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Drones first got our attention about 4 years ago with the activities of the UAS range at the Pendleton Airport.  In the GIS program we were excited about the abilities to go out and collect great imagery, we could imagine how this could improve information for projects we often work on.  There were lots of great ideas circulating for using drones and so we formed a working group and moved forward with the idea that we needed to educate ourselves about this new technology.
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My first step is to always reach out the Tribal GIS community in the NorthWest.  In the fall of 2016 we coordinated a meeting to discuss the benefits of drones, drone policies, and technical requirements for flying drones.  It was a well attended meeting with 9 Tribes and the BIA participating.  Many of the Tribes at that time were purchasing drones and just starting to learn their benefits and limitations, so this was a successful and timely meeting.  What we were finding is that people were trying to understand FAA regulations, multiple programs within Tribes were exploring options on their own and the GIS programs became a central clearing house for organizing efforts, educating staff, and developing policies and procedures.  It’s a natural fit, aerial imagery and GIS.  So many GIS Programs were taking the lead to help support efforts.



 Feasibility study
› Fisheries
› Range
› Water Resources

 Complexities
› Purchasing
› Maintenance
› Software
› Data storage
› Licensing

Presenter
Presentation Notes
Around that time we started hearing from folks in the dept. of Natural Resources at CTUIR that they were thinking of purchasing a drone.  We met and talked about their goals.   We proposed coordinating on a feasibility study which would allow us to think through the process of purchasing and maintenance of drones, as well as collecting, managing, and development of data products from drone imagery and finally to evaluate the usefulness of drone technology and the readiness of our organization for using drones.  The development of the feasibility study provided a context for the drone working group, it allowed for participation from IT, GIS and DNR staff.  



 Water Quality / Temperature mapping
› Can we map water temperature using 

thermal infrared camera

 Feral Horse Survey
› Can we count feral horses using a drone
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2 projects were selected for the feasibility study.  A water temperature effort and feral horse survey.  Both those efforts have different requirements for success but were selected because they are repeated annually, have a need to improve the efficiency of data collection as well as reduce costs. And in the case of feral horse survey we would like to improve on safety aspect of collecting the data.In order to do this two staff have acquired their FAA part 107 certification, we purchased supplemental insurance and have developed a procedural document for the use of drones at CTUIR.  This document was adopted by the ED in 2017 and states that all drone requests, purchases and flights will be coordinated through the GIS Program.  We are also following all FAA guidelines for the operation of drones.
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Feasibility Study Workflow Steps
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The feasibility study allows us to think through the steps of managing and developing products from drone imagery to inform management.  This slide shows the benchmark steps for successfully capturing imagery, developing products and managing data.  These are key components of the study that we hope to be able to develop recommend workflows for. Mission planning – before every flight you need to develop a flight plan of your route and identify how many flights you will need to cover the area.  This is done on app’s on an Ipad and using ArcGIS software.Data Collection-  after that the data collection effort can then occur in the field.   Every flight needs a certified pilot in command.  This persons considers safety issues, access issues and the best time of day to fly. Data Processing – the third step is data processing currently we are using Drone2Map and ArcGIS software for processing orthomosaics and digital surface models.Data Analysis –often there will be some data analysis, we can use ArcGIS or excel software to develop graphs, maps and summarize information to answer questions.Data Summary –a report can be written up on the accuracy of the information and summarizing its usefulness to answer questions.Data Distribution – data distribution is a consideration,  in this study we want to share the imagery and elevation models with folks in DNR so we are thinking about the best way to do that, whether it is our website, sharePoint, or ArcGIS.  We have many options available for getting people access to the imagery and data produced.Data Archiving – and finally data archiving, how are we going to manage all these digital files on the network, at what point do we archive or delete data?



 FAA certification
 Purchasing

› Drone insurance
› Drone and accessories

 Testing
 Processing and data analysis
 Report on disk space to IT
 Present to Management Team, ED
 Complete a report
 Develop Procedures and Guidelines for UAS at 

