
  

Drone Image Processing and Web app Creation  
― Wing Cheung 

Background: Unmanned Aircraft Systems (UAS) and drones are increasingly used by a variety of industries for 
applications such as disaster response, search and rescue, facility management, biological monitoring, and 
agriculture, to name a few. This lab will introduce users to the procedures used to process and integrate UAS 
data with desktop and online GIS platforms.  

Primary Lab Question: Now that I have collected UAS data with my UAS, how do I import the data into desktop 

and online GIS applications? What are my options for sharing my data via ArcGIS Online? 

Learning Outcomes:  

1) Create an orthoimage from UAS data using third party software (i.e. DroneDeploy) 

2) Publish and host an orthoimage on ArcGIS Online as a tile layer 

3) Create webmaps and web apps using published and hosted orthoimages

Disciplines Likely to be Interested: All fields that 
work with GIS and drone data.  

Content Keywords: UAS, UAV, drone, data 
acquisition, data integration, orthoimagery, 
webmap, web apps  

Content Background Expected: Basic 

understanding of raster data and ArcGIS Online 

Study Area: Palomar College, San Marcos, CA 

Data Used: Sample data of Palomar College 
provided in Esri SpatiaLabs 
(https://drive.google.com/file/d/0B2Wl33cwdv
DsMnZaTmQ4SXQ3eEE/view?usp=sharing)  

Level: Intermediate  

Estimated time to Complete: 2-3 hours 
(excluding DroneDeploy cloud-based data 
processing time, which can take up to 24 hours) 

Skill Keywords: ArcGIS, ArcMap, ArcScene, 

ArcGIS Online, tile layer  

Skill Background Expected: Experience with 
ArcGIS Desktop and ArcGIS Online 

Esri Software Used: ArcGIS 10.2.2 

Other Software Used: DroneDeploy 

https://drive.google.com/file/d/0B2Wl33cwdvDsMnZaTmQ4SXQ3eEE/view?usp=sharing
https://drive.google.com/file/d/0B2Wl33cwdvDsMnZaTmQ4SXQ3eEE/view?usp=sharing
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STUDENT ACTIVITY 

Instructor: Please be aware that the processing time for the orthoimage on DroneDeploy may vary (can 
be upward of 24 hours), so please plan accordingly. Alternatively, demonstrate to students the process 
of uploading and processing data on DroneDeploy (see process data section), and give them the 
finished products from DroneDeploy in the following class session (you can also find the processed 
drone images in the ProcessedSampleImages folder within the zipped data file). Students can then 
complete other sections of this lab on their own.  
 

BACKGROUND 

In this lab, you will be working with raw drone images captured with DJI Inspire 1 
(http://www.dji.com/inspire-1) in order to create an orthoimage. You will publish the orthoimage to ArcGIS 
Online, and create a web app using the orthoimage you published. This process will allow you to share your 
orthoimage with other users, as well as integrate and analyze your drone data with other GIS layers. For 
example, a biologist may want to compare a recent orthoimage captured with a drone with an older aerial 
photo to monitor the spread of invasive species in a nature preserve. As another example, an emergency 
responder or governmental agency may want to compare a recent orthoimage of a disaster area with an aerial 
photo of the area before the disaster to estimate the extent of the damage.  

Orthoimage: An orthoimage is a high resolution aerial image that has been processed to minimize distortions 
caused by terrain and camera tilt, so accurate areal and distance measurements can be taken. It is also known 
as an orthomosaick since most orthoimage are created by combining or mosaicking a number of images to 
form the final output.  

According to the U.S. Geological Survey (https://lta.cr.usgs.gov/high_res_ortho):  

An orthoimage is a uniform-scale image where corrections have been made for feature displacement such as 
building tilt and for scale variations caused by terrain relief, sensor geometry, and camera tilt. A mathematical 
equation based on ground control points, sensor calibration information, and a digital elevation model is applied 
to each pixel to rectify the image to obtain the geometric qualities of a map. 

A digital orthoimage may be created from several photographs mosaicked to form the final image. The source 
imagery may be black-and-white, natural color, or color infrared with a pixel resolution of 1-meter or finer. With 
orthoimagery, the resolution refers to the distance on the ground represented by each pixel. 

