Using Python Programming to
Calculate the Area of an
Irregular Polygon

By Matt Palmer



Python Coding Language

* Python Is a programming language that can
be used among many applications

— Geographic Information Science and
Technology

— Web and Internet Development

— Sclentific and Numeric Computing
— Educational purposes

— Software development

— Business applications



| iterature Reviews

’Cartesian formulas for
curvature, circumradius, and
circumcenter for any three two-

dimensional points”

Finding three different values:
— Curvature
— Circumradius
— Circumcenter

Do not include these values into my
function but Shoelace Formula is used

This study uses three points In their
calculations; my study uses many more
coordinate points but the function
should work regardless

Shoelace formula

— Also called Gauss’s area formulas
and Surveyor's formula

— Can result In negative number
therefore use absolute value

“A new approach (extra vertex)

and generalization of Shoelace
Algorithm using In convex
polygon (Point-in-Polygon)”

Shoelace formula Is used to find the area of
polygons along the Cartesian coordinate
system

— Our study the coordinate points were
converted to squared meters

This article’s study used python
programming language to test the formula
by segmenting lines and polygons

PIP (Point-in-Polygon)
— Tool used In GIS

—  “"With a given polygon and an arbitrary
point, determine whether the point will
be within the polygon.”

-Ochilbek

— Used In video gaming and with
polygons that have high number of
edges



Research & Data

Shoelace Formula

A formula used when trying to find the area of a
polygon especially when the polygon consists on
many sides or coordinate points

When performing cross multiplication, the
formula could be described as looking like a
shoelace being tied up due to the order of
operation
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GA County Data — Testing

File provided contained coordinate point data
Used this to test the function written in python
Need to convert these points into a polygon and

X )

File Edit Format Run Options Window Help
co bounds = {} ~ |
co bounds ["Semincle™] = ((1l06le76.0486538848, 510670.28092270786), (l06l1le674.950582
co bounds["Union™] = ((l071870.6538625%53585, 1352438.60485997755353), (1l071885.35%02683
co bounds["Ware"] = ((1314886€.5322853725, 928043.263351627), (1313641.5973018724
co bounds ["Murray™] = ((1010667.7328005%603, 1384583.2217408658), (1l010721.7061835
co bounds["Walker™] = ((951104.7862623631, 1333250.327294377), (550561.145054108
co bounds["Jefferson™] = ((1251409.3625343542, 1223457.52159516203), (1l251427.735
co bounds ["W "::_:”] = ((1255223.6797571492, 1228211.6448720451), (1l254563.5304%59%5
co bounds["Fayette™] = ((1061747. “5250553& 1229356.4T798718605), (1l061860.332226
cu_huands[”l;i:—::”] = ((1070%06.59T71418512, 1208148.176886l1655), (10708%97.602045
co bounds ["Glynn"™] = ((1347365. EEEEEG&““-, 1000421 .01e8365623), (1347354.403857%5
co bounds ["Erantley"] = ((1347%48.84355%1866, 1018564.1627420677), (1347540.115597
co bounds["Lanier™] = ((1238610.432510208, 550581.8085400337), (1238430.03305123
co bounds["Echols"] = ((1234365.6300543075, 548160.1780678€651), (1234388.5784858
co bounds["Emanuesl™] = ((1265015.2606255852, 1176487.4314671203), (1265%026.525052
co_bounds ["Burke"] = ((1285184.668864707, 1176249.9141148455), (1285181.5965915641
co bounds ["Chatham™] = ((1405145.30065434, 1065685.5131018852), (1353232.7675506
co bounds ["Liberty™] = ((1395386.5742944404, 1065031.0408%63785), (1l385758.56583
co bounds["Clarke"] = ((1154591.765379934, 1296435.321538715%4), (1155105.41%&155
co bounds ["Madison™] = ((1164841.0783326214, 1253081.6630172615), (1164815.01Z80
co bounds["Clinch"™] = ((1l295330.5157255956, 926691 .128330859784), (1l2595056.459%362671
598.1131632116, ETTEEE 63300%9%6126), (1l315e0&.52837
7105215376, 949888 .7T77135%2e734), (lO050521.53445413
86.0237040804, 11722%4,5750711279), (1250488.13851
9.5717820667, 1104171.236%9831337), (1l083429.645097
c I:I I:I IJ n E. 5.04626459176, 1102c88.! .847288e72), (10B6187.2329806&
4.4431877842, 1142 30“ 146288591e), (1l0BES42.64047ES
e 329381022, 1118721.73315346€08), (l1llleT718.05245150
0.9873505617, 1120534.858489%916le), (1117411.481508
el RFAULBIULD | LiaTL L ] T Llreawrw0. 82760917462, 1299125.3515147879), (1220727.597309
co bounds["Wilkes"] = ((l208773.8520875555, 12595965.2592565%58035), (1208880.5%72030
co bounds ["Haralson"™] = ((575507.5%602233837, 1231244.52159231538), (575877.951148%55
co bounds ["Coffee™] = ((1264536.3045266836, 1021596.8311327T666), (1l264529.3915625
co bounds["Berrien™] = ((1213102.4271448085, 1015181.13153108Z4), (1213076.635977
co bounds ["Columkia®™] = ((12535961.59864310056, 125856€30.2533632517), (12833805.6010
co bounds ["Richmond™] = ((1262748.5025814606, 1234055.009%278663), (1262820.5310
co bounds ["Jones"] = ((11l67581.4805442307, 1165405.184818026), (1l1l67574.85212501
co bounds ["Twiggs™] = ((1158542.273035208, 1162204.2607570064), (1l155601.8332743
co bounds ["Meriwether™] = ((1066345.4428238054, 1154662.6256238126), (1l066346.00
co bounds ["Morgan®™] = ((1133148.2601225002, 1235584.74573174%6), (1l133147.7T53873 w

