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Executive Summary  
 

This deliverable describes the demonstration of the MULTIDRONE technology in experimental 

media productions. After a short introduction (Section 1), it details the production set-up at three 

different locations (Section 2): 

 

● Hof Siek/Germany in September 2019 

● Wannsee Berlin/Germany in September 2019 

● Seville/Spain in November 2019. 

 

The deliverable shortly refers to the training of the involved production crew (Section 3) as well 

as to the safety testing measures ahead of production (Section 4) that both contributed to a 

generally safe and secure execution of the media productions. It also describes the technological 

work that had to be carried out specifically in order to facilitate the media productions on 

location (Section 5). These adjustments that went beyond the normal R&D work in individual 

work packages included: 

 

● Visual analysis (target detection and tracking, crowd detection etc) algorithm tuning and 

preparation for experimental media production; 

● Tuning of GPS-aided gimbal control and autofocus; 

● Fine-tuning of the ground station; 

● Fine-tuning of the dashboard and 

● Specific hardware integration work. 

 

Section 6 of this deliverable is dedicated to the validation of the MULTIDRONE system in 

experimental media productions. It describes the shooting missions that have been conducted in 

order to test the system and its components. It also contains the results of a qualitative evaluation 

based on interviews that were led with involved production staff. The deliverable ends with the 

main conclusions from the validation (Section 7). 

 

 

The related videos, showing the general evolvement of the experimental media production as 

well as a coverage of the "Around Wannsee" regatta specifically, are available on the 

MULTIDRONE website (https://multidrone.eu). 
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1 Introduction 

This deliverable consists of three elements: 

 

(1) a video (duration: 1,5') about the "Around Wannsee" rowing regatta, 

(2) a "Making of" video (duration: 14') that describes the MULTIDRONE project as well as 

the activities around the media productions (real scenario as well as mock-up scenarios) 

and 

(3) this report on the details of the media production and its validation. 

 

The report on the media production describes the preparatory work, the production set-up as 

well as the most important actions and occurrences. It also includes the results of a qualitative 

evaluation of the experimental media production based on a questionnaire that has been 

answered to by the involved MULTIDRONE production staff. 

 

The results of technical component testing and validation is described in deliverable [D6.2]. 

 

2 Experimental media production set-up 

This section describes the set-up of the experimental media productions that were executed in 

September and November 2019. This set-up took into account that development and finetuning 

work continued throughout the whole validation period. During the experimental media 

productions in Germany, for instance, the MULTIDRONE technology was tested with three 

different platforms: 

 

(1) DJI S1000+ (octocopter, 1015mm diagonal wheelbase, 11kg MTOM), 

(2) Proskytec Big4 (quadcopter, 1200mm diagonal wheelbase, 24.5kg MTOM) and 

(3) Proskytec X6 (hexacopter, 975mm diagonal wheelbase, 9kg MTOM).  

 

After this first experimental media productions, R&D activities continued and were finalised 

in November 2019. The final MULTIDRONE system was used and tested in the experimental 

media production in Seville at the end of November 2019. 

 

2.1 The three production scenarios 

Originally, the DoA defined three specific sport events where the MULTIDRONE system 

was supposed to be tested and validated: (1) the annual Cambridge/Oxford rowing regatta on the 

river Thames, (2) the annual cycling race Giro d' Italia in Italy and (3) a professional football 

match in Berlin, Germany. As the initial partner BBC, that was responsible for covering the 

Cambridge/Oxford regatta, left the consortium early into the project, this event has been replaced 

by the annual long-distance rowing regatta "Around Wannsee" in Berlin. Additionally, we were 

forced to change the football scenario since    AV shooting with drones in a football stadium 

would have faced hardly manageable risks and challenges regarding safety, necessary approval 

by the aviation authorities, the city of Berlin and the football club as well as licensing issues. 

Therefore, it was decided to replace the football scenario by an alternative activity. These 

changes were approved as an outcome of the M18 Review. Based on this decision, the football 

scenario was replaced by the parkour scenario. 
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As elaborated in [D6.1], and as also approved by the funding authority, the consortium 

decided to focus on one real sport event ("Around Wannsee") only and to find a nearby official 

UAV testing area that could be used as a mock-up environment for the other sport activities. 

 

2.2 Mock-up productions 

The first mock-up experimental media productions took place at one single location in the 

North of Germany. The consortium had chosen the UAV testing area at Hof Siek in Schleswig-

Holstein as it allows for filming cyclists, parkour runners and rowers, as shown in Figure 1.  

