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Module - 02
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Lecture — 04
Projected coordinate system

Hello everyone. Welcome back in the course of Higher Surveying. Well we are in the
module 2 and this is our third lecture of module 2. So, this lecture is projected coordinate

system.
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In the previous two lecture, we learned about how to establish a reference frame, how to
establish a reference system, how to conceptualize a reference system, how to establish a
reference frame that is a realization of a reference system and later, we decided that how
can we use the coordinate system or different type of coordinate system to locate one

point or a multiple points.

Well this was a good background for us to understand different kind of a coordinate
systems and reference frame for the earth. Remember that, earth requires a different set
of coordinate and reference frame, why because it is no more of plane surface. It is a

curvilinear planet, ok. In the lecture 2, we realize that how to develop a transformation



between the local reference frame to geocentric frame or maybe geodetic frame, later
you also realize that how to convert a geodetic frame to geocentric frame using datum

transformation and so on.

So, there we define two terms; coordinate transformation and reference frame
transformation. Reference frame transformation where we change the definition of a
reference frame from one to another and that we also called datum transformation. In
case of coordinate transformation, remember we are to we are not going to change the
reference frame or the ellipsoidal surface, ok. So, that was a understanding we have

already developed.

Now, in this lecture of this module, what we are doing here? It is slightly spatial.
Surprisingly, we are again going to the projected coordinate system where we are going
to project the curvilinear surface of the earth on a plane surface. Remember in the first
lecture, we have criticized this approach in the first module itself. Then, again we are
going back what could be a reason? Yes, there are some valid reason for that and this

time we are going to do it for a very large area and not for a small area.

Remember for a 10 kilometer length on the surface of earth, it can be understood as a flat
line also or a flat plane also because the distance or the difference of the distance
between the 10 kilometer curvilinear length on surface of a earth and the 10 kilometer
distance along the line of collimation, only have a difference of the millimeter. And for
that reason, we assumed in a plane survey that we can use the projected coordinate
system or we can assume the flat plane of my reference frame for planimetric coordinate
system. Well so, that was our preparation, but later on again we are going to do the same
thing; however, we are this time doing for a very large area, for a maybe some 100
kilometers or so, ok. But before that we should understand, what is the requirement of

doing that? So, let us go into this lecture.
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U Why do we need a map projection?
" 2D information suffice (we don’t need 3D information) - georeferencing
" 2D curvilinear coordinates (longitude, latitude) suffice - visualization

" High accuracy is not desired - navigation

What is a map projection?

" Mathematical function relating features on the curved surface to
features on a plane

X=f(¢)
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First of all, sometimes the 2-dimensional information, it is sufficient for me ok. I do not
need the 3 D information and the first example is georeferencing. Georeferencing is a
process of assigning the coordinates to a image; satellite image or camera image or a
aerial image, here, I would like to give you a brief introduction about that, you might

have done it or if you have not done it, no problem.

Just understand it is a example of an coordinate transformation, where I am assigning the
coordinates of a map to the image. So, what will I do? I will select the common points
between the image and the map; that means, for a given area, | have already image with
me, it could be satellite image, it could be aerial image or it could be a terrestrial image;

that means, it is an acquired image from some camera, ok.

Now, I will identify some features on that and I will identify the same features on the
map. From the map, I will take some coordinates of those features and I will assign those
coordinates of the map to the same features in the image. Then, I will rotate that image
into the map coordinate system. Well, that is a very simple process, but here if you look
at, I just want to do a 2 dimensional coordinate transformation or where I am using only
x and y coordinate of the map as well as 2 dimensional coordinate of the image that is
pixel coordinates row and column. So, it is kind of 2 dimensional coordinate

transformation going on.



Then, that is a first requirement for this particular case of georeferencing. We understood
that, so we do not need the third dimension because after doing the georeferencing of
map, I am to going to classify my map; that means, I am going to identify which area is
let us say forest which area is a agriculture, which area is a sand, which area is a river
and so on. So, for that purpose, I do not need the 3 third dimension or the third
information on the map, fine. The second is 2D curvilinear coordinates that is longitude

and latitude, sometimes they itself suffice the purpose or they are sufficient.

For example, another good example is visualization. In case of a visualization, it is very
important to understand latitude and longitude why because, if you remember in case of
a geocentric coordinate system when [ said before also, it is good to work
mathematically or computationally. But when you just imagine that, if I give you some
kind of 3 D information let us take capital X, capital Y, capital Z of some point on the
earth that could be some 6 lakhs something, some figure and the second figure and third

figure.

So, there is a complete tuple x, y and x and I ask you, can you please identify the
position where this point is indicating on the surface of a earth, extremely difficult a
rather it is impossible to comment, ok. So, but if you look at the longitude and latitude if
I say, the latitude of a place is almost around 21 degree and longitude of the place is 91
degree or 91.5 degree, you can say yes this place is somewhere around Guwahati, why,

how could we imagine this thing?

Because you know that there is some 0 degree longitude if you take a kind of curve here
or kind of angle here which is equal to longitude, 91 degrees and then, you will take from
this horizontal equatorial plane or I can say not horizontal, but equatorial plane if you
take this angle, vertical angle along the any latitude line or along the meridian line and if
you measure around 21 degrees, if we imagine, it is very easy for utilization that you are

somewhere near to the Guwahati.

But for that purpose, you do not need the third dimension that is a height and if I further
add it, let us say that wherever place I am indicating by 91.5 degree and 21.5 degree, this
kind of longitude and latitude if I say the place itself has a height of 55 meter and
ellipsoidal height or maybe orthometric. Then, you come to know yes with respect to

some ellipsoid, this place is 55 meter high and what if I say let us say 100 meter high, so



place identification is not going to matter a lot, once I give you 2 dimensional
coordinate; that means, the third information is not going to make any change in the

place identification, well.

It will certainly add some information which is sometimes is very important, but as far as
identification is concerned, we do not need the third dimension. Thirdly, I have high
accuracy requirement for my some of the work. Now, at sometimes, I do not need it. Just
take an example, today evening you want to go with your friends for some recreation.
So, as a result you want to go to some restaurant to celebrate some party, ok. So, what
will you do you know that there is a restaurant and it is which is very famous in your

study.

But you do not know how to reach there. So, what will you do you will take your smart
phone or a mobile phone like this and then, in your mapping services, you will apply a
position or you will use the two positions one is your own position your at your home
and second one is the destination that is restaurant, ok. You give the name and your
mapping map service will give you that is a shortest route along the map and then you

will start using a GPS.

So, GPS will tell you your position when you are moving, ok. Now, let us see your about
reach to that restaurant fine and that restaurant is on the left hand side where you already
moving because we have a from left hand system here in India where you are moving on
the left hand side of the road. So, around 3 to 5 meter or 10 meter, you will come to
know yes you are about to reach to a restaurant. So, do we need at this stage a kind of
centimeter level accuracy to reach there absolutely no, you are very comfortable with 3

to 5 meter accuracy also.

Because your purpose is to reach the restaurant once you are around the restaurant, you
will just look at this restaurant and you will enter into that. So, you need identification of
the place in this case also; that means, what are the surroundings. So, what will you do?
You looked at the surrounding of the restaurant and you try to figure out where the
restaurant is when you are very closed to that let us say within 5 meter. So, I think within

5 meters, you can directly see the restaurant also very easily

So, what information you need here? If the restaurant is on the left hand side of the road,

it should be shown on the left hand side of the road on your map or if it is on the right



hand side, it should be shown on the right hand side of the map. And that is it and if |
assume that if there is a 2 line road which is 3.5 meter each length which is generally at

the dimension. So, within 2 to 3 meter or 4 meter accuracy, it is sufficient for you.

So, with this idea we know that at times, we do not need high accuracy rather we need to
have some kind of a coarser accuracies like 2 to 3 meter or 4 meter also acceptable. So,
with this understanding, if I use a projected coordinate system there is no harm, I am
very comfortable. Secondly, it is very easy to develop such application also related to
projected coordinates ok. So, that is a that are the few reasons, they are not so only

reasons, they are the few reasons where we need map projection.

One more example I can give you just imagine if you are a sailer like a Vasco Di Gama
who is a selling in the sea from one country to another country right and so, you are
going from one country to next, then what will happen once you reach to a someplace,
you do not need more than 10 meter accuracy in that case fine map projected coordinates
are or the map projection is also with you. At the same time, you need a map of very
large area; that means, since you are crossing the sea or ocean well I hope that you
understand the message that in this course, when we talk about map projection for the
projected coordinates, we are going to do it for a very large area so that, I will have an
understanding of a very large area that can for example, a city or state or maybe a

country, well.

So, let us look what is a map projection. So, map projection is a mathematical function
relating features on curve surface to features on a plane That means, I have a 2
dimensional coordinate system that is lambda and phi longitude latitude and 1 am
converting them into some Cartesian coordinate x and y using some function of an
transformation, ok. You may ask why should I convert it, when I know that lambda phi is

very convenient to use. There is a reason for that.

