right.

Zoom to rectangle.

Configure subplots.

Save the figure into an image file (jpg, png, tiff, svg,...).

Edit curves line and axes parameters.

@B 400>

To rotate the house geometry no icon must be selected and , with left mouse pressed, move the mouse
over the 3D chart. During rotation the current values of the elevation and azimuth are displayed in the left

location of the StatusBar: - 2Zimuth=138 deg, elevation=28 deg
Moving the mouse over the chart without left mouse pressed will generate the current mouse position in

the left location of the StatusBar showing the X, Y & Z coordinates: x=-18.3348 ,y=38.7398  z=-0.75109
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Listing 11.1 Rotate.pyw — Rotating a three-dimensional geometry — Python & wxPython version

1. from __future__ import division

2.

3. import wx

4. import os

5. import pandas as pd

6.

7. import mpl_toolkits.mplot3d.axes3d # The tools are imported from the Matplotlib library

8. import matplotlib.pyplot as plt

9.

10. class Class_Rotire_3D():

1n. def __init__(self, parent, Title):

12. self.ax = plt.gca(projection='3d', title=Title)

13. self.ax.xaxis._axinfo['grid’.update({color" 'Gray', 'linewidth": 2})

14. self.ax.set_xlabel('X', fontsize=18, fontweight='bold', color="Red")

15. self.ax.set_ylabel('Y", fontsize=18, fontweight="bold', color="Red")

16. self.ax.set_zlabel('Z', fontsize=18, fontweight="bold', color="Red")

17. self.ax.view_init(elev=20., azim=310)

18. self.Read_Data()

19. self.Draw()

20. plt.show()

21.

22. def Read_Data(self):

23. df = pd.read_excel(os.getcwd()+"/Coordonate.xlsx")

24, self.X = df['X].tolist() # Convert columns X from dataframe to list

73, self.Y = df['Y'].tolist() # Convert columns Y from dataframe to list

26. self.Z = df['Z'].tolist() # Convert columns Y from dataframe to list

27. ID_Pct=df['ID_Point].tolist() # Convert columns ID_Face from dataframe to list of float numbers
28. self.ID_Point = [str(x) for x in ID_Pct] # Convert list of float numbers to list of strings
29.

30. def Draw(self):

31 self.ax.scatter(self.X, self.Y, self.Z, edgecolors="Red", marker='0', s=60, facecolor="White")
32. self.ax.plot_wireframe(self.X, self.Y, self.Z, color="Blue", linewidth=2)

33. for i, (lbl) in enumerate(zip(self.ID_Point)):

34. self.ax.text(self.X]i], self.Y[i], self.Z[i],lbl[0], color="Black", fontsize=20)
35.

36. app = wx.App(redirect=False)
37. frm_Rotire_3D=Class_Rotire_3D(None, "Rotate 3D home geometry")
38. app.MainLoop()

To display the house 3D geometry on the browser window a new free and open source library will be used:
Plotly's Python graphing library makes interactive, publication-quality graphs. This library can draw line plots,
scatter plots, area charts, bar charts, error bars, box plots, histograms, heatmaps, subplots, multiple-axes, polar
charts and bubble charts.

The Rotate.py script (Python & Streamlit version) begin with importing libraries: plotly.graph_objects
(module typically imported asgo contains an automatically-generated hierarchy of Python classes which
represent non-leaf nodes in the figure schema; the term "graph objects" refers to instances of these classes),
pandas (open source data analysis and manipulation tool), os (module with methods for interacting with the
operating system, like creating files and directories, management of files and directories, input, output,
environment variables, process management, etc.).

This script contains 29 lines. Line 5create df dataframe by reading geometry coordinates from the Excel file
Coordonate.xlsx; convert columns X, Y, Z from dataframe to individual lists: self.X, self.Y, self.Z respectively (lines
6, 7, 8); line 10 convert columns ID_Face from dataframe to list of float numbers ID_Pct; line 28 convert list of
float numbers ID_Pct to list of strings self.ID_Point.

Lines 12+20 create the 3D house geometry, Figure 11.4, with the following parameters: specifying the
coordinates X, Y, Z (line 13), drawing modes (draw lines, markers and text — line 14), specifying text values
associated to points as ID_Point list (line 15), text position (line 16) and size & opacity of the markers (lines
17+19).

Lines 23+26 define the default parameters which are used when layout.scene.camera is not provided. Line
28 update the properties of the figure's layout. Line 29 place the 3D geometry on browser window.
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Listing 11.2 Rotate.py — Rotating a three-dimensional geometry — Python & Streamlit version

1. import plotly.graph_objects as go

2. import pandas as pd

3. import os

4,

5. df = pd.read_excel(os.getcwd()+"/Coordonate.xlsx")

6. X = df['X'].tolist() # Convert columns X from dataframe to list

7. Y = df['Y'].tolist() # Convert columns Y from dataframe to list

8. Z = df['Z'].tolist() # Convert columns Y from dataframe to list

9. ID_Pct=df['ID_Point].tolist() # Convert columns ID_Face from dataframe to list of float numbers
10. ID_Point = [str(x) for x in ID_Pct] # Convert list of float numbers to list of strings

12. fig = go.Figure(data=go.Scatter3d(

13. x=X, y=Y,z=Z,

14. mode='lines+markers+text’,

15. text=ID_Point,

16. textposition="top center"”,

17. marker=dict(

18. size=8,

19. opacity=0.5)

20. )

21.

22. # Default parameters which are used when ‘layout.scene.camera’ is not provided
23. camera = dict(

24. up=dict(x=0, y=0, z=1),

25. center=dict(x=0, y=0, z=0),

26. eye=dict(x=1.25, y=1.25, z=1.25))

27.

28. fig.update_layout(scene_camera=camera)

29. fig.show()

ID_Point X Y z ID_Face
1 0 0 0 12341
2 50 0 0 12341
3 50 60 0 12341
a 0 60 0 12341
1 0 0 0 1234
1 0 0 0 1562
5 0 0 70 1562
6 50 0 70 1562
2 50 0 0 1562
6 50 0 70 673
7 50 60 70 673
3 50 60 0 673
7 50 60 70 784
8 0 60 70 784
a 0 60 0 784
8 0 60 70 85
5 0 0 70 85
6 50 0 70 607
9 50 30 100 607
7 50 60 70 607
8 0 60 70 5108
5 0 0 70 5108
10 0 30 100 5108
8 0 60 70 5108
10 0 30 100 5108
9 50 30 100 910
10 0 30 100 910

Figure 11.1 The house geometry Figure 11.2 The house coordinates
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[ Figure 1

00 ++ BEV

Rotate 3D home geometry

Figure 11.3 The interface and screen generated by Python &

wxPython version of the Rotate.pyw script

Figure 11.4 The interface and screen generated
by Python & Streamlit version of the Rotate.py

script

A number of icons are automatically placed on the top location of the browser window, figure xx5.4, with

following functions:

G+ OB

Download plot as png.
Zoom.

Pan.

Orbital rotation.

H
ols
L)
e

Turntable rotation.
Reset camera to default.
Reset camera to last view.

Plotly-logomart.

To rotate the house geometry move the mouse over the 3D chart with left mouse pressed.
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12. Generate the magic square

A magic square is a matrix for which the sum of the elements on the rows, columns and the two diagonals
(main and secondary) are equal. The algorithm for generating magic squares is:

o from the string 1,2,3,4,..., N, randomly choose N numbers (which can be multiples) and deposit them in
first line of the first square; the rest of the lines (2nd to last) are filled starting with the number in the first
column after the middle of the line and continuing with the first;

o from the string OxN, 1xN, 2xN,...., (N-1)xN, N numbers (which may also be multiple) and are deposited in
the first line of the second square; the remaining lines are filled in as in the first square, but starting from
the middle of the line;

o by adding the two squares element by element, the result is a magic square, Figure 12.1.

Listing 12.1 displays the Python & wxPython version of script, Magic_Square.pyw and Listing 12.2 displays
the Python & Streamlit version of the same script, Magic_Square.py. Figure 12.2 display interface & the screens
generated by Python & wxPython version of the script and Figure 12.3 display display the screens generated by
Python & Streamlit version.

2|1 4]13]1]5 5 0 20 10 15 7 1 24113 | 20

315121 1]4 20 | 10 ] 15 5 0 23 | 15|17 | 6 4

1 {4 3]5]2 + 15 5 0 20 10 = 16 | 9 3 (2512

51211413 0 | 20 10 ] 15 5 51221 9 8

413151211 10 | 15 5 0 20 141810 2 | 21
First square Second square The magic square

Figure 12.1 The algorithm for generating magic squares

The Magic_Square.pyw script (Python & wxPython version) include only one class: Magic_Square. The
script begin with importing libraries: wx (the cross-platform GUI toolkit for the Python language), os (module with
methods for interacting with the operating system, like creating files and directories, management of files and
directories, input, output, environment variables, process management, etc.), wx.grid (classes are used for
displaying and editing tabular data) and random (this module implements pseudo-random number generators for

various distributions).

The Class_Rotire_3D class create the interface, draw the 3D geometry of the house and include the

following functions:
e _init__

e _TOOLBAR

e CreateGrids

Define the frame (a window whose size and position can be changed by the user), the panel
(that will hold the contents of the frame) the StatusBar (placed at the frame bottom, were
messages can be displayed); define public class font self.font (line 15); call the _TOOLBAR
function; define public variable self.N1; call CreateGrids class function to generate the three
grids: First square, Second square and Magic square; set the frame title and center the
frame in the display.

Create the toolbar (lines 24+27), the StaticText control (lines 29+30); create wx.Choice
control (line 33) with the values defined in Ist_Choice control (line 32) and place the first
value “5” as first option to be selected (lines 34+35); create the Generate button (line 37)
and connect with Bind statement to OnGenerate function (line 38); lines 40+42 add these
controls to the ToolBar and line 44 generate and show the ToolBar.

Class function to generate the three grids: First square, Second square and Magic square;
define the size of grid columns and rows (line48); calculate self.Width and self.Heigth
variables (line 49); create StaticText with label First square, blue color and font self.font
(lines 52+53) define first square as self.grid1 and place in self.panel in pos position (line 55);
create self.gridl grid and impose disable properties (cannot be modified) (line 57); also,
impose horizontal and vertical text alignment in grid cells (line 58); line 60 impose the head
rows heigth; line 61 impose the head columns width; inside the cycle from line 62, line 63
define the columns labels, line 64 define cells rows heigth and line 65 define cells columns
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e OnGenerate

e Calc_Grid

e Sum_Grid

width; line 67 impose the self.gridl size; line 68 repaint the grid based on previous settings.
Lines 71+87 and 90+106 create Second square and Magic square in the same manner. Line
108 impose the frame Width and Heigth.

Regenerate the grids according to value selected from Choice control; first destroy self.st1+
self.st3 and self.grid1+ self.grid3 (lines 111-112); call CreateGrids function to regenerate
grids (line 115); inside a for cycle from the string 1,2,3,4,..., N, randomly choose N numbers
(which can be multiples) and deposit them in first line of the first square self.grid1 (lines
118+119); inside a for cycle from the string OxN, 1xN, 2xN,...., (N-1)xN, randomly choose N
numbers (which can be multiples) and deposit them in first line of the second square
self.grid2 (lines 120+121); call Calc_Grid function for Col_Start= self.N1 / 2 value (line 123);
call Calc_Grid function for Col_Start= self.N1 / 2 - 1 value (line 124); call Sum_Grid function
(line 125).

For self.grid1 this function complete with values the rest of the lines (2nd to last) starting
with the number in the first column after the middle of the line and continuing with the
first;

for self.grid2 this function complete with values the rest of the lines (2nd to last) starting
with the number from the middle of the line and continuing with the first; the opt
parameter set GRID variable to self.grid1 for value 1 and self.grid2 for value 2.

Calculate the sum of the elements on the rows, columns and the two diagonals (main and
secondary) to verify that magic square conditions. Inside two for cycle lines 141+149 add
cells value from self.gridl & self.grid2 (line 144) and put the sum in the same lin & col in
self.grid3 (line 146); also sum cells from every row (line 145) and put the results at the row
end (line 147) with red colour (line 148) and yellow background (line 149). Lines 151+157
compute the sum of every column and put the value in the last row cell. Lines 159+165
compute the two diagonals (main and secondary) and put the value in the last diagonals
cell.

Line 169 create the app which initializes the GUI toolkit for xPython; line 170 call Magic_Square class to
create the window; finally, the line 171 enter into infinite continuous loop to receive key events from the user;

the script can be interrupted with button of the frame.

Listing 12.1 Magic_Square.pyw — Magic_Square — Python & wxPython version

PN rLN S

import wx
import wx.grid
import random # imports random module

class Magic_Square(wx.Frame):

def __init__(self,parent, id):

wx.Frame.__init__(self, parent, id,style=

wx.DEFAULT_FRAME_STYLE * (wx.MINIMIZE_BOX | wx.MAXIMIZE_BOX ))
self.panel = wx.Panel(self) ; self.panel.SetBackgroundColour("White")
# StatusBar
self.statusbar = self.CreateStatusBar()
self.statusbar.SetFieldsCount(2)
self.statusbhar.SetStatusWidths([-10, -10])
self.font = wx.Font(11, wx.DEFAULT, wx.NORMAL, wx.BOLD)
self._TOOLBAR()
self.N1=6
self.CreateGrids()
self.SetTitle("Generate the magic square")
self.CenterOnScreen()
self.Show()

def _TOOLBAR(self):

self.toolbar = self.CreateToolBar( ( wx.TB_HORIZONTAL | wx.TB_TEXT) )
self.toolbar.SetBackgroundColour("white")
self.toolbar.SetToolBitmapSize((24,24))
self.toolbar.SetBackgroundColour("GOLD")

st4 = wx.StaticText(self.toolbar, -1," Magic square degree N ="
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Listing 12.1 Magic_Square.pyw — Magic_Square — Python & wxPython version

30.
31.
32.

34.
35.

37.
38.

40.
41,

43.
44,

46.
47.

49.
50.

52.
53.

55.
56.

58.
59.

61.
62.

64.
65.

67.
68.

70.
T

73.
74.
75.
76.

78.
79.

81.
82.

84.
85.

87.
88.

90.
91.

93.
94.

96.
97.

