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ESIP Education UAV GOALS

* Downloadable e-book of STEM activities
using recreational drones

« (Cadre of educators to facilitate activities
& data management strategies

* Opportunities for follow-on data
explorations with ESIP members
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Recreational drones

weigh less than a half pound

do hot need to be registered with the

Federal Aviation Administration (FAA)

@ XShHw

usually cost less than $100 AKA

can be considered as “toys”

Must be within sight

Unmanned Aerial Vehicles or UAVs

Unmanned Aircraft Systems or UASs
Quadcopters / Quadrocopters
Multi-rotors / Helicopters
Fixed-wing drones
Aerial robotics



o

Google search for: ESIP Drone Activities

Free downloadable eBook - now in Draft form!

http://wiki.esipfed.org/index.php/ESIP _Drone Activities

Federation of Earth Science Information Partners (ESIP) Education Committee UNAVCO s 1p @&




Got a drone?
Try this...

Learning Activities and Science Fair Project Suggestions
for You and Your Recreational Drone

Maneuvering through a fast-paced video game takes skills—piloting an unmanned aerial
vehicle (a drone) in the real world can present an even bigger challenge. Flying a
recreational drone pits you against the law of gravity as well as environmental conditions.
When you attempt to accomplish some goal with your drone, you use your joystick skills as
well as some science and engineering concepts.

Check out the activities in this guide for ideas about what you might learn with your drone.
Team up with some helpers or other drone pilots to compete or collaborate on one or more
activities. If you set out to learn something, and document your procedures, you could fly
your way to a winning science fair project.

Note that this guide is not designed to teach you how to fly your drone... We assume that
you've already learned the skills you need to safely pilot your drone, and you're ready to
apply those skills in new ways.



List of Activities

- What payload can my drone carry?

» How fast can my drone fly?

* How high can my drone fly?

A 3d view from a drone

» Science Project and Science Fair Template

» Comparing images from satellites and drones

» Collecting data with drones

» UAV Challenge: Aerial Survey of a Disaster Area
» Supplemental materials



Sample Data lable

What payload
can my UAV UAV only PaL;I?)\alld+#1 Pat;@\alld+#2

ca rry;’ Mass

| Ability to
Materials: Set of washers or bolts launch
- (good, fair,
SJ[I”I ﬂg poor, fail)
Balance, or a food or
Ability to
postal scale maneuver
(good, fair,
Can your drone carry and fly with a poor, fail)
small sensor that measure Payload

environmental condrtions such as mass

temperature, air pressure, and location?
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How fast can my drone fly?

An afterschool group decided they wanted to make a snapshot of a specific tree on their
campus every day. In order to figure out how much time it would take to fly out to the tree,

get the picture, and fly back each day, they needed an estimate of the drone’s average
forward speed.

The Challenge:
Design and conduct an experiment to find a practical maximum speed your UAV can fly.

Suggested Materials:
Sports field with marked distances
Stopwatches
Several people to serve as timers / spotters

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

Time

Average Speed




How high can my drone fly?

How high can my drone fly? . Kxanple l Triasl ) l Trial 2 ] Trial 3 ]
If your drone doesn’t have a GPS unit, how can you figure out how high you're flying? 5 trom pllot to .
observer

The Challenge:
Design and perform one or more experiments to help you identify a way to estimate your | | | | |
drone’s height. Use your experience to judge which method provides the most accurate Observed angle 1o drone 43°
estimates.
Suggested materials ORderved asgle 1o the 1°

Football or soccer field with marked distances or measuring tape e d‘d,":",,{ peliw the

Angle-measuring app on a smartphone ! 4 4 4 {

OR Calculatice

Protractor inclinometer (find instructions online to make your own) (Tan[/ ) x distance from | (740 (?23) x ;g ::) ¢

Scientific calculator pliot to chaerver) ¢ (,T:;'(mz g 3 “)ﬂ'

(Taz{ / b) x distance from | (195 10¢0) < ( )
pilot o o8 + « 24.8 feet
Suggested Procedure Drone height above grousd
Set up a flight zone so the drone pilot and observer are a known distance apart. For 4 4 4 4
instance, you might place yourselves on a sports field so you are 10 yards (30 feet) apart. Drons 24.8 feet
Height

Record your measurement on a data table.