And suppose, the reason is [ ask you go 2 degree east and then go 2 degree north in the
line of meridian and report me where you reach, very difficult. I think if you even
assume that 1 degree is equal to 1, 110 kilometer so, you may think first of all how to go
one 110 kilometer or 2 degrees means almost 220 kilometers in the each direction ok.

Then going into north by again some degrees, very difficult, very un convenient.



So, but I ask you go take this map and go along the each direction by 100 kilometer or by
10 meter or maybe 10 kilometer, pretty easy for you and that is why we do the map
projection; that means, we convert the longitude and latitude into Cartesian coordinate x
and y, ok. We already know that accuracies are not there or rather we are compromising
on the accuracies because of the projection, ok. One more information I would like to
share with you at this instance when I express the longitude and latitude which is only 2-

dimensional coordinate system, it is also called geographical coordinate system, ok.
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U Why do we need a map projection?
" 2D information suffice (we don’t need 3D information) - georeferencing
" 2D curvilinear coordinates (longitude, latitude) suffice - visualization
" High accuracy is not desired - navigation

What is a map projection?

" Mathematical function relating features on the curved surface to
features on a plane

X=f(¢) Geographical Coordinate System
Y'=g(4¢) |(Longitude, Latitude)
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Projected Coordinates

One can observe
distortions in
projection

* Area distortions

* Length distortions

* Shape distortions
i/ * Direction distortions

Light Source



So, first projected coordinate system is I am showing you here, there is a plane of
projection which is shown here and there is a ellipsoid shown here ok; one more thing is
there that we are just showing ellipsoid; that means, we are not going to use the height
that is ellipsoidal height, we are going to drop it ok. Even you can assume if there are
two points which is not possible to have at one location and one longitude and latitude, a

point can be very high that means, it can be 55 meter or it can be a 100 meter.

But at a given lambda phi you will have only one point on the surface of earth well since
we remove this information. So, the point which is lying on the surface of a earth, now it
is lying on the ellipsoid ok. You can assume like that, fine. So, before we go ahead, there
are few terms for example, latitude what we call as a parallel of latitude since the latitude
A that means, it is a parallel of latitude where latitude is not going to vary and it will be
remains same as shown by let us say, a Latitude A, same way Latitude B, Latitude C is
there and then we have a Graticule. The Graticule is a box formed by the intersection of

meridian line and the parallel of latitudes or I can say a latitude line.

So, this is a one graticule. So, there are many graticules shown on the ellipsoid ok. Now,
let us say there is a light source which is I put at the bottom of South Pole South Pole of
the ellipsoid and now because of the light source what will happen, the light because of
light source all the lights will go like this and they will project the points on this plane of
projection and because of that you will get some kind of figure. So, let us try to make
those figure. So, this is the light is exactly below the South Pole, South Pole South Pole

will appear as a dot like this shown in the figure, on the plane of projection, ok.

The next that is parallels latitude will appear like that circle because it is a kind of circle
here and light is projecting on this thing third latitude B, latitude C. Now I have
projected and maybe ellipse, I can also shown the equator, but what about the other
meridian which are vertical lines passing through North Pole to South Pole, right and
they are also touching the equator what about those. They will appear as a straight line,
now you can imagine that just imagine that this is a light source which is projecting the
straight lines or the curvilinear meridian lines from the South Pole South Pole to

diverging out.

So, hence I will have this kind of lines ok, what about the graticule? So, this is my

Garticule here well I hope that you got the idea, what is the map projection and you can



now develop your own map projection or you can imagine if I give you where is the light
source, how will episode placed and where my plane is placed. So, once three things is
clear to me or clear to you to any one, we can imagine how a map projection is

developed, well. This is a quite complicated mathematically.

But, now a days there are many faculties available, ok. Before that, so it is I call map
projection or the projected coordinate, the better name is map projection you can
observer here that areas are distorted; for example, I am showing you a graticule. It is
now distorted in the map projection. Same way, length is also distorted; that means, the
length is not no more a true length which is on the surface of ellipsoid. It is no more
reflected or a two length, there on the map projection, shape is also distorted that means,
the angle between the two lines, I can say the angle between latitude line and meridian

line is distorted now.

Direction distortions; that means, the azimuth of a line is also distorted from the ellipsoid
and now when it is projected to the map projection, well. So, we have understood what
are the drawbacks or what are the limitations of map projection, but still with these given
limitations, we would like to use because they provide some kind of facilities which are

not available otherwise.
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Cylindrical Projection

So, let us see in the last slide as seen I have shown you that I am projecting the surface

on the plane that is the map projection or the plane of projection is a plane. Can I project



on a curvilinear surface; for example, cylinder yes I can. So, let us see that I place an
ellipsoid into a cylinder which is of so big covering the whole earth for a whole it is
ellipsoid. So, those points which are lying on the ellipsoid, I projected exactly on the
surface of the cylinder. And now, I cut the cylinder and I unfold it ok, you can imagine

there is a one wrapper like a paper that which is which is of shape cylinder.

And now, you are projecting your ellipsoid on to that paper and then paper you unfold it
again. So, how will it appear, let us look into animation. So, let us say I have cut down

the cylinder and then I am unfolding it.

(Refer Slide Time: 19:02)

Cylindrical Projection

So, since the all the projected points which are projected on the surface of cylinder, now
it will open like this like a unfolding of book or rather you are unfolding the cylinders
like this. So, this is what is cylindrical projection and which we are doing on a

curvilinear surface.

Similarly, instead of cylinder I can also use cone, well. In case of cone, I will cut a cone
from it is lower edge to the vertices and then I will unfold it ok. So, let us look all this

things into coming slides. So, the general properties
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Properties of Projection
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U General properties of projection in relation to the globe
(ellipsoid):

" Conformality : Preserves shape on the map
" Equivalence : Preserves areas on the map
" . Distance : Preserves distance

" Direction : Azimuth is preserved

A map projection preserves few properties and compromises others

Of projection system is conformality; that means, I want to preserve the shape of the map
well, what is the shape on the map? Remember I told what are the distortion, similarly,
out of those distortions at least I would like to ensure a one property should be secured.
That means, if [ am want to secure conformality that means, | am going to maintain the

same angle between the two lines before projection and a after projection

So, let us see if there are two lines at 90 degree before projection, after projection they
will maintain the same angle in the map and hence I will say this is the conformality
property; that means, the map is a conformal ok. What about the equivalence,
equivalence is preserving area; that means, the size of area is same before and after,
distance is if the length of a line between two points is same before and after the map
projection, then it is called distance preserving or sometimes we called it a scale
preserving also. Direction is azimuth that is a line with respect to the north direction is

preserved then we call it in the direction preserving map projection ok.

A map projection can ensure a few properties and sometimes it does not ensure even one,
but at least I am very sure and you will also be come to know that none of the projection
can ensure all the properties. So, they may ensure a few of them and they compromises

on the other. So, let us see the classification.
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Classification
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J Based on projection surface

" Azimuthal (planar) projection : Stereographic , Gnomonic,
Orthographic etc

" Conic projection: Lambert Conformal Conic (LCC), Polyconic,
Equidistant Conic etc

" -Cylindrical projection: Mercator, Transverse Mercator, Oblique
Mercator etc

" Pseudo cylindrical projection: Robinson, Sinusoidal Equal Area
etc

So, it is based on the projection surface. So, as I shown you before planar projection; that
means, the plane of projection is plane ok, conic projection it is plane of projection is

conic and then cylindrical projection, if projection of surface is a cylindrical.

Further, we have pseudo cylindrical projection. Remember I gave you an example of
pseudo, what is the means. In the movie, based on character who looks like exactly the
main character or the hero, but he behaves slightly different. So, such a thing we called
pseudo. So, there is some projection which is looks like cylindrical, but it does not fulfill
all the criteria’s of the cylindrical projection, but still we call it pseudo cylindrical

projection.

So, we will going to look into all this kind of projections into this lecture ok. In case of
Azimuthal, Stereographic, Gnomonic, Orthographic they have the name, in case of Conic
projection, LCC, polyconic Equidistant Conic, they are the examples here. Cylindrical,
we have Mercator, Transverse Mercator, Oblique Mercator and then Robinson,
Sinusoidal and Sinusoidal Equal Area projection are the example of pseudo cylindrical.
Well, in this lecture we are going to look at the few of them and their transformations

between the two.