99.
100.
101.

st4.SetFont(self.font)

Ist_Choice=["5", "7", "11", "13", "17"]

self.txt_N = wx.Choice(self.toolbar, -1, choices=lst_Choice, size=(0, -1))
self.txt_N.SetSelection( self.txt_N.FindString('5") )
self.txt_N.SetFont(self.font)

self.btn = wx.Button(self.toolbar, -1, "Generate")
self.btn.Bind(wx.EVT_BUTTON,self.OnGenerate)

self.toolbar.AddControl(st4)
self.toolbar.AddControl(self.txt_N)
self.toolbar.AddControl(self.btn)

self.toolbar.Realize() ; self.toolbar.Show() # Toolbar show

def CreateGrids(self):

self.Col_size=30 ; self.Row_size=20
self.Width=self.Row_size+(self.N1+1)*self.Col_size ; self.Heigth=(self.N1+1)*self.Row_size

# Create 'First square' grid
self.st1=wx.StaticText(self.panel, -1, "First square", pos=(50,10))
self.st1.SetForegroundColour('BLUE') ; self.stl.SetFont(self.font)

self.gridl = wx.grid.Grid(self.panel, pos=(20,30))
self.grid1.CreateGrid(self.N1-1,self.N1-1)

self.grid1.EnableEditing(0)
self.gridl.SetDefaultCellAlignment(wx.ALIGN_CENTRE,wx.ALIGN_CENTRE)

self.gridl.SetRowLabelSize(self.Row_size)
self.grid1.SetColLabelSize(self.Col_size)
for i in range(self.N1-1):
self.gridl.SetColLabelValue(i,str(i+1))  # Headlines in self.gridl
self.gridl.SetRowSize(i,self.Row_size) # Define table row heigth
self.grid1.SetColSize(i,self.Col_size) # Define table column widths
# Table head height and table numbering column width
self.gridl.SetSize((self.Width, self.Heigth+80))
self.gridl.ForceRefresh()

# Create 'Second square’ grid
self.st2=wx.StaticText(self.panel, -1, "Second square", pos=(self.Width+40,10))
self.st2.SetForegroundColour('BLUE') ; self.st2.SetFont(self.font)

self.grid2 = wx.grid.Grid(self.panel, pos=(self.Width+20,30))
self.grid2.CreateGrid(self.N1-1,self.N1-1)

self.grid2.EnableEditing(0)
self.grid2.SetDefaultCellAlignment(wx.ALIGN_CENTRE,wx.ALIGN_CENTRE)

self.grid2.SetRowLabelSize(self.Row_size)
self.grid2.SetColLabelSize(self.Col_size)
for iin range(self.N1-1):
self.grid2.SetColLabelValue(i,str(i+1))  # Headlines in self.grid2
self.grid2.SetRowSize(i,self.Row_size) # Define table row heigth
self.grid2.SetColSize(i,self.Col_size) # Define table column widths
# Table head height and table numbering column width
self.grid2.SetSize((self.Width, self.Heigth+80))
self.grid2.ForceRefresh()

# Create 'Magic square’ grid
self.st3=wx.StaticText(self.panel, -1, "Magic square", pos=(2*self.Width+80,10))
self.st3.SetForegroundColour('BLUE') ; self.st3.SetFont(self.font)

self.grid3 = wx.grid.Grid(self.panel, pos=(2 * self.Width+20,30))
self.grid3.CreateGrid(self.N1,self.N1)

self.grid3.EnableEditing(0)
self.grid3.SetDefaultCellAlignment(wx.ALIGN_CENTRE,wx.ALIGN_CENTRE)

self.grid3.SetRowLabelSize(self.Row_size*1.6)
self.grid3.SetColLabelSize(self.Col_size)
for i in range(self.N1):

self.grid3.SetColLabelValue(i,str(i+1))  # Headlines in self.grid3
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Listing 12.1 Magic_Square.pyw — Magic_Square — Python & wxPython version

102.
103.
104.
105.
106.
107.
108.
109.

110.
m.

2.
113.
4.
115.
116.
n7.
118.
19.

120.

121.

122.
123.
124.
125.
126.
127.
128.
129.
130.

131.

132.
133.
134.
1S58
136.
137.
138.
139.
140.

141.

142.
143.
144.
145.
146.
147.
148.
149.
150.

151.

152.
153.
154.
155.
156.
157.
158.
159.
160.

161.

162.
163.
164.
165.
166.
167.
168.
169.
170.

171.

self.grid3.SetRowSize(i,self.Row_size) # Define table row heigth
self.grid3.SetColSize(i,self.Col_size) # Define table column widths
# Table head height and table numbering column width
self.grid3.SetSize((self.Width, self.Heigth+80))
self.grid3.ForceRefresh()

self.SetSize((3 * (self.Width+20) ,self.Heigth+180))

def OnGenerate(self, event):
self.stl.Destroy() ; self.st2.Destroy() ; self.st3.Destroy()
self.gridl.Destroy() ; self.grid2.Destroy() ; self.grid3.Destroy()

self.N1 =int(self.txt_N.GetStringSelection().strip())+1
self.CreateGrids()

for col in range(self.N1-1):
r1 = random.randint(1, self.N1)  # Generate values in line 0 of self.grid1
self.grid1.SetCellValue(0,col, str(r1))
r2 = self.NT*random.randint(l, self.N1) ; # Generate values in line 0 of self.grid2
self.grid2.SetCellValue(0,col, str(r2))

self.Calc_Grid(1, self.N1/2)
self.Calc_Grid(2, self.N1/2-1)
self.Sum_Grid()

def Calc_Grid(self, opt, Col_Start):
GRID=self.grid1
if opt==2: GRID=self.grid2
for lin in range(l, self.N1-1):
counter=Col_Start
for col in range(0, self.N1-1):
V = GRID.GetCellValue(lin-1, counter)
GRID.SetCellValue(lin,col, V)
counter=counter+1
if counter >= self.N1-1: counter =0

def Sum_Grid(self):
self.grid3.SetColLabelValue(self.N1-1,'Sum')

for lin in range(0, self.N1-1):
sum_lin=0
for col in range(0, self.N1-1):
V = int(self.grid1.GetCellValue(lin, col)) + int(self.grid2.GetCellValue(lin, col))
sum_lin=sum_lin+V
self.grid3.SetCellValue(lin,col, str(V))
self.grid3.SetCellValue(lin,self.N1-1, str(sum_lin))
self.grid3.SetCellTextColour(lin,self.N1-1, 'Red")
self.grid3.SetCellBackgroundColour(lin,self.N1-1, 'Yellow')

for col in range(0, self.N1-1):
sum_col=0
for lin in range(0, self.N1-1):
sum_col=sum_col+int(self.grid3.GetCellValue(lin, col))
self.grid3.SetCellValue(self.N1-1,col, str(sum_col))
self.grid3.SetCellTextColour(self.N1-1,col, 'Red’)
self.grid3.SetCellBackgroundColour(self.N1-1,col, 'Yellow')

sum_DP=0 ; sum_DS=0

for lin in range(0, self.N1-1):
sum_DP=sum_DP+int(self.grid3.GetCellValue(lin, lin))
sum_DS=sum_DS+int(self.grid3.GetCellValue(lin, self.N1-2-lin))

self.grid3.SetCellValue(self.N1-1,self.N1-1, str(sum_DP))

self.grid3.SetCellTextColour(self.N1-1,self.N1-1, '‘Blue')

self.grid3.SetCellBackgroundColour(self.N1-1,self.N1-1, 'Yellow" )

self.grid3.SetRowLabelValue(self.N1-1,str(sum_DS))
app = wx.App(redirect=0)

frm=Magic_Square(None, -1)
app-MainLoop()
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B Generate the magic square X
First square Second square Magic square
1‘2‘3‘4|5‘ 1‘2‘3‘4|5‘ 1|2‘3‘4‘55um

1|6 6 1 4|68 13 30 30 & |6 1 |42 3% 31 10 12 131
2|4 6 6 6 |1 230 & 6 3 30 2 3% 12 12 4 3 13t
3|6 14 & 6 3|6 3 30 30 6 3 |12 37 3% 3% 12 |13l
a6 6 6 | 1 4 a3 33 6 |6 | 3 4 |3 3 12 7 40 131
5/ 1 4 6 & |6 56 6 3 30 30 5 | 7 w0 4 3% | 3 131

131131 131 131 131 131 | 131

Figure 12.2 The interface and screen generated by Python & wxPython version of the Magic_Square.pyw script

The Magic_Square.py script (Python & Streamlit version) include the public Calc_DataFrame function. The
script begin with importing libraries: streamlit (create a great interactive web application with Python), pandas
(open source data analysis and manipulation tool), matplotlib (library for creating static, animated and interactive
visualizations in Python), numpy (the fundamental package for scientific computing with Python) and
random (this module implements pseudo-random number generators for various distributions). This script
contains 63 lines.

Lines 1 to 4 import the required modules. Lines 6 to 13 define the Calc_DataFrame function; for dataframe
dfl this function complete with values the rest of the lines (2nd to last) starting with the number in the first
column after the middle of the line and continuing with the first; for dataframe df2 this function complete with
values the rest of the lines (2nd to last) starting with the number from the middle of the line and continuing with
the first; the DFrame parameter receive the value dfl or df2 when Calc_DataFrame function is called in lines 35
or 36.

The Calc_DataFrame procedure generates the elements of the dataframe from line 2 to the last line,
according to the logic imposed by the algorithm; the procedure receives as input the dataframe dfl or df2
transfered into DFrame variable, the size of the dataframe N1 and the reference column for the translation of the
values Col_Start. The logic for generating the dataframe values is as follows: the current element of the
dataframe takes the values from the previous row and the column specified by counter variable; the fetching
starts from the reference column, whose value is stored initially stored in the counter variable, the value of which
increases by 1 at each retrieval; if, by is incremented by 1, the value of the counter variable exceeds the number
of dataframe columns (the dataframe boundary has been exceeded), then the counter variable is initialized by 0.

Line 15 defines the script title with subheader command. Line 17 define Ist_Choice list variable; line 18
create a selectbox control based on Ist_Choice list; line 19 verifies if a selectin was made from the selectbox
control; lines 21+ 23 generate col_list list with store the numerical ID’s of datframe columns; lines 24+25 create
datframes dfl and df2; line 26 extend the col_list for df3 dataframe with one position, since the Magic Square
dataframe df3 will show also the sum of rows and columns.

Inside a for cycle from the string 1,2,3,4,..., N, randomly choose N numbers (which can be multiples) and
deposit them in first line of the first square dataframe dfl (lines 29+30); inside a for cycle from the string OxN,
1xN, 2xN,...., (N-1)xN, randomly choose N numbers (which can be multiples) and deposit them in first line of the
second square dataframe df2 (lines 31+32); call Calc_DataFrame function for Col_Start= int((N1-1) / 2) + 1 value
(line 35); call Calc_DataFrame function for Col_Start= int((N1-1) / 2) value (line 36); line 38 display the “First
square”title; lines 39-41 display dataframes dfl and df2; line 40 display the “Second square”title; ; line 43 display
the “Magic square”title.

Inside two for cycle lines 141+149 add cells value from dfl & df2 and put the sum in the same lin & col in
df3 dataframe (line 47); also sum cells from every row (line 48) and put the results at the row end (line 49). Lines
51+55 compute the sum of every column and put the value in the last row cell. Line 57 initialize with 0 the
sum_DP and sum_DS variables to store the sum of the elements on the main and secondary diagonals. Inside a
for cycle lines lines 58+60 compute the sum of two diagonals (main and secondary) and show the values in lines
62+63.
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Listing 12.2 Magic_Square.py — Magic_Square— Python & Streamlit version

SoONocOrwNS

WNTOOVONCOAWN-TOOVPNOCURWMNTOOONICIRWONTOONOICTRrWNSOPYRITTARWN:

import streamlit as st

import pandas as pd

import numpy as np

import random # imports random module

def Calc_DataFrame(DFrame, N1, Col_Start):
for lin in range(1, N1):

counter = int((N1-1) / 2) +1

for col in range(0, N1):
V = DFrame.iat[lin-1,counter]
DFrame.at[lin,col+1] = V
counter=counter+1
if counter >= N1: counter =0

st.subheader(":green[Magic square degree N =]")

Ist_Choice=["Select N", "5", "7", "11", "13", "17"]
N=st.selectbox("Select N",options=Ist_Choice)
if N 1= "Select N™:
N1=int(N)
col_list =]
for i in range(1,N1+1):
col_list.append(i)
df1 = pd.DataFrame(0, index=np.arange(N1), columns=col_list)
df2 = pd.DataFrame(0, index=np.arange(N1), columns=col_list)
col_list.append(N1+1)
df3 = pd.DataFrame(0, index=np.arange(N1+1), columns=col_list)
for col in range(1,N1+1):
r1 = random.randint(1, N1)
dfl.at[0,col] = r1
r2 = N1 * random.randint(1, N1)
df2.at[0,col] = r2

Col_Start = int((N1-1) / 2) +1
Calc_DataFrame(df1, N1, Col_Start)
Calc_DataFrame(df2, N1, Col_Start-1)

st.write("First square")
dfl

st.write("Second square")
df2

st.write("Magic square")
for lin in range(0, N1):
sum=0
for col in range(0, N1):
df3.iat[lin,col] = dfl.iat[lin,col]+df2.iat[lin,col]
sum=sum-+df3.iat[lin,col]
df3.at[lin,N1+1]=sum

for col in range(0, N1):
sum=0
for lin in range(0, N1):
sum=sum-+df3.iat[lin,col]
df3.at[N1,col+1]=sum

sum_DP=0 ; sum_DS=0
for lin in range(0, N1):
sum_DP=sum_DP+df3.iat[lin,lin]
sum_DS=sum_DS+df3.iat[lin,N1-lin-1]
df3
st.write("Sum of the elements on the main diagonal = ", sum_DP)
st.write("Sum of the elements on the secondary diagonal = ", sum_DS)
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Select N M ﬂgi'c square
5

First square

Sum of the elements on the main diagonal =

Sum of the elements on the secondary diagonal =

Figure 12.3 The interface and screen generated by Python & Streamlit version of the Magic_Square.py script

Figure 12.4 display the Magic Square generated for 17 lines & columns by Python & wxPython version of
the Magic_Square.pyw script.
Magic square
12 3|4 5|6 |7 |8 |9 |10 11 12 13 14 15 16 17 Sum

1 | 107|298 | 59 | 222 | 267 (190 | 309 | 115|102 | 153 | 132 | 279 | 338 | 288 | 32 | 312 | 308 |3511
2 | 99 | 150 | 135 284 342 | 284 | 24 308 [ 323 | 100 293 | o0 | 231 262 | 183 | 313 | 120 |3511
3 |316| 95 | 294 | 09 | 226|255 | 187 318 | 117 | 96 | 153 | 140 | 288 338 | 276 | 20 | 323 |3511
4 | 114 99 158 | 144 284 330 |2F2 | 35 316|311 96 303 | 64 | 219 259 | 192 | 315 3511
5 | 311|312 | 105 | 298 | 57 | 223 | 204 189 | 312 | 117 104 | 162 | 140 270 | 326 | 287 28 |3511
6 | 315|122 | 108 158 132 | 272 341 28O | 23 | 312 321 100 291 61 | 228 261 180 (3511
7 | 24 | 321|316 93 295 | o6 | 225 258 | 189 | 320 126 104 | 150 128 | 287 | 334 275 |3511
B | 194 324 122 | 90 140 143|280 329 275 | 33 316 309 | 97 300 63 | 222 | 261 3511
9 | 235 28 309|313 102 297 | &0 | 225 266 | 198 320 114 92 | 161 136 | 275 | 330 3511
10 | 270 194 312 | 110 107 | 154 | 131 276 339 | 280 21 313 | 318 99 294 | 63 | 230 3511
11 | 334 273 25 | 318 315 95 | 297 68 | 234 | 266 | 186 308 | 125 | 100 145 | 132 | 285 3511
12 | 230 258 182 | 323 118 | 95 | 150 | 141 28O | 327 277 30 | 315 312 99 | 302 | 72 (3511
13 | 273 331 282 | 2¥ 312 | 315|104 306 | 68 | 222 | 254 197 | 316 | 113 96 | 159 | 136 3511
14 | 60 218 269 | 190 311 | 114 | 105 | 154 129 | 277 336 279 | 24 | 315 320 | 108 | 302 3511
15 | 133 282 333 | 276 | 27 | 320 | 324 104 294 | 56 | 233 262 | 185 | 312 123 | 100 | 147 3511
16 | 290 71 | 226 | 257 186 | 321|118 | 93 | 151 | 138 | 279 330 279 | 32 324 | 320 | 96 3511

17 | 156 | 135 276 | 333 284 | 36 | 320 312 | 92 | 305 | 64 221 | 258 | 195 316 | 111 | 97 3511
3511(3511 |3511 | 3511 (3511 | 3511|3511 3511 (3511|3511 | 3511 |3511 |3511 (3511 [3511 | 3511 | 3511 (3511 | 3511

Figure 12.4 The Magic Square generated for 17 lines & columns by Python & wxPython version of
the Magic_Square.pyw script
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13. Spline Interpolation

Interpolation is a method for generating points between given points. Spline interpolation based on cubic
splines creates an interpolating curve from cubic functions with matching first and second derivatives. A cubic
spline is a piecewise cubic function interpolating a set of data points and ensuring smoothness at the data points.
The purpose of this application is to compare, for a set of points, the interpolation results generated by different
spline functions.

