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Improving UAV Terrain Model Accuracy 
Using Real Time Kinematics

  Swift Navigation 
Piksi RTK
The impetus behind this project was the de-
velopment of an RTK GPS solution small 
enough for all of the rover’s mechanism to be 
mounted to a drone. 
This is the Swift Nav Pixsi. It measures 53 MM x 53 MM and adds 32 
grams to the overall weight of the drone. A pair of Piksi’s can be had for 
around $1000 and these include specialized GPS Antennas, ground 
planes, and RTK radios. This places the piksi RTK kit well within the 
range of many publicly funded research institutions.
  

ABSTRACT:
Aerial Photography has tremendous value for spatial ecology. The mass proliferation of low-cost consumer drones has 
introduced a tremendous increase in temporal resolution to the aerial study of change; however, collecting data that is 
georeferenced remains quite difficult. In order to do so requires establishing a network of surveyed ground control 
points (GCP) that are both visible from the drone, and have their own discrete locations within the geodetic datum. 
Establishing GCP is not practical for most researchers. In continuation of research conducted between May 26th, 2015 
and August 1st, 2015 at the Biological Field Station  I have outfitted the drone belonging to the department of Geogra-
phy and Environmental Sustainability, with a real-time kinematic (RTK) GPS network. An RTK network is capable of 
reducing GPS error from meters to centimeters. This method is used in modern terrestrial surveying to collect data with 
sub-centimeter accuracy. By increasing the positional accuracy of the drone positional accuracy of the data collected 
using the drone will also be increased. The intention of this follow-up study is to assess the possibility of removing the 
need for GCP, enabling survey of remote locations where the placement of GCP is impractical.
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Conclusion:
Though the post processing method of georeferencing aerial images seems like the obvious solution, 
there are few reasons why this is an imprecise and therefore unacceptable method of georeferencing if 
hard measurements are to be derived from the data set. For one thing it is not truly orthorectified as the 
process of selecting a ground plane is left to simply turning the model into a position that approximates 
parallel to the camera plane. Second, this method excludes the possibility of creating a Digital Elevation 
Model (DEM) as one of the criteria for generating a DEM is that the image must be located in a geodetic 
datum. The WMS method worked well enough for generating a DEM, but was not capable of positioning 
things accurately enough horizontally. The third method that used the RTK simply failed. There are a 
number of reasons why this is the case. For one thing, the logs showed several occasions where the 
drone had switched from the RTK GPS to the onboard GPS during the flight. This means that at some 
point the RTK solution entered ‘Float’ status, and the precision was lost. I am confident that this error is 
caused by radio interference between the Drone’s radio telemetry modem, and the RTK radio modem. 
They are after all identical units sitting side by side on the airframe. Though steps are taken during the 
installation procedure to tune these radios differently from each other, it is not inconceivable that more 
of this fine-tuning must occur before the solutions can be trusted. Correcting this error will be the sub-
ject of my next study. 

Methods:
 In order to make Aerial Images that are useful data sets for research application, they need to be georeferenced, so that 
it can be placed in a GIS along with other spatial and non-spatial data. In order for Derived measurements to be meaningful 
once an aerial photograph has been placed in a GIS it must be orthorectified. To accomplish the first two tasks, I conducted 
an autonomous flight and collected a series of 45 images overlapping each other by 60%. The Survey mission was flown 
using a base station Piksi set up with the ground control station computer, and the rover Piksi set up on the drone. The loca-
tion for the ground station Piksi was given as N 42.475425 latitude, W 75.066050 longitude, 445.573 meters MSL. This loca-
tion was derived from a series web map services (WMS). This method of deriving Ground Control Points using WMS was 
chosen because it works with RTK in that once the base station is pinned to the datum, all of the rover’s relative positions 
would be similarly displaced from true location as the base station. This should enable post process fixing when able. For test 
purpose WMS derived GCP was determined to offer a high enough level of accuracy to continue with the experiment. The 
mission was then flown with the camera set to expose every 5 seconds. The flight altitude was set at 75 meters, as this pro-
vided the best mix of obstacle clearance and ground resolution. Since the footprint of the camera frame was calculated by 
mission planner to be 85 feet, and 60% overlap was required I calculated that the camera should take a photograph every 15 
meters (60% of 85 feet) since the camera could only shoot in 5 second intervals, I set the survey speed of the drone to 3 
meters per second. 
 After the survey I processed the 45-image data set in three different ways:
 The first was to build a photogrammetric model using no georeferencing at all, allowing the software to simply con-
struct a model without any constraints other than the FOV and sensor size of the camera. 
 The Second method was to use WMS derived GCP. I selected the most uniform distribution practical of visible items on 
the ground in Google Maps, and assigned their derived location to the corresponding items in my photographic dataset.
 The Third method was to append GPS location data to the camera’s EXIF data using a method that synchronizes the 
time stamps of the camera and the GPS.

The resulting Aerial  images were then placed in a GIS where they could be compared to the horizontal positions of USGS 
aerial imagery. 