So, there is a distortions as we discussed.
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Distortions in Projection
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U Distortions of map projection are affected by

" Projection source (imaginary light):
" Orthographic
" Stereographic
® Gnomonic
" Orientation of map surface (plane of projection):
" Tangent
" Secant

So, distortions of map projections are affected by the imaginary light where we put the
light remember ok. So, we have like Orthographic Stereographic or Gnomonic
projection. They have different point of light source, then orientation of map surface that
if where I place the plane of projection ok. One term is called tangent and one is called
skit. If my plane of projection if it cuts the surface of earth, I call it a secant; that means,
it is going to touch at two places is case if it cuts. But if it is touching at a only a one

point, for example, cylinder is touching at a equator only, then I call it tangent ok.
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Projections Discussed

0 Azimuthal projections a Conic projections
" Stereographic projection " LCC projection
" Gnomonic projection " Polyconic projection
U Cylindrical projections U Pseudo cylindrical
" Mercator projection projections
" Transverse Mercator " Robinson projection
projection

e e e
* Oblique Mercator Sinusoidal projection

projection



In this lecture, we are going to discuss these few of the projection map projection system

here. So, let us go one by one.
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Stereographic Projection
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So, of a azimuthal projection where the stereographic projection is there in case of a
stereographic projection, I have a light source at the exactly at the South Pole South Pole
and it is trying to project the area of ellipsoid above equator and equator. So, there will
be a equator that is going to made a circle after projection and all the latitudes or
rectangular of latitude above equator, they will be appearing as circles as we can show in

the figure ok.

What about the north pole? North Pole will be appearing as the one point because the
light source is exactly below there, fine. So, that on the right hand side, they have shown
one example of how will map look like if I am using a stereographic projection for an

surface of earth ok.
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Stereographic Projection
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 Property
" Map is conformal but not equidistant or equal area
U Features
" Directions are true from central point of projection
" Scale increases away from center point

" Any straight line through center point is great circle
" Distortions of areas and large shapes increase if away from center point

O Uses

® Used in geo-physics to solve spherical geometry problems, and for
mapping of polar regions

So, this there are some properties; in this map projection, we ensure that this map
projection is conformal; that means, deliberately it is ensure that the two lines if they
have some angle theta between them the angle between them should remain theta even

after projection.

And because of that, we call it conformal property. So, after ensuring this conformal
property, we get some features like directions are true from the central point of
projection. The North Pole because it has central point of projection of north pole. So,
from the north pole all the directions are preserved, in a sense, directions are true for
example, if I take all the meridians the distances between the angular distance between

the meridian before and after they will remains same.

A scale increases away from the central point if I go away from the north point or the
central point of projection on the map, then the shorter distances will be shown by the
longer distances ok. Any straight line through the center point is great circle ok, now we
can imagine that all the meridians which are great circles. So, they are originating from
the north pole, they will appear as a straight line because thereby the circuit is out from

the North Pole like this.

Distortions of area and large shapes increase if away from the center point because as |
said that distortions of the lines are increasing as we go away from the north pole.

Automatically, areas will also be distorted because area is the combination of two lines in



different direction ok. What is the use of this map, such a map is used for geo physics to
solve spherical geometry problems and for a mapping of polar regions. Now, we can
imagine that this stereographic projection, it is not distorted at a North Pole why because

North Pole is completely intact layer or completely projected without any error.

And as a result, I should use it for the polar regions. In case of South Pole, I will put the
light on the North Pole and I will project all the light rays from the North Pole towards
South Pole South Pole and I can plot the map like that. So, that is the idea here that we
want to have minimum distortions and as a result we use a certain type of map projection
in certain area of earth only and that is the reason we have a lot many type of projections
and we have to understand which projection is appropriate for a which area. So, that is a

idea here of this lecture.

So, before taking any decision, anywhere if you go to some other country also, you
should know that why this particular country is using particular type of projection, well

let us do ahead.
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Gnomonic Projection
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Next is Gnomonic projection which is again a planar or a Azimuthal projection here, you
see the light source is put on the center of the ellipsoid and as a result, it is not projecting
the equator or rather it will project the equator at the infinity. So, that will not be a visible

in the map.



So, all other parallel of latitudes which are parallel to the equator are projected in the
form of circles, again North Pole is again projected without any error right and now you

see on the right hand side, there is a example of a gnomonic projection.
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Gnomonic Projection
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J Property
" Map is perspective (direction preserved) from the center of the earth to
tangent plane
J Features
" Directions are true from central point of projection
® Any straight line through center point is great circle
" Distortions of areas and large shapes increases away from center point

U Uses

" Used along with Mercator projection for shortest path, Seismic work
(because waves tend to travel along great circles)

The properties again the map is perspective that is direction is preserved direction from
the North Pole that is from the center of earth to the tangent plane ok. So, tangent plane
is nowhere it is I put let us say at a I put at the North Pole flat to the equator, parallel to
the equator like this.

So, in this plane, we have directions preserved. So, what are the features if I ensured this
property? So, directions are true from the central point of projection which is similar to
the stereographic projection, any straight line through the center is great circle,
distortions of areas and large shapes increases away from a center point ok. So, now, uses
are used along with the Mercator projection for a shortest path and seismic work because
waves tend to travel along the great circle. That is a kind of assumption, seismologist
make and that is the reason we prefer to use it for the a study of seismic work or for the

earthquake studies and so on.
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LCC Projection

Lambert Conformal Conic (LCC) Projection

Standard
Parallels

Now, we go to the conic projection that is another class. In the conic projection, the first
projection is Lambert Conformal Conic Projection. Here, you can see it is a second type
of a system; that means, it is cutting the plane of projection is cone and cone is cutting
the ellipsoid at two places, at two parallel of latitude. These two latitudes are marked in
red color. Now you can, see these parallels where the cone is cutting the ellipsoid are
called Standard Parallel. So, in this case I called standard parallel 1 and is standard

parallel 2, fine.

If T look at how these are projected on the surface of cone, so you can see that the
parallel of latitudes which are appearing almost parallel to equator in the circular form
when they are projected, they are appearing as a curvilinear line on the map surface. So,
the same red lines are donated by the red lines in the map projection and some arrows are
indicating how they are being transferred ok. That means, once you project your map
projection, that is ellipsoid on to the conic surface, cut it, unfold the conic surface, it will

appear like that.

So, wherever the projection plane touches the surface of a ellipsoid, we will get
minimum distortions in the same fashion, since the cone is cutting at two or rather it is
touching the ellipsoid at two places; once is standard parallel 1 and another is standard

parallel 2. So, I will get minimum distortion at these two standard parallels ok.
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LCC Projection
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J Property

" |t only preserves the conformality property

 Features
" Distances are true along standard parallels
" Directions are reasonably accurate

" Distortions of shapes and areas are minimal between the standard parallels but
increases away from these

" Shapes on large scale maps of small areas are preserved

U Uses

" Used for projecting countries in midd|e latitude and for East-West extent
countries

So, directions are reasonably accurate, distortions of the shapes and area are minimal

between the standard parallels, but increases away from these. What is a meaning here?

Let us see there are two standard parallels and I told that at these standard parallels, T will
have minimum distortions. So, let us see the standard parallel 1. So, as I go away like
this, I will have distortions for this lower one or these standard parallel two as I go away,
I will have distortions. Now, distortions between the two standard parallels will come to
the maximum somewhere in the middle part where if I limit that maximum distortion to
some limit, then I can easily utilize these two standard parallels or the between area

between the two standard parallel for this map projection.

And that is somehow an advantage of this. We will see why ok. Now, what happens
above this standard parallel 1 and what how happens below this standard parallel 2.
Here, distortions are keep on increasing well and here distortions are keep on increasing
and I cannot limit them also by some way and as a result this is somewhere it gives me
some advantage for a middle latitude country. We will see why. Ok, the shapes on the

large scale maps of small area are preserved.

Now, as I told the then the advantage of this one for the middle latitude countries because
distortions can be limited to a certain value and as a result between the two standard
parallel whichever countries are falling, I can use this map projection for those countries.

Remember, in a middle latitude our country India also lies and as a result of that, the



survey of India topologies are having LCC projection, fine. So, even some countries like
which are extending in east west, but at the same time they are lying in the middle
latitude, ok. There is some country which is area has like this along the east west more,
then and it is also falling in the middle latitude, maybe parallel to India also then we

should use this LCC projection for that country also

So, let us go ahead. There is another type of conic projection which is Polyconic

Projection.
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Polyconic Projection

So, Polyconic Projection is like that, there is a ellipsoid and I have this course which is
touching at certain latitude, there is another cone which is touching it is certain other
latitudes and this sort of one more cone and so, I am represented here. You can see that
there is a middle line here, this line which is I am putting it here, take this line it is shown
here and that is not distorted and because of this I can say along this particular meridian,

distortions are minimum, even there are three cones, ok.

Moreover, if I see the three cones are touching the three latitudes or even if there is a one
cone it is touching certain latitude, fine there will be minimum distortion. So, this is an

example of the Polyconic Projection. So, what are the properties here.
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Polyconic Projection
[}
 Property
" No property is preserved
U Features
" Directions are true along central meridian

" Distances are true along each parallel and central meridian
" Shapes and areas are true along central meridian

U Uses

" Used for areas with a North-South orientation

There is first of all no property is preserved here. So, whatever mathematics we do with

this projection system, we cannot secure or we cannot preserve any property here.