The script use a database Config.db to store all icons loaded in frame Toolbar; this will avoid the existence

h . 5
of following icons files in the application folder::—, El , @, E, {L\, L ,+ and ﬂ . The Config.db =

objects store icons for the script interface of Python 2. 7 & wxPython application version. Initially, the icons files

are stored in the Spline Interpolation—> Objects application folder. The icons files were loaded into Config.db =

objects as Binary Large Object (BLOB) through the _copyimg.pyw script displayed in Listing 8.1, from where they
will be used into application interface through Python 2.7 = Interpolation.pyw script. For Python & Streamlit 2>

Interpolation.py script version icon files have not been used.

The Interpolation.pyw script (Python & wxPython version) include three classes: Plot, PlotNotebook &
Interpolation and two public functions: ExtraglmageMemory & Put_Clipboard. The script starts by importing the
libraries (lines 3+20). Lines 19+20 import external modules: KIUSALAAS and KOMASARU, stored in the application
folder, to calculate a 2-D cubic spline function.

The ExtraglmageMemory function (lines 22+26) selecteaza din Interpolation = Objects folder an icon and
create & returneaza the icon img from data in memory. This function is called from class Interpolation 2>
_TOOLBAR function. The Put_Clipboard function (lines 28+32) receive a string Sir_Clip as parameter, open and
empty the clipboard, place the string into clipboard and close the clipboard.

The Plot class (lines 34+46) create self.figure, self.canvas, self.toolbar and sizer entities for the class that
calls it. The PlotNotebook class (lines 48+63) creates several pages for the class that calls it, using the internal
function add; through internal function ChangePagina the user can change the page. This class represents a
notebook control, which manages multiple windows with associated tabs.

The Interpolation class create the interface, the aplication main functionalities and include the following
functions:

e _init__ Define the frame (a window whose size and position can be changed by the user); create
the statusbar (lines 72+74); line 76 create in self.plotter an instance of PlotNotebook
class; line 77 create self.AXA page, were two graphics subplot self.axes1 & self.axes2 will
be created side by side (lines 79, 81); both will be connected with Bind statement to
OnMouseMotion class internal function (lines 80, 82); line 84 call Recreate_Axis class
internal function; line 84 initializes the public variables of the class X and Y, which store
the coordinates of the points that are initial data for the spline functions; line 86 call
_TOOLBAR function; lines 87+88 center and show the frame in the display.

e _TOOLBAR Create the toolbar (line 101); set the toolbar icons size (line 103) and background color
(line 104); create the connection and cursor using Config.db database (line 106); generate
Lst_label, Lst_icons and Lst_Help lists (lines 107+110), which store the tooolbar icons
labels, the icon names that must be extracted from memory by calling
ExtraglmageMemory function and the associated icons help; for every icon line 113
associate an unique identificator ID; through for cycle from line 112 the img icon is
extracted into memory (ine 114); create the bitmap of img memory icon and scale at the
imposed toolbar icons size (line 115); in this cycle, for every operation, the icon is added
in toolbar (line 116) ; lines 117+124 connect with Bind statement to associated functions;
line 126 generate and show the toolbar; line 127 close the connection with Config.db
database.

e CHARTS Call Recreate_Axis, DrawlnitialPoints, Kiusalaas, KOMASARU, splprep, interpld, interp
and LEGEND functions to calculate and draw the spline interpolation curve.

e OnOpenExcelFile Open a dialog to load an Excel file (line 23) and store the filename in variable
self.Excel_File line (26); open Excel file (line 29) and read the sample points coordinates
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e DrawlnitialPoints

e interp

e interpld
e Kiusalaas

e KOMASARU

o splprep
e LEGEND

e Onlinterpolate

e OnMouseMotion
e OnReload

e OnSave

e Recreate_Axis

e Home

e Pan

e Zoom

e OnClose

from cells in a while loop (line 32) until a cell content is empty (line 34); store the
coordinates in lists self.X and self.Y variables (line 37); close the Excel file (line 39) and call
CHARTS function.

Draw in both axesl and axes2 the initial sample points readed from an Excel file by
OnOpenExcelFile function.

This function calculate one-dimensional linear interpolation for monotonically increasing
sample points [13.1].The function create X echidistant 50 points and draw the
interpolation curve in axes2.

This function interpolate a 1-D function for monotonically increasing sample points [13.1].
The function create X echidistant 50 points and draw the interpolation curve in axes2.
This function interpolate a 2-D cubic spline function for monotonically increasing sample
points [13.2] - pag. 114. The calculated spline interpolation curve is drawn in axes1.

This function interpolate a 2-D cubic spline function for monotonically increasing sample
points [13.3]. The calculated spline interpolation curve is drawn in axes1.

Calculate the B-spline representation of an N-D curve [13.4]. The calculated spline
interpolation curve is drawn in axes2.

For both axes, this functions set the charts legend fontsize, position and redraw axes. The
function is called by Oninterpolate and CHARTS functions.

This function calculate the value of spline interpolation for only one point imposed by the
user through a wx.TextEntryDialog; initially, the function tests if the coordinates of the
points have been read (lines 138+143); in the dialog is proposed the median value Vmed
between min(self.X) and max(self.X), but the user can change this value, Figure 13.1,
(line 144+145); the user X value is stored in Xinterp variable (line 148) and, for all type of
spline interpolation, the Y values is calculated through lines 150+168; the calculated point
(Xinterp, Y) is marked for every spline function (except linear interp function) to both
axes (lines 153, 159, 164, 168); finally, all Y values are deposited to Clipboard (line 170)
and LEGEND function is called.

Display in the StatusBar the current values of X & Y mouse position in the chart.

Call CHARTS function.

Save both axes charts in a single file named Interpolation.jpg in the application folder.
This function clear both axes, set the grid and charts labels parameters. The function is
called by __init__ and CHARTS functions.

Redraw the charts to fit in the axes spaces.

Pan the charts.

Create a rectangular zoom in the selected chart.

This function exits the application.

Figure 13.2 The show the table of initial sample points readed from an Excel file and Figure 13.3 show the
Excel chart of these points. Figure 13.4 show the application interface, the spline curves of the initial sample
points and marked with X=1.5 point (red color) calculated by spline functions. As can be seen from the charts, the
interpolated values for X=1.5 are: KOMASARU point=1.500, 1.3250, Kiusalaas point=1.500, 1.3250, splprep
point=1.500, 1.3125 and interpld point=1.500, 1.3125. The KOMASARU and Kiusalaas spline curves are identical,
while splprep and interpld has slightly differences at the beginning and the end. The interpld linear curve pass
through the points with lines while the rest are drawn with cubic function. All curves pass through the initial
sample points. For other sample points the differences between spline curves can be smaller.

Listing 13.1 displays the Python & wxPython version of script, Interpolation.pyw and Listing 13.2 displays
the Python & Streamlit version of the same script, Interpolation.py.
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Enter X value for spline interpolation * 2.5 -
Between limits: 0.0...3.0
1.5 5 |
. ok | Cancel |
1.5 -
Figure 13.1 The dialog to input the X value of a
point for spline interpolation
1 _
X Y
0 0 0.5 -
1 0.5
2 2 0 </ T T T T T 1
3 15 0 0.5 1 1.5 2 2.5 3

Figure 13.2 The initial sample points readed

from an Excel file Figure 13.3 The Excel chart of the initial sample points

e o [nitial points imposed 1 1 e o Initial points imposed
— Spline Kiusalaas —— scipy.interpolate.splprep
+ + Spline KOMASARU : : - - scipy.interpolate.interpld
®-® KOMASARU point=1.500, 1.3250 ; ! — numpy.interp (linear)
>@< Kiusalaas point= 1.500, 1.3250 : : ||®—® splprep point=1.500, 1.3125
T [ [ <> interpld peint=1.500, 1.3125
| } |

X ooint=0.7144. ¥ ooint=1.3219

Figure 13.4 The application interface, the spline curves of the initial sample points and
marked with X=1.5 point (red color) calculated by spline functions
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Listing 13.1 Interpolation.pyw — Spline Interpolation — Python & wxPython version

SoONocOrwNS

AEERDEERDEDNDWWWWWWWWWWRRNRNRNNRNNRNNNDZ= == == 22—
N RWNTOORNOCOAXNTOOONSCURWNST ORI WN:

48.
49.
50.

52.
93:

95
56.

58.
978

61.
62.

64.
65.

66.
67.

68.

70.

7.
72.

from __future__ import division

import os

import wx

import matplotlib.pyplot as plt

from sqlite3 import dbapi2 as sqlite

import numpy as np

from numpy import array

from scipy import interpolate

from scipy.interpolate import interpld

import pandas as pd

import matplotlib as mpl

from win32com.client import Dispatch

from matplotlib.backends.backend_wxagg import FigureCanvasWxAgg as Canvas
from matplotlib.backends.backend_wxagg import NavigationToolbar2Wx as Toolbar
import Stringl0

import win32con # Constants related to Win32 programming

import win32clipboard

import KIUSALAAS

import KOMASARU

def ExtraglmageMemory(cursor, Numelmage):
cursor.execute("SELECT fisier FROM objects where nume="+Numelmage+"")
blob=cursor.fetchone()[0]
img = wx.ImageFromStream(Stringl0.StringlO(blob))
return img

def Put_Clipboard(Sir_Clip):
win32clipboard.OpenClipboard() # Open clipboard
win32clipboard.EmptyClipboard() # Empty clipboard
win32clipboard.SetClipboardData(win32con.CF_TEXT, Sir_Clip) # Set clipboard data
win32clipboard.CloseClipboard() # Close clipboard

class Plot(wx.Panel):
def __init__(self, parent, id = -1, dpi = None, **kwargs):

wx.Panel.__init__(self, parent, id=id, **kwargs)
self.figure = mpl.figure.Figure(dpi=dpi, figsize=(2,2))
self.canvas = Canvas(self, -1, self.figure)
self.toolbar = Toolbar(self.canvas)
self.toolbar.Realize()
self.toolbar.Hide()

sizer = wx.BoxSizer(wx.VERTICAL)
sizer.Add(self.canvas,1,wx.EXPAND)
sizer.Add(self.toolbar, 0, wx.LEFT | wx.EXPAND)
self.SetSizer(sizer)

class PlotNotebook(wx.Panel):
def __init__(self, parent, id = -1):
wx.Panel.__init__(self, parent, id=id)
self.nb = wx.Notebook(self)
sizer = wx.BoxSizer()
sizer.Add(self.nb, 1, wx.EXPAND)
self.SetSizer(sizer)

def add(self,name="plot"):
page = Plot(self.nb)
self.nb.AddPage(page,name)
return page.figure

def ChangePagina(self,INDEX):
# Change page in Notebook
self.nb.ChangeSelection(INDEX)

class Interpolation(wx.Frame):
# Interpolation is a method for generating points between given points.
def __init__(self):
displaySize= wx.DisplaySize()
wx.Frame.__init__(self, None, -1, title="Interpolation",
size=(displaySize[0]*0.95, displaySize[1]*0.95))
self.statusbar = self.CreateStatusBar() # Define statusBar
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/s
74.
75.

71.
78.

80.
81.

83.
84.

86.
87.

89.
90.

92.
93.

95.
96.

98.
99.

100.

101.

102.
103.
104.
105.
106.
107.
108.
109.

110.
m.
2.
113.
4.
115.
116.
n7.
8.
9.

120.

121.

122.
123.
124.
125.
126.
127.
128.
129.
130.

131.

132.
133.
134.
135.
136.
137.
138.
139.
140.

141

142.
143.
144.

self.statusbar.SetFieldsCount(2)
self.statusbar.SetStatusWidths([-70, -50])

self.plotter = PlotNotebook(self) # Create Notebook

self.AXA = self.plotter.add("Interpolation Examples").gca()

self. AXA.set_xticklabels([]) ; self. AXA.set_yticklabels([])

self.axesl = self.AXA figure.add_subplot(1, 2, 1)
self.axesl.figure.canvas.mpl_connect('motion_notify_event', self.OnMouseMotion)
self.axes2 = self.AXA figure.add_subplot(l, 2, 2)
self.axes2.figure.canvas.mpl_connect('motion_notify_event', self.OnMouseMotion)

self.Recreate_Axis()
self.X, self.Y =], []
self._TOOLBAR()
self.CenterOnScreen()
self.Show()

def Recreate_Axis(self):

self.AXE=[self.axes], self.axes?2]
for ax in self.AXE:
ax.cla()
ax.grid(b=True, which="major', color='#666666', linestyle='--')
ax.grid(b=True, which="minor", color='#999999', linestyle='--')
ax.set_xlabel("X", fontsize=24, fontweight="bold', color="Black")
ax.set_ylabel("Y", fontsize=24, fontweight="bold', color="Black")
self.statusbar.SetStatusText("",0)

def _TOOLBAR(self):

self.toolbar = self.CreateToolBar( ( wx.TB_HORIZONTAL | wx.NO_BORDER |\
wx.TB_FLAT | wx.TB_3DBUTTONS | wx.TB_TEXT) )

self.toolbar.SetToolBitmapSize((24,24))

self.toolbar.SetBackgroundColour(wx.Colour(224,238,224))

connection = sqlite.connect(os.getcwd()+'\Config.db') ; cursor = connection.cursor ()
Lst_label=["Open", "Interpolate”, "Reload", "Save", "Fit Chart", "Zoom", "Pan", "Exit"]
Lst_icons=["open.png", "Interpolate.png”, "Back.jpg", "save.png", "home.png", "zoom.png", "pan.png", "exit.png"]
Lst_Help=["Open Excel file to read coordinates", "Spline interpolation for X imposed", "Reload the chart",

"Save charts", "Fit chart in window", "Zoom chart rectangular region","Translate chart", "Exit application"]

for i, (label, icon, HELP) in enumerate(zip(Lst_label, Lst_icons, Lst_Help)):
ID_tool=i # wx.Newld()
img = ExtraglmageMemory(cursor, icon)
sel_bmp=wx.BitmapFromImage(img.Scale(24,24))
self.toolbar.AddLabelTool(ID_tool, label, sel_bmp, shortHelp=HELP)
if label=="0pen": self.Bind(wx.EVT_TOOL, self.0OnOpenExcelFile, id=ID_tool)
if label=="Interpolate": self.Bind(wx.EVT_TOOL, self.OnInterpolate, id=ID_tool)
if label=="Reload": self.Bind(wx.EVT_TOOL, self.OnReload, id=ID_tool)
if label=="Save": self.Bind(wx.EVT_TOOL, self.OnSave, id=ID_tool)
if label=="Fit Chart": self.Bind(wx.EVT_TOOL, self.Home, id=ID_tool)
if label=="Zoom": self.Bind(wx.EVT_TOOL, self.Zoom, id=ID_tool)
if label=="Pan": self.Bind(wx.EVT_TOOL, self.Pan, id=ID_tool)
if label=="Exit": self.Bind(wx.EVT_TOOL, self.OnClose, id=ID_tool)

self.toolbar.Realize() ; self.toolbar.Show()
cursor.close() ; connection.close()

def OnSave(self, event):

img_file = os.getcwd()+'/Interpolation.jpg'
self.axesl.figure.savefig(img_file)
wx.MessageBox("Image saved in "+img_file, "Info", wx.0K | wx.ICON_INFORMATION)

def OnReload(self, event):

self.CHARTS()

def OnlInterpolate(self, event):

if len(self.X)==0:
MSJ="Please select an Excel file with X, Y coordinates !"
dlg = wx.MessageDialog(self, MSJ, "Error", wx.0K | wx.ICON_ERROR)
dlg.ShowModal()
dlg.Destroy()
return
Vmeds=str((max(self.X)-min(self.X))/2 + min(self.X))
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145. dlg = wx.TextEntryDialog(self, 'Between limits: '+str(min(self.X))+"..."+str(max(self.X)),
146. 'Enter X value for spline interpolation', Vmed)

147. if dlg.ShowModal() == wx.ID_OK:

148. Xinterp=float(str(dlg.GetValue()))

149.