 

 
Figure 1: Hof Siek 

 

Representatives of all MULTIDRONE partners came together at Hof Siek for ten days 

from September 17th until 26th, 2019. The activities at Hof Siek were a mix of technical 

integration and finetuning work as well as flight tests, pilot training and the experimental media 

productions themselves. 

As R&D work continued after this first series of tests, an additional mock-up production 

was scheduled for later in the year. Climate-wise, the only suitable location for an experimental 

media production in late November was Seville. Again, representatives of all partners came 

together from November 18th until 29th, 2019. Because of unexpectedly bad weather conditions 

in Seville, the team focussed on further integration and fine-tuning work. A few flight tests were 

possible at the end of this period. The experimental media production was performed on Friday, 

November  29th in - finally - good weather conditions at the Hacienda de Orán (see Figure 2), 

about 25 km outside of Seville. Because of this very limited time window, it was decided to 

validate the final system in Seville in the context of the cycling scenario only. 
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Figure 2: Hacienda de Orán, Seville 

 

2.3 Real event: Boat race ("Around Wannsee") 

2.3.1 The regatta and its location 

The chosen real event did not allow for any flexibility regarding time and location. Every 

year, around October 3
rd 

(German Unification Day), the Berlin Rowing Club organises the 

international rowing regatta “Rund um Wannsee (Around Wannsee)" that some call the hardest 

rowing regatta in the world. This race is not only exceptional for its 15 km distance and its very 

challenging course across open water but also for the unusual mass start: Rowing Eights of all 

age classes start at the same time and their performance is assessed by allocating time credits 

depending on the average age of the respective team. The regatta takes the teams around the 

Wannsee peninsula and through waters that partly belonged to West-Berlin and partly to East-

Germany (see Figure 3). 

 

 
Figure 3: Map of Wannsee peninsula 

 

The 2019 Around Wannsee Regatta took place on Sunday, September 29
th

, 2019. Based 

on the experiences from the 2018 regatta, the MULTIDRONE consortium chose a location along 

the regatta course that is particularly suitable for launching the drones as well as for filming one 
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of the most interesting sections of the whole competition: The so-called "Bathing spot Alter Hof" 

(Figure 4).  

 

 
Figure 4: Bathing spot "Alter Hof" 

Further details about the race and the chosen location have already been described in [D6.1]. The 

exemplary boat race shooting mission that was executed for validating the MULTIDRONE 

platform as well as the validation results are described in Section 6.1.3. 

 

2.3.2 Production specifications 

The production plan for experimental media production "Around Wannsee 2019" can be found 

as an Appendix in 9.1. 

 

3 Production crew training ahead of experimental 

media production 

The integration and experimentation session in Hof Siek / Germany was used for extensive 

training of all involved pilots (DW: 5, RAI: 1, USE: 1, AIR: 1, AUTH: 1). The pilots from 

outside Germany also participated in a German training course for UAV operators and obtained 

the official German UAV pilot license. After that, all pilots heavily trained on the operation of 

the MULTIDRONE system in the context of media productions. This included flight training in 

manual as well as in autonomous mode. Pilots also rehearsed emergency protocols and were 

trained on communication procedures. 

At the end of these training session, pilots were able to safely operate the system manually 

and to act as back-ups in the case of system failure. 

 

 

 

 

4 Safety testing ahead of experimental media 
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production 

Safety is a significant element in the MULTIDRONE system. Safety features were planned 

in the design of the drones, of the modules, the system as such as well as for all operations. 

Various tests were performed before the experimental media production to ensure the safety of 

the system. On the drones, the platforms were tested and tuned with behaviours more extreme 

than the ones expected during the experimental media production. All the platforms were 

checked to guarantee the physical integrity. 

All the components and software modules on the ground and on the drones were tested. The 

system was simulated and then tested block by block to ensure the correct functioning of the 

system. Each partner cross-checked on the code of others allowing to remove issues and bugs. 

This was followed by flight tests in order to validate the safety features and to identify 

adjustments that needed to be made. Also, limitations of the drone performances during the 

flights were simulated in order to add margin to enhance the safety of the prototype as a whole. 

One other important element about safety is the communication link. The MULTIDRONE 

system relies on the dedicated LTE network, and on the radio for the pilot to take over the drone 

if need be. Performance and quality service tests were performed on the LTE network for the 

command and control link, the telemetry and the video streaming. We also performed tests where 

the radio link was lost. 