Georeferenced orthoimages support a variety of geographic information analysis and mapping applications, and 
provide the foundation for most public and private Geographic Information Systems. 

Map projection: Projection is the method in which features on the surface of the earth is portrayed on a flat 
surface. This is an important parameter that you will have to specify as you export data from UAS data 
processing software such as DroneDeploy. Failure to specify the appropriate projection for your data will 
prevent your data from being portrayed in their accurate geographical locations.  

According to the U.S. Geological Survey (http://egsc.usgs.gov/isb//pubs/MapProjections/projections.html):   

A map projection is used to portray all or part of the round Earth on a flat surface. This cannot be done 
without some distortion. Every projection has its own set of advantages and disadvantages. There is no 

http://www.dji.com/inspire-1
https://lta.cr.usgs.gov/high_res_ortho
http://egsc.usgs.gov/isb/pubs/MapProjections/projections.html
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"best" projection. The mapmaker must select the one best suited to the needs, reducing distortion of the 
most important features. 

PREPARE YOUR WORKSPACE 

Before beginning this lab, be sure to download the sample data (i.e. Palomar College sample data, 
https://drive.google.com/file/d/0B2Wl33cwdvDsMnZaTmQ4SXQ3eEE/view?usp=sharing) from SpatiaLabs 
and unzip it. The sample data show only a small section of Palomar College, and is intentionally kept small in 
order to minimize the processing time for this lab. Alternatively, organize the drone images you are collecting 
on your own (see next section) in one folder since we will be uploading them to DroneDeploy in this exercise. If 
you are short on time, and only want to skip the Collect Data and Process Data portions of this exercise, you can 
also find processed drone images in the ProcessedSampleImages folder within the zipped data file.  

COLLECT DATA 

1 Collect your own drone data or use the Palomar College sample data provided in SpatiaLabs (i.e. SampleData 
folder). If collecting your own data, be sure to review your drone’s manual and preflight checklist, and the 
Federal Aviation Administration (FAA)’s B4UFLY App to ensure a safe flight.  

What is your current flight status according to the B4UFLY App? If data is available, list the details 
affecting your flight status (e.g. airspace, restrictions, airports within 5 miles, upcoming restrictions, 
national parks nearby). (Question 1) 

2 The drone data you have collected or the Palomar College sample data is a collection of photos, where each 
photo has its own X,Y,Z coordinate information.  

PROCESS DATA 

1 Go to https://www.dronedeploy.com/ and Sign Up for a new account. At the time of writing this lab, 
DroneDeploy is offering all new users a free 30 day trial for its Pro product, which is needed for the export of 
the orthoimages that will be used in this lab.  Keep in mind that there is a myriad of other data processing 
software out there, including Drone2Map (http://www.esri.com/products/drone2map) and Maps Made Easy 
(https://www.mapsmadeeasy.com/), these applications differ in a number of ways including price and system 
requirements (e.g. cloud-based vs. desktop-based).  DroneDeploy is the application we will be using to process 
our drone data in this lab.    

2 Log in to DroneDeploy. Click on Upload to start the process of uploading your own drone data or the Palomar 
College sample data to the DroneDeploy cloud.  

  

https://drive.google.com/file/d/0B2Wl33cwdvDsMnZaTmQ4SXQ3eEE/view?usp=sharing
https://www.dronedeploy.com/
http://www.esri.com/products/drone2map
https://www.mapsmadeeasy.com/
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3 Give your Map a Name, and select Terrain as the Map Type. Click Select Photos to choose the photos from your 
own drone data or the Palomar College sample data to upload.  

 
 

4 Once you have selected the photos to upload, the locations of the photos should appear on the Map on the right. 
You may want to limit the extent of your study area by adjusting the white points that define the blue bounding 
box in order to speed up processing time.  Hit the Upload to the Cloud button in the lower right corner 
to finalize your upload. 

  

5 Once the Upload is complete, the processing of your data by DroneDeploy will automatically begin. When the 
processing is complete, you will be notified by email. Depending on the size of your files and the server’s 
performance, this step can take upwards of 24 hours, so please plan your workflow accordingly. 
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6 When the processing is complete, log in to DroneDeploy again. Click on the name of your map within the 
Dashboard. 

