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Flight Crew

 Samantha Loutzenhiser- Project 
Manager
► Chief Supervisor in UAS agricultural 

systems operations
► KCI Responsible Person for internal drone 

program
• 45 pilots, 35 drones

 Herbie the Sprayer Drone
► DJI Agras T10

 Hotshot the Thermal Drone
► DJI Matrice 210 with thermal camera

 Phantom the Imagery Drone
► DJI Phantom 4 Pro v2

 *NEW* Hylio AG230 spray drone

Presenter Notes
Presentation Notes
Hi everyone- Welcome and thank you for coming. I’m really excited to talk to you about drones today. I'm Samantha Loutzenhiser and I am one of KCI's pilots approved by the FAA to use a drone to apply herbicides. 




Hylio AG230
8 gallons
Over 55lbs

DJI T10 “Herbie”
2.5 gallons
Under 55lbs

DJI Matrice 210
Thermal

DJI Phantom 4 Pro

DJI Mini 4k
Under 0.55 lb

Presenter Notes
Presentation Notes
I’m showing another picture here of our drones because understanding the size is important for understanding their uses and limitations. 

We have three drones that we have been flying plus one that will be new this year which is a Hylio AG230 which takes us from 2.5 gallons to 8 gallons of capacity and adds NDAA compliance. The 2.5 gallon drone is a DJI Agras T10 dubbed Herbie the Sprayer drone which has been the workhorse for us for the last couple of years and will continue to serve in many situations going forward

there is a fifth drone in this picture <click> it is a DJI Mini 4k which is under 0.55lb and does not require registration. The body of it is a bit bigger than the palm of hand and then the propellers add a few inches to either side. Just as a way to give you some scale for how big the Hylio is. 




Drones for Invasive 
Species Management 
 Imagery drones to search
 Sprayer drones to kill
 Seeding drones to restore
 Multispectral, Thermal, 

LiDAR, and more
 Can be operated manually 

or with programed flights
 Limitations

Presenter Notes
Presentation Notes
Drones have a lot of capability to both detect and manage invasive species and even after removal of invasives, drones can be used to distribute native seeds.  

In addition to invasive species work, drones can be used to monitor sites via imagery, multispectral, thermal, LiDAR, and probably even a few more

However, there are a lot of limitations on what can legally be done with a drone and even more restrictions on sprayer drones. I’ll cover this- as well as- what works well with drones and some tips for planning a successful project




Laws, Rules, and 
Other Regulations
 Part 107 Remote Pilot 

Certificate
 Air space

► Federal, State, City
 Visual Line of Sight (VLOS)

► Beyond Visual Line of Sight (BVLOS)
► Changed in Canada Nov 4th
 400 feet (122m) or lower
 THIS LIST IS NOT EXHAUSTIVE OF THE 

LAWS ASSOCIATED DRONE OPPERATIONS

 Drone vocabulary: Visual Observer 
(VO)- someone other than the pilot 
who helps watch the drone and for 
any hazards Gemini

Presenter Notes
Presentation Notes
I’m going to outline some general rules for the United States, Canada’s are about the same with a few changes.

A few things a the same- drone operations do require licensure and you may not operate over 400 feet except in certain conditions. 

Pilots should also be aware of airspace restrictions such as flying within 5 miles of an airport or Temporary Flight Restrictions which may be posted due to events like airshows, political conventions, or VIPs

Regardless of where or why, operating a drone beyond line of sight is typically not allowed. Beyond Visual Line of Sight or Bvlos, increases the risks of drone operation significantly. The person operating the controls should see the drone, unobstructed at all times. They don’t have to be looking at the drone the whole time, but if they look up from the controller, they need to still be able to see the drone. A visual observer should be used to help watch for hazards




Hunting for Invasive Species with Drones

 Use a "regular" drone to capture 
imagery
► Obliques
► Orthomosaics

 Multi-spectral imagery
 Ground truthing
 Manually or auto-generate polygons 

around target species
 Load polygons into spraying drone

Treated reed canary grass

Untreated reed canary grass

Presenter Notes
Presentation Notes
I think anybody who's spent anytime trying to manage Invasive Species understands the challenge of finding the invasives, especially when you have large properties that are very difficult to access. 

Just finding them can be the most expensive part in some cases. 