But still we get some features like directions are true along central meridian. As we have
seen that along the central meridian, distortions are minimum. Distances are true along
each parallel and central meridian well. Still, I am getting some of the things very correct
shapes and areas are true along central meridian. That is a good enough for certain
purposes and as a result it is used for the area with the north south orientation and here
middle latitudes are not important ok. If it is a middle latitudes since we are using a cone,

that is also fine, no problem.

But most of the time for the country like India which is expanding more in the north
south compared to east west, this kind of Polyconic Projection is recommended. Now,
Mercator projection that is a class of cylindrical projection and we have already

discussed in the animation. So, let us see little more into that.
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Mercator Projection

So, there is a Mercator projection shown here; that means, there is a cylinder which is
covering the ellipsoid and now I am going to project the ellipsoidal points on to the

cylinder

Now, there is a term called Rhumb line comes here and which is very important to
understand. So, a Rhumb line has been shown here and you can see that the Rhumb line
is maintaining the same angle well with each and every meridian and that is the
advantage. This is the way we define the Rhumb line ok; that means, if you see this angle
here and the angle this angle you can see here where my point is in pointing out and this

angle with each and every meridian, it is same.
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Mercator Projection

B
d Property :

" |t only preserves the conformality property

J Features
" Distances are true along only equator (within £ 15°)
" Equator and other parallels are straight lines
" Shapes within a small area is preserved

" Any straight line on map is Rhumb line and directions are true along
Rhumb line

O Uses

® Used for navigation of maps of equatorial region

So, now, let us look into the property of Mercator projection. Property is it only
preserves the conformality property when distances are true along only equator within
plus minus 15 degree is a, now we can understand with conic projection and
stereographic projection as explained if the surface of projection or the projection surface
touches the ellipsoid at that point, we have maximum or a minimum distortion or the

maximum properties are preserved.

So, here since the cylinder is touching the equator, around a equator we will have
minimum distortions. So, distances are true along only equator within plus minus 15
degree equator and other parallels are straight lines you, can imagine. On the cylinder,
they will appear as a straight line because they have been projected like that. Shapes
within a small area is preserved any straight line on a map is a Rhumb line and directions
are true along a Rhumb line, the Rhumb line as I told it is maintaining the same angle

with the meridians, ok.

Now, since it is a conformal. So, you can find out the Rhumb line will be a straight line
ok. The uses are it is used for navigation of maps of equatorial region; that means, from
where it our country is around equator, we should use this Mercator projection for that
country or region and within plus minus 15 degree, we will find minimum distortions,

coming to the transverse Mercator projection, this type of projection.



(Refer Slide Time: 36:13)

Transverse Mercator Projection

Now, you can imagine I want to have the same properties for some countries which are

not at the equator rather they are of the equator along certain central meridian.

So, what will I do? I have tilted my cylinder from vertical to horizontal and as a result
now, cylinder is touching certain central meridian or certain particular meridian over a
country. For that particular central meridian which I am calling central meridian, I can
have within plus minus 15 degree minimum distortion. So, now, this is the property; it

preserves the conformality property.
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Transverse Mercator Projection

E=
U Property

" |t preserves the conformality property

U Features
" Distances are true along central meridian

" Distance, direction, shape and areas are accurate within £ 15° of the
central meridian

" Graticule spacing increases away from central meridian
U Uses

® Used for mapping large areas that are mainly North-South extent



Distances are true along the central meridian ok. Now, you can imagine how nice it is to
understand any central, any map projection, distance, direction, shape and areas are

accurate within plus minus 15 degree of the central meridian as I already told you.

Graticule spacing increases away from the central meridian, what does it mean? As I
shown in the first slide what is the Graticule spacing. Now, if we go away from this
central meridian like this, you will have more distortions in the Graticule spacing or the
area fine. It is used for nothing a large areas that are mainly north south extent. Now, you
can imagine easily why we are using transverse Mercator for the some countries like

which are extended in north south.
UTM, what we call Universal Transverse Mercator.
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Universal Transverse Mercator
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It is a particular type of or the specific example of transverse Mercator projection
systems ok. UTM is now most popular map projection system which is being used
mostly now, especially including GPS and GNS services, perhaps your map projection
system that you are using in your mobile phones or also might be using UTM only ok.

So, in this UTM, the picture is shown.
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Universal Transverse Mercator

=)
J Property and features
" Globe is divided into 60 zones of each 6° longitude
* Extended from a latitude of 80°S to 84°N
" Each Zone:

" Divided into horizontal bands spanning 8° latitude
® Named by from South to North by letters (beginning 80°S with letter C to letter X)
" Last zone is of 12° [atitude span (from 729N to 84°N)

" | &0 letters are skipped to avoid confusion
" For polar regions, Universal Polar Stereographic map projection is used

You can get a lot of literature about that pretty easy to understand.

So, properties and features are like globe is divided into 60 zones, that is ellipsoid is
divided into 60 zones each of 60 degree longitude. So, I have 60 such zones which are
divided each of with 60 degree long, 6 degree longitude, 6 degree, 6 degree, 6 degree all
along the equator. So, it is extended from latitude of 80 degree south to 84 degree north;
that means, these are the latitudes these zones, vertical zones are extending from 80

degree south to 84 degree north ok.

So, each zone, now I am dividing the zones in horizontal way also now, right. So, these
zones are divided into a horizontal bands spanning a 8 degree latitude. So, what does it
mean? This is 6 degree longitude zone and 8 degree latitude zone ok. So, this is a 8
degree span and this is 6 degree span. So, now, I have many such zones on the UTM map
projection. Secondly, these projections are limited between 80 degree south and 84

degree north, ok.

So, we are starting for this kind of bands which are 8 degree in the latitude span with the
word C at 80 degree south and there is a last word X at the last zone which is starting
from 72 degree and it is not 8 degree wide rather, it is 12 degree wide fine. So, we can
see here all this thing and secondly, we have avoided the word I and O which are
generally used for input and output and many other things. So, now, we have so many

zones and so on, ok.



What about the polar regions; that means, which is above 84 degree north and below 80
deg[ree]- 80 degree south, for those polar regions we have using we a we use a
stereographic map projection, but we have given on the similar fashion, the name
universal polar stereographic map projection again which is an a specific example of a

stereographic projection and there we do not use UTM, we use UPS there, fine.

Now, you can understand very easily why UTM is so popular ok. What about the other
meridians? That means, suppose there is a great circle along which a country is lined in
north south direction; that means, which is not along the central meridian rather it is on

this some other line which is shown here by a red color.
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Oblique Mercator Projection

For example, it is see here where the earth is moving here ok. Now, for this Obliques
Mercator Projection, I can ensure the same property by tilting the cylinder since tilt

cylinder is tilted it is going to cut the ellipsoid, at certain great circle, ok.

So, a particular country which is having a great circle at the center of their line of a
country, they will use this kind of oblique Mercator profession and it has again

conformal.
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Oblique Mercator Projection

LD
U Property

" |t preserves the conformality property

J Features
" Distances are true along the great circles

" Distance, direction, shape, and areas are accurate within £ 15° of the
great circle

" Graticule spacing increases away from the great circle
U Uses

" Used to show regions along a great circle

Distances are true along the great circle that particular great circle distances, direction

shape and areas are accurate within plus minus 15 degree of the great circle. Graticule

spacing increases away from the great circle here.

Now, we can imagine that three cylindrical projections; one is Mercator, then transverse

Mercator and then the oblique Mercator. They are more or less similar, but only

difference is they are having different orientation and what is a use used to show regions

along a great circle; that means, a certain country or certain area which is lying across a

great circle not across a certain meridian, then we will use Oblique Mercator Projection

for the reason or area.
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Robinson Projection
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Now, let us come to the fourth category of map projection system that is Robinson
Projection and this projection, we can see here there is a some meridians shown here and

this is central meridian, ok.

All these meridians are cut between two layers of a cylinder; that means, this cylinder
here and now I have a cut it at two places and between these two all the meridians are
projected and because of that, we get this kind of map projection shown in the right hand

side.
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Robinson Projection

|
J Property
" No property in this projection is preserved
 Features
" Directions are true along all parallels, central meridian
" Distances are same along equator &other parallels
" Scale constant along any given parallel
 Uses

" Used in Goode’s maps, National Geographic maps



Property, no properties in this projection is preserved that are the features. Directions are
true along all parallels and central meridians; remember there is a one central meridian

which is appearing as a straight line.