 

7 You should now see an orthoimage of your study area on the map to the right, with options to export different 
processed products (2D Map, 3D Model, Plant Health, Elevation) on the left.  

 

8 Select 2D Map (if not already selected), click on the Export icon  . 

9 Make sure that Desktop(WGS84/EPSG:4326) is selected under Map Projection, and GeoTIFF is selected. Click 
Export.  

10 Click on the Export icon   to check on the status of the Export operation (this step may take 10 to 15 
minutes). Once the operation is complete, you can click on the hyperlink to download the 2D Map 
(orthoimage).  

11 Once the orthoimage is downloaded, unzip the file.     

VISUALIZE AND PUBLISH DATA 

1 Open ArcMap. 

2 Add in the orthoimage that you downloaded and unzipped in the previous section.  

Is the orthoimage is an example of raster or vector data? (Question 2) 

3 It is a good practice to project your layer to match the projection of the online platform before publishing the 
layer to the web. To do this, search for the project raster tool. Be sure to set the output coordinate system to the 
WGS 1984 Web Mercator (auxiliary sphere)/EPSG 3857 projection. 
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Is the WGS 1984 Web Mercator (auxiliary sphere)/EPSG 3857 projection an example of geographic or 
projected coordinate system? (Question 3) 

Refer to this document (http://resources.esri.com/help/9.3/arcgisengine/dotnet/89b720a5-7339-44b0-
8b58-0f5bf2843393.htm), and list at least one difference between geographic coordinate systems and 
projected coordinate systems. (Question 4)  

 

4 After the newly projected orthoimage has been added to ArcMap, remove the original orthoimage from your 
map. 

5 Within ArcMap, log into your ArcGIS Online for Organization account (File>Sign In).  

6 To publish the map as a tile layer, go to File>Share As>Service. 

7 Select Publish a service and click Next.  

8 Make sure that My Hosted Services is selected and give your service a name, click Continue.  

Note: The following steps to build and store tiles will cost your organization ArcGIS Online credits, so be 
sure to select the proper settings (see step 9) or consult your instructor before publishing your layer. 
To learn more about ArcGIS Online service credit, see 
http://www.esri.com/software/arcgis/arcgisonline/credits.   

9 Within the Service Editor window, be sure to change the following parameters: 

 Caching: adjust the slider so that the minimum scale level is 15 and the maximum scale level is 19. Click 
Calculate Cache Size>Start to see how much space the cache will take up on the server.  
 
Refer to this document (http://server.arcgis.com/en/server/latest/publish-
services/windows/what-is-map-caching-.htm), and write one or two sentences regarding what is 
map caching and why someone may want to create map caches. (Question 5)  
 
What is the Calculated Cache Size for your data? (Question 6)  

 
 Advanced Settings (under Caching): change tile format to mixed in order to reduce the file size.  
 Item Description: enter a short description of the layer for the Summary, and enter keywords or Tags to 

make the layer easily discoverable.  
 Sharing: click on everyone to make the image public or choose another option as appropriate. 

http://resources.esri.com/help/9.3/arcgisengine/dotnet/89b720a5-7339-44b0-8b58-0f5bf2843393.htm
http://resources.esri.com/help/9.3/arcgisengine/dotnet/89b720a5-7339-44b0-8b58-0f5bf2843393.htm
http://www.esri.com/software/arcgis/arcgisonline/credits
http://server.arcgis.com/en/server/latest/publish-services/windows/what-is-map-caching-.htm
http://server.arcgis.com/en/server/latest/publish-services/windows/what-is-map-caching-.htm
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10 After you have adjusted the parameters, click Analyze and review the errors, warnings, and messages. You 
must fix errors before publishing your data, and it is recommended that you address the warnings in order to 
help the layer display efficiently.  

Write down the code and description of one of the warnings here. Right click on it and select Help to get a 
detailed description and potential solutions for the warning (you should only have warnings, and not 
errors, for this exercise). (Question 7) 

For this exercise, we will ignore any warnings and messages and continue.  

11 Click Publish.  This process can take a while depending on your internet connection speed as well as the file 
size of your layer and its cache. The Publishing in progress window is a good indication of the process’ status. 