CTUIR
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In OCT our work plan for moving forward with the feasibility study was approved.  The working group developed a task list to follow.  
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After researching drones and talking with other Tribes who are using drones, we purchased the DJI matrice series 600 Professional drone.  This drone Uses 6 batteries, Has 3 GPS for better triangulation and accuracy, can carry a heavier payload of 6kg.  Flight time of 30 minutes.  It is combatable with all the Zenmuse brand of cameras.    The total cost was $17,800.  
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What have we discovered so fart? The case study I am going to highlight here is for a monitoring site on Meacham Creek.  This site has lots of ground survey’s done, is loaded with instream water temperature loggers, and has a vegetation inventory completed.  It is between river kilometers 9 to 11.   I flew this image at 400 feet.  It totals 81 acres. We use DJI GC app for data collection. We use drone2map for image processing. I like to fly at 400 feet to capture as much area as possible and use 80% overlap. My biggest frustration is that you are limited to 99 image points or waypoints in the app.  This limits the area you can cover regardless of your battery life.  The orthomosaic product had a georeferencing RMS error of 0.064 meters.  The report gave information that ranged from 2 cm error for auto locating GCP’s but went up to 1 meter after reprojecting to UTM zone 11 NAD83.   I think this is pretty good, it is more detailed than any other imagery we have and the error could definitely be worse.
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We also wanted to capture the entire stream length.  So we flew multiple days between 11 and 1:30 to capture a 310 acre stretch of stream on Meacham.  There were no GCP used for this image.  There were 1730 images in total.   Got lots of crazy shadows as this area is in a narrow floodplain with steep hillsides on both sides.  The orthomosaic process went well, did what it was supposed to, but I think that it is going to be difficult to capture large tracts of area and not have shadow problems in our rough terrain.
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Here’s another example.  I took this one step more and investigated vegetation classification in ArcGIS Pro.  It did really well, except for the shadow areas.  Loved that I could pull out the water, gravel, the pines.  But the shadows all classed as one class.
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From the imagery we also get highly detailed surface elevation models.  The accuracy of the GPS of the drone improves the elevation values.  But so far I have found from the reports that we have higher ranges of error associated with the Z values, than the X and Y.  Which is a general rule of thumb I believe. So we have to ask ourselves is that error an acceptable amount?  I guess it depends on what you want to do with the data.  We are going to continue to explore that.  We are thinking of how we may use this information for fisheries habitat projects, surface mine permitting, planning efforts Forestry and wildlife applications.
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Drone flight summer 2017 1 inch resolution the next 3 slides compare to NAIP and BING imagery which we have a subscription for.  You can see the differences.
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NAIP 2016
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BING which is several years old for this area and doesn’t show the 2015 channel improvements.
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For the thermal camera we ran into a bit of snag between the drones and the apps to run the drones.  We couldn’t run the camera on the 600 series with the apps yet, it wasn’t supported.  So we purchased the DJI Matrice 100.  The DJI app did support the Zenmuse XT camera with the Matrice 100.   The matrice with all it’s accessories cost $4275.  We liked that the batteries were useable for both the 600 and 100 drone.  I liked that it was a smaller drone.  However operating this drone with the short legs on the cobbles and terrain around Meacham creek was a challenge.  You have to be a good pilot to land it and not bust up the camera.  I am really cautious of damaging the lens.  



Thermal Image

Photo Image
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We have successfully taken thermal images of stream channels.  We can see that the stream channel is cooler than the shadow, vegetation and certainly cooler than bare ground.  We are still calibrating the values and running accuracy checks against stream temperature probes in Meacham.  Our study area is the RME monitoring area on Meacham.  This year we have a series of sites where we will fly multiple times over the summer.  We would like to show that the camera can capture change of temperature in surface water heating.  This of course is verified with the water temperature loggers.  This will give managers a different perspective on water temperature, and an ability to talk about it across the area of the habitat improvement projects.  
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We are venturing outside our feasibility study to start to consider how aerial imagery can be used to monitor long term changes in streams for the Fisheries Habitat project improvement areas.  Here we have drone imagery placed over 2016 NAIP imagery.  With the drone imagery we can collect images at low flow, high flow, before projects and after projects are implemented.  Really it gives us the freedom to capture imagery at any time.With several ground control points the accuracy increases.  As I mentioned we go from 2 cm for auto locating GCP but went up to 1 meter after reprojecting to UTM zone 11 NAD83.  
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While we have not had an opportunity to count feral horses which is part of our feasibility study, here is an example from a research effort thermal images for detecting hot spots after a controlled burn. The video is very dark, and very grainy.  We can stop it and get GPS coordinates and then go investigate the hot spots.    We have purchased the Full Motion video add on for ESRI ArcGIS desktop and will be investigating what information that can give us.



 Follow the procedures and guidelines for 
drone use at CTUIR.

 Develop better data storage and 
distribution options.

 Likely a new position (1 FTE) will be required 
to cover all CTUIR requests (DNR, Public 
Safety, Public Works, Ag.)
› Located in the GIS Program

 Track drone usage at CTUIR to inform long 
term strategic planning.
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Long term we want to follow the procedures and guidelines as approved by the ED, we want to develop better data storage and distribution options,  As demand for drone information increases we will likely recommend or request a new position meet this need.  And we want to track and report on drone usage at CTUIR in order to inform long term planning.



 Maintain licensing and insurance
 Research/purchase better quality 

cameras
 Identify other projects (Fisheries Habitat 

projects, Public Works efforts, capital 
improvement projects and asset 
management)
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In the short term, we want to maintain licensing and insurance.  We would like to research and purchase better quality cameras.  We want to identify other uses for drone information and continue to operate under the guidelines approved by the Executive Director.



 Purchase, Register, Insure and Maintain 
Drone

 Software Licensing
 24 Month Recurring FAA Testing 
 Staff Time: Pre‐Flight planning, 

Maintenance Procedures, Operational 
Procedures,  Emergency Response, etc.

 Managing File Storage Space
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Direct and Indirect CostsThere are cost of purchasing, insuring and maintaining the drone.  There is always new and better software available, but the largest cost will likely be the amount of staff time dedicated to collecting drone imagery and managing the data.



 This is an exciting and useful technology, 
but not yet a stable one. 

 The technology for UAVs is changing 
rapidly.
› Many of the improvements that are described 

here were not available (for the price, or at all) 
one year ago.

› Whatever path the CTUIR chooses, we will likely 
need to reevaluate the technology annually.

› Keep current on FAA rules, Washington and 
Oregon laws.
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The technology is still rapidly changing, FAA and state regulations are changing as well as community members views on the use of this technology are likely to change; so we need to continue to be well informed of those as we move forward.  
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