Pilot: Fly the drone straight up and hover directly overhead at the height you want to

g;”“"- . Use 2 level " Think it through:
server: Use a level app on a smartphone (ora How many trials will it take for you to feel confident your final answer is accurate?

mak; and use a Z‘mp'e l;:hilnomc;ter ) :: g How might you check if your answer is reasonable?
1) Measure and record the angle to the drone— What can you do with the information of how high your drone is?

z:::i t:; ml;::lru:yzolzl::ﬂaw the height of the How else might you use the technique you used to estimate height?

2) Measure and record the angle to the spot directly Present your results.
below the drone—you’ll use this value to calculate You may want to discuss answers to the Questions to Consider as part of your
the height of your eye above the ground. results.

3) Use the angles and formulas (which use the
tangent function (tan) on a scientific calculator) to
calculate the height of the drone above the ground.




How high can my drone fly?

=

Side B = tan (£b) * horizontal distance from drone

- —— - — - — — -— - - — — — - - — B A A A S B s -

Side A =tan (£a) * horizontal distance from drone

\

spot on ground
directly below drone



Create a 3D view from a drone

"-'." | view from a drone 5. Ely your drone and collect your data_ (Carry out your investigation): Add information about your pholos in a table. What new
Questions did you think of while conducting your investigation? Record date ahvwd asrh session and i

| h h n u
e C a ‘ ‘ e e When walking o & hike or arousd the schoolyard, sometimes you see something that is high up on a rock Consider making 8 table simsilar to this for your dats:
u outerop or & wall that catches your interest. Drones can fly up and take photos that you can anlyze later, By 1

plansing akead to have enough overlap between photos, you take take those individial photos and make a Flight 1: Name of pilot, | Range of, f“ k Height above ground, Description of image (Are there
3-dimensional image! Location photographer, | pboto ime Distance from the outcrop & | trees, bushes, grasses at the top of
' dentification | spotters sumbers Rasge Area covered of each photo. | the outerop? How far do the roots
The Challenge: sumbers for go into the rock? How is the rock

: ads ¢ 5 LA : : map Direction of image collection | where there are roots different than
Design and coanduct an experimesnt to take esough photos to make a 3-dimensional image of an cuterop to (Panorama, Walk, Spin, Wall) | other areas? Color, consistency,

study the rocks and view where vegetation is growing on the cuterop.

Design and conduct an T

Spotters:

staining, ete.)

What can we learn about the rocks where plants are growidg &fi'a rock outerop?

experiment to make a 3- | rreEEE———E——

3. Create a draft title based on your project question:

| | |
d I I I I < > I l : ; I O I l a ‘ I | I I a g < > . Rock, paper, vepoialian: As investigation using droaes to phdtégraph plast roots breaking rocks

4a. Plan your investigation: Think it through: What are you steps? What wil you do 1o collect the information you need?

Suggested materials:
1) Drone with a camsera
2) Ome-meter eirele or square lakd oa the ground (cloth or tarp)
3) Software that will make a 3D image from photos:

0o
Using software sech as Bhojosasthor Autodesk 123D, stie

u%urmrmnmummm.mum-mmmmm
your q s

photos together to make a 3D image or panorama.

6b. Use Math / Comgutational Thinking during your analysis:
Moasure the objects In your pholos - are circies actualy circles? How do the sizes of objects In photos change with

a. Thostosuath: Caplure your world in 3D: https://photosynth.met - make the 3d image
b. Autodesk 123D: http://www.123dapp.com/catch distance and height of the drone? Generate statistics from your data. What patierns do you see In the rocks and/or
c. SesthEspost https://syathexport.codeplexcom/ - export tool roots? How far or how large an area of the owlcrop has plant growth in it?

Questions to consider as you plan:
What other materials would be useful? What do you plan to photograph? 7. Construct Explanations & Design Solutions: What have you leamed from data that help you answer your project
questions? How would you have changed your investgation design? Consider adding the answers from the questions

0 consider In step 4.

What modifications, sensors, and/or instraments would have Hélped with your project? Take a Jook at the
enginecering design loop for ideas.

