
 

Drone Surveying for Conservation by Leslie Thornburgh and John White 

**Note that although this lesson is modified to stand alone, this is a 4 day lesson 

that is a part of a larger unit titled, “Surveying after a Natural Disaster 

Inexpensively”.  I will have the full unit developed by the end of the 1st quarter, 

when I intend to teach it, and you are welcome to email me 

(Thornburgh.leslie@unionps.org) to get the full unit although it will not be as 

detailed as the lesson below, but I would be more than happy to answer 

questions as well. 

Math Standards: 

A1.F.3 Represent functions in multiple ways and use the representation to 

interpret real-world and mathematical problems. 

A1.F.3.1 Identify and generate equivalent representations of linear 

equations, graphs, tables, and real-world situations. 

G.RT.1 Develop and verify mathematical relationships of right triangles and 

trigonometric ratios to solve real-world and mathematical problems. 

G.RT.1.1 Apply the distance formula and the Pythagorean Theorem and its 

converse to solve real-world and mathematical problems, as approximate 

and exact values, using algebraic and logical reasoning (include 

Pythagorean Triples). 

G.RT.1.4 Apply the trigonometric functions as ratios (sine, cosine, and 

tangent) to find side lengths in right triangles in real-world and 

mathematical problems.  

G.2D.1 Discover, evaluate and analyze the relationships between lines, angles, 

and polygons to solve real-world and mathematical problems; express proofs in 

a form that clearly justifies the reasoning, such as two-column proofs, paragraph 

proofs, flow charts, or illustrations. 

G.2D.1.2 Apply the properties of angles, including corresponding, exterior, 

interior, vertical, complementary, and supplementary angles to solve real 

world and mathematical problems using algebraic reasoning and proofs. 
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G.2D.1.6 Apply the properties of polygons to solve real-world and 

mathematical problems involving perimeter and area (e.g., triangles, 

special quadrilaterals, regular polygons up to 12 sides, composite figures). 

G.2D.1.7 Apply the properties of congruent or similar polygons to solve 

real-world and mathematical problems using algebraic and logical 

reasoning. 

G.3D.1 Solve real-world and mathematical problems involving three dimensional 

figures. 

G.3D.1.2 Use ratios derived from similar three-dimensional figures to make 

conjectures, generalize, and to solve for unknown values such as angles, 

side lengths, perimeter or circumference of a face, area of a face, and 

volume. 

Time length:  4 (more if a large area is chosen to survey, 3 if you skip Ardupilot 

portion and choose a small area) class periods (60 minutes) 

Materials:  

● Copies of student handouts 

● At least 1 (more if you are allowing the students to fly) Sky Viper Journey 

Drones ($100 drone with GPS and can be automated with Ardupilot 

software)  and an indoor or tethered drone (cheap $25 drone would work 

fine for this). 

● Micro SD card for Sky Viper drone (I would also suggest extra drone 

batteries) 

● At least 1 Microsoft laptops, if you are planning to do autopilot and 

waypoints with Ardupilot, (Ardupilot is not compatible with Mac) with 

Ardupilot downloaded (see final notes for directions to download Ardupilot 

and connecting to the Skyvipers) 

● An instrument for measuring elevation angles; either an angle-measuring 

app on a smartphone or a protractor inclinometer (find instructions online 

to make your own) 

● Scientific calculator (with trigonometric functions) 



 

● Measuring wheel ($15 on Amazon, but you may have to convert from feet 

to meters) (You may also use measuring tape or  meter sticks.) 

● Access to an outdoor area that is open and defined, but has at least 1 large 

tree 
Pre-assessment:  

1.  Hand out the pre-assessment quiz and allow 10-15 minutes. 

2. Reassure the students that this quiz will not be a part of their grade it is simple to see 

what they already know. 

Day 1: 

Introduction of the Unit: 

1.  Ask the question, “What are drones used for?” and record main answers on the 

board.  You will inevitably get responses such as uses in the military and for 

recreation.  Pose another question, “How can drones be used for good?” and record 

these answers in another area of the board.  Show the video 

https://uavcoach.com/the-many-applications-of-drones/ 

2. Tell students that we are going to look into drones used for nature conservancy a little 

further. Have students read the article, “Using Drones to Improve Orangutan 

Conservation” found at https://howtoconserve.org/2016/03/11/drones-orangutan-

conservation/.  (Jigsaw, pair reading, or just reading it) 

3. Lead a conversation: How drones were used to be helpful?   

Lesson day 1: 

1.  Tell the students they are going to survey an area (an area near the classroom) like 

the drones in the article, but first we have to figure out how drones work and how to 

fly them. 