calculate the area In squared meters

Lr:'.jg co_bounds.py - EAFall20T9Python'\co_bounds.py (3.7.4) (Mot Responding)




Research & Data

Study Area Other Uses

* Georgia Counties * The GA counties consist of many points

* County area In sguared meters * Should be able to use the python
function on simple polygons such as a
triangle with three given points.

.
A — This is mentioned in literature
CountyMame CountyArea reviews
Secrg caunte: | 5| 1111864546.63343
N
HALL
.. | # Test function on a =i C YOI
| e test_polygon = [(-2, -2), (-2, 2), (2, 2)]
) test area = calc area(test polygon)
#f RBun function on any county's coordinates — — —
- - print (test area)

counties = cb.get co bounds () —
county area = calc arcea(counties|'Hall'])
print (county area)



Step 1-Defining the function

* This Is where we are going to
create the function

 Part of the code where were are
taking the polygon argument

» (Called this function calc area
and referencing It back to points

calc area(polnts):

Methods

Step 2-Assign areato zero

* Having the starting value for the
area assigned to zero provides
easler workability

* We are working with (X,Y)
coordinates therefore assigning
y to the last tuple for a given
county Is applied to the code

 |ndicate the last value of the list
with a value of -1



Methods

Step 3-Looping tuples Step 4-Return a number

* This step makes It so that the * Finally, the program returns the
function can loop through each area of the polygon
tuple of tuple » Absolute value is applied to

* [Each point has an (X,Y) pair so avold negative numbers
the Shoelace formula is applies  « Dividing the area in half provides
here the answer to the equation

¥loop through each (x,y) pair » Takes one tuple and returns one
srea 1= (x00] * v(1]) - (x(1] * y(o) number

vV = X



Preliminary Results

* INPUT « OUTPUT

— Returns the area (m?#) when
points are Input into the
calc area(polints): prOgram

| -
¥ Starting area wvalue of zero

area = 0 — Returns the area of the county
¥ v value starts as last tuple for a given county that are aSSIgned tO prlnt

v = polnts[-1]

oo bounds converted chb

¥loop through each (x,vy) pair |:|:||_||"|'|:j|"|l"|_|a|"|'|E EI:Il_lﬂt}"_.':'l_rEE