What order & from what angles will you take the photos? Where: how high, from how far away, how many,
how much overlap (>70% If making 3-dimension image)? When during the day, during the year, after an

| - k .t event?
X n a rO C O u C ro p O r a What other data is needed? How does the angle of camera on the drone impact the photos? Are circles still

circles in the photograph? What enviroamental or drone-based variables could interfere with your
photographs?

S ‘ l | | t l | re Does the sample data table in step 5 inchade all the information 1 need? Who do [ need on my team? Who
will be the pilot? The photographer? The spotter?

What questions might others ask you? How would you respond and how would you use your data and
dscussion?

Sa. Present your results: Communicate: Make a Science Fair Display of your project and results

4b. ‘Mm planned route for your drone o fly and from which drections. i you are taking photos, where will the Compile flight Jog, hypothesis, images, data chart, conclusion and any additional project pictures and

results into a short report (or power polnt) for a classroom preseatation or sclence fair exhibit.

photos be taken? Where will the pllot, photographer, and spotiers stand?

What other information should be in your sketch? How far fromr the outerop will the drone need to fly and
get enough detail for your project? How many photos will you need 10 take to have 70% overlap? What
hazards are there to be avoided?

Sb. Commupnicate & Evalugia: What would you tell your community leaders? Go onfine ~ what information would add to your

project? What other ways could you use this information? YWhat other data would be usedul 10 evaluate i drones are useful &
successiul for these tvoes of investications?

Brainstorm additional projects you can do with the camera on your drone; what other 3D projects could you
do; how could pgiasing the 3D image help with your analysis, communication ete.

4c. Use Math / Computational Thinking: How you will measure the size of objects and the height of your drone? (Mint: cut a

tarp Into a circle or square, one-meter across ~ other methods?)




PLANNING THE OVERLAP OF PHOTOS
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Science Fair Template

The Scence Proect & Scence Far Tomplale Use s SCnce & engreeing pacions 10 Qude you Trough an avestigaton or paosect.

5. Carry out your investigation: Add information about your data in a table. What new questions did you think of while
conducting your investigation? Record data about each session and flight. Use your data to answer the question you asked.

1. Ask questions & dafine a problem:

Pick a question that you want 10 try
answering with your drone

2. Davelop & use models: Draw & dlagmam that shows what you think you will find,

8. Engage in argument from evidence: What questions might others ask you? How would you 9b. Communicate & Evaluate:
What would you tell your

community leaders?

respond and how would you use your data and analyses as supporting evidence for your discussion?

3. Create a draft project ttie

based on your question:

6a. Analyze & Interpret Data:
4a. Pn your invesSgaton: Organize the data — How do

What are you steps? they contribute to answering
What will you do to your questions?
collect the information

you need?

. What other data would be
6b. Use Math / Computational useful to evaluate if drones are

Thinking durin 9ur an_a| sis. useful & successful for these
Measure the objects in your types of investigations?

photos - are circles actually
circles? How do the sizes of
objects in photos change?
Generate statistics from your
data. What patterns do you
see?

9a. Communicate: Make a Science Fair Display of your project and results

Go online — what information
would add to your project?
What other ways could you
use this information?

4b. Sketch a map showing planned route for your drone %o fly and from which 4c. Use Ma® / Computational Thinking: 7. Construct Explanations & Design Solutions: What have you learned from data that help you answer
directions. If you are taking photos, where will the photos be taken? How you will measure the size of questions? How would you have changed your investigation design?

objects and the height of your drone?
(Mint: cut a tarp Into a circle or square,
one-maeber across -~ other methods?)

Science Fair Display Layout

Your questions Project Title
(Ask Questions &

Define Problems)
Your Name

Hypothesis . Conclusions
{Develop & Use Research Analysis (Analyze & f

Models) Data (Carry out Interpret Data) Explanations)
the investigation

Materials (Plan What you
Investigation) learned
(Design Solutions)

27 October, 2017
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Comparing images from Drones with Satellite images

Objective: Explore the basic concepts of remote sensing by comparing data collected
by instruments on polar orbiting satellites with pictures and videos collected via
cameras on recreational drones.
Materials:
1) Satellite Image of your location
a. SatCam (free citizen science app for iOS devices)
http: //satcam.ssec.wisc.edu/
b. MODIS Today (free images via any web browser)
http: //ge.ssec.wisc.edu/modis-today/
2) UAV with camera

Steps:

1) Make a hypothesis about this data comparison, for example:

“The satellite image will cover a greater area than our drone” (YES, of course, but you

get the idea)

2) Acquire a satellite image on the same day you plan to fly your drone. Identify as
many features as possible (clouds, bodies of water, vegetation types, cities or towns
etc...)