2. Ask the question? How do drones work? Have the students share their thoughts and 

talk about that the only thing you can control and therefor use to fly is the propellers. 

3. Explain how drones work after reading the article 

https://www.wired.com/2017/05/the-physics-of-drones/  or show them one of the 2 

videos below on how a quadcopter works: 

www.youtube.com/watch?v=Z_T6LBwuBKY  or 

https://www.mathworks.com/videos/drone-simulation-and-control-part-1-setting-

up-the-control-problem-1539323440930.html 

4. Pass out laminated copies of the drone diagram below. (copy controller on back). 
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*Pitch + is forward and rotates about the y axis and pitch - is backwards and rotates about the y axis. 

*Roll + is moving right and rotates about the x axis and roll - is moving left and rotates about the x axis. 

*Yaw + is flat rotating clockwise about the z axis and yaw - is flat rotating counterclockwise about the z axis. 

 
 
*To pitch + the back motors (3 and 4) are rotating faster than the front motors (1 and 2) 

*To pitch - the front motors (1 and 2) are rotating faster than the back motors (3 and 4) 

*To roll + the left motors (1 and 4) are rotating faster than the right motors (2 and 3) 

*To roll - the right motors (2 and 3) are rotating faster than the left motors (1 and 4). 

*To yaw + the clockwise rotating motors (1 and 3) are rotating faster than the 

counterclockwise motors (2 and 4). 

*To yaw - the counterclockwise motors (2 and 4) are rotating faster than the clockwise 

motors (1 and 3). 

**To go up (increase altitude) all of the motors must go faster to counteract the force of 

gravity. 

**To go down (decrease altitude) all of the motors must slow down so gravity is the greater 

force. 

 



 

 



 

5.Fly around an indoor drone or a tethered drone asking the students what is 

happening. (pitch forward, yaw clockwise, which motors are going faster, and etc.)   

6. Go over the * sections on the handout having students point to motors when you 
refer to them. 
7.  Tell the students that we are going to practice flying by pretending our hand is the 
drone and they may use their handout.  Call off various commands such as yaw +, 
pitch -, roll +, and etc. 
8.  Have students practice the movements and explain it to one another.  Have clever 
renditions shared. 
Q. Use diagrams and talk about, directions of propellers, controls, motor speeds, and x 
y z axes. (see asterisks below and review videos)  Ask questions about what is 
happening if motors 1 and 3 are rotating at a rate of 1700 and motors 2 and 4 are 
rotating at a rate of 1300 (the drone is yawing + or clockwise) or what is happening if 
motors 3 and 4 are rotating at a rate of 1750 and motors 1 and 2 are rotating at a rate 
of 1250 (the drone is pitching + or forward).  If you would like you can develop the 
algorithms with them such as: 
Roll Rate= Motor2 - Motor1 + Motor3 - Motor4 
Pitch Rate= Motor1 + Motor2 - Motor3 - Motor4 
Yaw Rate= Motor1 - Motor2 + Motor 3 - Motor4 
10.  Have students turn over the laminated handout to the controller side, and have 

them practice on the laminated copies as you call out directions (yaw left, pitch 

forward, up, down etc.), so students can practice flying. 

11.  If you have enough drones, and are brave enough, at this point let students 

practice flying the Sky Viper drones.  Otherwise, you can demonstrate outdoors, or 

have volunteer pilots try it out to fly to certain points or even take a picture of the 

class!  **You can also have students practice with the app, “Quadcopter FX Simulator” 

as a first or only experience. 

 

Day 1 Closure 

Go around the room asking students questions about yaw, pitch, roll, throttle, motor 

speeds, and axes to check for understanding or fly the drone around asking what is 

happening. 

 

 

 

 

 

 



 

 

Day 2: 

Bell Ringer/Warm-up 

1.  Write on the board the following and have students answer, silently and in 
writing:  Referring to the article you read yesterday about orangutans and 
drones, how math was involved in the flight of the drones? How did they 
decide how high to fly or the drones altitude? and How did they decide 
how far apart each transect should be to cover the entire forest? 

2. Discuss the answers as a class.  The students should come up with that you 

must fly higher than the tallest objects.  Tell them that both in our case and 

in the forest of the orangutan the tallest objects are the trees. 

Day 2 Lesson: 

***The autopilot or Ardupilot portion of the lesson can be modified or skipped. 
You would skip steps 1-8, do step 9-10, on step 11 instead of saying could you 
use the trig equation go back up to steps 4-6 and do step 12, but in class.  Closure 
can still be to assess the accuracy of the calculated waypoints.  Basically you are 
skipping the Ardupilot component of the lesson, and simple use trig to calculate 
the heights for the rest of the lesson instead of setting waypoints.  You will need 
to have the students calculate then test. 