And that's where hunting for invasive species with a drone comes in handy. With an imagery drone, we can collect high resolution photos and video which we then use to locate our targets. This can be done with obliques or orthomosaics. Obliques, like this image, are beneficial to see a bit more texture and depth and can be useful for informing a backpack or atv crew. 



Hunting for Invasive Species with Drones

Presenter Notes
Presentation Notes
Once we have our ortho mosaics There are a couple of different ways to create polygons around target areas. There is an assortment of image classification tools and various AIs that can assist, but you will still need to use the ol’ fashion method of drawing polygons at some point

Creating polygons around distinct clumps is the easiest, however if you can see it with a drone, it can be done- but the efficiency and the time it takes to collect the necessary data and the time to process the imagery will increase. 



Attacking Invasive Species

 Drone is pre-programed to fly a 
grid
 Choose your chemical and 

application rate
► Read the label

 Best used on dense and 
monoculture species- 
phragmites, reed canary 
grass, cattails, etc.
 Not applicable for extremely 

sensitive areas without buffer

Presenter Notes
Presentation Notes
When we are ready to start attacking the invasive species. We can use the drone with a pre programmed flight grid. The drone plans what it thinks is an efficient route and the pilot will need to identify any obstacles within the flight area and instruct the drone not to fly there. 

The drone is best used in dense monoculture species such as phragmites, reed canary grass, cattails, etcetera. It is not applicable for areas that are extremely sensitive or that do not have any sort of buffer. Sprayer drones don’t have much precision compared to a backpack sprayer, they are much more accurate than a helicopter. 




Laws, Rules, and Other Regulations- Spraying

 MUST have a Part 137 certificate and 44807 
exemption

 Over 55lb drones require additional paperwork and 
restricitions

 All operators must have a Part 107 (for all drones)
 State licensing: Aerial applicator and community type 

(ie wetlands/aquatic) Category numbers vary by 
state, so check with you pesticide board

 Process can take several months
► From purchase to legally able to fly- our Hylio took 7 months. 

Still waiting on Part 137 due to government shut down

“Need I remind you 007, you have  a license to kill, 
not to break traffic laws”   ~Q 
     GoldenEye (1995)

Presenter Notes
Presentation Notes
I recognize that spray drone operations in Canada are significantly more restrictive than they are in the United States. So these rules are going to be focused on the United States. But they are likely be similar for whenever drone spraying opens up for you.

There are a lot of things we could do with a sprayer drone—but legally, we just can’t. Drone operations are very strictly regulated by the FAA, by individual states, and by the pesticide labels themselves.

Drone operations require significant licensing and exemptions. First- Part 107 for all drone operations, then a 44807 exemption for the carriage of economic poisons, then a Part 137 certificate for agricultural operations even though invasive species management isn’t agricultural. 
And along the way, you need to get you state license for aerial application and the associated category like aquatic or forest pests. 

Keep in mind, states and municipalities may have additional rules.

There are 3 big things we think we can do, but cannot: 1)we cannot fly more than 10 feet above the top of the target vegetation 2) operate in wind speeds above 10 miles per hour. And 3) cannot fly beyond the operator’s visual line of sight without appropriate waivers.

Regulatory compliance is a critical part of drone operations, and staying within these guidelines ensures safe and legal application.





Time vs Concentration

Amount of Chemical

Amount of Water

Drone Flight Time

Note: Manufacture spec sheets 
indicate more acres per hour  
achieved than is realistic for many 
pesticides. Many herbicides 
require 5 gal/ac with some as 
much as 10 gal/ac. 

Presenter Notes
Presentation Notes
One of the biggest challenges we face is finding the balance between flying fast enough to be efficient while still applying herbicide at a rate and concentration that is both legal and effective.

At one end of the spectrum, we can apply a high concentration at a low application rate such as 2 gallons an acre or less. This is the quickest, cheapest, and often the most unscrupulous way but it increases the chance of drift and top kill. In order to achieve this the drone flys fast and with maximum pressure creating fine droplets that will drift in the additional air currents. 

On the other end, we can slow things down, lower the pressure, increase droplet size, and use a lower concentration of herbicide. This significantly reduces drift risk but comes at a cost. Slower speeds mean longer flight times, which increases operational expenses.