3) Conduct a drone flight and collect camera pictures. Identify as many features as
possible.

4) Organize your data, here is an example of a table you could create:

Date Satellite Image UAV Photo

Data Source & time
(temporal resolution)

Area Covered
(include units)

Smallest feature
(spatial resolution)

Largest feature
(scale)

5) Make a conclusion based on your data

6) Brainstorm additional projects you can do comparing drone data with satellite
images, for example: green-up or green-down, identifying ice on near-by lakes,
investicatine fall foliace, etc...

Comparing Images
from Drones with
Satellite Images

Ozone Mapping and
Profiler Sute (OMPS)

Clouds and the Earth's
Radant Energy System
(CERES)

Advanced Technology
Mcrowave Sounder (ATMS)

Cross-track Infrared
Sounder (CrlS)

Visible Infrared iImaging
Radiometer Sulte (VIIRS)



Collecting [Sensor] Data with Drones

Collecting data with drones

Objective

To give students experience with how drones can be valuable for collecting scientific data,
thereby support their inquiry skills as well as their knowledge of drones, knowledge of
sensing instruments, and experience flying drones and collecting data from them.

Course Name: Earth Science

Grade Level(s): 6-12

Lesson Plan:
Collecting atmospheric data with recreational drones

Goals
Students will make predictions, justify their predictions, design a pre«
that involves flying a drone with a sensor. Then they will analyze thei
predictions were correct and suggest a follow-up study
Estimated duration: Three 45-minute class periods
Measurable objectives

1. Salient prediction and justification

2. Feasible design of investigation

3. Successful drone flight and data collection

4. Appropriate analysis of the data results

5. Design of follow-up study that follows logically from the res
Instructional sequence

Period 1: Prediction Justifications, and Investigation Planning

Period 2: At minimum, one class period, though this phase cot
depending on the scope of the investigation

Period 3: Data analysis and follow-up suggestion
Materials: Sensor, plus drone with enough lift to carry the sensor pay

Assessment : Rubric-based scoring on the measurable outcomes.

Activity: Collecting data
Introduction

Did you ever wonder how much air changes with altitude? Does it always get colder or
moister? Does the pressure always decrease? And, how much do these conditions change?
Do the changes vary with the weather, or time of day, or season, with what's on the surface,
or with the elevation? Drones are great vehicles for collecting data to study these things.

Directions

1. Make a prediction. For example, "If I launch a drone on a flat grassy surface 20 feet above
sea level at noon on the first day of every month for a whole year, I predict that there will
always be a decrease in temperature going up 200 feet, but sometimes there will be a

bigger difference between the surface temperature and the temperature at 200 feet than at
other times.

2. Explain your reasoning behind the prediction. For example, "I predict this because I
know that air is thinner the higher you go and so is its retention of radiated heat at the

surface.”

3. Choose a sensor. Make sure the sensor is designed to be capable of having its data
uploaded to a computing device for analysis.

4. Use Velcro or a well tied string to attach the sensor to the drone.
5. Decide how high you want to fly the drone.

6. Make a table to record your data. Make one column for elevation and another for data
readings from the sensor.

7. Fly the drone, and note the data readings at equal intervals of change in elevation. For
example, if you are flying your drone up to 200 feet, you could take a reading at a height

slightly above ground level, then at 50 feet, 100 feet, 150 feet, and 200 feet.

8. Once you have the data, determine if your prediction is correct and try to render a
scientific explanation for the results.