PRESENT DATA AND CREATE WEB APP 

1 Once your layer has been published, go to ArcGIS.com, and sign into your ArcGIS Online for Organization 
account. 

2 Click on My Content and locate the Tile Layer that you published in the previous section. Make sure that the 
layer is shared with Everyone (or other options as determined appropriate).  

3 Click on the name of the Tile Layer and Open it in a Map Viewer.  

4 Click Save, and provide a Title, Tags, and Summary for your map. 

5 Click Share, select Everyone (or other options as determined appropriate), and click Create a Web app. 

6 Select the Story Map Swipe and Spyglass template, and click on Create Web app.  
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7 Click Done on the Create a New Web app window to begin configuring your web app.  

8 In the Welcome to the Swipe/Spyglass Building window: 

 For Swipe Style, select the Vertical bar layout. 
 For Swipe Type, select a layer in a web map (you will likely only have one layer).  
 For App Layout, uncheck the boxes for Enable Legend and Enable pop-up. 

9 Customize the Title, Subtitle, and Description of your web app. 

10 When you have finished updating the App’s information. Click Save. Click Share, and select Share publicly to 
obtain a URL that can be shared with others.  

Submit your work 

For your assignment, you will create another Web app that will allow users to compare and contrast an 
orthoimage of your study area with a plant health image derived from your own drone data or the Palomar 
College sample data. Unless you have used an infrared camera to capture your drone data (the Palomar 
College sample data did not), the Plant Health data from DroneDeploy is only “a representation of NDVI 
[Normalized Difference Vegetation Index].” For more information about DroneDeploy’s plant health image, 
see http://support.dronedeploy.com/v1.0/docs/what-does-my-data-mean#ndvi-layers. For more 
information about NDVI, see http://phenology.cr.usgs.gov/ndvi_foundation.php.    

1. Download the Plant Health image from DroneDeploy (see the Process Data section, step 6 thru 11, but be 
sure to export the Plant Health image as opposed to 2-D Map as we have already done).  

2. Repeat all the steps in the Visualize and Publish Data section, and step 1 thru 7 in the Present Data and 
Create Web app section to create a new Swipe Web app.  

3. For Step 8 of the Present Data and Create Web app section, follow the original instructions for Swipe Style, 
and App Layout tabs, but select Two web maps for the Swipe Type. This swipe type requires you to have 
two webmaps already created and enables you to compare and contrast the two webmaps. The Left Web 
map ID is already populated for you (this is the ID of the webmap you created with the DroneDeploy plant 
health image), we will use the webmap with the orthoimage as the right map. To retrieve the orthoimage 
webmap’s map ID for the Right web map ID, click on the magnifying glass icon next to the Right web map ID 
field, locate and select the webmap with the orthoimage that you previously created. 
 

 

http://support.dronedeploy.com/v1.0/docs/what-does-my-data-mean#ndvi-layers
http://phenology.cr.usgs.gov/ndvi_foundation.php
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4. Follow Step 9 and 10 of the Present Data and Create Web app section. 

5. Write one paragraph to describe what you observed in comparing the orthoimage with the plant health 
image in your newly created Web app. Specifically, be sure to include the answers to the following 
questions in your paragraph: 

 What color are most buildings in the plant health image? (Question 8) 
 What color are most vegetation in the plant health image? (Question 9) 
 What color are the shadows in the plant health image? (Question 10) 
 Keeping in mind that the different colors in the plant health image correspond to different NDVI 

values, which type of features tend to have the highest NDVI values? (Question 11) You may 
want to use the following sample graphic from DroneDeploy to help relate NDVI values to the 
different colors in your plant health image.  
 

 
 

Be sure to include the URL for your Web app at the end of your paragraph. Make sure that the URL is 
functional, and click on the Share button to make sure that the Web app is shared publicly (i.e. 
publicly accessible). Be sure to give your Web app a descriptive title, enter your name in the 
subtitle, and copy and paste your paragraph into the description section. As shown in the image 
below, you Web app should have a slider that allows users to swipe between the orthoimage and the 
plant health image. (Question 12) 
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Frequently Asked Questions: 
 

Q: Why does my tile layer disappear when I zoom in or out? 