1. Ask the question and discuss:  “Why did the drone pilots from the articles 

use autonomous flight (auto pilot) rather than just stand in the forest?” 

(Answers such as they can take pictures of areas humans can't safely get to 

or do not want to go.) 

2. Show the students the Ardupilot Mission Planner software.  You can show a 

Youtube clip of it’s capabilities. https://www.youtube.com/watch?v=_m_-

PwG1PyY ( a short clip for the students of its capabilities) and 

https://www.youtube.com/watch?v=6OdcdR8hjd0 (longer but more 

detailed if you want students to set their own waypoints in the future, and 

I would highly recommend that you watch the 2nd video when you are 

learning the Ardupilot Mission Planner software.) 

3. Tell the students that we need to check the accuracy of the waypoint 

height that we set first, and to check the accuracy of the waypoints we set 

https://www.youtube.com/watch?v=_m_-PwG1PyY
https://www.youtube.com/watch?v=_m_-PwG1PyY
https://www.youtube.com/watch?v=6OdcdR8hjd0


 

we are going to have to set a waypoint and calculate the actual height of the drone 

and compare. 
4. Tell the students you are going to review/teach a geometry concepts that may be 

helpful for measuring the accuracy of set waypoint.  You may show the video 

https://www.youtube.com/watch?time_continue=69&v=-2w7Mdq5C58 or watch and 

teach the mini lesson yourself.  I have added photos at the end of some of the possible 

solutions, but I have the students come up with their own way of answering the 

question if they have been introduced to the concepts. 

5. Show the students how to use the angle app or protractor inclinometer. 

6. Have students bring their notebook, pencil, measuring devices and angle 

measurement device. 

7. Go out to your drone flying area and set a waypoint on Ardupilot on a laptop outside 

in a clear area to hover at 10 meters. 

8. Have the students measure the angles (angle from eye level to drone and eye level to 

an area directly below the drone), distance to a student standing directly under the 

drone, and use the tangent equation to calculate the actual height of the drone at 10 

meters and discuss the drone and student accuracy. 

9. Tell the students we now need to calculate how high to fly the drone while surveying 

the area.   

10.Ask and discuss the question:  “How did they decide how high to fly to avoid hitting all 

trees?”  Lead the answers to flying higher than the highest tree if it is not suggested.  

We are going to find the height of the 3 tallest trees. 

11.Ask the question:  “How did they measure the tallest trees?” and “Could we use the 

same method to measure the height of the trees as we did to check the accuracy of 

the waypoint?” 

12.Take students to the tree and allow a few minutes for students to get the 

measurements only.  The heights of the trees will be their homework. 

Closure Day 1: 

Have students assess the accuracy of the Ardupilot program with the Sky Viper drones by 

citing mathematical evidence.  Ex.  The Sky Viper drone was accurate to + or - ____cm, some 

extenuating circumstances could have been __________ (wind, cloudy, etc).  We could 

overcome the inaccuracies by ______________. 

 

 

 

https://www.youtube.com/watch?time_continue=69&v=-2w7Mdq5C58


 

 

Day 3: 

Bell Ringer/Warm-up 

1. Give students a post it on the way in the door.  Have students write their 

answer to how high the tallest tree is with mathematical evidence and 

units.  Have students post their answers on the board with their names on 

the back.  The students can turn in their work for all 3 trees. 

2. Select answers and read them and allow students to raise their hands and 

say why they agree or disagree with the answers.  As a class decide how 

high the tallest tree is. 

Lesson Day 3: 

1. Ask the students if the drone should fly exactly as high as the tallest tree 

while taking the photos?  The students should reason that drone should fly 

high enough to not only miss the tree but also high enough to capture the 

tree in the picture.  Decide on the height that the drone should fly. 

2. Make sure the camera on the drone is pointing straight down.   

3. Set a waypoint height at the decided height near the tree and a 2nd 

waypoint at the same height above the tree, and snap a picture. (If you 

notice that the drone is going to hit the tree, hit the land or home button 

and the drone will land without you having to climb a tree!) 

4. (If you are doing the Ardupilot portion of the lesson) Before going inside 

have a simple mission plan that you have previously saved on Ardupilot (4 

or 5 waypoints on the corners of the area you would like to survey) and 

demonstrate while narrating the distances and heights you had programed.    

5. Go back into the class and look at the tree picture, and analyze if the height 

is adequate for a good survey photo. 