Ideally, we want to find a middle ground—a balance between speed, droplet size, and concentration that maximizes effectiveness while minimizing risks. 

Just a quick note about drone spec sheets- manufactures will market them as capable of doing 50 to 60 acres in an hour- but that is at an application rate of 1 to 2 gallons per acre. One of the herbicides we applied in 2024 required 10 gallons an acre for aerial application. 

I came across an article a while back that indicated that calibrating spray equipment was one of the reasons drone spraying wasn’t allowed in Canada. And I agree, it can be rather imprecise, but you have more opportunity to correct it than in manned aircraft. 



Challenges

 Trees, Powerlines, and Other 
objects
 Line-of-sight
 Distance from launch point
 Battery power vs work time
 Application rates
 Wind

► Most labels require less than 10mph
 Height above vegetation

► Most labels require that you fly no more 
than 10 feet above the top of the target 
vegetation

Microsoft Designer Image Creator. May 27, 2024

Presenter Notes
Presentation Notes
Other challenges are obstacles. Even with on-board radar- drones are dependent on good piloting to avoid collisions. 
Trees are the enemy of a drone. 

In addition to monitoring hazards, the pilot needs to manage the drone’s work load. Average flight time for a sprayer drone is between 6 and 15 minutes depending on the model and payload. There are several factors for how far and how long a drone can fly: how far is it to the start point from your landing area, application rate, wind speed, and air temperature. First we need to address how far we can fly- we HAVE to be able to see the drone so we won’t be able to fly behind obstacles. 

Next, balancing how far our start point is with how much there is to do. For a small patch, its worth it to fly farther away if it saves an extra set up point but we can’t expend more than 30 to 40% of battery on the flight out because we need to return safely and with enough battery power





Solutions

 Assess the area
 Communication
 Maintain line of sight
 Know your drone
 Take a power source
 Be creative
 Plan ahead
 Expect weather to not 

cooperate

Presenter Notes
Presentation Notes
For almost every challenge, there is a solution. Pre-planning flight routes and identifying potential hazards before we arrive on site is the first step. 

Before we even get the drone out of the trailer- we take a good look around. Where are the powerlines? Are their dead snags in the treatment area? Are their obstacles on our flight route? Are their hazards just outside of the treatment area?

We have to be creative about how we access sites and maintain line of site. I spend quite a bit of time on top of my truck in order to see over the cattail and maintain line of sight. Sometimes we take boats and marsh runners to access remote areas.

We need to know our drones. Each of these drones will respond differently to different situations a skilled pilot needs to understand how to react- which really only comes with experience. 

There is a lot of pre-planning that goes into making a safe flight. Its rare to roll up and treat a field in natural resources. In crops, this is a lot more common because you are much less likely to have trees in your way. For us treating invasive species, it more common that there are dead snags, live trees and shrubs, and even remnant infrastructure like old telephone poles and wires.



Success

Ken Euers Nature Area. Green Bay, WI. Treated: October 17, 2023. Photo: July 19, 2024.

Presenter Notes
Presentation Notes
This was about 20 acres of treatment at Ken Euers in Green Bay. The target species was phragmites and the client wanted to retain<CLICK> the cattail patch. We programed the drone with polygons that excluded the cattail, and as you can see- the phragmites is dead, the cattail remains, and there are other wetland species coming up under the phrag. 



Success

Photo credit: Eric Kilburg, Wisconsin DNR, Horicon Marsh

Presenter Notes
Presentation Notes
This was a site at Horicon Marsh, Wisconsin that we treated for cattail and phragmites in August 2023. These photos were taken in July 2024. 



Success
https://uwaterloo.ca/news/drone-herbicide-applications-prove-effective-common-reed
Link for treatment done in Canada with drones for phragmites control

Presenter Notes
Presentation Notes
This was a study published earlier this year where drone treatment was assessed in Ontario. This article points out drone treatments are effective however secondary invasions occur noting that European Frog-Bit invaded after. Which….
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Success

European Frog-Bit Annihilation Team

Presenter Notes
Presentation Notes
We can also treat with a drone. This one was so fun and this picture is more about what you don’t see rather than seeing dead vegetation- ignore the phragmites in the pic its not the star for once. Where the yellowed cattail is, is where we sprayed the waterline for European Frog-Bit. This was kind of a “hold my coffee, I’m want to try something” We ended up using two boats to ferry equipment and staff and manually flew the target areas with the drone. It went well enough that they had us back for a second year. We know that chemical treatment can kill frog bit, and that the chemical from the drone can work- but there is a very specific set of site conditions in which it works.  