So, directions are true along all parallels which are like that because they are also straight
line and central meridian which is of straight line. So, distances are same along equator
and other parallels ok, scale constant along any given parallels; that means, if I have a
parallel which is straight line in the map projection, I will have same scale. So, what is
the use? It is used for the next geographic maps and goodies map. We can search more
about that, there is another pseudo cylindrical map projection where sinusoidal equal

area projections there, ok.
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Sinusoidal Equal Area Projection
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You can see these distorted lines of meridians here and so on, but this central meridian is

straight line. So, I expect that the properties along this central meridian should be

preserved or they will have a minimum distortion.
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Sinusoidal Equal Area Projection
SO |
U Property

" No property is preserved
J Features
" Graticule spacing shows equivalence of area
" Directions are correct along parallels and meridians
" Shapes are distorted away from central meridian and near the poles

O Uses

" Used for large areas that are mainly in North-South extent
" Used for maps of Africa continent (e.g. for country South Africa)

So, no property is preserved here. Graticule spacing shows equivalence of area; that

means, whatever the area Graticule was having if they are projected on the map surface,

they will have the same area or they will have minimum distortions. Directions are

correct along parallels and meridians; as you can see, shapes are distorted away from

central meridian and near the poles.

So, this kind of projection systems is not used for the polar regions; then what are the

uses? Use for large area that are mainly in the north south extent, but not in the polar

region fine, used for a maps of Africa continent, e.g. for South Africa.
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Now, we have application called Geotrans as we have already explained it in the last

lecture, again this here in this lecture we are going to use it for the map projection, rather

we are going to look from different perspective this time.
So, we have a point data processing and batch data processing.
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GEOTRANS DEMO

1 Coordinate transformations with map projections
" Transformations between Geodetic coordinate system to a map projection

" Example: Geodetic coordinate system to UTM projection

" Transformations between a map projection to another map projection
" Example: UTM projection to LCC projection

U Datum transformations with map projections
" Transformations between Geodetic coordinate system to a map projection
" Example: Geodetic coordinate system (WGS84) to LCC projection (Everest 1830)
" Transformations between a map projection to another map projection
" Example: UTM projection (WGS84) to LCC projection (Everest 1830)

So, let us look into the point data processing and batch data processing for a map

projection. So, we are going to cover that coordinate transformation with map projection

as well as datum transformation with map projection.
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Now, this is a Geotrans interface and well this is a file and a how to format the units, you

already know.
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So let us go ahead ok.

Now, I am showing you the point processing that is we did not show or that I did not
show in the last lecture. Here, we are showing a point processing for conversion of
geodetic coordinate system to UTM map projection. So, first of all you will select here

geodetic in the input and then you are specifying your input coordinate like this ok. Now,



in the output, you will select UTM and there you are doing now, convert upward to lower

by doing this you will get your answer here.

So, now you are have coordinates in the UTM map projection ok. Surprisingly, in the
output and input we have same datum that is wgs 84 and so, we are saying this is the
coordinate transformation in the map projection; that means, we are not doing any datum

transformation now, ok.
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So, you are let us we go back or do the same thing in a reverse fashion; that means, I am
converting the point in UTM map projection to geodetic coordinate system. So, what will
I do here? I will specify my input in the UTM. These are the further information on the
coordinates easting and northing and then I will choose geodetic in the output, then I will

do convert upper to lower and it will give me the output coordinates.

I hope, you got what is the idea here for point data processing.
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And what about the batch processing or what about the point data processing with other
projections; let us see geodetic coordinate system to LCC map projection. Same process
you will follow only in the output, you will select the Lambert conformal conic
projection maybe the one standard parallel that is tangent system or maybe with two

standard parallel.

So, example here shown with the one standard parallel, so on the left hand side, I am
converting from geodetic to LCC map projection in the right hand side I am converting
back from LCC map projection to the geodetic coordinate system. You can also try

yourself, it is pretty easy.
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Yeah, the creating header file for the batch processing is same as we learnt in the last

lecture. So, I am not explaining the process in the detail.

However, you should be very careful that we need to select no height for the map
projection which means you are not taking into account the height of the point because it
is a 2D map projection system. Moreover, so if we click on the create, so it will create a
header file and this is the example of the header files here ok, the procedure is same and

there you can see that this is my order which I selected here that is longitude and latitude.

And it is mentioning no height; that means, we do not in fact meet the height; however, it
is saying geodetic coordinate system, it is 2-dimensional geodetic coordinate system

what we call as geographical coordinate system.
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File Edit Format View Help File Edit Format View Help

COORDINATES: Geodetic COORDINATES: Geodetic

DATUM: WGE DATUM: WGE =
# ELLIPSOID: WE # ELLIPSOID: WE

NO HEIGHT NO HEIGHT

COORDINATE ORDER: LONGITUDE-LATITUDE COORDINATE ORDER: LONGITUDE-LATITUDE
END OF HEADER END OF HEADER

0.00000E, 0.00000N 91.6911946 26.18622279

01.69140549  26.18865197
91.69308074  26.1845343
91.69173956  26.1872614
) . 01.60313659  26.1907771
Header file for input 91.69819399  26.19192457
91.69858039  26.1863032
91.69581465  26.19286036
91.69664393  26.18420106
91.69872133 26.18931751

Input file with data and header

So, now, here we should be careful that this software is using a word geodetic with no
height to indicate the 2 D geographical coordinate system. So, this is the header file for
input and once I populate the header file with the data it will look like that.

So, I am putting a longitude and latitude in order for 10 points ok. So, this is my input
files prepared for the map projection. Now, I will project these geodetic or the
geographical coordinate of 10 points into some map projections maybe UTM, LCC,

Polyconic and so on.
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So, that is a batch processing for getting the output. You go to the file, you select the
input file which you have recently prepared in the last slide and then you will select your
output; that means, in the output you are selecting UTM because you want to project

your geodetic 2 dimensional coordinates into UTM map projection x and y fine.

You once you click ok.
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So, you will get this kind of a interface where you will save the output file and the
moment you save the output file, there will be a message like number of coordinates
process they are 10 and it is also giving you there are no warnings, there are no error and
the time you left is minimum time, well. Now you can populate your files, input files
with plenty of coordinate and now you use it. In that case, you should weight for some

time because this application will take some time to process your data because the data is

in plenty.
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Map Projections Example

File Edit Format View Help

(COORDINATE ORDER: LONGITUDE-LATITUDE

END OF HEADER
91.6911946

26.18622279
26.18865197
26.1845343
26.1872614
26.1907771
26.19192457
26.1863032
26.19286036
26.18420106
26.18931751

File Edit Format View Help

DATUM: WGE
# ELLIPSOID: WE

END OF HEngR

@ 369218, zs%m
36, ¥ 369251, 2897235
46, N, 360406, 2806777
46, N, 369274, 2897081
46, N, 369417, 2897469
46, N, 360024, 2807501
46, N, 369956, 2896968
46, N, 360687, 2897697
46, N, 369760, 2896737
46, N, 369974, 2897302

Input file with data and header

Geodetic Coordinate System to UTM Map Projection

So, now this was my input file and here if I convert into UTM projection, you can see

that it is the 46 zone, here 46 n zone and this is my x coordinate and this is my y

Ovutput file with data and header

coordinate of the UTM map projection for this zone.
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File Edit Format View Help

v
COORDINATE ORDER: LONGITUDE-LATITUDE

o ! 4 YR
of 41 28.3¢, 26 11 10 4n
91 41 29.4E, 26 11 19.1N
o1 41 30.3¢, 26 11 14.1N

91 41 35.3E, 26 11 26.8N
91 41 53.5E, 26 11 30.9N

| input - Notepad
File Edit Format View Help
COORDINATES: Universal Transverse Mercator (UTM)
B |oaTu: wee 7
# ELLIPSOID: WE
END OF HE}%ER ' 3 output-Notepad
@@ 369218, 2896966
o N, 369251, 2897235
46, N, 369406, 2896777 COORDINATES: Geodetic ./
46, N, 369274, 2897081 DATUM: WGE
46, N, 369417, 2897469 # ELLIPSOID: WE
46, N, 369924, 2897591 NO HEIGHT <—
46, N, 369956, 2896968
46, N, 369687, 2897697 END OF HEADER
46, N, 369760, 2896737
46, N, 369974, 2897302
91 41 35.1E, 26 11 4.3N
UTM Map Projection to

Geodetic Coordinate System

Now, here I am doing the reverse process; that means I am converting my UTM map
projection which is given here in the input file with 46 n zones and this is my x and this
is my y coordinate. Now, I am converting back and I am getting this which is 21 6 degree

latitude 11 second, 10.4 seconds and north and east it is been shown here.

91 41 54.9e, 26 11 10.7N
91 41 44,9, 26 11 34.3N
91 41 47.9, 26 11 3.1N
91 41 55.4€, 26 11 21.6N

ICOORDINATES: Universal Transverse Mercator (UTM)




So, I read it again, 91 degree, 41 minute, 28.3 second east, 26 degree, 11 minute, 10.4
second north, that is a latitude and longitude information fine. So, you can try yourself
also. Here, if you look at the header file geodetic is a coordinate system, WGS 84 is my
datum ellipsoid is also WGS 84, no height you see and then coordinate order is longitude
and latitude ok.