Results:
Below, I have grouped the results of my experiments in descending order according to what level of accuracy was 
achieved by each method. On the left is the baseline image, which was downloaded from the USGS.gov GIS 
repository. This is a mosaic made of 4 band aerial tiles at 1-foot resolution. Though the resolution is predictably 
worse than the achieved resolution of my aerial survey, their positional accuracy is ‘as accepted’ by the USGS and 
thus provide a reasonable base line. The Unreferenced survey was included into ArcMap and then manually geo-
referenced by selecting three corresponding features from each photo. The alignment is quite tolerable in that 
errors cannot be confirmed as coming from misalignments, or from differences in ground resolution. The second 
model was created using WMS GCP prior to the modeling process. Though it provided a nicely scaled and recti-
fied image, it shows horizontal inaccuracies of up to 2 meters. These errors appear to be somewhat linear, which 
indicates a registration problem that could be fixed with reasonable input. The third model is the result of the RTK 
gps information being appended to the camera EXIF data. As can be seen in the image this is by far the worst in 
terms of misalignments, and overall non-linear horizontal mismatches. Some of the bigger errors occur well 
inside the survey control zone, so there is no correlation between distance from center and error size. This model 
reported errors in excess of 5 meters. Also evident in the third model is a great deal of model breakage where 
large portions of the data set were simply omitted by the software as not being able to fit. There are also numer-
ous gores present.  
 

RTK:
What is RTK? It stands for Real Time Kinematics. It is a method used in 
terrestrial surveying to minimize GPS signal Error that is induced as the 
signals pass through the ionosphere. RTK measures the phase of the 
signal’s carrier wave. In order to do this an RTK setup requires two major 
components: First RTK requires a stationary base GPS that is recording a 
constant solution. The Base GPS is subject to the same meter plus inaccu-
racy as any other terrestrial GPS unit, but since it is sitting in the same 
place during the entire survey its position can be averaged using 
post-processing software. Another solution to configuring the base is to 
“tell it” where it is. Instead of letting the base GPS decide where it is, it can 
be configured to understand that it is sitting at a certain Latitude, longi-
tude, and elevation.  The second major component required for RTK is 
called a ‘rover’. This is a second GPS unit that is moving around in the 
survey field collecting data. In the case of our drone, this is mounted to 
the drone along with the Drone’s primary navigation GPS. By using a pair 
of small radios, one attached to the drone, and one attached to the BASE 
GPS, the Rover GPS on the drone leverages its known GPS position rela-
tive to the position of the base. The rover then injects this data into the 
telemetry stream that is being recorded as a flight log inside the Drone’s 
flight control system.

Failsafe:
If the Radio Signal between the RTK Base, and the RTK rover 
fails for too long, the RTK solution is lost, and the rover enters a 
state referred to as “floating”. In this state the Rover’s GPS is not 
only no longer “fixed” to its position in space, but it is actually 
less accurate than the meter + inaccuracy one can expect from 
a standard GPS system. When the Rover GPS enters the floating 
state, it essentially resets, and begins the process of looking for 
another positional solution. This can take several minutes, so it 
is very dangerous to have happen during a UAV flight. When 
this happens, the drone is programmed to automatically switch 
from the GPS with the weaker solution to the GPS with the 
stronger solution. In this case it would automatically revert to 
the standard on board GPS that came with the drone. In so 
doing, it will prevent the drone from flying away, or potentially 
crashing into a nearby obstruction.

GPS: 
Global Positioning System
Similar to the GPS units used to navigate on car trips, or to keep one 
from getting lost in the woods, the drone is outfitted with a GPS 
receiver. In the drone the GPS system serves two purposes. The first 
is to keep it on course while it flies autonomous scanning patterns.
The second is to write GPS sentences to a log file inside the drone. 
This log file makes it possible to georeferenced the images that 
come out of the camera.

Support: 
Piksi to PixHawk integration
All of the firmware and device control software for the piksi is 
offered under open source rules; this means that there is an 
extensive online community that is constantly developing code 
for this project. Although there is one other company currently 
offering a similar product, Swift Navigation’s Piksi is the only one 
that, at the time of this project, offered integration support with 
PixHawk Flight controllers. Since the Geography department’s 
Drone uses the PixHawk, It made sense to go with the Piksi.

EXIF: 
Exchangeable Image File
Every time you take a picture with your digital camera, there is 
meta data applied to the image file. This is called EXIF data. The 
information that is contained in EXIF data is what makes it possible 
to move digital photos from a camera to a computer with ease. It’s 
essentially what tells the computer how to re-assemble the data 
into an image.     Data usually contains information about the 
camera that took the picture: What f-stop was used, the shutter 
speed, the focal length of the lens, and the size of the image 
sensor. This data is later used by Photogrammetric software to fill 
variables in a math equation that can calculate the camera was 
relative to its last location for each shot.

How RTK improves Drone Survey:
Since the RTK system is capable of creating centimeter precise 
relative positions versus the meter accurate GPS location that is 
stock to the drone. This means that the location messages that are 
written to the drone’s flight log are that much more accurate than 
the data provided by onboard GPS system

Geocoding:
Appending EXIF data with latitude/long/elevation
By appending the EXIF data in each photograph with latitude longi-
tude and elevation values, the variable of camera location is 
removed from the Photogrammetry equation. This enables the 
building of models that are already referenced into a geodetic 
datum.
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