The human factor and the operational strategy are crucial for the safety of the system. The 

pilots are ultimately responsible for their drone. In Section 3, we have already described how 

pilots were trained to fly the drones in any given circumstances and how they rehearsed the 

operation protocols in the event of an emergency. 

 

5 Fine-tuning of technical components for 

experimental media production 

The following sections describe the technical work and fine-tuning that needed to be done 

specifically in order to facilitate the experimental media productions. This includes work that 

went beyond the normal R&D work in individual work packages. 

5.1 Visual information analysis and crowd detection/annotation 

modules  

In order to ensure successful media productions, AUTH needed to modify, train and fine-

tune some of the visual information analysis modules, especially for crowd detection and 

annotation, that had been developed throughout the project. These activities were performed in 

Greece leading up to the experimental media productions and were continued during as well as 

between the production events. For this purpose, two researchers from AUTH attended the 

experimental media production meetings in Germany and Spain for the whole time. One of these 

researchers also served as a backup pilot. The remaining AUTH personnel involved in D6.3 

provided remote support when needed during these sessions. 

 

5.1.1 2D Visual information analysis adjustments & neural model 

preparation  
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In preparation for the experimental media production that took place in Bothkamp, aerial 

videos of single rowing boats were collected from YouTube and annotated for the purpose of 

training object detectors. This deemed necessary because no training on single rowing boats, 

such as the ones deployed in Bothkamp was performed before. Lightweight and heavier models 

were trained to be deployed during the boat scenario in Bothkamp, similar to those trained 

previously which were used on the actual rowing regatta in Wannsee.  

For its fast CPU implementation and effective performance, STAPLE was chosen for the 

media productions as the standard tracker upon which the Master Visual Analysis module is 

built. A C++ implementation of the tracker allows for fast, multithreaded execution, even with 

scale changes enabled. We measured the speed of the tracker at 35FPS, using aerial videos for a 

realistic measurement. As for the detector, the most lightweight variants of the SSD detector 

were chosen for the experimental productions, for their reduced memory requirements and fast 

detection speeds. The input images are resized to 300x300 (the original size being 1920x1080), 

before they are fed through the network. 

Τo ensure proper tracker initialization even when detection is slow, the Master Visual 

Analysis (MVA) node was modified, in preparation for the productions, as follows. When a 

request to find and follow a target is received, the current input image is kept, to be sent first to 

the detector. After waiting for the detector’s positive response (i.e., one or multiple targets with 

high confidence detected), the same image alongside the chosen target is passed to the tracker for 

correct initialization. The tracking process then continues using the most recently published input 

image. As the tracker searches for the target in a wide area, the target should be tracked 

correctly. Due to this implementation, the overall system runs at about the same FPS as the 

tracker itself, while being much more effective. 

Furthermore, changes were made to the MVA node to facilitate the tracking process 

when GPS information is available, which was the case in media productions. More specifically, 

when a target has a GPS module attached and a request to follow the target is received, MVA 

waits first for the projected 2D GPS position to be valid, i.e., within the frame’s limits. In the 

meantime, the gimbal is controlled by the GPS position. After a valid position is confirmed, 

MVA starts trying to detect candidate targets. The detected targets’ positions are then compared 

against the projected GPS position to choose the final tracked target. This process ensures a fully 

autonomous function of the gimbal control mechanism, as opposed to manual pointing of the 

gimbal for initialization of the tracking process before it takes over. For details regarding this 

operation from the point of view of GPS-aided gimbal control please see Section 5.2. 

5.1.2 Focus assist algorithm for experimental media production  

The camera used in all MULTIDRONE drones - the BlackMagic Micro Cinema Camera 

- does not offer an autofocus function capable of keeping the image in focus most of the times. 

Therefore, there was a need to develop a customized autofocus mechanism operating remotely. 

The camera itself provides focus assistance (focus peaking) although this feature interferes with 

the 2D Visual Information Analysis module of the MULTIDRONE system, since it affects the 

image output of the camera as depicted in Fig. 5 and can only be used for manually setting the 

correct focus value. These issues were identified during the Bothkamp sessions. Thus, in order to 

assist the media productions during the Seville sessions, AUTH developed between the two 

sessions a focus assist algorithm in the form of a ROS node. 
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Figure 5: When the focus peaking option is enabled in camera, green lines depicting the “in focus” areas are overlaid on 

the HDMI output, and thus the video that is streamed for use in 2D Visual Information Analysis module and elsewhere, 

making this video essentially unusable for analysis. 