150. si = KOMASARU.Splinelnterpolation(self.X, self.Y)

151. yK = si.interpolate(Xinterp)

152. LBL1="KOMASARU point="+'%0.3f' % Xinterp+", "+'%0.4f' % yK

153. self.axesl.plot(Xinterp, yK, marker=".", markersize=20, color="Red", label=LBL1)
154.

155. xData=array(self.X) ; yData=array(self.Y)

156. kspline = KIUSALAAS.curvatures_Kiusalaas(xData, yData)

1587. Yspline =KIUSALAAS.evalSpline_Kiusalaas(xData, yData,kspline,Xinterp)
158. LBL2="Kiusalaas point=" "+'%0.3f' % Xinterp+", "+'%0.4f' % Yspline

159. self.axesl.plot(Xinterp, Yspline, marker="x", markersize=20, color="Blue", label=LBL2)
160.

161. splines = interpolate.splrep(self.X, self.Y)

162. y2=interpolate.splev(Xinterp,splines)

163. LBL3="splprep point="+'%0.3f' % Xinterp+", "+'%0.4f' % y2

164. self.axes2.plot(Xinterp,y2, marker=".", markersize=20, color="Red", label=LBL3)
165.

166. f2 = interpld(self.X, self.Y, kind="cubic')

167. LBL4="interpld point="+'%0.3f' % Xinterp+", "+%0.4f" % f2(Xinterp)

168. self.axes2.plot(Xinterp, f2(Xinterp), marker="x", markersize=20, color="Blue", label=LBL4)
169.

170. Put_Clipboard(LBL1+"\n"+LBL2+"\n"+LBL3+"\n"+LBL4)

17. self.statusbar.SetStatusText("The interpolated values have been copied to Clipboard",0)
172. self.LEGEND()

173.

174. dlg.Destroy()

175.

176. def LEGEND(self):

1717. for ax in self.AXE:

178. ax.legend(fontsize=10) ; ax.legend(loc="best') ; ax.figure.canvas.draw()
179.

180. def DrawlnitialPoints(self, x,y):

181. # Initial points imposed

182. self.axesl.plot(x, y, 'ob', label="Initial points imposed")

183. self.axes2.plot(x, y,'ob’, label="Initial points imposed")

184.

185. def splprep(self, x,y): # scipy.interpolate.splprep

186. data = np.array((x,y))

187. tck,u = interpolate.splprep(data, s=0)

188. # s=0 forcing the spline fit to pass through all the input points

189. unew = np.arange(0, 1.01, 0.01)

190. out = interpolate.splev(unew, tck)

191. self.axes2.plot(out[0], out[1], color="orange', label="scipy.interpolate.splprep")
192.

193. def Kiusalaas(self, x,y): # Spline Kiusalaas

194. xData=array(x) ; yData=array(y) # conversion from 'list' to 'vector'

195. xspline, yspline = KIUSALAAS.Divizare_Spline_Kiusalaas(xData, yData, 50)

196. self.axesl.plot(xspline, yspline, '-b', label="Spline Kiusalaas")

197.

198. def KOMASARU(self, x,y): # Spline KOMASARU

199. S =01 # Step for interpolation

200. S_1=1/S #Inverse of S

201. xs_K,ys_K =[], [l # List for graph

202. si = KOMASARU.Splinelnterpolation(x, y)

203. for xK in [x / S_1 for x in range(int(x[0] / S), int(x[-1] / S) + 1)]:

204. yK = si.interpolate(xK)

205. xs_K.append(xK)

206. ys_K.append(yK)

207. self.axesl.plot(xs_K, ys_K, '+, color='green’,label="Spline KOMASARU")

208.

209. def interpld(self, x,y):

210. f2 = interpld(x, y, kind="cubic')

211. xnew = np.linspace(min(x), max(x), num=50)

212. self.axes2.plot(xnew, f2(xnew), '--', label="scipy.interpolate.interpld ")

213.

214. def interp(self, x,y):

215. xnew = np.linspace(min(x), max(x), num=50)

216. ynews=|]
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217.
218.
219.

220.

221.

222.
223.
224,
225.
226.
227.
228.
229.
230.

231.

232.
233.
234.
235.
236.
237.
238.
239.
240.

241

242.
243.
244,
245.
246.
247.
248.
249.
250.

251.

252.
253.
254.
255.
256.
257.
258.
259.
260.

261.

262.
263.
264.
265.
266.
267.
268.
269.
270.

271.

272.
273.
274.
275.
276.
277.
278.
279.

__=='__main__"

app = wx.App(redirect=0)
Interpolation()
app.MainLoop()

for xx in xnew:
ynew.append(np.interp(xx, x, y))
self.axes2.plot(xnew, ynew, '-', color='green’,label="numpy.interp (linear)")

def OnOpenExcelFile(self, event):

wildcard="Excel files (*.xlsx)|*.xlsx|Excel files (*.xls)|*.xls"

dialog = wx.FileDialog(None, "Open Excel file to read curve coordinates", "", "", wildcard, wx.OPEN)
if dialog.ShowModal() == wx.ID_CANCEL:
return

self.Excel_File= dialog.GetPath().strip().upper()
xlApp = Dispatch("Excel.Application") # Connect to Excel
xlApp.Visible=False
xIWb = xlApp.Workbooks.Open(self.Excel_File)
shtl = xIWb.Worksheets(1)
lex=2 ; self.X=[] ; self.Y=[]
while True:
xx=str(shtl.Cells(lex,1).Value).strip() ; yy=str(shtl.Cells(lex,2).Value).strip()
if xx=="" or yy=="None":
break
else:
self X.append(float(xx)) ; self.Y.append(float(yy))
lex+=1
xIWb.Close(SaveChanges=0)
xlApp.Quit()
self.CHARTS()

def CHARTS(self):

self.Recreate_Axis()
self.DrawlnitialPoints(self.X, self.Y )
self Kiusalaas(self.X, self.Y )

self. KOMASARU(self X, self.Y)
self.splprep(self.X, self.Y)

self.interpld(self.X, self.Y)
self.interp(self.X, self.Y)

self.LEGEND()

def Home(self,event):

self.axesl.figure.canvas.toolbar.home()

def Pan(self,event):

self.axesl.figure.canvas.toolbar.pan()

def Zoom(self,event):

self.axesl.figure.canvas.toolbar.zoom()

def OnMouseMotion(self, event):

xMouse,yMouse = event.xdata, event.ydata

if xMouse<>None and yMouse<> None:
SirReal="X point="+'%0.4f' % xMouse + ", Y point="+'%0.4f' % yMouse
self.statusbar.SetStatusText( SirReal,1)

def OnClose(self, event):

self.Close(True)
self.Destroy()

The Interpolation.py script (Python & Streamlit version) contains 146 lines and begin with importing

libraries (lines 1+9). Lines 11+16 configures the title settings of the script and the max-width of the page (70 rem =
1120 px, where 1 rem = 16px). Lines 18 define the the script path.

Lines 20+27 define splprep function which calculate the B-spline representation of an N-D curve [13.4].

Line 31 wait to select an Excel file image by the user to read the sample points coordinates in a dataframe (line
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33+34). The coordinates readed from Excel will be displayed as table and the Excel file name is also displayed
(Figure 13.5). Lines 35+36 convert columns X & Y from dataframe to list. Line 37 create a form where is displayed
min(X) and max(X) and wait to input a value XXX (lines 42+43) where spline functions will interpolate the Y
coordinate; in the form is proposed the median value Vmed between min(X) and max(X), but the user can change
this value, Figure 13.5. Also, a submit_button is created (line 44). If the button is clicked, two columns are
created by line 47. Lines 50+53 define figl figure, set the grid and title. Line 55 plot the sample points coordinates
in figl. Line 57 call splprep function which calculate the B-spline curve plotted by line 59 in figl. Lines 61+62
interpolate the YP_splev value in XXX point by splprep function. This point (XXX, YP_splev) will be marked in figl
by line 64. Line 66 place figl in coll (top-left position of Figure 13.6). Lines 69+77 calculate the spline interpolated
curves of sample data points using scipy library type splines: CubicSpline & akima & pchip.

The CubicSpline type function “interpolate data with a piecewise cubic polynomial which is twice
continuously differentiable” [13.5].

“The Akima interpolation function fit piecewise cubic polynomials, for given vectors x and y. The
interpolation method by Akima uses a continuously differentiable sub-spline built from piecewise cubic
polynomials. The resultant curve passes through the given data points and will appear smooth and natural” [13.6].

“PCHIP 1-D monotonic cubic interpolation; x and y are arrays of values used to approximate some function
f, with y = f(x). The interpolant uses monotonic cubic splines to find the value of new points. (PCHIP stands for
Piecewise Cubic Hermite Interpolating Polynomial) ” [13.7].

Lines 80+83 extract X_Interp, Y_spline, Y_akima, Y_pchip interpolated list values from the three
interpolation: CubicSpline & akima & pchip. Lines

Lines 86+99 calculate Point_spline, Point_akima, Point_pchip point interpolation for XXX value using
CubicSpline & akima & pchip functions.

Lines 102+105 define fig2 figure, set the grid and title. Line 106 plot the sample points coordinates in fig2.
Line 107 plot CubicSpline curve and line 108 mark (XXX, Point_spline) point. Line 110 place fig2 in col2 (top-right
position of Figure 13.6).

Next, two columns are created by line 112. Lines 114+117 define fig3 figure, set the grid and title. Line 118
plot the sample points coordinates in fig3. Line 119 plot Akima curve and line 129 mark (XXX, Point_akima) point.
Line 122 place fig3 in coll (bottom-left position of Figure 13.6).

Lines 124+127 define figa figure, set the grid and title. Line 128 plot the sample points coordinates in fig4.
Line 129 plot pchip curve and line 130mark (XXX, Point_ pchip) point. Line 132 place fig3 in col2 (bottom-right
position of Figure 13.6).

Line 135 create 4 columns, where are placed X_Interp, Y_spline, Y_akima, Y_pchip lists in table format.

Line 142 create 4 columns, where are placed XXX and LBL2, LBL3, LB4 labels of the interpolated points
values, created in lines 90, 95 and 100.

Spline interpolation <

1 Open Excel

Browse files

& Drag and drop file here

Lim

Figure 13.5
Upload Excel file
with the initial
sample points,
show the
coordinates table
and wait for an

e user input for
point interpolate

Min X=0.41670678339 MaxX = 1.81084643162 Input X value proposed for interpolation |

1113777
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Interpolation Interpolation
@ Initial points imposed
911 — scipy.interpolate.splprep 911
® splprep point=1.114, 91.1421
90 90
89 B9
88 88 1
87 87
86 86
851 851 @ Initial points imposed
—— scipy.interpolate.CubicSpline
84 4 84 1 @ splprep point=1.114, 91.1421
—Id —|3 —‘2 —Il (IJ i i’ Dld 0‘6 D‘B IID 1I2 llﬂ llﬁ IIS
Interpolation Interpolation
911
90 4
89
88
87
86
851 ® Initial points imposed 851 ® Initial points imposed
—— scipy.interpolate.AkimalDinterpolator - scipy.interpolate.Pchipinterpolator
844 e akima point=1.114, 91.1042 84 1 ® pchip point=1.114, 91.1042
0.4 0.6 0.8 1.0 1.2 1.4 1.6 18 0.4 0.6 0.8 1.0 1.2 1.4 1.6 18

Figure 13.6 The spline interpolated curves

X_Interp Y_spline ¥_akima

0.4167 83.8444 83.8444 83.8444
0.4452 853146 85.0635 85.0602
0.4736 B6.546 86.2242 86.2329
0.5021 87.5589 87.2898 873177
0.5305 883736 88.2237 88.2698

0.559 89,0106 88.9891 89.0448
0.5874 89.4902 89.5496 89.5977
0.6159 89.8328 89.8683 89.8838
0.6443 90.0587 89.9678 89.9382

0.6728 90.1883 90.0064 89.9669

Point ¥=1.1138 splprep point=1.114,91.1421 akima point=1.114, 91.1042 pchip point=1.114, 91.1042

Figure 13.7 The spline interpolated tables and interpolated points

From Figure 13.6 results that the shape of the spline curves is similar, except for the splprep variant, which
shows an exaggerated deformation on the initial portion. As can be seen from the charts, the interpolated point
values for XXX=1.1138 are: splprep point=1.1138, 91.1421, CubicSpline point=1.1138, 911421, akima
point=1.1138, 91.1042, and pchip point=1.1138, 91.1042.

In conclusion, the use of spline functions offers a precise interpolation possibility, but the graphical
visualization of the curve is a must to avoid situations like the one in the Figure 13.6.
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Figure 13.8 The show the table of initial sample points readed from an Excel file and Figure 13.9 show the

Excel chart of these points.

X Y 92
0.416707 | 83.84439 0
0.624285 | 89.91082 /
0.84631 90.08463 88 ©
1.066597 | 90.93865 36
1.195182 | 91.36078 /
84 4
1.318358 | 91.32108
1.642826 | 89.75317 82 ' ' ' ' ' ' ' '
0 025 05 075 1 125 15 175 2
1.810846 | 87.95477

Figure 13.8 The initial sample

points readed from an Excel Figure xx1310.9 The Excel chart of the initial sample points

file

Listing 13.2 Interpolation.py — Spline Interpolation — Python & Streamlit version

EEDNDEDDDOOOLWWWWWWWWWNNNPNNNNNNN 22 O mSmDooao=D
RN OOVONGTREWNTOOVP®ICARWON"OORNTARWN:

SOoONoc TR WN S

import streamlit as st

import numpy as np

from numpy import array

import matplotlib.pyplot as plt

import pandas as pd

from pathlib import Path

import scipy

from scipy import interpolate # pip install scipy
from scipy.interpolate import interpld

st.set_page_config(page_title="Spline interpolation")
css="
<style>
section.main > div {max-width:70rem} # Trem = 16px ; 70rem = 1120 px
</style>
st.markdown(css, unsafe_allow_html=True)
current_dir = Path(__file__).parent if "__file__" in locals() else Path.cwd()

def splprep(x,y): # scipy.interpolate.splprep
data = np.array((x,y))
tck,u = interpolate.splprep(data, s=0)
# s=0 forcing the spline fit to pass through all the input points
unew = np.arange(0, 1.02, 0.02)
out = interpolate.splev(unew, tck)
Ist_return=[out[0], out[1]]
return lst_return

st.subheader(":green[Spline interpolation]")
MSJ=":frame_with_picture: Open Excel file to read curve coordinates ! :arrow_down_small:"
uploaded_file = st.file_uploader(MSJ, type="xlsx")
if uploaded_file:
df = pd.read_excel(uploaded_file)
st.dataframe(df) # Display the table with profile coordinates
X = df['X'].tolist() # Convert columns X from dataframe to list
Y = df'Y'].tolist() # Convert columns Y from dataframe to list
with st.form(Input Data’):
coll, col2, col3 = st.columns(3)
coll.write("Min X = "+str(min(X)))
col2.write('Max X = "+str(max(X)))
Vmed=(max(X)-min(X))/2 + min(X)
XXX = col3.number_input(label="Input X value proposed for interpolation !' \
,value=Vmed,format="%0.6f")
submit_button = st.form_submit_button('Interpolate’)
if submit_button:
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46. # Charts drawing

47. coll, col2 = st.columns(2)

48. # cm =1/2.54 # centimeters in inches

49. # figl=plt.figure(figsize=(6*cm, 6*cm))

50. figl=plt.figure()

51. plt.grid(True)

52. plt.title("Interpolation”, fontsize=14,

53. fontweight='bold',color='Black') # Define chart title

54. # Initial points imposed

55. plt.scatter(X, Y, color='"Red', label="Initial points imposed")

56. # Curve interpolation - splprep

57. LST_RETURN=splprep(X, Y)

58. xspline = LST_RETURNI0] ; yspline = LST_RETURNI[1]

59. plt.plot(xspline, yspline, '-b', linewidth=1, label="scipy.interpolate.splprep")
60. # Point interpolation - splprep & splev

61. splines = interpolate.splrep(X, Y)

62. YP_splev=interpolate.splev(XXX,splines)

63. LBL1="splprep point="+%0.3f' % XXX+", "+'%0.4f' % YP_splev

64, plt.scatter(XXX, YP_splev, color='Black’, label=LBL1)

65. plt.legend(fontsize=6) ; plt.legend(loc="best’)

66. coll.write(fig1)

67.