Flying to Success

 Polygons
 Application rate
 Access
 Buffer area
 Access to fresh water for mixing
 Understanding that the weather is 

rarely in our favor
 Funding induced drone restrictions

Photo Credit: Karl Janczak- KCI

Presenter Notes
Presentation Notes
Hopefully I’ve convinced you drone treatments are the way to go. Now you need to get the right information to your pilot so they can plan a successful treatment. 
Some questions to ask about your treatment area
Are you polygons free from hazards?

how will the flight team access the area? Will they be able to drive right up or will they need a boat? 

Is fresh water for mixing available near by? Will the drone team need to come with all the water? This is not always possible for larger treatment areas.

Does the brand of drone matter? Federally funded or on federal land may not allow Chinese brand drones- thus we purchased a Hylio 

And as the spraying begins, have patience with the drone team when weather isn’t cooperating- not only does operating out of spec threaten the drone, but it can also affect the quality of the work being done be that spraying or imaging. 




Flying to Success

 Consider polygon efficiency
 Clear guidance on target species

► “If he dies, he dies” theory. What to 
absolutely not kill and what is ok

Presenter Notes
Presentation Notes
Polygon efficiency is a big factor in making drone spraying effective, but it’s not always easy to communicate what’s efficient, what’s possible, and what just won’t work.

First, there’s a lower limit to what the drone can read—about a tenth of an acre. Anything smaller than that, I’ll need to fly manually, which takes more time. The shape of the polygon also impacts efficiency. Simplifying shapes, limiting sharp corners, and reducing unnecessary connectors can speed up the process.

Does the drone team have to be exact or if they simplify a polygon and annihilate some cattail in the process ok? Write it into the project scope. 



Putting it all together

 There is no straight answer
 The more complicated, the more 

expensive
 If its worth the complexity to you, we 

will try
 Everything scales
 Mobilization, pre-planning, 

paperwork, and programming 
account for a lot of the time
 Sun up to sun down- take 

advantage of the weather
Gemini: “Cartoon of Drones Making a Plan”

Presenter Notes
Presentation Notes
Let’s put it all together. There’s no straight answer. Every site, every job, every situation is different.

The more complicated the setup, the more expensive it becomes. Everything scales. 

mobilization, pre-planning, paperwork, and programming all take time, and they add up quickly. It’s not just about the time spent in the air; it’s about everything leading up to it. Once we are in the air things go quickly






What should you look for in a pilot?

 Part 107- need to renew every two years (for any drone)
 Part 137 and up-to-date 44807 (expires every 2 years)
 Herbicide license- Aerial plus associated categories 
 Understanding of the laws
 Any additional waivers are discussed and their “conditions and 

limitations”
 Invasive knowledge

Presenter Notes
Presentation Notes
Its your responsibility to hire a responsible pilot or to become one yourself.
So what should you be looking for as you hire pilots and their companies? 

-Ask about their licensing and make sure that it is current. 44807 and Part 107 expire every 2 years, Part 137 does not expire
-Over 55lb expire every 5 years, under 55lb expire every 3 years
-You should know if the drone they plan to complete the project with is over or under the 55lb limit because it changes how close they can operate to a property line, airspace notifications, and application in particular airspace.
-Ask what their flight plan is and how they will operate within the law. ChatGPT is a good way to get the basics. 
-If they claim to have a waiver such as a beyond visual line of sight, what are the conditions of that? 



Conclusion

 Safe
 Quick
 Effective
 See the forest through the 

trees
 Minimize disturbance
 Access area otherwise 

inaccessible

Presenter Notes
Presentation Notes
In conclusion- Drones are really taking off. And while there are a lot of laws and challenges, drones can improve staff safety, reduce time, and quickly treat invasions



Thank you for listening!
Samantha.Loutzenhiser@kci.com

KCI’s Aerial Land Management Webpage

Presenter Notes
Presentation Notes
Thank you for joining us. If you have any questions please feel free to reach out to me. 
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