Here in the input if you see that universal transverse Mercator which is already a map
projection see and WGS 84 coordinate and ellipsoid here, we are not saying that there is
no height because we know that map projection system by default is a 2 D projection
system, but geodetic can be a 3 D or 2 D and that is a reason in case of geodetic
coordinate system, we say whether we have a ellipsoid a height or whether a whether we
have do not have the height. In case of a do not we do not have the height, so heights are

not specified here in the output.
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File - Edit - Format View  Help

PROJECTION: Lambert Conformal Conic (1 standard parallel)
DATUM: WGE

# ELLIPSOID: WE

CENTRAL MERIDIAN: 0.00000E /

A ORIGIN LATITUDE: 45.00000N

COORDINATE ORDER: LONGITUDE-LATITUDE | |l<ca’e FacTOR: 1.00000

END OF HEADER FALSE EASTING: 0

FALSE NORTHING: 0

91.6911946 26.18622279 END OF HEADER
91.69149549  26.18865197
91.69308974  26.1845343 7704053, 2769409
91.69173956  26.1872614 7703810, 2769558
91.69313659 26.1907771 7704315, 2769506
01.69819399  26.19192457 7703968, 2769512
OLGosEdes a6 19986036 T7037es, 2770357
91.60664393  26.18420106 e A
01.60872133  26.18931751 s, STeasyy
7704063, 2770278
Input file with data and header Output file with data and header

Geodetic Coordinate System to LCC Map Projection

Now, coming to the geodetic coordinate system to LCC map projection, so, what I am
doing here is, this is my input file which is already prepared on now I am converting
here. In case of LCC, you see it is a one standard parallel that is a tangent system, it is
touching the surface of the earth at this standard parallel. So, the central meridian is my

this and origin of latitude is this, scale factor and then false easting and false northing.

Since this LCC projection, one standard parallel or 2 standard parallel are user specified.

So, we need to specify false easting and false northing. In case of UTM, it has it is own



arrangement where UTM has some false easting and some false northing value,
especially in the positive like around 5 lakhs and because of that, we will never get any

negative coordinate there, you see here.
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3 MSP GEOTRANS 37

"7 output - Notepad
file Edit Options Datum ENpsoid Convert Help j ek i \/
[%]B]e]E] File Edit Format View Help
ﬁ PROJECTION: Lambert Conformal Conic (2 Standard Parallel)
FiePocesing ]. DATUM: WGE
I o # ELLIPSOID: WE =

o e CENTRAL MERIDIAN: 0 0 0.0E
WW«MGWGW:&MEM 1984 WGS84 ORIGIN LATITUDE: 45 0 0 ON

Geodetic Coordinates ]

STANDARD PARALLEL ONE: 40 0 0.
STANDARD PARALLEL TWO: 50 0 0.
FALSE EASTING: 0
FALSE NORTHING: 0
END OF HEADER

Elipsoid Height

Geodetic Coordinate System to
LCC (2 parallels) Map Projection

| INPUT - Notepad

i 7673013, 2765221 || File Edt Format View Help
ooun: s 7672771, 2765369 - .
e wmsscsenron—[x) pewess || |[7673275, 2765318 ||COORDINATES: Geodetic
o = 7672928, 2765324 # ELLIPSOID: WE
7672621, 2765630  |f [ELLIPSOID HEIGHT
’ StkPorle S Parael 2 7672724, 2766165 | (COORDINATE ORDER: LONGITUDE-LATITUDE
foo00e fis000n Joooon foooon 7673332, 2765926 END OF HEADER
False Easting (m): ~ False Northing (m): 7672520’ 2765986 91 6911946 26 18622279
7673467, 2765639 . .
7673002 2760g7 | |91-69149540  26.18865197
' 91.60308074  26.1845343
o e Coca 91.60173956  26.1872614
91.60313650  26.1907771
s s fels cw
e 91.69581465  26.19286036
maaaT A 91.60664393  26.18420106
91.60872133  26.18931751

So, geodetic coordinate system to LCC to parallel map projection, ok.

So, you can see this is the interface here and this is my output files which is shown of
here and this is a input file you can see here. There is a height information also right and
here I am specifying ellipsoidal height. You see the magic in the map projection, you do
not get any height because the map projection does not use the height information at all.
So, even you specify the height, it is not going to matter for the map projection for this

application ok.

Now see here, this is a central meridian of first standard parallel. So, this is some
standard parallel 1, standard parallel 2 and again I am specifying false easting and false

northing here ok, let us go ahead.
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| input - Notepad
File Edit Format View Help

PROJECTION: Lambert Conformal Conic (2 standard Para'l'leﬁ
DATUM: WGE

M | eLuzesomo: we |
CENTRAL MERIDIAN: 0 0 0.0F 7 output - Notepad
ORIGIN LATITUDE: 45 0 0.0N = :
STANDARD PARALLEL ONE: 40 0 0.0N File Edt Fomnat View Help
STANDARD PARALLEL Two: 50 0 0.0N [COORDINATES: Geodetic
FALSE EASTING: 0 DATUM: WGE
FALSE NORTHING: 0 # ELLIPSOID: e
F HEA ;
R e COORDINATE ORDER: LONGITUDE-LATITUDE
7673013, 2765221 END OF HEADER

7672771, 2765369 91 41 28.3€, 26 11 10.4N

7673275, 2765318 91 41 29.4E, 26 11 19.1N
7672928, 2765324 91 41 35.1E, 26 11 4.3N
7672621, 2765630 91 41 30.3€, 26 11 14.1N
7672724, 2766165 91 41 35.3€, 26 11 26.8N
7673332, 2765926 91 41 53.5e, 26 11 30.9N
7672520, 2765986 91 41 54.9€, 26 11 10.7N
7673467, 2765639 91 41 44.9€, 26 11 34.3N
7673022, 2766087 91 41 47.9e, 26 11 3.1N

91 41 55.4E, 26 11 21.5N

LCC (2 standard parallels) Map Projection to
Geodetic Coordinate System

And this is back; that means, from LCC 2 standard parallel and map projection to
geodetic coordinate system. So, these are the again input information I am providing and

I am getting this thing.
If you see here, there is no height and that is been indicated here, no height ok.
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8 MSP GEOTRANS 37 BEEN)
File Edt Options Datum Elipsoid Convert Help - output - Notepa

[%/n[0]H] F}h__fgn_mn/wew, Help
ﬁ PROJECTION: Polyconic
File Processing DATUM: WGE
I for # ELLIPSOID: WE |
’;m. — CENTRAL MERIDIAN: 50 0 0.0E
[WGE: World GeodeticSystem 1964 WGS84 ORIGIN LATITUDE: 45 0 0.0N
FALSE EASTING: 0
Shoces; Coommoms FALSE NORTHING: 0
END OF HEAD)
Ellipsoid Height
Geodetic Coordinate System to 4ose177, 7
o . 0 L -
Polyconic Map Projection 4096424 )
4096187 " ViemHlp
T 4096179 -
Datum: Elipsoid: 4096613 COORDINATES: Geodetic
[WGE: World Geodetic System 1984 |v| o Wes a4 4006874 DATUM: WGE
3096349 fehomn =
4006775 ELLIPSOID HEIGHT
Contral Meriian: _ OrginLatiude: 4006767 COORDINATE ORDER: LONGITUDE-LATITUDE
B s ' END OF HEADER
" 91.6911946 26.18622279
e 91.69149549  26.18865197
01.69308074  26.1845343
91.69173056  26.1872614
e | b | e 91.60313659  26.1907771
91.69819399  26.19192457
I — oL Gostldes 26 10386036
Lt 91.69664393  26.18420106
h s Wk IM—H 91.69872133 26.18931751

Again, now coming to the polyphonic projection system here, the central meridian and

origin of the latitude are there. I am converting the geodetic coordinate system to



polyphonic. So, in case of polyphonic this is my output here, you see and this is the input
here and again input is we given with the height which is not going to make any sense
for this application and see since there is a false easting and false northing are geo, I am
getting this negative coordinates. No worries, if you specify false easting and false
northing as a positive values; let us say 5 lakh 5 lakh, you will get some positive value

always.