68. # Curve interpolation scipy.interpolate: CubicSpline & akima & pchip
69. data = {"x": X, "y": Y}

70. interpolated = {"x": np.linspace(min(X), max(X), 50)}

71. # interpolated["linear"] = np.interp(interpolated["x"], data["x"], data["y"])
72. interpolated["spline"] = scipy.interpolate.CubicSpline(data["x"], data["y"])(
73. interpolated["x"] )

74. interpolated["akima"] = scipy.interpolate.AkimalDInterpolator(data['x"], data["y"])(
75. interpolated["x"] )

76. interpolated["pchip"] = scipy.interpolate.Pchipinterpolator(data['x"], data["y"])(
717. interpolated["x"] )

78.

79. # Extract list values from the three interpolation: CubicSpline & akima & pchip
80. X_Interp = interpolated["x"]

81. Y_spline = interpolated["spline"]

82. Y_akima = interpolated["akima"]

83. Y_pchip = interpolated["pchip"]

84.

85. # Point interpolation scipy.interpolate: CubicSpline & akima & pchip
86. inter_Point = {"x": XXX}

87. interpolated["spline"] = scipy.interpolate.CubicSpline \

88. (data["x"], data["y"])(inter_Point["x"] )

89. Point_spline = interpolated|["spline"]

90. LBL2="splprep point="+'%0.3f" % XXX+", "+'%0.4f' % Point_spline

91.

92. interpolated["akima"] = scipy.interpolate.AkimalDInterpolator \

93. (data["x"], data["y"])(inter_Point["x"] )

94, Point_akima = interpolated["akima"]

95. LBL3="akima point="+'%0.3f' % XXX+", "+'%0.4f' % Point_akima

96.

97. interpolated["pchip"] = scipy.interpolate.AkimalDInterpolator \

98. (data["x"], data["y"])(inter_Point["x"] )

99. Point_pchip = interpolated["pchip"]

100. LBL4="pchip point="+'%0.3f" % XXX+", "+'%0.4f' % Point_pchip

101.

102. fig2=plt.figure() # Create chart figure

103. plt.grid(True) # Show the chart grid

104. plt.title("Interpolation, fontsize=14,

105. fontweight="bold',color='"Black’) # Define chart title

106. plt.scatter(X, Y, color='Red', marker="0", label="Initial points imposed")
107. plt.plot(X_Interp, Y_spline, color='Blue’, label="scipy.interpolate.CubicSpline")
108. plt.scatter(XXX, Point_spline, color='"Black’, label=LBL2)

109. plt.legend(fontsize=6) ; plt.legend(loc='best’)

110. col2.write(fig2)

m.

n2. coll, col2 = st.columns(2)

n3.

N4. fig3=plt.figure() # Create chart figure

115. plt.grid(True) # Show the chart grid

116. plt.title("Interpolation, fontsize=14,

117. fontweight="bold',color='"Black’) # Define chart title
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Listing 13.2 Interpolation.py — Spline Interpolation — Python & Streamlit version

118.
9.

120.

121

122.
123.
124.
125.
126.
127.
128.
129.
130.

131.

132.
133.
134.
1S58
136.
137.
138.
139.
140.

141.

142.
143.
144.
145.
146.

plt.scatter(X, Y, color='"Red', marker="0", label="Initial points imposed")
plt.plot(X_Interp, Y_akima, color='Blue', label="scipy.interpolate.AkimalDInterpolator")
plt.scatter(XXX, Point_akima, color='Black’, label=LBL3)

plt.legend(fontsize=6) ; plt.legend(loc='best’)

coll.write(fig3)

figh=plt.figure() # Create chart figure

plt.grid(True) # Show the chart grid

plt.title("Interpolation”, fontsize=14,

fontweight="bold',color='Black’) # Define chart title

plt.scatter(X, Y, color='"Red', marker="0", label="Initial points imposed")
plt.plot(X_Interp, Y_pchip, color='Blue’, label="scipy.interpolate.PchipInterpolator")
plt.scatter(XXX, Point_pchip, color='"Black’, label=LBL4)

plt.legend(fontsize=6) ; plt.legend(loc="best’)

col2.write(fig4)

# Show interpolated list values

coll, col2, col3, col4 = st.columns(4)
coll.write("X_Interp") ; coll.write(X_Interp)
col2.write("Y_spline") ; col2.write(Y_spline)
col3.write("Y_akima") ; col3.write(Y_akima)
col4.write("Y_pchip") ; col4.write(Y_pchip)

# Show interpolated point values
coll, col2, col3, col4 = st.columns(4)
coll.write("Point X="+ '%0.4f' % XXX)
col2.write(LBL2)

col3.write(LBL3)

col4.write(LBL4)
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14. Curve vectorization

The Vectorization script is a simple and educational application to vectorize one curve and to obtaing
numerical points on it. This script is a shorter version of an complex script PyDigitizer [14.1], [14.2] that can be
download from [14.3]. A similar script is presented in [14.4], [14.5]. The vectorization steps are the following:

oopen an image file containing the curve to vectorize;

oin the calibration window enter the real coordinates of the calibration points bottom-left respectively
top-right;

o after saving, two graphical calibration points must be specified, by left mouse click in the graphic area;

onext, place multiple points above the curve by left mouse click, starting from left to right X axis;;

oit is possible to delete or move points points: middle mouse click - delete near mouse point ( without
confirmation) while right mouse click - move or exit move near mouse points.

oat the end of placement points it is possible to visualize the curve passing through the placed points;

othe placed points can also be exported in Excel together with the graphic image over which the points
have been placed.

The script use a database Config.db to store all icons loaded in frame Toolbar; this will avoid the existence

—
of following icons files in the application folder: J, @, \él and ﬂ . The Config.db = objects store icons for
the script interface of Python 2. 7 & wxPython application version. Initially, the icons files are stored in the Curve
vectorization 2 Objects application folder. The icons files were loaded into Config.db = objects as Binary Large
Object (BLOB) through the _copyimg.pyw script displayed in Listing 8.1, from where they will be used into
application interface through Python 2.7 - Vectorization pyw script.

The Vectorization.pyw script (Python & wxPython version) include four classes: Plot, PlotNotebook,
CalibrareAxe & Vectorization and three public functions: ExportimageToExcel, ExtragTextMemory,
ExtraglmageMemory. The script begin with importing libraries (lines 3+11).

The Plot class (lines 34+44) create self.figure, self.canvas, self.toolbar and sizer entities for the class that
calls it. The PlotNotebook class (lines 46+60) creates several pages for the class that calls it, using the internal
function add; through internal function ChangePagina the user can change the page. This class represents a
notebook control, which manages multiple windows with associated tabs.

The ExportimageToExcel public function export an image Excel file. The parameters of the function are: the
file Path — the path were the image file is saved, Sheet — the sheet were the image will be placed and row &
column which identify the cell were the image will be placed in Excel sheet.

The ExtraglmageMemory function (lines 28+32) selecteaza din SQLite database > Objects an icon si
create & returneaza the icon img from data in memory. This function is called from class Vectorization >
_TOOLBAR function.

The ExtragTextMemoryfunction (lines 23+26) selecteaza din SQLite database - Objects a file and
returneaza this file as BLOB object. This function is called from class Vectorization = OnExcel function.

The Vectorization class create the interface (toolbar, grid, ...), create the aplication main functionalities and
include the following functions:

o _init__ Define the frame (a window whose size and position can be changed by the user); create
the statusbar (lines 68+73); line 74 create in self.plotter an instance of PlotNotebook class;
line 75 create one graphics subplot self. Axa that will be connected to OnClick and
OnMouseMotion class internal function (lines 76, 77); lines 78, 79 initialize the public
variables of the class ExcelFile and self.FOLDER_FILE (folder where is located Config.db file);
line 80 call _TOOLBAR and INITIALIZARE function; lines 81 center and show the frame in
the display.

e _TOOLBAR Create the toolbar (line 230); set the toolbar background color (line 231) and icons size (line
232); create the connection and cursor using Config.db database (line 233); generate
Lst_label, Lst_icons and Lst_Help lists (lines 234+237), which store the tooolbar icons
labels, the icon names that must be extracted from memory by calling ExtraglmageMemory
function and the associated icons help; for every line 239 associate an unique identificator
ID; through for cycle from line 238 the img icon is extracted into memory (ine 240); create
the bitmap of img memory icon and scale at the imposed toolbar icons size (line 241); in
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e OnOpen

e Calibrare

e Pixel_To_Graph
e Graph_To_Pixel
e DeletePoint

¢ INITIALIZARE

e OnClick

e OnExcel

this cycle, for every operation, the icon is added in toolbar (line 242) ; lines 243+247
connect with Bind statement to associated functions; line 248 generate and show the
toolbar; line 249 close the connection with Config.db database.
Open a dialog to load an image file (line 96) and store the filename in variable image_file
line (100); read the image file and get the height and width (line 102); line 103 set the value
of self.ExcelFile public variable; lines 104+106 define and set the frame title; line 107 put
the image in self.axa graphic area; finally, the CalibrareAxe class is called to calibrate the
image; the parameter self is send to this class in order to be able to access from inside the
CalibrareAxe class variable of the Vectorization class, more precisely the coordinates of
two points in the graph, which define the location bottom-left and top-right points of the
image; also the FOLDER_FILE variable is send to CalibrareAxe class.
Call CalibrareAxe class (line 252) to calibrate the image; the correspondence between
calibration points (graphical and real ) is show in Figure 14.1. The constants Kx & Ky in
relation (1) result from the correspondence of the points in the graphic (pixel) and the real
plane; through relations (2) the coordinates from the real plane can be computed as a
function of the coordinates in the graphical plane; through relations (3) the coordinates
from the graphical plane can be computed as a function of the coordinates in the real
plane. In the script the graphical (mouse) coordinates are stored in (XXX, YYY) public
variables; first two positions in XXX & YYY list are occupied by calibration points and in the
next position are stored the click mouse curve coordinates; the real points curve
coordinates are stored in (Crd_X, Crd_Y) public variables.
Convert coordinates from the graphic plane to coordinate in real plane with relations (2)
Convert coordinates from the real plane to coordinate in graphic plane with relations (3).
Delete the point closest to the mouse cursor (lines 188+201). Lines 188 initialize the local
variables MINIM, Xdel, Ydel. Inside the for loop from line 189 the MINIM minimum
distance between mouse points stored in (XXX, YYY) public variables are computed
together with position INDEX and the coordinates Xdel & Ydel (line 192). The graphical
point is removed from ARTISTS list (line 193) and the chart is redraw (line 194); the ARTISTS
list store all points entities placed on graphical area. With pop command (lines 195+196)
are removed the values from ARTISTS, XXX and YYY lists; if is identified a point to be
deleted (line 197) this pixel point is converted to real coordinates (line 198) to be displayed
into statusbar (line 199) together with current points number No_Points (line 200+201).
Initialize the class public variables (lines 84, 87, 88, 90), delete and redraw graphical area
(self.axa — line 85, 86), clear the status bar in areas 2 & 3 (line 91) and write in status bar
arfeas 4 the value of No_Points=0. This function is called by __init__ and OnOpen
Vectorization class functions. The variables XRcall, YRcall, XRcal2, YRcal2 store the values
of the real calibration points coordinates (bottom-left respectively top—right).
Identify the current mouse position (line 113); if the left mouse was clicked and the move
operation is not active (line 115) is tested if the calibration is active by line 116 case in
which both variables X_is_between & Y_is_between are set to True; if calibration
operation is not active (line 119) lines 120, 121 test if the mouse coordinate X & Y are
between calibration points; is both condition are True (line 122) a point is marked in chart
area (lines 123, 124), the ARTIST, XXX & YYY list are appended with this mouse point; if
calibration points exist (line 128) the current points real coordinates are computed (line
129) and the point is appended to Crd_X, Crd_Y lists (line 130); if the middle mouse is
clicked (line 134) the is called the DeletePoint function; for the right mouse click (line 136)
is tested if move operation is not active (line 137) and the variable MOVE is set to MOVE
START while variable Calc_MINIM is set to DA (line 138); this means that the current mouse
point is activated for move operation in OnMouseMotion function; if move operation is
active (line 140) the move operation is closed by setting MOVE variable to "" (line 141).
Verify if points are placed on graphical area (lines 204+207); connect to Config.db database
to extract the Excel template file Template_Results.xlIs (line 210) using ExtragTextMemory
function and write this file on disk with write(blob) command (line 211); Open saved file
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e OnMouseMotion

e OnView

e OnClose

(line 213) and activate Chart_Data sheet (line 215) ; create Excel table coordinates headings
(line 216) and write in a for loop the real coordinates (Crd_X, Crd_Y) (lines 218+220); lines
223+224 save the current chart as image file which is exported to Excel file (line 225) using
ExportimageToExcel function; line 226 save and close the Excel file (line 226) and reopen &
shown by line 227.

Identify the current mouse position (line 162); if a real point is clicked and is not active
calibration phase (line 163) the real coordinates of the clicked point are calculated (line
164);

If these real coordinates values falls between X and Y real calibration points (line 165, 166,
168) the status bar is updated with them (line 169-170); if move point operation is activated
in OnClick function (MOVE=="MOVE START" - line 171) the closest point to cursor mouse is
identified (lines 173+178) and the point index is stored in INDEX variable; from ARTIST list is
extracted this point and the current mouse coordinates are assigned to it (181+182); the
chart area is updated to see the point movement in the chart (line 183).

Verify if points are placed on graphical area (lines 255+258); create a new figure (line 259),
set the X, Y labels and title (lines 260+262); inside a for loop (line 263) the real points
coordinates are placed as text (lines 264+266); line 267 plot the curve.

Exit from application.

The interface of Vectorization class is displayed in Figure 14.2. Listing 14.1 displays the Python &
wxPython version of script, Vectorization.pyw.