X polnts:
area += (x[0] * w[l1]) - (x[1] * w[U])

v = x Hall 1111564 340.0534¢

abs (area [ 2)

. _ _ _ O« B
¥ 1est function on a simple triangle polygon
test polygon = [(-Z, -2}, (-2, 2}, (£, 2)] -l o b s B 5, 3 q -
test area = calc area(test polygon) 0 ke e e e e l:- 23 T &l o ia I & l:- .
print (test area)

= T

¥ Bun function on any county's coordinates
counties = cbh.get co bounds|()

county area = :alc_areaicuanties['EELJ']]
print (county areal



Room for Growth

Change the formatting of the program so that it is easier for the user to
use

Allow the program to add multiple county areas together
Conversion from latitude/longitude to Cartesian coordinate system
Convert to squared kilometers
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Introduction

Python Programming Language Is one of the
most recent coding languages geared
towards easy to learn coding applications. In
the geospatial field, python can be
Implemented in many different such as
allowing tools in ArcPro to run more quickly
and efficiently. This research project focuses
on iImplementing Python Programming into a
program that will calculate the area of an

Irregular polygon. Irregular polygons are used

frequently in geospatial technology due to
many political boundaries not having the
same shapes. This study focuses on the
counties found In the state of Georgia to see
If python coding can be created to help aid In
this problem.

Literature Reviews

The literature reviews were used to help
explain the Shoelace formula more in detall
to help create the function for the code. In
both the articles, they used this formula to
help identify the area of the polygon being
studied. It is mentioned that this type of
formula Is best used when the research
Involves polygons that have many different

coordinate points to use to find the area. This

algorithm can be applied to video game
applications especially in the fighting games
for applying parameters to characters that
are being destroyed.

Applications

« Geospatial Technology
 Web and Internet Development
« Software Development

* Business Applications

* Educational Purposes

Data

The purpose of using the Georgia counties
as a way to test the python code Is to make
sure that the code iIs running properly. The
co_bounds.py file provided to the class
contained coordinate points that reference to
the individual counties within the states.
Some of these values can have up to
hundreds of coordinate points, therefore
creating a code that can work with either just
a handful of points or many points, such as
those found in the file, Is Important to keep in
mind when writing the program.

File Edit Format Run Options Window Help

Dix4 y4)
w

~ co _bounds

((1158542.2730352
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Methods

Step 1-Defining the function

This Is where we are going to
create the function

Step 2-Assign area to zero

Having the starting value for the
area assigned to zero provides
easler workability

We are working with (X,Y)
coordinates therefore assigning
y to the last tuple for a given
county is applied to the code

Indicate the last value of the list
with a value of -1

Step 3-Looping tuples

This step makes it so that the
function can loop through each
tuple of tuple

Each point has an (X,Y) pair so
the Shoelace formula is applies
here

Step 4-Return a number

Finally, the program returns the
area of the polygon

Absolute value Is applied to
avold negative numbers

Dividing the area In half provides
the answer to the equation

Takes one tuple and returns one
number

co_bounds converted cb

calc_area(points):

# starting area value of zero

area = 0

# ¥V value starts as last tuple for e

Yy = points|[-1]

#loop through each (x,y) pair

X points:
area += (x[0] * y[1]) - (x[1] * y[0O])
X TN
abs (area / 2)
# Test function on a simple triangle polygon
tESt_pOlygDn = [(-2, -2), (-2, 2), (2, 2)]
test_area = calc _area(test_polygon)
print (test_area)
# Run function on any county's coordinates N =
: - ® J
counties = cb.get_co_bounds()
county area = calc area(counties(['Halll|']) 1111868721.27249061
print (county area)
CountyName CountyArea
OLAC AL £LOOAO
Hall 11118645406.65348

Improvements

Formatting the program to make it more used
friendly Is something that can be added to this
code to help improve the overall quality and use.
Making it so that the user can add multiple
different counties together to gather the area of
multiple polygons is an improvement that can be
made to this project. Adding a conversion factor
to the code would make the interaction with the
program more interesting as well. This would give
the user a way to educate themselves more on
the size of Georgia counties.
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