 

The focus assist ROS node takes a clean image input (no camera overlays) and utilizes an 

edge detection algorithm to detect the sharp edges of the image. The node publishes (in a 

relevant ROS topic) an image with green overlays that depict the detected sharp edges, meant to 

assist in adjusting the focus manually and obtain a sharp image, as shown in Figure 6. 

Furthermore, the node provides two focus values, the first is calculated on a large area of the 

image and the second one is calculated inside the area of the target ROI when such information 

is available from the visual analysis node. These two values were used by an autofocus algorithm 

developed by IST (see Section 5.3), which was successfully utilized during the media production 

experiments in Seville.  

 

 
Figure 6: The left part of the image depicts the clean HDMI output of the cinematographic camera and the right one the 

published image that can be used for focus assistance. In this example the image is focused by utilizing the autofocus 

algorithm by IST. 

5.1.3 Visual crowd detector fine-tuning  

In order to ensure safety during UAV flight missions, the UAV is required to detect 

human crowds that may be present in the current flight area and avoid flying over or near it. To 

this end, an accurate, real-time crowd detection method was developed by AUTH, which was 

detailed in Section 4 of Deliverable D4.1. In order to fine-tune the CNN-based methods used in 

this module and to adapt them for deployment to new environments a number of actions were 

taken. 

As the surrounding environment extremely varies depending on the selected 

MULTIDRONE scenario (rowing, cycling, parkour), the crowd detection method needs to be 

adapted separately for each of them before actual deployment, in order to optimize results. Thus, 

the landscape of the production area in Seville was first recorded using UAV-mounted cameras. 

Then, the crowd detection method was applied to the recorded videos and the produced crowd 
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heatmaps were examined to identify potential false positives. Using a suitable threshold value for 

each case, the image patches that resulted in strong false positives were extracted and stored. 

Finally, the extracted patches were used to enrich the training dataset and a new crowd detection 

model was trained using the same method as the one described in Section 4 of Deliverable D4.1. 

The number of false positives after the final training was significantly reduced, as it can be seen 

in the visual example depicted in Figure 7 (reddish/bluish pixels signify high/low crowd 

probability). 

 

 
Figure 7: Example human crowd heatmap: a) before fine-tuning the AUTH neural model for Seville data, and b) after 

fine-tuning the AUTH neural model for Seville data 

 

5.1.4 Visual parkour athlete detector fine-tuning  

During scouting and before the experimental production itself, sample shots of the Hof 

Siek area were obtained, so that the area suitability for media production could be evaluated. The 

models that had previously been trained for parkour athlete detection (reported in Section 3.1.4 

of Deliverable D4.3) were then tested on the acquired footage, and numerous false positive 

detections emerged, due to the fact that the landscape was unknown to the model. Model fine-

tuning was, thus, performed by feeding the network with video frames in which false positive 

detections appeared, so that it could get “familiar” with the Hof Siek landscape and thus operate 

in a better way during the actual Hof Siek parkour sessions. The aforementioned process was 

repeated three times, until false positives were nearly eliminated, as visual inspection revealed. A 

visual example is depicted in Figure 8, showing true and false positives in the same video frame 

before and after this fine-tuning process, while Table 1 summarises model performance, with 

regard to false positive detections, before and after fine-tuning. 

 

 
Figure 8: Example video frame with false positive parkour athlete detections: a) before fine-tuning the AUTH neural 

model for Bothkamp data, and b) after fine-tuning the AUTH neural model for Bothkamp data 
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 FP before fine-tuning FP after fine-tuning 

1-class model 2511 10 

2-class model 1928  179 

Table 1: Number of False Positive detections (FP) across video sequences (containing in total 36959 video frames) filmed 

at Hof Siek, before and after the fine-tuning process 

 

5.1.5 Semantic map manager validation  

In order to ensure flight safety during a MULTIDRONE shooting mission, the Semantic 

Map Manager (SMM) ROS nodes produce dynamic annotations that define crowd gathering 

locations in the 3D navigation map which is stored in Octomap format. Aiming to prepare for the 

experimental media production at Seville, AUTH verified proper operation of the two SMM 

nodes within the integrated MULTIDRONE system, via an example containing “fake” crowd 

heatmaps. To this end, pre-recorded camera parameters corresponding to UAV video sequences 

previously captured at Seville were employed. 

