





Determining Location with Onboard Sensors
Usually, a space launch vehicle in ight can determine its location in
two ways: the inertial navigation system (INS) and the global posi-
tioning system (GPS). e INS uses precise sensors onboard an SLV
which include acceleration (change in velocity of a moving object)
sensors that measure acceleration and gyro sensors that measure ro-
tational movement.

ere is a drawback though, if the sensors are not precise enough,
as errors then accumulate and the readings become inaccurate over
time. In other words, the system can be useful for a relatively short
window of time, but less reliable for a long journey. Nevertheless, it
may be the only option to determine the location when all other com-
munications are lost. erefore, the INS is a must-have item of equip-
ment onboard a space launch vehicle.

The Principle behind GPS: Triangulation

Principle of triangulation: If you know the distance to three given
points whose exact locations are known, you can determine your lo-
cation.

Sometimes, you may ask other people to take a look at you if you
cannot see yourself. Likewise, a space launch vehicle has limitations
to checking its own location and needs to rely on a third party to nd

out: this is where GPS satellites come into play. GPS technology ismehvigation function of the smartphone
uses a GPS sensor.

known to the general public, with our smart devices
usually equipped with GPS sensors that help
us to accurately identify where we are.
One common myth about GPS: | (or
a smartphone or a navigation system)
have established a 1:1 connection with

Al
‘1& i
the satellite, which determines my lo- L el lil
cation on a realtime basis. If so, as the \..I-/ %’

number of GPS users grow, we need '

more satellites. But the system employs a
method known as triangulation, and no
1:1 connection is made.
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If you know the distance to three given points whose

exact locations are known, you can determine your

location. As shown in the figure on the right, draw

a circle on each point, with the distance between

it and the other two points as the radius. Do this

for all three points. There is now a point where

all three circles meet, and that's where your are.

If you know the location of four points, instead

of three, you can pinpoint a three-dimensional
location in space, rather than on the ground.

There are about 30 GPS satellites orbiting the

earth. When a GPS receiver on the ground receives

signals from three GPS satellites, it can calculate its

Principle of triangulation location. As the satellites use an almost error-free atomic
If you know the distance to three given clock, you can obtain a very accurate result from the calcula-
points whose exact locations are known, .

you can determine your location. tion.

What are the popular points of GPS?

Currently, GPS is most widely used in the field of automotive navi-
gation, which can pinpoint where you are now, so if combined with
a map, it will navigate for you while you are traveling. Recently, the
system has been able to collect traffic information and recommend
the fastest route. It can also make logistics more efficient by locating
empty cargo trucks and thereby saving money.

The police also use GPS a lot. When a crime occurs, the system
can determine the nearest police car to the crime scene, allowing first
responders to take action more quickly. A GPS-integrated car can be
tracked and retrieved if stolen - familiar scenes in spy films.

For mariners at sea, the system helps determine ship location and
course. Merchant vessels connected to GPS become more efficient for
cargo transport as their locations are displayed on an electronic map.
Moreover, the system is essential for sea traffic control, helping vessels
approaching a harbor to safely navigate away from potential collisions
with other vessels.

Up in the sky, GPS helps with identification of the exact location
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of airplanes and assists with altering their
courses to make the flight safer. At airports,
the system assists air traffic controllers to
ensure safer takeoffs and landings.

GPS is also used in drawing a very precise
map or in civil engineering work. With a
precise GPS, you can pinpoint any location
down to the millimeter - a very useful fea-
ture when measuring the distance between

structures, detecting balance, and survey-

ing slope, etc. With proper applications,

GPS technology has been a great
help in criminal investigations.

the system can be used in structural safety
inspections. With GPS receivers installed at dams
and bridges where potential exists for deformation,
engineers can determine the progression rate.

When you make an emergency 119 call in Korea with your smart-
phone, your location information is automatically received by the
119 control center. A GPS-integrated earphone provides assistance to
visually-challenged persons, and gives information such as current
location and orientation, directions, and potential obstacles. Other
GPS-related areas include eco-system research such as in agriculture,
forest management, and the migration of birds or the location of dol-

phins.
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Completing a Mission Using GPS

The map apps we are familiar with provide information through GPS, allowing you
to determine your precise location. The system available to the general public has

a margin of error of 10 m or less — accurate enough to estimate a location. This
group mission will have you using GPS coordinates to experience the benefits of the
system.

WLEIRCRIEEIE) A smartphone with GPS TEST app installed

Activity

Every team prepares its mission notes on a sheet of paper. The task should be
relatively easy to accomplish.

(Examples) Take a group photo at the school main gate, write 10 riddles, take a
picture of the biggest tree at the school, take a photo with your teachers, etc.

Install the GPS TEST app on the team smartphone.
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3 Each team should hide its mission notes around the playground.
Using the GPS TEST app, record the exact coordinates of the location.
(The notes should be hidden in places that are not hazardous to reach.)
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Read out the coordinates of each team’s notes and fill in the blanks.

Team Number Coordinates

Set out for the hidden notes with the GPS TEST app installed on the group's smartphone. After
finding the note, complete the mission and take photos as evidence. Rank will be decided on how
fast a team can accomplish the mission.