Xpl,Ypl

Pixel points plane Xp2, Yp2 Real points plane X2,Y2

(Xp, Yp) (X,Y)

X1,Y1

Figure 14.1 The correspondence between calibration points (graphical and real)

Xp2

Y2

X, —X
_ _ B _ Ap2 T 4Ap1

Yyi= K, (Y, —Y K, =22~ Ym
S = T T, Sy

{X= X1+(Xp_Xp1)/Kx (2)

Y = Yl + (Yp - Ypl)/Ky
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|87 Vactorization - Image file: E:\Book_files\Curve vectorization\Curbe lucrarejpg (742 x 642 pixels ) - Current folder: EABook_files\Curve vectorization X

=@ = ]
Open View Excel Quit
Vectorization Window
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1600
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Left Mouse-place points ; Middle Mouse-delete near mouse point ; Right Mouse-move or exit move near mouse p Point place ¥=43.9779 ¥=19 12 points

Figure 14.2 The Vectorization class interface

The CalibrareAxeclass wait to input the real coordinates of the calibration points and has two functions:

e _jnit__

e OnExitCalibrare

Define the frame (a window whose size and position can be changed by the user); this class
receive from Vectorization class two parameters: frm_parinte which is the class that called
it and FOLDER_FILE which is the folder where Config.db is located. Create the connection
and cursor using Config.db database (line 280) to extract Demo Calibrare.jpg image (Figure
14.3); create four text controls to input the real calibration coordinates : XC1_Graph,
YC1_Graph, XC2_Graph, YC2_Graph (lines 286, 289, 294, 296), the Info StaticText to
display the message from bottom-left window and the save button connected through Bind
with OnExitCalibrare function; the user must input and save the P1 & P2 real calibration
coordinates; lines 306 center and show the frame in the display; also this line make modal
the window.

Read the real calibration coordinates values from text controls and save these values to
XRcall, YRcall, XRcal2, YRcal2 public variables of the Vectorization class (lines 309+312);
set

MakeModal to False and close this window.

Figure 14.4 show the OnView plot of Vectorization class. Figure 14.5 show the OnExcel result of

Vectorization class.
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Figure 14.5 The OnExcel result of Vectorization class

Listing 14.1 Vectorization.pyw — Vectorization curve — Python & wxPython version

1. from __future__ import division

2.

38 from win32com.client import Dispatch

4, from pysqlite2 import dbapi2 as sqlite

o8 import Stringl0,cStringlO

6. import wx , os, math

7. import numpy as np

8. import matplotlib as mpl

9. import matplotlib.pyplot as plt

10. from matplotlib.backends.backend_wxagg import FigureCanvasWxAgg as Canvas
1n. from matplotlib.backends.backend_wxagg import NavigationToolbar2Wx as Toolbar
12.

13. def ExportimageToExcel(Pathlmage, Sheet, row, column):

14. data = open(Pathimage, "rb").read()

15. stream = cStringl0.StringlO(data) # convert to a data stream
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Listing 14.1 Vectorization.pyw — Vectorization curve — Python & wxPython version

16. sel_bmp=wx.BitmapFromimage( wx.ImageFromStream( stream)) # convert to a bitmap
17. width=sel_bmp.GetWidth() ; height=sel_bmp.GetHeight()

18. left=Sheet.Cells(1,column).Left ; top=Sheet.Cells(row,1).Top

19. Sheet.Shapes.AddPicture(Pathimage, False, True,left, top,width,height)

20. os.remove(Pathlmage)

21. return

22.

23. def ExtragTextMemory(cursor, NumeText):

24, cursor.execute("SELECT fisier FROM objects where nume=""+NumeText+"")
25. blob=str(cursor.fetchone()[0])

26. return blob

217.

28. def ExtraglmageMemory(cursor, Numelmage):

29. cursor.execute("SELECT fisier FROM objects where nume="+Numelmage+"")
30. blob=cursor.fetchone()[0]

31. img = wx.ImageFromStream(Stringl0.StringlO(blob))

32. return img

33.

34. class Plot(wx.Panel):

35. def __init__(self, parent, id = -1, dpi = None, **kwargs):

36. wx.Panel.__init__(self, parent, id=id, **kwargs)

37. self.figure = mpl.figure.Figure(dpi=dpi)

38. self.canvas = Canvas(self, -1, self.figure)

39. self.toolbar = Toolbar(self.canvas)

40. self.toolbar.Realize() ; self.toolbar.Hide()

41. sizer = wx.BoxSizer(wx.VERTICAL) ;

42. sizer.Add(self.canvas,1,wx.EXPAND)

43. sizer.Add(self.toolbar, 0, wx.LEFT | wx.EXPAND)

44, self.SetSizer(sizer)

45,

46. class PlotNotebook(wx.Panel):

47. def __init__(self, parent, id = -1):

48. wx.Panel.__init__(self, parent, id=id)

49. self.nb = wx.Notebook(self)

50. sizer = wx.BoxSizer() ; sizer.Add(self.nb, 1, wx.EXPAND)

51. self.SetSizer(sizer)

52. def add(self,name="plot"):

53. page = Plot(self.nb)

54. self.nb.AddPage(page,name)

55. return page.figure

56. def add_PAGE(self,name):

57. Pagina=wx.Panel(self.nb) ; self.nb.AddPage(Pagina, name)

58. return Pagina

59. def hide_PAGE(self,number):

60. self.nb.RemovePage(number)

61.

62. class Vectorization(wx.Frame): # ===========z=z====z=z==z=zz=zzz=z=z=z=zz=z==zz=zz=zz=z=z
63. def __init__(self):

64, displaySize= self.DS=wx.DisplaySize()

65. wx.Frame.__init__(self, None, -1, title="Vectorization",

66. size=(displaySize[0]*0.75, displaySize[1]*0.75),

67. style=wx.DEFAULT_FRAME_STYLE * ( wx.MINIMIZE_BOX | wx.MAXIMIZE_BOX))
68. self.SB=self.SB = self.CreateStatusBar() # StatusBar

69. self.SB.SetFieldsCount(5)

70. self.SB.SetStatusWidths([-1,-40, -10, -10, -10])

71. sir="Left Mouse-place points ; Middle Mouse-delete near mouse point"
72. sir=sir+" ; Right Mouse-move or exit move near mouse points"
73. self.SB.SetStatusText(sir,1)

74. self.plotter = PlotNotebook(self)

75. self.axa = self.plotter.add("Vectorization Window").gca()

76. self.axa.figure.canvas.mpl_connect('button_press_event', self.OnClick)
717. self.axa.figure.canvas.mpl_connect('motion_notify_event', self.0OnMouseMotion)
78. self.ExcelFile=""

79. self.FOLDER_FILE=0s.getcwd()+'\Config.db'

80. self._TOOLBAR() ; self.INITIALIZARE()

81. self.CenterOnScreen() ; self.Show()

82.

83. def INITIALIZARE(self):

84. self.MOVE=""; self.Calc_MINIM="NU" ; self.INDEX=-9999 ; self.No_Points=0
85. self.axa.cla() ; self.axa.grid(False) ; self.axa.axis(‘off')

86. self.axa.figure.canvas.draw()

87. self. ARTISTS=[] ; self.Crd_X=[] ; self.Crd_Y=[] # Real coordinates
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Listing 14.1 Vectorization.pyw — Vectorization curve — Python & wxPython version

88.
89.
90.

92.
93.

95.
96.

98.
99.

100.

101.

102.
103.
104.
105.
106.
107.
108.
109.

110.
m.
2.
113.
4.
115.
16.
n7.
118.
19.

120.

121

122.
123.
124.
125.
126.
127.
128.
129.
130.

131.

132.
133.
134.
135.
136.
137.
138.
139.
140.

141

142.
143.
144,
145.
146.
147.
148.
149.
150.

151.

152.
153.
154.
155.
156.
157.
158.
159.

self. XXX=[] ; self.YYY=[] # Coordinates in pixels image

# Real coordinates calibration points

self XRcall=-1e9 ; self.YRcall=-1e9 ; self XRcal2=-1e9 ; self.YRcal2=-1e9
self.SB.SetStatusText("",2) ; self.SB.SetStatusText("",3)
self.SB.SetStatusText(str(self.No_Points)+ " points",4)

def OnOpen(self,event):

wildcard="Image files (*.jpg)|*.jpglimage files (*.jpeg)|*.jpeglimage files (*.png)|*.png"
dlg = wx.FileDialog(self, "Select image file", os.getcwd(), "",wildcard , wx.OPEN)
result = dlg.ShowModal() ; dlg.Destroy()
if result == wx.ID_OK:
image_file=dlg.GetDirectory()+'\\'+dlg.GetFilename()
file_name = image_file[0 : image_file.find(".")]
IMG_NAME-=dlg.GetFilename()[0 : dlg.GetFilename().find(".")]
image = plt.imread(image_file) ; height, width, _ = image.shape
self.ExcelFilesIMG_NAME+" xls"
TITLE="Vectorization - Image file: " + str(image_file) + " ( "+str(width)+" x "
TITLE=TITLE+str(height)+" pixels )"+" - Current folder: " + str(os.getcwd())
self.SetTitle( TITLE ) ; self.INITIALIZARE()
self.axa.imshow(image, aspect="auto’) ; self.axa.figure.canvas.draw()
CalibrareAxe(None, -1, self, self.FOLDER_FILE)

def OnClick(self, event):

self.SB.SetStatusText("",2)
if event.inaxes is None: return
Btn_MOUSE-=event.button ; X_MOUSE, Y_MOUSE=event.xdata, event.ydata
# Left mouse - put a marker on image, if the 'MOVE' operation is not active
if Btn_MOUSE==1 and not("MOVE" in self. MOVE):
if len(self. ARTISTS)<2 :
curba="Calibrare"
X_is_between = True ; Y_is_between = True
elif len(self.ARTISTS)>=2:
X_is_between = self. XXX[0] <= X_MOUSE <= self.XXX[1]
Y_is_between = self.YYY[1] <= Y_MOUSE <= self.YYY[0]
if X_is_between==True and Y_is_between==True: # Place calibration point
MARKER, = self.axa.plot(X_MOUSE, Y_MOUSE, '0', markersize=14,
mfc="none', markeredgecolor="Red", markeredgewidth=2)
self. ARTISTS.append(MARKER,) ; self. XXX.append(X_MOUSE)
self.YYY.append(Y_MOUSE) ; self.axa.figure.canvas.draw()
self MOVE="" ; self.Calc_MINIM="DA"
if len(self. ARTISTS)>2: # If calibration points exist
Xreal, Yreal = self.Pixel_To_Graph (X_MOUSE, Y_MOUSE)
self.Crd_X.append(Xreal) ; self.Crd_Y.append(Yreal)
self.SB.SetStatusText("Point place X="+%0.4f % Xreal+" Y="+'%0.4f' % Yreal,2)
self.No_Points=len(self.XXX)
self.SB.SetStatusText(str(self.No_Points)+ " points",4)
if Btn_MOUSE==2 and len(self. ARTISTS) > 2 : # Middle mouse - disable move marker
self.DeletePoint(X_MOUSE, Y_MOUSE) ; self.MOVE=""
if Btn_MOUSE==3: # Right mouse - activate muve marker
if self. MOVE=="":
self. MOVE="MOVE START" ; self.Calc_MINIM="DA"
self.SB.SetStatusText("Move START",2)
else:
self MOVE=""; self.SB.SetStatusText("Move STOP",2)

def Pixel_To_Graph(self, x, y):

# Real coordinates

Xl=self. XRcall ; Y1=self.YRcall ; X2=self XRcal2 ; Y2=self.YRcal2

# Coordinates in pixels image

Xpl=self. XXX[0] ; Yp1=self.YYY[0] ; Xp2=self. XXX[1] ; Yp2=self.YYY[I]
kx=(Xp2-Xp1)/(X2-X1) ; ky=(Yp2-Yp1)/(Y2-Y1)

Xreal=X1+(x-Xp1)/kx ; Yreal=Y1+(y-Yp1)/ky

return Xreal, Yreal

def Graph_To_Pixel(self, Xreal, Yreal):

# Real coordinates

Xl=self. XRcall ; Y1=self.YRcall ; X2=self XRcal2 ; Y2=self.YRcal2

# Coordinates in pixels image

Xpl=self. XXX[0] ; Ypl=self.YYY[0] ; Xp2=self. XXX[1] ; Yp2=self.YYY[1]
kx=(Xp2-Xp1)/(X2-X1) ; ky=(Yp2-Yp1)/(Y2-Y1)

x =(Xreal-X1)*kx+Xp1; y =(Yreal-Y1)*ky+Yp1

return x, y
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160.
161.
162.
163.

164.

165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
1717.
178.
179.

180.

181.
182.
183.

184.
185.

186.
187.

188.

189.
190.
191.

192.
193.
194.
195.
196.
197.
198.
199

200.

201.

202.
203.
204.
205.
206.
207.
208.
209.

210.
21.

212.
213.
214.
215.
216.
217.
218.
219

220.

221.

222.
2238
224,
225.
226.
227.
228.
229.
230.

231.

def OnMouseMotion(self, event):
X,y = event.xdata, event.ydata
if x<>None and y<> None and len(self.ARTISTS)>=2:
Xreal, Yreal = self.Pixel_To_Graph (x, y)
X_is_between = self.XRcall <= Xreal <= self.XRcal2
Y_is_between = self.YRcall <= Yreal<= self.YRcal2
self.SB.SetStatusText("", 3)
if X_is_between==True and Y_is_between==True:
SirReal="X chart="+'%0.4f" % Xreal + ", Y chart="+'%0.4f' % Yreal
self.SB.SetStatusText( SirReal,3)
if self. MOVE=="MOVE START":
# Point identification by minimum distance
if x<>None and y<> None and self.Calc_MINIM=="DA":
MINIM=1e7 ; self.INDEX=-999
for i, (XP, YP) in enumerate(zip(self. XXX, self.YYY )):
distanta=math.sqrt((XP-x)**2+(YP-y)**2)
if distanta<MINIM:
MINIM=distanta ; self.INDEX=i
self.Calc_MINIM=="NU" # Point identification done only for MouseMotion
if len(self. ARTISTS)<>0 and self.INDEX <> -999:
punct=self.ARTISTS[self.INDEX] ; punct.set_data(x,y)
self. XXX[self.INDEX]=x ; self.YYY[self.INDEX]=y
self.axa.figure.canvas.draw()
# When the point starts to move, it no longer needs to be identified
self.Calc_MINIM="NU"

def DeletePoint(self,x,y):
MINIM=1e7 ; XDel=-1e7 ; YDel=-1e7
for i, (XP, YP, PCT) in enumerate(zip(self. XXX, self.YYY, self. ARTISTS )):
distanta=math.sqrt((XP-x)**2+(YP-y)**2)
if distanta<MINIM:

MINIM=distanta ; INDEX =i ; XDel=XP ; YDel=YP
punct=self. ARTISTS[INDEX] ; punct.remove() # Remove marker from graph
self.axa.figure.canvas.draw()
self. ARTISTS.pop(INDEX) # Remove point from lists
self. XXX.pop(INDEX) ; self.YYY.pop(INDEX)
if XDel<>-1e7:

Xreal, Yreal = self.Pixel_To_Graph (XDel, YDel)

self.SB.SetStatusText("Point deleted X="+'%0.4f' % Xreal+" Y="+%0.4f' % Yreal,2)
self.No_Points=len(self.XXX)
self.SB.SetStatusText(str(self.No_Points)+ " points",4)

def OnExcel(self, event):

if len(self.Crd_X)==0:
mesaj = "No point defined on chart !"
wx.MessageBox(mesaj, "Info",style=wx.0K|wx.ICON_EXCLAMATION)
return

fexl=self.ExcelFile

conn = sqlite.connect(self.FOLDER_FILE) ; cursor = conn.cursor()

blob=ExtragTextMemory(cursor, Template_Results.xls')

cursor.close() ; conn.close() ; open(fexl, 'wh').write(blob)

xlApp = Dispatch("Excel.Application")

xIWb = xlApp.Workbooks.Open(os.getcwd()+'\\'+fex1) ; sheets = xIWb.Sheets

XLSheet=xIWb.Worksheets("Chart_Data") # Export chart points

sheets("Chart_Data").Activate()

XLSheet.Cells(1,1).Value = "X" ; XLSheet.Cells(1,1).Value = "Y"

SirClip1="" ; lex=2

for i, (xt, yt) in enumerate(zip(self.Crd_X, self.Crd_Y)):
XLSheet.Cells(lex,1).Value = xt ; XLSheet.Cells(lex,2).Value = yt
lex+=1

XLSheet.Cells(lex,1).Select()

CaleFig=os.getcwd()+'\\'+"ChartFigure.jpg"

self.axa.figure.savefig(CaleFig, orientation='landscape’, bbox_inches=None,
transparent=True, pad_inches=0, format ="jpg", quality = 95)

ExportimageToExcel(CaleFig, xIWh.Worksheets("Chart_Data"), 1, 6)

xIWb.Close(SaveChanges=1) ; xlApp.Quit()

xIWb = xlApp.Workbooks.Open(os.getcwd()+'\\'+fex]1) ; xlApp.Visible=True

def _TOOLBAR(self):
self.toolbar = self.CreateToolBar( ( wx.TB_HORIZONTAL | wx.TB_TEXT) )
self.toolbar.SetBackgroundColour(wx.Colour(224,238,224))
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232.
233.
234.
235.
236.
237.
238.
239.
240.