9. Present your data and explanation.

10. Suggest what would be a good follow up study with the drone.

On/Off Switch
(On Toward Center

micro USB
Charging Plug




C AR @ CENTER FOR SCIENCE UAV Challenge: Aerial Survey of a Disaster Area

EDUCATION

Print UAV Challenge: Aerial Survey of a Disaster Area Share/Print  w Tweet  [JShare
HOME TEACHERS STUDENTS LEARNINGZONE VISITNCAR BLOG ABOUT Search

Overview Instructions Background & Extensions

UAV Challenge: Aerial Survey of a Disaster Area Materials

I3 share For each Student:

'1 EVENTS AND HIGHLIGHTS

SIGN UP FOR K-12 NEWS

Print UAV Challenge: Aerial Survey of a Disaster Area Share/Print ¥ Tweet

email address Subscribe
BLOG - WHAT WE WONDER

>Villains in the Air: Particulate Matter

Overview Instructions Background & Extensions » safety goggles

" EVENTS AND HIGHLIGHTS

Introduction

For each Group:

CIZ7Al 11D AR I 49 AMFEwale
SIGN UP FOR K-12 NEWS

« photo(s) of what the simulated town

looked like before the disaster

e it t bber bands, pi
BLOG - WHAT WE WONDER items (tape, rubber bands, pipe
cleaners, etc.) for students to use to

>Villains in the Air: Particulate Matter attach a camera to their UAV in an

Students will fly their UAVs (Unmanned
Aerial Vehicles or "drones") over a scale-
model town that has been struck with a
disaster, surveying the damage via a camera
on the UAV.

>Earth Science Helped Make
Frankenstein Frightening

>Climate Game Creation Contests -

Spring 2016
orientation that allows it to capture

This activity can serve as a culminating >Earth Science Helped Make images of objects directly beneath the >How to Measure Global Average
activity in a series of UAV activities (see links Frankenstein Frightening UAV Temperature in Five Easy Steps
below) that build upon each other. This « one or more UAV ("drone") with a ;
activity can serve as a performance >Climate Game Creation Contests - camera and the controller used to fly the UAV >Read more
assessment for the entire sequence of Spring 2016 o Note: we used the SYMA X5HW-I. Some of the instructions and images are specific
activities, since the challenge presented in to this particular model, but most aspects of this activity can be done equally well
this activity incorporates skills and >How to Measure Global Average with other UAV models.
knowledge gained from all the other Temperature in Five Easy Steps « smartphone or tablet computer with software app for displaying the images and video
activities in this series. from the UAV's camera

>Read more o Note: the SYMA brand UAV that we used while developing this activity includes a
The "UAV Challenge: Aerial Survey of a software app called SYMA FPV that runs on smartphones or tablets. The app
Disaster Area activity - demonstration for teachers" video provides an overview of this allows you to connect with the UAV's camera during flight, watching the live video
activity, including activity setup and sample video footage shot from a UAV's camera. feed from the phone or tablet. It also allows you to record the video feed or to

take still photos whenever you choose. You will need to download and install the

We recommend that students complete the Learn to Fly! UAV Flight School, Learn to Fly! SYMA FPV software onto the smartphone(s) and/or cameras you plan to use with
UAV First Flight and Learn to Fly! Aerial Maneuvers with a UAV activities as prerequisites this activity. IF you are using a different UAV model, consult your user's guide for
to this activity. information on viewing and recording video and photos with your UAV model.

« extra batteries for the UAV

You might also want to have your students experience the UAV Performance Test: Carry a . stopwatch (optional)

Payload activity in preparation For this activity. In the Carry a Payload activity, students

determine the maximum weight that their UAVs can lift. In that activity students become For the Class:

familiar with the way additional weight affects the flight performance of their UAV. That

familiarity could be handy in this activity, in which the UAV carries the extra weight of a « an open space in which to Fly. We recommend flying indoors in a large open space like a

camera. gymnasium. Minimally, an area 20x30 feet with a ceiling height of 15 feet should
suffice.

You might also wish to have your students complete the UAV Performance Test: Battery « materials for building the simulated, scale-model town. (See Bulding the

LiFetime activity before trying this challenge. That activity will help them estimate how long Town, below.) Items such as toy cars and buildings, Duplo™ and/or Lego™ blocks, small

their UAV can stay airborne, which will help them plan their mission strategy in this challenge. dolls and figurines, water bottles and similar items work well. Avoid items that are too
lightweight - the "wind" from the UAV's propellers can blow those around - and items

Credits that could break if the UAV lands or crashes onto them.