Rank Location

If the coordinates are unknown to you, or you do not have access to a GPS app that will show you
the coordinates, would you still be able to carry out the mission? What do you think about the role
of GPS onboard a space launch vehicle that needs to determine its location precisely?
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Career
Exploration
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Aerospace Engineers

At the Department of Mechanical & Aerospace Engineering, you will cover basic
sciences such as mathematics and physics in your first year; then the second
year, you will learn about machines used in aeronautics and space exploration.
You will also learn the basic principles behind airplanes and rockets, and design
some of these machines yourself. In general, students majoring in Aerospace
Engineering enter one of three career paths: Government-funded Research
Institutes (GRIs), corporations, or universities. The GRIs include Korea Aerospace
Research Institute (KARI), Korea Institute of Machinery & Materials (KIMM), and
Agency for Defense Development (ADD). For corporations, you may work for one
of several heavy industries companies, or Korea Aerospace Industries (KAI).

Q What do they do? )

= Aerospace engineers work in designing and developing a range of flying objects such

as commercial airliners, fighter planes, and spacecraft.

= They design fuselages, systems and electronic devices (such as radar) for aircraft, and
develop new aeronautics engineering technology through experimental and research
efforts.

= They research and design aircraft fuselages, systems and other equipment, participat-
ing in projects such as development of multi-purpose satellites and rockets.

= They also oversee aircraft manufacturing processes and provide related technologies.

O Related Occupations for Space Launch Vehicles

Physics research fellow, electronics component developer,

Aviation Indust
Y aircraft fuselage component developer

Natural science researcher, satellite developer, astronomy

Space Indust|
P ustry research fellow

Machinery & facilities manager, engine developer, engine test
Aircraft technician, electronic component developer, aircraft fuselage
component developer

(Ten]  Related majors )

v

Space launch vehicle research is closely associated with aerospace engineering and me-
chanical engineering, and also requires knowledge of physics and astronomy. Space



Aerospace Mechanical Mechanical

Engineering Engineering Engineering AstEuomy

launch vehicles are also closely interrelated with weapons such as missiles, which, along
with airplanes, are connected with the munitions industry.

A variety of other academic disciplines are also involved. As research activities in space
become more diversified, scientists from other disciplines such as biology and behavioral
science have been increasingly participating in manned exploration at the space station,
conducting scientific experiments. In order to personally carry out research projects in
space, your physical and mental condition is as critical as your skills as a scientist.

N Required aptitude )

v

= Knowledge of aeronautics engineering is required, and as technology related to the air-
craft and space industries continues to evolve, an enduring willingness to take on new
challenges in the form of new technology and self-development is also needed.

= Aeronautics engineering requires the courage to explore uncharted areas, the willing-
ness to perform research, creativity and logic for problem solving, analytical skills, and
accuracy in judgment.

= As you will likely work frequently with other engineers and specialists, you also need
good social skills and the ability to communicate clearly - a good command in foreign
languages, including English, is an asset.

g Expert interview

| work for a helicopter rotor design team at Korea Aerospace Industries (KAI).
Helicopter rotors are rotating blades that produce the force necessary for the
helicopter to lift vertically. My job is to calculate the load (the external force
on an object) that will be applied to the rotor. With a bachelor's degree or
PhD, you will likely get a job related to your academic research subjects. My
situation was no exception. Students who are considering master's and PhD
programs should choose their research topics carefully. During my Masters
in Engineering courses, | learned many things necessary for an engineer.
My laboratory team members were particularly punctual. Now, as a working
engineer, | feel that time management is an essential skill for my job.

Joonbae Lee/Senior Research Fellow, Korea Aerospace Industries (KAI)
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Maker Mission to Mars in Search of
the Curiosity

Activity

=
]

Written by
Sang-Hyun Im (Incheon seoknam middle School)

ﬁ Product overview

® Product function

Launch an air rocket, arrive on Mars on the solar system target board. Find the
Curiosity using GPS app.

= How it works

Construct a space launch vehicle that uses compressed air, and use GPS app

= Product picture

Air Rocket GPSTEST

® Product structure

e 7. 9.4 . .
L_J_A_..._._..u’.".“

Launch  Compression
section section

Launching the Air Rocket
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E Production overview

= Production time : about 25 min.

= Needed materials and tools

» Launch pad
» Firing pin

» Rubber cap
» Suction cup
» Rocket

» Fin BUFLE AR ROCHET 247
» Syringe

» Silicon compression tank

= Key production principles

Construct and use an air rocket to understand the law of action and reaction,
and gain a better understanding of the solar system

= What requires attention in production

© Do not shoot, or even aim your rocket at anyone.
@ Handle the components with care.

= Required knowledge and function

© Principles of air rocket launch

@ Law of action and reaction

@ Planetary order in the solar system
O Use of smartphone apps
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SW Education Module Textbook
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Computational Thinking Map

2. The Design of an SLV

1. Basic Principles
of an SLV Activity 2

Activity 1 2

y Collect sprites and back-
a%e_, ground wallpapers for an
SLV project

Connect the associated
parts of a COzrocket and
the Space Launch Vehicle 1]

Write the stage separation
procedure for an SLV in

& flight

Brainstorm for ideas in
making the COz rocket fly
higher ool |
Realize the stage separa-
. tion procedure of an SLV
3 with scratch blocks

Construct a COzrocket in
the proper sequence

3. Where is the SLV? i
Design the sequence of a
two-stage separation that
will occur unobtrusively as
- the background wallpapers
Activity 3 change while the SLV flies
into space

2 E
P :
Learn how to determine the ich hat can et
ol e it S Scratch, that can separate
ocation ofan wi a space launch vehicle into
two stages

£ i =
!_earn abo'ut' the Pmceldure Learn about the procedure [F
in determining a location in determining a location Find mission notes and

using coordinates, and ‘ using coordinates, and l carry out the mission using

the relationship between

the relationship between ;
coordinates and a location coordinates only

coordinates and a location
. v
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