Moreover, a properly geo-referenced flat 3D terrain map in Octomap format was prepared 

via synthetic data that were derived using AirSim, i.e., the photorealistic UAV simulation 

environment employed by AUTH (as reported in Sections 4.9 and 3.7 of Deliverables D4.2 and 

D4.3, respectively). This terrain (which is appropriate for the area, that is essentially flat) was 

extracted from AirSim and, through a number of intermediate steps, was converted into the 

Octomap voxel grid, resulting in a single Bonsai Tree file (binary type “*.bt”) which is used by 

SMM. 

 

5.2 Tuning of the GPS-aided Visual Gimbal Control  

The gimbal is used to point the camera according to the desired type of shooting. We 

developed three different modes of operation, which made the shooting capabilities of the drones 

more versatile: i) aiming at a fixed point of interest; ii) pointing at a moving target equipped or 

not with a GPS module; iii) performing a panoramic shot of a landscape.  

For the second case, i.e. pointing at a moving target such as a cyclist or a rower, it is 

possible to track it by controlling the orientation of the gimbal, based on either GPS 

measurements (transmitted by a GPS receiver mounted on the target) or through visual target 

detection and tracking on the video streamed by the camera. Both solutions have advantages and 

disadvantages. When tracking resorting to GPS, the controller depends on both the target’s and 

drone’s position estimates, with an associated uncertainty. Usually they are in the range of 

centimetres, but sometimes they can go up to meters. Also, the uncertainty and drift of the 

motors position estimates is not negligible. Therefore, there are three sources of uncertainty 

which lower the quality of the tracking. As for the visual tracking, none of the above-mentioned 

issues are present, which is why usually visual tracking tends to outperform GPS based tracking. 

However wrong or no visual detection of the target makes tracking unfeasible.    

To mitigate these effects, an additional GPS-aided functionality was implemented for the 

experimentations. It consists of using GPS to steer the gimbal orientation and projecting the GPS 

position in the image plane to determine whether or not the target is visible. As soon as this 

occurs, gimbal control is switched to the visual mode, effectively increasing the operational 

capacity of the system. 
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5.3 Tuning of the Autofocus  

The BlackMagic camera, mounted on the project drones, allows manual tuning of focus, 

zoom, white balance, among other parameters. These can also be changed from the onboard 

computer through a wired connection to the camera, which allowed the implementation of 

control algorithms based on image analysis. 

Even though the BlackMagic camera provides an autofocus feature, this function is not 

capable of keeping the image in focus most of the times. Therefore, there was a need to develop 

a customized autofocus function, which is comprised of sensing and actuation through feedback 

control. 

The autofocus algorithm is intended to be executed sporadically, in case a sudden drop in 

image quality occurs. It can be activated from the director’s dashboard, whenever the director 

finds it necessary, or automatically, whenever the visual algorithm detects poor quality of the 

image. It is not meant to be used in parallel with other control algorithms, such as zoom and 

gimbal control. 

The focus value is absolute and bound to finite and discrete range. To have feedback on 

how focused the image is, we resorted to a visual analysis tool, developed by AUTH, that 

attributes an absolute score to the quality of the focus (see Section 5.1.2). 

The autofocus algorithm consists of iteratively setting the focus value and receiving the 

corresponding score given by the visual analysis module and choosing from these pairs the focus 

value that yields the best score. To reduce the computation time, the search algorithm is 

optimized using a search tree limited by the set of available focus values. 

5.4 Fine-tuning of ground station for experimental media 

production  

5.4.1 LTE transmission configuration 

The type of LTE transmission techniques used for MULTIDRONE, the Time-Division 

Duplex (TDD), which permits to use the same frequencies for downlink and uplink, needed 

adjustment depending on the use cases. The MULTIDRONE experimental media productions 

implied high uplink throughput (as each drone can achieve up to 10Mbps bitrate). The 3GPP ts 

36.211 frame structure type 2 offers seven principal configurations and ten special subframe 

(SSF) configurations (Figure 9 and Figure 10). 

  

Figure 9: Frame configuration 
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Figure 10: SSF configuration 

As the configuration 0 and SSF 5 to 9 offer the maximum uplink throughput, these 

configurations were chosen for the experimental media production. 

The choice between SSF 5 to 9 depends of different factors like distance of transmission 

and environmental condition (open area, buildings). The blanks visible on the SSF table 

correspond to the guard period. The TDD transmission needs a strong synchronization between 

the ground and the modem on the drone, this synchronization is guaranteed by guard period. To 

simplify, the larger the guard period is, the more stable is the connection between the LTE 

modem and the ground station (robustness against auto-jamming, multi-travel and micro-

synchronisation lost). 