6. After the height has been decided, show the students the diagram below 

and tell the students that the angle of the camera on the Sky Viper drone 

camera has a focal length of 4.2mm, a sensor width of 6.17mm, and image 

width or pixel width of image is 1280 pixels per cm.  Have students used 

the height calculated earlier for the altitude. 



 

 

                Camera                   Rectangular Pyramid 

                                                                    (The rectangular base is the area captured in the photo) 

 

 

7.  Tell the students we need to calculate the footprint width or how wide of 

an area our drone camera can take in one picture  

8. First have the students calculate the GSD (ground surface distance) 

The equation we will use to calculate the ground surface distance (GSD) is: 

GSD = (sensor width * altitude * 100) / (focal length * image width in pixels) 

(This will give you the cm to pixel ratio.) 

9. After calculating the GSD, determine the width (in meters) of the camera 

footprint with the following equation: 

camera footprint width = GSD * image width in pixels 

(This will give the actual width in meters that the photo captured in the photo.) 



 

9.  Do the same equations to find the length captured (or length of camera 

footprint) using 4.55mm for the sensor length, the same height or altitude and 

focal length, and 720 pixels/cm for the image length in pixels. (The equation 

works the same except you put in the lengths instead of the widths.) 

10. Ask students what 3 dimensional figure base is the photo (rectangular 

pyramid you may have to draw the above diagram in 3 dimensions for clarity).  

After the correct answer is given discuss that all photos no matter the altitude or 

height taken will result in a similar rectangular pyramid, so ratios could be used 

as a shortcut for further pictures using the same camera. 

11.  Have students use the measure wheel (or other measuring devices) to mark 

an area of the footprint width and length marked with the tree in the exact 

center.  Leave markers (meter sticks are convenient, but color coded soccer 

cones would work best). 

12.  After students have calculated the camera footprint width and length, use 

the chosen height to set a waypoint to hover above the tree at the same 

calculated altitude and take a still photo at a location. (You will need to get the 

pictures ready for the students over night for viewing.  I would suggest making a 

printed copy for each group, or email it to all students.) 

Closure day 3: 

1.  Have students get into small groups and discuss how they plan to map out 

the route to photograph the entire area the next day. 

2. Ticket out the door:  Have students write their best ideas of surveying the 

entire area on postits.  (If you run out of time, this can be homework.) 

 

 

 

 

 

 



 

 

Day 4: 

Warm-up 

Have the ideas from the previous day grouped by similarities around the room.  

Allow the students to gallery walk around the room for a few minutes, and have 

them sit (after the music stops perhaps) to discuss a plan. 

Lesson day 4: 

1.  Pass out the photo of the tree or have the students open the email and allow a few 
minutes for them to discuss the accuracy of the photo. 

2. Tell students that the final project will be a survey of the entire area in a photo or a 
video.   

a. Have students assess whether the area can be captured in a single photo.  The 
students can evaluate if the entire area can be encompassed in a single photo 
using the previous formula and looking up the maximum altitude of the Sky 
Viper drone, and the quality of a single photo must be considered.  They can 
easily look up or read the packaging to get the maximum altitude of the 
Skyviper. 

b. Students must plan a mission plan that will survey the entire area of the chosen 
location.   

c. If you have chosen a larger area discuss with students that they need to set out 
the cones or meter sticks to mark the area the camera can capture, and they will 
need to overlap video paths when considering the waypoints. (You may tell the 
students that video surveying is similar to lawn mowing strips as you must 
overlap slightly.) 

d. If the area must be captured by video the students must consider the battery 
time and speed (also easily found on Sky Vipers website or box inserts). 

e. The photo or video must be clear enough to be useful, all markers must be 

included in the photo or video. 

Day 4 Closure: 

Assign the analysis of the product (video or photo) using the rubric in the student handout 

section. 

**The next day you can have students present their findings or simple turn them in, and you 

can chose a few good examples to show the students.  If you chose a larger area an extra 

day or 2 might be necessary to complete the task.  Give Post Assessment and evaluate. 



 

Pre/Post Assessment 

1.  Describe 4 applications of a drone. 

 

2. Describe what the terms yaw, pitch, roll, and altitude mean.  Include the direction of 

movement. 

 yaw: 

 pitch: 

 roll: 

 altitude: 

3. Describe what is happening to the speed of the motors if you are rolling right?  What 

axis are you turning? 

 

4. Calculate the height of the tree. 

” 

5.  What is the name of the 3 dimensional figure below?  If the width of their bases were 2 m 

and 6 m and their heights were 4 m and 12 m, what could you determine about these solid 

figures? 

 

 



 

Sample work of height or altitude 

 



 

 



 

 