So, you have to be careful when we chose some kind of particular application or
particular map projection system ok. Then, you also learned how to write the header file

and which is pretty easy now ok.
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——————e
| input - Notepad | output - Notepad
File Edit Format View Help File Edit Format View Help
PROJECTION: Polyconic COORDINATES: Geodetic :
-I DATUM: WGE ™ DATUM: WGE o
# ELLIPSOID: WE # ELLIPSOID: WE
CENTRAL MERIDIAN: 50 0 0.0E NO HEIGHT
ORIGIN LATITUDE: 45 0 0.0N COORDINATE ORDER: LONGITUDE-LATITUDE
FALSE EASTING: 0 END OF HEADER
FALSE NORTHING: 0 e
END OF HEA| =3 91 41 28.3E, 26 11 10.4N
91 41 29.4e, 26 11 19.1N
4096177,/ -1424119 9 41 35.3E, 26 11 4.30
4096108, -1423798 91 41 30.3E, 26 11 14.1N
4096424, -1424276 91 41 35.3e, 26 11 26.8N
4096187, -1423969 91 41 53.5e, 26 11 30.9N
4096179, -1423474 91 41 54.9e, 26 11 10.7N
4096613, -1423167 91 41 44,9, 26 11 34.3N
4096874 | -1423876 91 41 47.9€, 26 11 3.1N
4096349, -1423122 91 41 55.4e, 26 11 21.5N
4096775,| -1424206
4096767 ,\-1423485

Polyconic Map Projection to
Geodetic Coordinate System

Again, back I am doing polyconic map projection to geodetic coordinate system. So, that
is a convergence there again I am using with the negative values here and you see that
you will get all the correct values, this is degrees, minutes seconds and again this is

latitude value degree, minute, seconds, ok.

Here, you can read the header file for output and this is the header file for input, the

header information I can say and these are the coordinates, ok.
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MSP GEOTRANS 37 l=lE] 8 ]
E'_ - - " output - Notepad
file Edit Options Datum Eflipsoid Convert Help
(%o 6] File Edit Format View Help
[ PROJECTION: Transverse Mercator
=
PUT CENTRAL MERIDIAN: 36 0 0.0E [ ——
Datum: Ellipsoid: ORIGIN LATITUDE: 85 0 0.0ON
[WGE: Wora Geodene ystem 1964 e wesss SCALE FACTOR: 1.00000
FALSE EASTING: 0
(oot FALSE NORTHING: 0f-r ) {100
END OF HEAD) /
Elipsoid Height
6085582, ( -4878494 \| 7| INPUT - Notepad
6085400,/ -4878134
6085971, -4878574 || File Edit Format View Help
6085556, -4878306 TES: i
608418} 4872706 Hf o e ceod e EIC
UTPUT o
ey [T 6085942, -4877135 [# eLLIPSOID: WE
“ : 6086498 | -4877882 ||ELLIPSOID HEIGHT
[WGE: Wor Geodetic system 1464 [+ i Wosi 6085561 ,\ -4877199 [|COORDINATE ORDER: LONGITUDE-LATITUDE
_ 6086445, \-4878331 ||END OF HEADER
— - 0086243 BV AB7/0% o1k sortads 26.18622279
Origin Latitude: Scale Factor: o 2
91.69149549  26.18865197
2 Rl o \—/ 01.69308974  26.1845343
91.69173956 26.1872614
False Easting (m): ~ False Nofthing (m): 91.69313659 26.1907771
01.69819399  26.19192457
-
o | b | _gomn | 91.69664393  26.18420106
91.69872133 26.18931751
k
EWWB : ﬁ . .
e e o Sowes Geodetic Coordinates System to
’G'\K NK ﬁk Unknown v

Transverse Mercator Map Projection

Now, coming to the geodetic coordinate system to transverse Mercator map projection,
again remember that transverse Mercator is again user defined and UTM is a specific
example of transverse Mercator. So, for that UTM we did not to define anything, but in
case of any other projection, we need to define the uses a preferences for the

specifications by the user.

So, that is my central meridian information and the output since I am converting from
geodetic. Again, height no meaning here and central meridian is there in output origin of
latitude is there. So, I get some kind of negative coordinates again here. So, again use
some value on the false northing here, let us say if we specify 5 lakhs or maybe 50 lakhs,

you will get so, especially 50 lakh, you will get positive coordinates.
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— ﬁ
] input - Notepad | output - Notepad
p pa
File Edit Format View Help p——— File—Edit—Format Vlew HQ!P
- ;iga:CTagg Transverse Mercator . FOORDINATES: GEOdEt'iC

# ELLIPSOID: WE DATUM: WGE
CENTRAL MERIDIAN: 36 0 0.0E # ELLIPSOID: WE
ORIGIN LATITUDE: 85 0 0.0N NO HEIGHT
SCALE FACTOR: 1.00000 COORDINATE ORDER: LONGITUDE-LATITUDE
FALSE EASTING: 0 END OF HEADER
FALSE NORTHING: 0
END:0F  HEADER o1 41 28.3¢, 26 11 10.4N
ek
6085400, -4878134 -1E, .
6085971, -4878574 91 41 30.3€, 26 11 14.2N
6085556, -4878306 91 41 35.3E, 26 11 26.8N
6085414, -4877706 91 41 53.5€, 26 11 30.9N
6085942, -4877135 91 41 54.9€, 26 11 10.7N
282?‘;218' -22;;1833 91 41 44,9, 26 11 34.3N

e 91 41 47.9€, 26 11 3.1N
2065143, 4670331 91 41 55.4€, 26 11 21.6
6086243, -4877453 o3 olit!

Transverse Mercator Projection o
Geodetic Coordinate System

So, again back from transverse Mercator projection to the geodetic coordinates system

only. So, only my input is changing and output is I am getting accordingly.
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B =
B MSP GEOTRANS 37 [EIEIES) 3] nput- Noteped
File Edit Options Datum Elipsoid Convert Help
[%m]a]E] File Edit Format View Help
[PROJECTION: Lambert Conformal cConic (2 Standard parallel)
; ﬁ DATUM: WGE
i # ELLIPSOID: WE
T CENTRAL MERID!AN:4(5) 8 g‘gs [
Datum: Elipsoit: ORIGIN LATITUDE: .ON
G Word Geodeticystem 98¢ foe wosss STANDARD PARALLEL ONE: 40 0 0.0N
e STANDARD PARALLEL TWO: 50 0 0.0N
g FALSE EASTING: 0
C idian:  Origin Latitude:  Sid. Parallel4:  Std. Parallel 2: FALSE NORTHING: 0
fooooe fis000n fro000n foooon END OF HEADER
False Easting (m):  False Northing (m): ;g;;%i. %;gg%éé 7] output - Notepad
7673275: 2765318 || | File Edit Format View Help
’ﬁ’"‘f = 7672928, 2763324 | COORDINATES: Universal Transverse Wercator
[WGE: World Geodetic System 1984 v| v weses 7672724: 2766165 Tzﬂil’vslgin' WE
7673332, 2765926 I |Enp oF READER
[oiersatTransverse Merator i) [} 772520, 2765986
ool , 46, N, 369218, 2896966
LCC (2 parallels) Projection to 7673022, 2766087 | [4' ' Io030. 2895350
L 46, N, 369406, 2896777
UTM Map Projection 46, N, 369273, 2897081
@ 46, N, 369418, 2897469
overnge: O K6 46, N, 369923, 2897591
46, N, 369956, 2896968
o | e | _oww 46, N, 360687, 2897697
46, N, 369761, 2896737
i 46, N, 369974, 2897301
EDODM F
SONCE: QUNLE 90%SE Sources:
Ink A A Unknown hA

Further now, I am doing the map projection transformation; that means, between one
projection to another projection surprisingly here I am not changing my ellipsoid; that
means, still I am having the same reference frame. So, within one reference frame, I am

using LCC map projection and then I am converting that LCC map projection



coordinates into let us say transverse Mercator or UTM or Polyconic projection and so

on, fine.

So, what is the process going on. At the backend, you see from the LCC first it is
converted to the geodetic coordinate system and then from geodetic coordinate system it
is converted to a UTM map projection. So, let us see what is my input. So, input you can
see header here, you have already written such kind of header and there we will get the
header of this thing, well. You are getting the correct terms, you can match it and you can
do it yourself also; that means, you use these coordinates this information and repeat the

exercise for yourself.