The station was set, as the project defined at the beginning, for middle and long-range 

configuration (up to 2km), the SSF 5 with higher guard period. As the drones flew near the LTE 

ground station (less than one kilometre), the special subframe configuration was set to 6 to offer 

the best bitrate condition and to keep enough guard period for the most stable connection. 

Moreover, the maximum power transmission was lowered accordingly to prevent saturation 

reception on the drone LTE modem. The initial value set was 10W to 20W (40 to 43 dBm) 

maximum power transmission from the Remote Radio Head. The new value was set between 5W 

to 10W maximum (37 to 40dBm). 

 Thanks to this configuration, the LTE link offered more than 30Mbps in uplink, 

sufficient for at least 3 drones in the air with the maximum bitrate defined in the project: 10Mbps 

/ drone. 

 

5.4.2 IP access for ground equipment 

As multiple equipment needed to be connected to the ground station, a specific 

equipment was added to the station to provide: 

-        Internet access 

-        DHCP server (automatic IP address delivery) 

-        Access control (MAC filter and bitrate control, especially for internet use) 

-        Local wifi access (for phone or computer too far to be connected through a wire) 

  



 

 
D6.3: Experimental Demonstration in Media Production  20/63 
 

MULTIDRONE no. 731667 

 

5.4.3 Energy autonomy and power control 

As the LTE ground station is the only link between drones and ground (besides remote 

radio controller), it has to be robust against power loss or unstable power supply. In order to 

guarantee enough power to the LTE equipment and all computers, Ethernet switches and 

important equipment, an inverter with 1300W of power capacity was added to the station. 

This inverter includes batteries to ensure 10 to 15min of power autonomy (in case of power 

generator being down for example). Figure 11 depicts the final LTE station case. 

  

Figure 11: Final Multidrone LTE station case 

 

5.5  Fine-tuning the dashboard for experimental media production  

The main issue with a multi-drone system for media production is its operational 

complexity, in particular with aspects related to planning, logistics, safety measures and 

supervisory procedures. The risk is that production people lose the actual target of focusing on 

the creative part of their work, rather than on the technical part. 

The director’s dashboard is the tool used by the media director to govern the MULTIDRONE 

system from the editorial point of view in both the mission planning and execution phases. The 

dashboard was designed to be intuitive and simple. Among its functionalities, the dashboard 

allows media directors to: 

 

● plan multi-drone shooting missions by navigating through a few configuration pages; 

● describe shot geometry by clicking on aerial maps; 

● validate and execute plans for the missions. 

 

The director's dashboard is based on a use case analysis that led to identify the main entities 

and relations involved in the mission planning and execution workflows, as described in 

[Negro2017]. Let us remind here the most important concepts that drove its development.  
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The central point of the system is the concept of event, i.e. any real-world occurrence with a 

spatial and temporal localisation that has to be filmed. An event may contain an arbitrary number 

of shooting missions, which describe the aerial shots designed by the director for the event they 

refer to. Any mission is characterised by a specific role. The reason for this is that the director 

could design different missions for the occurrence of the same event, depending on contextual 

conditions. For example, the director might plan to have two distinct (and mutually exclusive) 

missions, in case of sunny or cloudy weather, respectively. A mission consists of one or more 

shooting action sequences, which can also have different roles. Thus, the director may plan 

different actions within the mission depending on contextual circumstances. For example, if the 

selected event is the crossing of the Stelvio pass during a cycling race, the director may decide to 

have two possible shooting action sequences: one in case of arrival in the sprint, the other in case 

of a solo attack. All shooting action sequences with the same role within a mission will happen 

concurrently as the associated event occurs. A shooting action sequence is made up of an ordered 

sequence of shooting actions, which run sequentially. A shooting action represents an aerial 

visual shot to be filmed with one or more drones. A shooting action has a reference target that is 

tracked to move the drone formation alongside. Any information related to the movement of the 

formation, e.g. origin coordinates, trajectory and speed, is encoded within the shooting action 

properties. A shooting action includes one or several shooting roles, one per drone involved. This 

is helpful to indicate the role of each drone in shots with multiple drones. Each shooting role has 

a shooting type defining the type of movement of the camera, e.g., static, lateral, orbit, etc, plus 

some shooting parameters, defining the geometry of the flying formation. These parameters vary 

depending on the specific type of shot, for instance, to indicate the lateral distance of the drone in 

a lateral shot or the radius and angle rate in an orbit. An example of one of the shooting actions 

performed to test the cycling experiment in Germany is shown in Figure 12. 

