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Platform
Hardware. Important for this system is a platform that allows 

access to its control unit, performs robust and stable surveys under 
a wide range of field conditions (weather, topography, etc.), and 
can deliver high-quality images. We selected the DJI Industries 

“Matrice 100” quadcopter4 (Figure 1) because it provides an easy 
programmable flight platform with a customizable design, which 
makes autonomous flying and image capturing possible. It is also 
assisted by several preprogrammed functions (e.g., automated 
takeoff and landing). "e UAS is constructed primarily from 
carbon fiber and fiberglass-reinforced plastic. Its center frame is 
expandable, allowing additional devices and instruments (e.g., a 
second battery can be installed, which increases the flight time 
up to 40 minutes). Additional specifications of the UAS are 
summarized in Table 1.

We incorporated the Zenmuse X3 gimbal and camera that is 
highly compatible with the Matrice 100. "e three-axis gimbal 
helps isolate and stabilize the camera from movements of the 
aircraft, which helps prevent image blurring. In addition, the 
propellers are carefully balanced to limit vibration throughout 
the system, and rubber dampers are used to mount the gimbal to 
the UAS. "e image resolution of the camera is 12.4 MP with a 
pixel size of 1.7 µm, which provides a high ground sampling 
distance (GSD)5 of 2.55 mm per pixel at a flight altitude of 30 m 
with the camera facing straight down. "e camera lens has a wide 
diagonal field of view of 94° but no “fisheye” distortion. "is is 
essential for the SfM method, for which sharp and undistorted 
pictures are needed. Attached to each image is information from 
the UAS’s inertial measurement unit and GPS (time and position), 
which helps the SfM software to refine the camera positions when 
overlaying the images. "e images are stored locally via a microSD 
card as JPG files.

Flight controller. "e flight controller is a fundamental part 
of developing an autonomous flight system. For the Matrice 100 
system, DJI provides a development kit that can be used to develop 
solutions specific to the quadcopter. "e mobile software develop-
ment kit was used to design an application to handle autonomous 
takeoffs and landings and to fly through a set of preentered 
waypoints while performing custom operations at each waypoint. 
"e application runs on an iOS device6 and is programmed in 
Objective-C. "e iOS device is connected with a lightning cable 
to the UAS’s remote control, which in turn communicates with 
the quadcopter. To transmit the mission with waypoints and flight 
instructions, the iOS device sends the data to the remote control, 
which relays them to the quadcopter. "e quadcopter then sends 
a wireless signal back to the remote control notifying that all the 

flight instructions have been received. 
"e mission can then be initialized using 
the user interface of the iOS application 
(Figure 2). 

Apple’s MapKit and DJI’s framework 
were the two main frameworks used to 
develop the software to implement the 
autonomous flight paths discussed in this 
paper. First, the user interface and the 
front end of the software were developed. 
"is is where the user interacts with the 

4Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the U.S. Government.
5GSD is the on-ground equivalent of the distance between two pixel centers: GSD = (pixel size * flight altitude) / focal length = (0.0017 mm * 30 

m)/20 mm = 2.55 mm/pixel, when flying at 30 m altitude.
6"e Matrice 100 quadcopter can interact with applications from iOS or Android devices.

Figure 1. DJI Innovations Matrice 100 with Zenmuse X3 gimbal and camera flying 
at one of the test sites.

Figure 2. Screenshot of the self-developed app that controls the autopilot. Pins 
represent waypoints that define the basic flight path around the station (P).

Table 1. Specifications of the Matrice 100 quadcopter.

Width (without/with propeller guards) 701 mm/1085 mm
Height 218 mm
Weight (with TB48D battery) 2431 g
Zenmuse X3 gimbal with camera weight 247 g
Max. takeoff weight 3600 g
Hovering time (with two TB48D battery) (no payload) 40 min
Max. wind resistance 10 m/s (36 km/h)