(Refer Slide Time: 56:04)

j] input - Notepad

File Edit Format View Help
COORDINATES: Universal Transverse Mercator (UTM)
DATUM: WGE
. # ELLIPSOID: WE " output - Notepad T
END OF HEADER —— -
File Edit Format View Help
46, N, 369218, 2896966 PROJECTION: Lambert Conformal Conic (2 Standard Parallel)
46, N, 369251, 2897235 DATUM: WGE
46, N, 369406, 2896777 CENTRAL WERIDRA 0 0 0.08
46, N, 369274, 2897081 ORIGIN LATITUDE: 45 0 0.ON M&JJ‘/
46, N, 369417, 2897469 STANDARD PARALLEL ONE: 40 0 0.0N \/\
46, N, 369924, 2897591 STANDARD PARALL(E)L TWO: 50 0 0.0N
46, N, 369956, 2896968 FALSE EASTING:
46, N, 369687, 2897697 EALSE NORTHTNG: 0
46, N, 369760, 2896737
46, N, 369974, 2897302 7673013, 2765221
7672771, 2765369
7673275, 2765318
7672928, 2765324
7672621, 2765630
7672724, 2766165
7673332, 2765926
7672520, 2765986
7673467, 2765639
7673022, 2766087
UTM Map Projection to

LCC (2 parallels) Map Projection

Further, you see the UTM map projection to LCC 2 parallel map projections we are
doing here ok. So now, we are given the information and automatically in the output this
header will be created, but you need this specify your own information where you want
to create this standard parallel and where you want to put your central meridian and

origin of the latitudes for LCC map projection to standard parallel.
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8 MSP GEOTRANS 37 [EEES
Fie Edt Options Dotum Elipsoid Convert Help 7 input - Notepad
[%]m]6]&] File Edt Fomat View Help
ﬁ PROJECTION: Lambert Conformal Conic (1 Standard Parallel)
i Procesing DATUM: WGE s
B P ey o3 =@-
F y CENTRAL WERIDIAN: 0 0 8'@ ] output - Notepad
: ORIGIN LATITUDE: 0N
[WGE: World Geodetic System 1984 - v wesas gﬁ&é E:C;rgzé,lb‘mo"o Fle Edit_Fomat View Hep
: T FALSE NORTHING: 0 S ZETnLE Polyconic
E END OF HEADER .
= e jesn # ELLIPSOID: WE
S asih o, vegos e ke
ORIGIN LATITUDE: LON
P P ;;gg;%gl %;ggggg FALSE EASTING: 0
) FALSE NORTHING: 0
T 7703660, 2769819
pevee— || {[7rey 2037 S
7704374, 2770115
ruased, roetsd Hieron, 20623
7704509, 2769827 )
Contral Meriian: _ OrignLtiudes 7704063, 2770278 ﬁ%ﬁ' 'gggz%g
TOEEE] 1167213, -2034371
1167705, -2034196
o 1167799, -2034823
1167459, -2034112
1167628, -2035076
® | e | gl | 1167784, -2034484

[ e C (1 parallel) Map Projection fo

90%CE: O0%LE: 0% SE: Sources:

[ ol i 7l|| Polyconic Map Projection

Going ahead, now I am doing the same example for LCC, one parallel map projection to

Polyconic, ok.

So, well I have already shown one example. Now, I am putting that another example
there only because of one standard parallel, we have different information slightly
different information, we have information only for a one standard parallel. So, we have

output here, so according to the polyconic map projection here, right.
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£ MSP GEOTRANS 37 sl B 3
input - Note
Fle Edit Options Datum Elipsoid Convert Help SRS
mEE‘ File Edit Format View Help
I PROJECTION: Lambert conformal Conic (1 standard parallel)
FileProc ﬁh 2A e
ile Processing ELLIPSOID: WE
i CENTRAL MERIDIAN: 0 0 0.0E |EE
Fw o ORIGIN LATITUDE: 45 0 0.0N
= = SCALE FACTOR: 1.00000
[WGE: World Geodelicystem 1984 e wesss FALSE EASTING: 0
Lambert Conformal Conic (1 Standard Paralel Pojecton FALSE NORTHING: O
END OF HEADER ] output - Notepad
Orign Lattude: Scale actor: —
aooe FE0om oo 7704053, 2769409 emEdimFonpuimievmtidy
7703810, 2769558 PROJECTION: Transverse Mercator
y 7704315, 2769506 UM: WGE
False Easting (m): ~ False Northing (m): 7703968, 2769512 # ELLIPSOID: WE
7703660, 2769819 CENTRAL MERIDIAN: 80 0 0.0E
7703765 2770357 ORIGIN LATITUDE: 0 0 0.0N
7704374 2770115 SCALE FACTOR: 1.00000
Datum: Elipsod: i FALSE EASTING: 0
EE— O (e o
7704509, 2769827 EDTCE T ADE T
T — RECE
1173638, 2950796 —
Central Meridian: Origin Latitude: Scale Factor: 1173643, 2951072
fedo00E foooon 100000 1173847, 2950625

1173682, 2950917

False Easting (m}: ~ False Northing (m}: 1173788, 2951325

1174288, 2951500

1174384, 2950873

1174038, 2951583

Co | me | ow | Trises, 2951013
T e LCC (1 parallel) Projection to

90%CE: 90%LE: 90% SE:  Sources:

e jw s [l Transverse Mercator Projection




Going ahead with LCC map projection to transverse Mercator, here when you specify in
a output that transverse Mercator, you need to specify this information, where do you

want to put your LCC, the transverse Mercator origin and so on.
So, accordingly this application will do transformation for you.
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B VP GEOTRANS 37 ] B — —
fle £t Optons Daum ENisod Convert Help "7 output - Notepad
EALNENES
‘l"'—'—'“—" 1| [ [Fle et Fomat Ve Hep
Fie rocesing Eﬁ%ﬁﬁggifﬂbm Conformal conlilswm
’F" ] I |# ELLIPSOID: EC \/
b Bz CENTRAL MERIDIAN: 0 0 0.0F
[WGE: World GeodeticSystem 1984 e wes s ORIGIN LATITUDE: 45 0 0.ON
Geodetic Coordinates SCALE FACTOR: 1.00000
FALSE EASTING: 0 =
Eopooi el FALSE NORTHING: 0 | INPUT - Notepad
END OF HEADER

File Edit Format View Help
COORDINATES: Geodetic

703210, 2769245

7702967, 2769394 DATUM: WGE
7703473, 2769342 # ELLIPSOID: WE
an e 7703125, 2769348 ELLIPSOID HEIGHT
i %8%3%’ §§§§f§§ Eggknm:'éinggosa. LONGITUDE-LATITUDE
Lambet ConfomalCoic 1 Sandard Par 7703531, 27
Cr o I, Gl 91.6911946 26.18622279
Orginlaiuie: ___ Scalafacior 7703666, 2769663 91.60149549  26.18865197
False Easting (m}:  False Northing (m): gigggigggg %g%g%;i%?
: 91.69858039  26.1863032
— | = 91.60581465  26.19286036
2 Lep Lanod 91.69664393  26.18420106
91.60872133  26.18931751
e
500000 . .
o s e - Geodetic Coordinate System (WGS84) to
Unk UA UA \Unknown v o c
Jj LCC Map Projection (Everest 1830)

Now, coming to the map projection with datum transformation; so, let us see there is a
geodetic coordinate system right and it is being specified in WGS 84 and I am trying to
convert into the LCC map projection of Everest 1830, fine. So, we see that input file is
there here input and so, I am showing that is this is the longitude information lambda,

this 1s my five information and this is the height information which is of no use.

But now I am going to going to convert this data into the LCC map projection with one
standard parallel and datum is Indian, that is Everest 1830, ellipsoid is Everest 1830 and
this is a information I have specified on the Everest ellipsoid not on the WGS 84
ellipsoid. So, you have this information with central meridian and origin latitude; with

this information if I convert, I will get this kind of a information, here that is my output.

So, now we can specify this information. Again I am doing the same thing back ok, now
LCC map projection Everest 1830 to UTM map projection fine. We are doing all this
possibilities, we are trying to cover, but remember generally we have LCC map

projection for the Everest ellipsoid; that means, UTM projection can be defined for the



Everest ellipsoid, but LCC map projection is not preferred for WGS 84 ellipsoid. So, if
you just specify this information again, you will get this kind of a output and this is the

interface on the left hand side I am showing.

Now, this it is a reverse one; that means I am using UTM map projection, for WGS 84 in
input and I am trying to convert that coordinate in LCC map projection with Everest

ellipsoid.

(Refer Slide Time: 59:07)

Sources of Map Images

" Globe image for cylindrical projection: www.mapsofworld.com

" Map image for cylindrical projection: www.mapprojections.net
" Map for Conical projections: www.eyedsoftware.com
" Map for Stereographic projection: www.d1ftgt94wd5iml.cloudfront.net

" Map for Gnomonic projection: www.geometrie.tuwien.ac.at

® Map for Oblique Transverse Mercator projection: www.pinterest.co.uk
" Map for Transverse Mercator projection: www.e-education.psu.edu

" Map for Polyconic projection:
www.maps and cartography map projections.pdf

" Map for Sinusoidal projection: www.geometrie.tuwien.ac.at

" Map for Robinson projection: www.mapsfordesign.com
® Map for UTM projection: www.GPSinformation.net

So, these are the sources of the map. So, with this I can say that now you are able to do
all the map projection, you can or you are also able to do coordinate transformation, you
are also able to do map datum transformation with either reference system or with map

projection.

So, here we finish our this module on reference system, coordinate system and map

projections. In the next module, we will go for astronomy and time. Till then, bye.

Thank you for attentively listening.