 

 
Figure 12: Example of mission map for the cycling experiment. 

 

The dashboard software stack (i.e. database, backend REST application and front-end 

web GUI) was installed on a Ubuntu 16.04 OS, and used as the entry point to create and run 

shooting missions. Communication between the dashboard and the MULTIDRONE 

infrastructure is done through the ROStful framework
1
 that translates ROS messages from the 

MULTIDRONE robotic system to RESTful web services consumed by the dashboard. 

The experimental mission production workflow is done in two steps, namely mission 

planning and mission execution. In the mission planning step, the director manages a database 

with all the above entities through the dashboard GUI. Then, an XML file with all events and 

missions associated is generated. An example of information encoded within such XML file for 

                                                 
1
 https://github.com/pyros-dev/rostful (last accessed December 2019) 

https://github.com/pyros-dev/rostful
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one of the missions executed during the Seville experiments is shown in Figure 13. The mission 

has three shooting action sequences that will run in parallel (because of the same role). The main 

target of the mission is a cyclist (i.e. target type equal to TARGET_CYCLIST). The first 

shooting action sequence is made of two shooting actions, which perform an establish shot 

followed by an orbital shot, each with duration equal to 30 seconds. The second shooting action 

sequence is made of a single shooting action performing a lateral shot of duration 60 seconds. 

Finally, the last shooting action sequence is made of two shooting actions, i.e. a fly-by shot 

followed by an orbital shot (again of duration 30 seconds each). 

 

 
Figure 13: Example of shooting mission XML 

 

Once the mission has been created, the corresponding XML file is transferred to the 

Mission Controller, which is the autonomous module in charge of controlling the mission 

production workflow.  The Mission Controller computes plans for all possible combinations of 

mission roles and shooting action sequence roles, and also checks  their feasibility in terms of 

security constraints (e.g., collision avoidance), and available resources (e.g., number of drones). 

The output of the Mission Controller is sent back to the dashboard, in order to constantly update 

the director about the status of each mission. Once mission plans are computed and validated, the 

director can select any valid combination of mission and shooting action sequence roles to run. 

During execution, the mission timeline is shown, so that the director is able to monitor in real 

time the progress of the mission.  

The workflow described above results in a lifecycle where each mission can assume one of 

the following statuses (see Figure 14): 

 

● Planned, in which the mission has not been sent to the Mission Controller yet; 

● Enrolled, in which the mission has been sent to the Mission Controller, but it has not been 

validated yet; 

● Pending, in which the mission is under validation by either the Mission Controller or the 

Supervisor; 

● Validated / Rejected, in which mission validation succeeded / failed; 

● Ready, in which the director selected and notified the Mission Controller to execute one 

particular combination of missions – shooting action sequences among those validated; 

● Running, in which the mission actually started; 

● Aborted / ended, in which the mission was manually stopped before end, or concluded as 

planned 
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Figure 14: Mission lifecycle 

The outlined workflow has been tested several times during the three media production 

experimentation periods that took place in Bothkamp, Wannsee and Seville between September 

and November 2019. All foreseen MULTIDRONE use cases (i.e. cycling, rowing and parkour) 

were experimented and many MULTIDRONE configurations through the dashboard have been 

put in place. Tests did not show any particular criticality in the use of the dashboard 

functionalities, highlighting consistency and integrity of data, good stability and usability of the 

tool. 

In conclusion, the dashboard proved to be an effective tool that can be used by the media 

director to govern the MULTIDRONE system from the editorial point of view in both the 

mission planning and execution phases. 

 

 

5.6  Hardware integration work for experimental media production  

5.6.1  Drone backups for Germany 

As explained in Section 2, the experimental media productions in Germany were carried out 

with three different types of drones. This involved extra work from all partners. In fact, an 

additional hardware integration week was scheduled in Seville during the first week of 

September 2019. Particularly, the following work was done on each platform to be able to do 

media production: 

 

● DJI S1000+. Although it was the first MULTIDRONE prototype, it was discarded 

several months before the media production, so the payload was first removed and later 

installed again with some improvements. Moreover, the autopilot needed some fine-

tuning which was finalized in Germany. 

● Proskytec Big4. This was a completely new drone, so it needed a new distribution for the 

payload and some modifications of the cables and connectors. 