241

242.
243.
244,
245.
246.
247.
248.
249.
250.

251.

252.
253.
254.
255.
256.
257.
258.
259.
260.

261.

262.
263.
264.
265.
266.
267.
268.
269.
270.

27

272.
273.
274.
275.
276.
277.
278.
279.
280.

281.

282.
283.
284.
285.
286.
287.
288.
289.
290.

291

292.
293.
294.
295.
296.
297.
298.
299.
300.

301.

302.
303.

self.toolbar.SetToolBitmapSize((24,24))
conn = sqlite.connect(self.FOLDER_FILE) ; cursor = conn.cursor()
Lst_label=["Open","View","Excel","Quit"]
Lst_icons=["open.png","Show.jpg","Excel.png", "exit.png"]
Lst_Help=["Open image file.","View current curve chart",
"Export coordinates to Excel","Quit application"]
for i, ( label, icon, HELP) in enumerate(zip(Lst_label, Lst_icons, Lst_Help )):
ID_tool= wx.Newld()
img = ExtraglmageMemory(cursor, icon)
sel_bmp=wx.BitmapFromlmage(img.Scale(24,24))
self.toolbar.AddLabelTool(ID_tool, label, sel_bmp, shortHelp=HELP)
if label=="0Open": self.Bind(wx.EVT_TOOL, self.0nOpen, id=ID_tool)
if label=="View": self.Bind(wx.EVT_TOOL, self.OnView, id=ID_tool)
if label=="Erase": self.Bind(wx.EVT_TOOL, self.OnErase, id=ID_tool)
if label=="Excel": self.Bind(wx.EVT_TOOL, self.OnExcel, id=ID_tool)
if label=="Quit": self.Bind(wx.EVT_TOOL, self.OnClose, id=ID_tool)
self.toolbar.Realize() ; self.toolbar.Show() # Generate toolbar
cursor.close() ; conn.close()

def Calibrare(self, event):
frm_parinte=self ; CalibrareAxe(None, -1, frm_parinte)

def OnView(self, event): # Plotting the Graph
if len(self.XXX)<3:
mesaj = "At least 3 points must be digitized for the selected curve !"
wx.MessageBox(mesaj, "Info",style=wx.0K|wx.ICON_EXCLAMATION)
return
plt.figure(figsize=(8,6)) ; plt.grid(True)
plt.xlabel("X [-]", fontsize=18, fontweight="bold")
plt.ylabel("Y [-]", fontsize=18, fontweight='bold")
plt.title("Curve chart",color='Black’, fontsize=20, fontweight="bold’)
for i, (xt, yt) in enumerate(zip(self.Crd_X, self.Crd_Y)):
sirtxt="("+'%.2f' % xt+', '+'%.2f' % yt+')'
plt.text(xt, yt, sirtxt, ha='left', va= "top',
color='Black', fontsize=10, fontweight="bold")
plt.plot(self.Crd_X, self.Crd_Y, '-0', linewidth=3) ; plt.show()

def OnClose(self, event):
self.Destroy()

class CalibrareAxe(wx.Frame):
def __init__(self,parent, id, frm_parinte, FOLDER_FILE):
wx.Frame.__init__(self, None, -1, "Axis calibration", size=(540, 600),

style=wx.DEFAULT_FRAME_STYLE * (wx.RESIZE_BORDER | wx.MINIMIZE_BOX |

wx.MAXIMIZE_BOX | wx.CLOSE_BOX ) )
self.frm_parinte=frm_parinte ; self.FOLDER_FILE = FOLDER_FILE
self.SetBackgroundColour("White") ; font=wx.Font(16, wx.DEFAULT, wx.NORMAL, wx.BOLD)
connection = sqlite.connect(self.FOLDER_FILE) ; cursor = connection.cursor()
img = ExtraglmageMemory(cursor, 'Demo Calibrare.jpg’)
png=wx.BitmapFromImage(img.Scale(490,426))
cursor.close() ; connection.close()
self.Imagine=wx.StaticBitmap(self, -1, png, (20, 38), (png.GetWidth(), png.GetHeight()))
XC1_Graph=wx.StaticText(self, -1, X1 =', pos=(20, 471)) ; XC1_Graph.SetFont(font)
self.XC1_Graph=wx.TextCtrl(self, -1, "10", pos=(75, 470), size=(80, 28), style=wx.TE_LEFT)
self.XC1_Graph.SetForegroundColour('Blue’) ; self.XC1_Graph.SetFont(font)
YC1_Graph=wx.StaticText(self, -1, 'Y1 =, pos=(160, 471)) ; YC1_Graph.SetFont(font)
self.YC1_Graph=wx.TextCtrl(self, -1, "0", pos=(220, 470), size=(80, 28), style=wx.TE_LEFT)
self.YC1_Graph.SetForegroundColour('Blue')
self.YC1_Graph.SetFont(font) ; self.YCI_Graph.SetInsertionPoint(0)
XC2_Graph=wx.StaticText(self, -1, 'X2 =', pos=(240, 9)) ; XC2_Graph.SetFont(font)
self.XC2_Graph=wx.TextCtrl(self, -1, "50", pos=(295, 6), size=(80, 28), style=wx.TE_LEFT)
self.XC2_Graph.SetForegroundColour('Blue’) ; self.XC2_Graph.SetFont(font)
YC2_Graph=wx.StaticText(self, -1,'Y2 = ', pos=(380, 9)) ; YC2_Graph.SetFont(font)
self.YC2_Graph=wx.TextCtrl(self, -1, "2000", pos=(440, 6), size=(80, 28), style=wx.TE_LEFT)
self.YC2_Graph.SetForegroundColour('Blue’)
self.YC2_Graph.SetFont(font) ; self.YC2_Graph.SetInsertionPoint(0)
sir="After exiting this window, mark two calibration points:\n"
sir=sir+"P1-bottom left corner and P2-upper right corner !"
Info=wx.StaticText(self, -1,sir , pos=(20, 525), size=(280,100))
btn_ExitInfo= wx.Button(self, -1, "Save calibration points", pos=(300, 520), size=(205,40))
btn_ExitInfo.SetForegroundColour('Black')
btn_ExitInfo.SetFont(wx.Font(14, wx.ROMAN, wx.NORMAL, wx.BOLD))
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304. self.Bind(wx.EVT_BUTTON, self.OnExitCalibrare, btn_ExitInfo)
305. self.CenterOnScreen() ; self.MakeModal(True) ; self.Show()
306. def OnExitCalibrare(self, event):

307. # Save real coordinates of calibration points P1 & P2

308. self.frm_parinte.XRcall = float(self. XC1_Graph.GetValue())
309. self.frm_parinte.YRcall = float(self.YCI_Graph.GetValue())
310. self.frm_parinte.XRcal2 = float(self.XC2_Graph.GetValue())
3. self.frm_parinte.YRcal2 = float(self.YC2_Graph.GetValue())
312. self. MakeModal(False) ; self.Close(True)

313.

314. if _name__=="__main__" #====================z=z==z=z==z====zz=

315. app = wx.App(0)

316. Vectorization()

317. app.MainLoop()
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15. SQLite database

This script saved in SQLite database folder, Figure 15.1, is designed to manage a SQlite database for the
following operations: add, delete, modify record and export database to Excel.

The name of main database is DB_orders.db with only one table Orders, extracted from original database
northwind.db [15.1]. Only 7 fields have been extracted for the Orders table to avoid increasing the script in
number of instructions. The SQL to generate Orders table is displayed below, Figure 15.3. Another database
Config.db is used to store all icons loaded in frame Toolbar; this will avoid the existence of following icons files in

the application folder: E]'ﬂ', Ec%g, @, L‘iq and 'ﬂ . The SQL to generate objects table is displayed in Figure 15.4.
The DB_orders.db = Orders memorize the usefull informations for the script and Config.db = objects
memorize icons for the script interface for Python 2.7 & wxPython application version. Initially, the icons files are
stored in the SQLite database = Objects application folder, Figure 15.2. The icons files were loaded into SQLite
database = Objects as Binary Large Object (BLOB) through the _copyimg.pyw script displayed in Listing 8.1,
from where they will be used into application interface through Python 2.7 = DataBase.pyw script. For Python &
Streamlit - DataBase.py script version icon files have not been used.

Book_files SOLite database

SQLite database Objects Search Objects

W _pycache_

. MEMO [T Details

Exit.png Modify.jpg

X 5

Delete

Add.jpg Delete.jpg Excel.png

E} DB_orders.db__ Orders.csv

Figure 15.2 The content of icons folder
SQLite database = Objects

Figure 15.1 The content of application folder
SQlite database

CREATE TABLE 'objects' (
[nume] CHAR(20) NOT NULL,
[fisier] BLOB NOT NULL);

CREATE TABLE "Orders"(
[OrderID] INTEGER PRIMARY KEY AUTOINCREMENT,
[EmployeelD] INTEGER, [OrderDate] DATE(10),
[Freight] NUMERIC, [ShipAddress] TEXT,
[ShipCity] TEXT, [ShipCountry] TEXT);

Figure 15.3 The SQL to generate Orders table
in DB_orders.db database
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Figure 15.4 The SQL to generate objects table
in Config.db database:
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Listing 15.1 _copyimg.pyw - Load images from OBJECTS folder to Config.db = objects

# Python 2.7 version

1.

2. from pysqlite2 import dbapi2 as sqlite

3. import os, glob

4. con = sqlite.connect(os.getcwd()+'\Config.db')

5. cur = con.cursor()

6. cur.execute( "DELETE from objects")

7. con.commit()

8. Sursa_fisiere=os.getcwd()+"/OBJECTS/*"

9. counter=0

10. for name in glob.glob(Sursa_fisiere):

1n. nf= os.path.basename(name)

12. counter=counter+1

13. fisier=os.path.basename(name)

14. blobdata = open(os.getcwd()+'\\OBJECTS\\'+fisier,'rb').read()
15. cur.execute("Insert into objects(nume, fisier) values (2,2)" (fisier,sqlite.Binary(blobdata)))
16. print counter,’ ‘name

17. con.commit() ; cur.close() ; con.close()

To operate with databases outside the scripts, to create databases, tables or to view/modify/verify their
contents, a number of freeware applications are available on the Internet: SQLite Expert Personal, which
is freeware and does not have an expiration date [15.2];

e DB Browser for SQLite, which is freeware and does not have an expiration date [15.3];
e SQLiteStudio, which is free to use for any purpose [15.4].

Listing 15.2 displays the Python & wxPython version of script, DataBase.pyw and Listing 15.3 displays the
Python & Streamlit version of the same script, DataBase.py.

The DataBase.pyw script (Python & wxPython version) include only two classes: Class_DB,
AddModifyRecord and 1 public function (ExtraglmageMemory). The script begin with importing libraries: os (this
module provides a portable way of using operating system dependent functionality), sqlite (a C-language library
that implements a small, fast, self-contained, high-reliability, full-featured), wx (the cross-platform GUI toolkit for
the Python language), wx. grid (this module and its related classes are used for displaying and editing tabular
data.), wx.calendar (a calendar control class), pandas (a fast, powerful, flexible and easy to use open source data
analysis and manipulation tool).

The ExtraglmageMemory function (lines 11+15) selecteaza din SQLite database > Objects an icon si
create & returneaza the icon img from data in memory. This function is called from class Class_DB - _TOOLBAR
function.

The Class_DB class create the interface (toolbar, grid, ...), create the database main functionalities and
include the following functions:

o _init__ Define the frame (a window whose size and position can be changed by the user),
the panel (that will hold the contents of the frame), the StatusBar (placed at the
frame bottom, were messages can be displayed); initializes the public variables
of the class (lines 29+33); call the _TOOLBAR, CreateGrid and OnSelect
functions; create the sizer (a wx.Sizer control that can lay out items in a virtual
grid); add self.grid in sizer created by CreateGrid function (line 40) and center the
frame in the display.

e TOOLBAR Create the toolbar (line 46); set the toolbar icons size (line 47) and background
color (line 48); create the connection and cursor using Config.db database (line
49); generate Lst_label, Lst_icons and Lst_Help lists (lines 50+53), which store the
tooolbar icons labels, the icon names that must be extracted from memory by
calling ExtraglmageMemory function and the associated icons help; for every
operation (add record, delete, modify, Excel export and exit) line 54 associate an
unique identificator ID; through this ID the Delete and Modify icons can be
activated or deactivated, because these operations can be executed only when in
self.grid control are selected one or more lines, through OnGridRangeSelect
function; through for cycle from line 55 the img icon is extracted into memory.
Line 56 create the bitmap of img memory icon and scale at the imposed toolbar
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e OnToolClick

e CreateGrid

icons size (line 57); in this cycle, for every operation, the icon is added in toolbar
(lines 59, 62, 65, 68 & 71) and connect with Bind statement to associated
functions (lines 60, 63, 66, 69 & 72); line 73 close the connection with Config.db
database (line73); lines 74 deactivate Delete and Modify icons, because no line in
self.grid control is selected; line 76 generate and show the toolbar.

It recognizes a mouse click on one of the toolbar icons (line 79) and associates
specific functions (lines 80+84).

This function create self.grid control (lines 87+88) where database records are
displayed; connect by Bind statement (line 89) with OnGridRangeSelect function
based on wx.grid.EVT_GRID_RANGE_SELECT event; this event notify about a
range of cells being selected when the user uses the mouse for selection; to
operate directly on grid is not permitted (line 90); lines 91+112 set the grid
parameters: default centre cell alighment (line 91), columns label size (line 92),
label value for grid columns (lines 94+102), columns size (lines 101+112).

e OnGridRangeSelect This function is called from CreateGrid function (line 89), when the user select

one or more grid lines like in Figure 15.5; the selection can be made with left
mouse click on first grid column to the respective line; to select more lines CTRL
keyboard taste must be pressed; the selection lines are marked with blue color
and a * simbol is placed in Del grid column; multiple continuous lines can be
selected with pressed Shift keyboard taste; to deselect selected line/lines a click
in the unselected white grid area must be performed. If a selection is detected by
line 116, the index of selected line is appended in the currentSelection public list
(line 119), put the * simbol in Del grid column (line 121) and refreshing the data
in the grid (line 122). If a click is detected in the unselected white grid area (else
branch from line 123) the index is removed from currentSelection list (line 126),
put a space character in Del grid column (line 128) and refreshing the data in the
grid (line 129). Lines 130+131 deactivate Delete and Modify toolbar icons. Lines
132+134 count in csel variable the number of indexes stored in currentSelection
list; if multiple selection are detected (line 135) the Delete toolbar icons is
activated (linel36); if, only one selection & selection process was made, are
detected by line 137, the index of selected line are stored in LinGridSelect
variable; also the value from the grid cell identified by LinGridSelect line &
self.COL_rowid column is stored in self.CellGridSelect variable (line 140); if the
self.CellGridSelect variable is not empty (line 141) then Modify toolbar icon is
activated (line 142); line 143 ensures more processing on the script.