« materials for building a barrier that blocks the students view of the simulated town;
Thic arkFivikv wine rraskFad hu Dandu Diiceall anA 1IaRA Dickvuawv AF FRa LICAD Cankar FAr Crianra ctich ac< a waick-hiabh "mountain ranae” made bv dranina a nlac<tic Earp over a Few chairc



Supplemental materials

» Know Before You Fly
» Science / Flight Team & Roles

» The Process of Science & Engineering Practices
and Engineering Design Working Together

» Pre-flight checklist: before every ftlight
* Flight data sheet
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Check for specific restrictions in
parks, near sensitive facilities, and
places where you might disturb

wildlife.

knowbeforeyourfly.org
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Nearby Airports

5 Mile Airport Requirement

Federal Law requires model aircraft operators to
notify the airport operator and Air Traffic Control
Tower (if one is present) when operating within 5
miles of an airport.

AIRPORTS WITHIN 5 M
HALL OF JUSTICE
COMMODORE
UCSF MEDICAL CENTER AT MISSION BAY
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SCIENCE / FLIGHT TEAM & ROLES

Data Recorder Roles:
Pre-flight
Calls out pre-flight
checklist items
Completes the Flight
Datasheet
In-flight
Reads out investigation
instructions
Fills in data collected
during flight
Post-flight
Calls out post-flight
checklist

Spotter/Safety Lead Roles:
Pre-flight
Describes weather data
Checks surroundings for
obstacles & hazards
In-flight
Keeps drone in site

Scans surroundings
(optional) Reads off data
to recorder

Post-flight
Retrieve the drone.

Pilot Roles:
Pre-flight
Checks the drone

Checks instruments/
Sensors

In-flight
Flies the drone - follows
investigation
instructions from Data
Recorder

Keeps drone in site &
lands safely
Post-flight

Turns off drone, etc.




The Process of Science
& Engineering Design

Work Together
G~

[dentify

o<l
problem

Analyze ‘

[dentify
design

Test :

the constraints
prototype

Develop \ Regearch
a Q &
prototype S Brainstorm
< N
%,
Define

possible solutions

solution

Obtain, Evaluate,
&

Communicate
Information

[,

Engage in argument
from evidence

Construct
explanations
&
Design solutions

Usema Analyze
& &
Computational  Interpret data
Thinking

)

Ask questions

&
- ;Deﬁne problems
Develop
&
Use models
Plan

[nvestigations

\N
Q Carry out
[nvestigations

A

A

unavco, Csip @Y



PRE-FLIGH T CHECKLIST: BEFORE

cVERY FLIGHT

Data Recorder: Read this checklist aloud,
asking for the confirm / data from Spotter &
Pilot.

Spotter/Safety Lead:

4 Weather conditions of flying area:
(Cloud Cover (%), Temperature, wind
direction, speed, variability, humidity
(optional))

1 Hazards present? (yes/no/describe)
1 Takeoff/landing area established?

Science focused checklist: TBD by the
investigation

Pilot:
J Drone checks:
Spin your props - secured? Check for loose
parts. Battery is charged & connected. (opt)
Payload secured?
J Transmitter checks:
Battery is charged, Joy-sticks work.

- Instrument checks:
Camera: Connected to power? SD card inserted?
Sufficient storage available?
Other sensors & equipment: Power on? memory card
inserted? Sensor working? Secured to drone? Meter-
circle in place?
Everyone:

IStep back 5x5 for safety




FLIGHT DATA SHEET

Session Number:
Date:

Instructor:

Location: Address/City/State , football field,
south playground etc.)

Describe your site - Flat/slope? trees - shrubs
GPS location (optional): lat, long, elevation

Drone & transmitter information: Make /
model / battery type & number

Weather conditions: Cloud Cover (%),
Temperature, wind direction, speed, variability,
sun direction, humidity (optional)

Potential dangers and plan for handling each.

Flight Number:

Time of takeofft:

Names: Pilot / Spotter / Data recorder:
Goal for this flight:

Battery number /

Flight duration:

File names / Folder name of images/video
taken from ground / in-flight.

Observations:
How did flight end? (Crash/soft/etc)

Flight path / altitude description:







Thank you!

education - at- esipfed.org

olds - at- unavco.org