A: You need to build caches of your layer at the appropriate zoom level. (See Visualize and Publish Data, step 9) 

Q. When the public try to view my Web app using the URL that I provided to them, why does ArcGIS Online 
direct them to a sign in page?  

A: Double check to make sure that the Tile Layer and the Web app are both shared with everyone.  

Credits 
Images 
Screenshots Courtesy of DroneDeploy and ESRI.  
Data 
Palomar College sample data courtesy of Professor Mark Bealo, Palomar College.  

 
This material is based upon work supported by the National Geospatial Technology Center of Excellence and the 
National Science Foundation under grant no. 1304591. Any opinions, findings and conclusions or 
recommendations expressed in this material are those of the author and do not necessarily reflect the views of 
the National Science Foundation. 
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INSTRUCTOR RESOURCES  

Additional information 

This lab is designed for mainly high school and college students. It may be helpful to introduce students to 
basic GIS and remote sensing concepts (e.g. raster, WebGIS, NDVI) before the lab, though it is not required. This 
exercise can be a good introduction or lead-in to more intensive lessons on remote sensing or WebGIS.  

Be sure to remind students that the plant health photo from DroneDeploy is only a “representation of NDVI 
values” (i.e. false NDVI image) created by solely manipulating reflectance values in the visible part of the 
electromagnetic radiation spectrum, while conventional NDVI calculations factor in values in the near infrared 
part of the spectrum. Consequently, the false NDVI image may not accurately detect plant biomass or stress, see 
https://www.linkedin.com/pulse/value-near-infrared-debunking-myth-false-ndvi-kyle-miller.  

Assessment answers (20 Points Possible) 

Question 1: (1 point) 

Answer will vary based on user location. Current flight status may include: Flight Prohibited, Use Caution 
Check Restrictions, Warning Action Required, and Data Unavailable.   

Question 2: (1 point) 

Raster data 

Question 3: (1 point) 

Projected coordinate system 

Question 4: (2 points) 

Characteristics of a geographic coordinate system 
 Uses a three-dimensional surface to define locations on the earth 
 Uses angular unit of measure (e.g. decimal degrees, degrees-minutes-seconds) 
 Points are referenced by latitude and longitude values rather than X,Y coordinates 

Characteristics of a projected coordinate system 
 Uses a two-dimensional surface to define locations on the earth 
 Includes a map projection (e.g. Mercator, Miller) 
 Uses linear unit of measure (e.g. kilometer, miles) 
 Points are referenced by X,Y coordinates 

 
Question 5: (2 points) 

Map caching is the process of storing static snapshots or images (e.g. like a JPEG image) of your map at different 
scales, so the server can quickly display snapshots/images of the map at different scales when a user zooms 

https://www.linkedin.com/pulse/value-near-infrared-debunking-myth-false-ndvi-kyle-miller
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in/out, rather than spending the time and resources to draw and redraw each feature whenever someone 
zooms within the map. Consequently, since the server only need to retrieve and display pre-created snapshots 
of your map when someone zooms in or out, your map and app will run much quicker compared to scenarios 
where the server has to redraw each feature in your map every time a user zooms in or out.  

Question 6: (1 point) 

Generally 1MB to 6MB if using the Palomar College sample data, but students’ answers will vary slightly since 
the figure is a statistical estimate. 

Question 7: (1 point) 

Here are two examples of warnings a student may receive 

Code: 20034  
Description: Your service will use the WGS 1984 Web Mercator (Auxiliary Sphere) coordinate system. 
 
Code: 10045 
Description: Map is being published with data copied to the server using data frame full extent  
 
Question 8: (1 point) 

Buildings in the plant health image are generally red (low NDVI value)  

Question 9: (1 point) 

Vegetation is generally green (high NDVI value)  

Question 10: (1 point) 

Shadows are generally dark red  

Question 11: (1 point) 

Vegetation should have much higher NDVI values compared to buildings  

Question 12: (7 points) 

The final Web app from the student should look something like the image below if students were using the 
Palomar College sample data provided.  

Sample point breakdown: 

 Functional URL (1 point) 
 Descriptive Title (1 point) 
 Subtitle with Student Name (1 point) 
 Description with Paragraph (1 point) 
 Properly configured App with Slider Between the Orthoimage and Plant Health Photo (3 points) 
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