Order Employee  Order . Ship Ship Ship
Del ID | “yp D Date | freights Address City Country
1 1 1 5 2016-07-04 16.75 ShipAddress 1 ShipCity 1 France
2 2 & 2016-07-05 22.25 Shlp.ﬁ.ddress 2 5h|pC|t5f 2 Germany
4 4 3 2016-07-08 20.25 Shlp.ﬁ.ddress 4 ShlpCH:y 4 France
5 5 4 2016-07-09 36.25 ShipAddress 5 5h|pC|t5f 5 Belglum
6 ﬂ“_ 2016-07-10 ShipAddress 6
Figure 15.5 The selection of more lines in grid control
e OnDelete This function deletes selected lines from the grid with confirmation. Lines

146+148 count the number of selected grid lines and ask for delete confirmation

(lines149+151); if the answer is YES, the connection with

self. DATABASE="DB_orders.db" is made and for all selections (line 155) the

function go through the lines of the table marked with * symbol and delete them

(lines 156-161); lines 163+164 initializes the selection variables and line 165

ForceRefresh of the grid; the Delete icon from the toolbar is deactivated (line
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e OnSelect

e OnAdd

e OnModify

e OnExcel

e On_Exit

166); finallyh, the OnSelect function is called (line 167) to reload the grid with
database records, where the delete lines are excluded.

This function is called from Class_DB class functions at init event (lines 137), after
Delete operation (line 167) and also from AddModifyRecord class function after
add or modify record (line 325). If the grid is not empty (line 170) line 171 delete
all grid lines; the connection with self. DATABASE="DB_orders.db" is made (lines
172+173) and all records are loaded into cursor variable, which is used for
fetching data from table in row-by-row manner; in for cycle (line 178) every
record is extracted from cursor variable and put in grid cells (lines 179+188); also
the number of records are stored in RECCOUNT variable (lines 191+192) and
displayed in status bar (lines 194+195).

Lines 198+199 deactivate Delete and Modify toolbar icons. Call
AddModifyRecord class with Add Record option (line 200) and make modal the
class frame (line 201) to create a nested event loop so MakeModal will not return
until the class is finished and input to the other windows in the application will be
blocked. Also, the database & table names and the empty string “” are sent to the
AddModifyRecord class; the empty string “” is transmitted as parameter,
because it is not necessary to select a line in the grid to add a record, as it is the
case for modify a record.

Lines 204+205 deactivate Delete and Modify toolbar icons. Call
AddModifyRecord class with Modify Record option (line 206) and make modal
the class frame (line 207) to create a nested event loop so MakeModal will not
return until the class is finished and input to the other windows in the application
will be blocked. Also, the database & table names and the variable
self.CellGridSelect are sent to the AddModifyRecord class; the variable
self.CellGridSelect store the value of the cell selected to modify and is created in
OnGridRangeSelect function.

This function export the content of database B_orders.db table Orders to an
Excel file using pandas library.

This function exits the application.

The AddModifyRecord class implement operations to add or modify a record and include the following

functions:
o _init__

e Define the frame (a window whose size and position can be changed by the user), the
panel (that will hold the contents of the frame), the Sizer and create the font variable. The
function receive from Class_DB - OnAdd and Class_DB - OnModify the following
parameters: title, DATABASE, TABLE, Parent_Frame and CellGridSelect. The title variable
receive two values: Add Record transmitted by Class_DB - OnAdd function and Modify
Record transmitted by Class_DB = OnModify function. Lines 229+232 create the public
variables in AddModifyRecord class. The self.Parent_Frame store a reference to Class_DB
from where the class AddModifyRecord was called. The self.CellGridSelect variable store
the cell content of the single line selected from the grid to be modified; in the case of
adding a new record the value of this parameter is empty, because it is not necessary to
select a line in the grid to add a record, as it is the case for modify a record. Lines 233+236
define the labels of the controls placed on the panel. Lines 238+252 define define the text
controls where the record values will be put or modified. Line 243 define a CalendarCtrl
control to select the date and line 244 connect by Bind statement with OnCalSelChanged
function. Lines 254+260 add text controls to the sizer. Lines 262+271 create Save and
Cancel buttons and bind these controls to OnSave and OnCloseMe functions. If the
variable title has the Modify Record value (line 273) then coonection with DB_orders.db
- Orders table to extract the fileds values from the record identified by ( ROWID =" +
str(CellGridSelect) condition (line 276); these values were placed in text controls (lines
278+285) created before. Lines 289+290 center and show the frame in the display.
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e OnCalSelChanged e This function is called by CalendarCtrl to modify the selected data in yyyy-mm-dd format.

e OnSave Create the connection to DB_orders.db = Orders table and define Fields list. If the title is
Add Record lines 303+310 define a complex string that store the text controls values and
line 311 create the SELECT command; if the title is Modify Record lines 313+321 create
direct the SELECT command. Line 322 execute one of those SELECT command and close the
connection. Through the self.Parent_Frame variable is called OnSelect functions from
Class_DB class to reload the grid with database records.

e OnCloseMe Call the CLOSE function

e CLOSE Cancel Make Modal status of AddModifyRecord class and close the window.

Figure 15.6 show the main interface of DataBase.pyw script. Figures 15.7 & 15.8 show the interface of Add
Record & Modify Record functions.

i 'DataBase.pyw' script *
B L ] 2] ]
Addmewrecord Delete record  Modify record Excel Exit

o m | ] o e 3m, || m,
1 1 1 5 2016-07-04 16.75 Shipaddress 1 ShipCity 1 France
2 2 2 & 2016-07-05 22,25 ShipAddress 2 ShipCity 2 Germarny
3 3 3 4 2016-07-08 25 ShipAddress 3 ShipCity 3 Brazil
4 4 4 3 2016-07-08 20.25 ShipAddress 4 ShipCity 4 France
5 5 5 4 2016-07-09 35.25 ShipAddress 5 ShipCity 5 Belgium
6 6 3 3 2015-07-10 35.5 ShipAddress 6 ShipCity 6 Brazil
7 7 7 9 2016-07-12 37.5 ShipAddress 7 ShipCity 7 | Switzerland
B 8 3 3 2015-07-15 16.75 ShipAddress 8 ShipCity 8 Bragzil
9 9 9 4 2016-07-16 21.5 ShipAddress 9 ShipCity 9 Venezuela
10 10 10 1 2016-07-17 40,25 ShipAddress 10 ShipCity 10 Austria
11 11 11 4 2016-07-18 12,75 ShipAddress 11 ShipCity 11 Mexico
12 12 12 4 2016-07-19 35.5 Shipaddress 12 ShipCity 12| Germany
13 13 13 4 2016-07-19 20 ShipAddress 13 ShipCity 13 Brazil
14 14 14 8 2016-07-22 17,25 ShipAddress 14 ShipCity 14 USA
15 15 15 9 2016-07-23 56 ShipAddress 15 ShipCity 15 Austria
16 16 15 5] 2016-07-24 25 ShipAddress 16 ShipCity 16 Sweden
17 17 17 2 2016-07-25 22.5 ShipAddress 17 ShipCity 17 France
18 18 18 3 2016-07-26 13 ShipAddress 1& ShipCity 18 Finland
19 19 19 4 2016-07-29 43.75 ShipAddress 19 ShipCity 19 Germany
20 20 20 8 2015-07-30 13.5 ShipAddress 20 ShipCity 20 Venezuela
21 21 21 5 2016-07-31 30 ShipAddress 21 ShipCity 21 USA
22 22 22 1 2016-08-01 23.75 ShipAddress 22 ShipCity 22 Finland
23 23 23 6 2016-08-01 16 ShipAddress 23 ShipCity 23 USA
24 24 24 6 2016-08-02 27.5 ShipAddress 24 ShipCity 24 USA
25 25 25 3 2016-08-05 43 Shipaddress 25 ShipCity 25 Germany
26 26 25 6 20156-03-06 15.75 ShipAddress 26 ShipCity 26 France
27 27 27 1 2016-08-07 14.5 ShipAddress 27 ShipCity 27 Italy
28 28 28 8 2015-08-03 15,25 ShipAddress 28 ShipCity 28 Mexico

{L 827 records selected

Figure 15.6 The main interface of DataBase.pyw script
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Add Record
CrderID August e 2024 =
Sun Mon Tue Wed Thu Fri Sat
EmployeelD 1 2 3
D 4 5 6 7 8 10
OrderDate 11 12 13 14 15 16 17
18 19 20 21 22 23 24
25 2% 27 28 29 30 31
Freight
ShipAddress
ShipCity
ShipCountry

B " Modify Record

OrderID August w 2024 =
Sun Mon Tue Wed Thu Fri Sat

EmployeelD 4 1 2 3

- 4 5 & 7 8 10

OrderDate  2016-07-08 11 12 13 14 15 16 17
18 19 20 21 22 23 24

o 25 25 26 27 2/ 29 30 3

ShipAddress ShipAddress 3

ShipCity shipCity 3

ShipCountry Brazil

Figure 15.7 The interface of Add Record function

Figure 15.8 The interface of Modify Record function

Listing 15.2 DataBase.pyw — SQLite Database — Python & wxPython version

SN grLN S

from __future__ import division

import os

from pysqlite2 import dbapi2 as sqlite
import StringlO

import wx

import wx.grid

import wx.calendar

import pandas as pd

def ExtraglmageMemory(cursor, Numelmage):

cursor.execute("SELECT fisier FROM objects where nume="+Numelmage+"")

blob=cursor.fetchone()[0]
img = wx.ImageFromStream(Stringl0.StringlO(blob))
return img

class Class_DB(wx.Frame):
def __init__(self):

wx.Frame.__init__(self, None, -1, "DataBase.pyw' script", size=(780, 660),

style=wx.DEFAULT_FRAME_STYLE * (wx.RESIZE_BORDER | wx.MINIMIZE_BOX | wx.MAXIMIZE_BOX))

self.panel = wx.Panel(self, -1)

self.statusbar = self.CreateStatusBar()
self.statusbar.SetFieldsCount(2)
self.statusbar.SetStatusWidths([-4, -2])
self.statusbar.SetStatusText("",0)
self.statusbar.SetStatusText("",1)

self.DATABASE="DB_orders.db"
self. TABLE="Orders"
self.currentSelection=]

self.COL_del=0 # The grid column with marking for delete record
self.COL_rowid=1 # The grid column where the ROWID from the database is placed

self._TOOLBAR()
self.CreateGrid()
self.OnSelect()

sizer= wx.GridBagSizer(hgap=5, vgap=0)
sizer.Add(self.grid,pos=(1,1),span=(1,8))
self.panel.SetSizerAndFit(sizer)
self.CenterOnScreen()

self.Show()

def _TOOLBAR(self):

self.toolbar = self.CreateToolBar( ( wx.TB_HORIZONTAL |wx.TB_FLAT | wx.TB_3DBUTTONS | wx.TB_TEXT) )
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Listing 15.2 DataBase.pyw — SQLite Database — Python & wxPython version

47.
48.
49.

51.
52.

54.
55.

57.
58.

60.
61.

63.
64.

66.
67.

69.
70.

72.
73.

75.
76.

78.
79.

81.
82.

84.
85.

87.
88.

90.
91.
92.
93.

95.
96.

98.
99.

100.

101.

102.
103.
104.
105.
106.
107.
108.
109.

110.
m.
2.
113.
4.
115.
116.
n7.
118.

ToolBitmapSize = 24
self.toolbar.SetBackgroundColour(wx.Colour(224,238,224))
connection = sqlite.connect(os.getcwd()+\Config.db') ; cursor = connection.cursor()
Lst_label=[ "Add new record", "Delete record", "Modify record", "Excel", "Exit"]
Lst_icons=[ "Add.jpg", "Delete.jpg", "Modify.jpg","Excel.png",'Exit.png']
Lst_Help=["Add new record in database","Delete selected record",
"Modify selected record","Export table in Excel", "Exit"]
self.Add=100 ; self.Delete=200 ; self.Modify=300 ; self.Excel=400 ; self.Exit=500
for i, ( label, icon, HELP) in enumerate(zip(Lst_label, Lst_icons, Lst_Help )):
img = ExtraglmageMemory(cursor, icon)
sel_bmp=wx.BitmapFromImage(img.Scale(ToolBitmapSize,ToolBitmapSize))
if label=="Add new record":
self.toolbar.AddLabelTool(self.Add, label, sel_bmp, shortHelp=HELP)
self.Bind(wx.EVT_TOOL, self.OnToolClick, id=self.Add)
if label=="Delete record":
self.toolbar.AddLabelTool(self.Delete, label, sel_bmp, shortHelp=HELP)
self.Bind(wx.EVT_TOOL, self.OnToolClick, id=self.Delete)
if label=="Modify record":
self.toolbar.AddLabelTool(self.Modify, label, sel_bmp, shortHelp=HELP)
self.Bind(wx.EVT_TOOL, self.0nToolClick, id=self.Modify)
if label=="Excel":
self.toolbar.AddLabelTool(self.Excel, label, sel_bmp, shortHelp=HELP)
self.Bind(wx.EVT_TOOL, self.OnToolClick, id=self.Excel)
if label=="Exit":
self.toolbar.AddLabelTool(self.Exit, label, sel_bmp, shortHelp=HELP)
self.Bind(wx.EVT_TOOL, self.OnToolClick, id=self.Exit)
cursor.close() ; connection.close()
self.toolbar.EnableTool(self.Delete, False) # Delete
self.toolbar.EnableTool(self.Modify, False) # Modify
self.toolbar.Realize() ; self.toolbar.Show()

def OnToolClick(self, event):

tb = event.GetEventObject()

if event.Getld()==self.Add: self.OnAdd()

if event.Getld()==self.Delete: self.OnDelete()
if event.Getld()==self.Modify: self.OnModify()
if event.Getld()==self.Excel:  self.OnExcel()
if event.Getld()==self.Exit: self.On_Exit()

def CreateGrid(self):

self.grid = wx.grid.Grid(self.panel, size=(750, 520))

self.grid.CreateGrid( 100, 9)
self.Bind(wx.grid.EVT_GRID_RANGE_SELECT,self.OnGridRangeSelect)
self.grid.EnableEditing(0)
self.grid.SetDefaultCellAlignment(wx.ALIGN_CENTRE,wx.ALIGN_CENTRE)
self.grid.SetColLabelSize(45)

self.grid.SetColLabelValue(self.COL_del,'Del')
self.grid.SetColLabelValue(self.COL_rowid,'ID")
self.grid.SetColLabelValue(2,'Order\nID')
self.grid.SetColLabelValue(3,'Employee\nID')
self.grid.SetColLabelValue(4,'Order\nDate’)
self.grid.SetColLabelValue(5,'Freights')
self.grid.SetColLabelValue(6,'Ship\nAddress')
self.grid.SetColLabelValue(7,'Ship\nCity')
self.grid.SetColLabelValue(8,'Ship\nCountry')

self.grid.SetColSize(self.COL_del,25)
self.grid.SetColSize(self.COL_rowid,40)
self.grid.SetColSize(2,50)
self.grid.SetColSize(3,60)
self.grid.SetColSize(4,70)
self.grid.SetColSize(5,60)
self.grid.SetColSize(6,180)
self.grid.SetColSize(