● Proskytec X6. Two drones of this kind were provided by USE. The main issue was that it 

was a bit smaller and it could not carry the TX2, that was supposed to be used for visual 

analysis and video streaming. Thus, we added an HDMI to USB converter which seemed 

to work in the beginning. However, we discovered later that this device induced heavy 

noise in the GPS, making the flight less accurate in position. Also, the visual analysis 
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algorithms were adapted to work on the onboard NUC. 

 

5.6.2  Broken parts 

During the media productions, we realised that some parts of the onboard hardware 

suffered more than others, and broke in the middle of the experiments. 

At Hof Siek, we discovered that the dust and sand from the field that lifted during the 

take-off and landing of the drones got inside the camera lens mechanisms and broke them. 

Hopefully, after a very long and careful cleaning work, some of them were repaired. In order to 

solve the issue, we put a plastic cover to protect the lens which made the job. 

Both in Germany and Seville, we also suffered from some electronic issues. We lost 2 

Teensy boards and 4 NUCs. This involved extra time and costs to replace the damaged 

components. 

Finally, we had several crashes during all the tests (previous to the media production 

mainly). This was considered in advance, so we had enough spare parts to repair the damages or 

backup drones to continue with the media production. 

5.6.3  Hexadrone drones fine tuning 

Apart from the known delays and the arms folding system issues detailed in [D5.5], once 

the final platform was ready, we still had issues to fine-tune the autopilot. All the design was 

made with PX4, but there were big issues using PX4 with the version of our autopilot hardware, 

the Pixhawk 2.1 by ProfiCNC. Thus, we devoted extra effort to have the drones flying stable and 

safe enough. 

The final solution was to use Ardupilot instead of PX4. We finally had the drones flying 

perfectly but we needed to modify some parts of the software. More concretely, USE updated the 

UAL to be compatible with Ardupilot. Another consequence of this change was to have an extra 

step in the mission preparation protocol. This step consisted of arming and disarming the drones 

manually before launching the mission, so that the drones updated the home position. 

 

 

6 Media production validation 

6.1 Qualitative MULTIDRONE platform testing and validation 

As described in [D6.1], qualitative testing and validation of the MULTIDRONE platform as 

such took place during experimental media productions as described in Section 2. We decided to 

break down the testing and validation into three elements: 

 

● the execution of exemplary shooting missions; 

● the testing and validation of a number of functionalities that are of specific relevance for 

media production and 

● the validation of the system's usability by interviewing media production staff on the 

basis of a standardised questionnaire. 

6.1.1 Execution of exemplary shooting missions (mock-up scenarios) 

In [D2.2], we have developed a number of exemplary shooting missions for the three 
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scenarios that were to serve as a benchmark for validating the performance of the 

MULTIDRONE platform in media productions. Each of these shooting missions will ideally be 

executed three times if possible. The validation matrix will be rather clear, stating whether the 

shooting mission was executed successfully or not and enabling comments on relevant 

occurrences or deviations (see Table 2). 

 

Exemplary shooting mission Completed 
successfully? 
 

Comments 

Boat race situation 1 yes/no special occurrences / deviations 

Cycling race situation yes/no special occurrences / deviations 

   

Table 2: Table template for shooting mission validation 

 

The exemplary shooting missions were revised on the respective day of the mission in the 

light of weather conditions, topography and technical restrictions (e.g. number of available 

functional drones). This explains deviations to the exemplary shooting missions that were 

preliminarily designed in [D2.2]. 

 

6.1.1.1 Exemplary shooting mission for the cycling race 

In Hof Siek/Germany, we filmed five cyclists who were cycling in formation on a dirt 

road from a starting point A to a finish line B. The scenario was filmed with two drones. 

Specifically, we planned and conducted the following shooting mission (see also Figure 15): 

 

Mission 

 

● Drone 1: Lateral Shot (from left to right, as seen from ground station) at a distance of 

60m from the street above the field; height: 10 metres. 

● Drone 2: Flyby Shot (from right to left, as seen from ground station) at a distance of 60m 

from the street above the field. 
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Figure 15: Cycling scenario at Hof Siek 

 

The results of the shooting mission are shown in Table 3.  

 

Shooting mission (Hof Siek) Completed 
successfully? 
 

Comments 

Cycling race situation  Yes The autofocus failed which led to 
blurred images. 

Table 3: Shooting Mission "Cycling" at Hof Siek 

 

6.1.1.2 Exemplary shooting mission for the boat race 

At Lake Bothkamp in Hof Siek, we filmed four rowing boats that were staging a regatta 

along the lake. The scenario was filmed with two drones. Specifically, we conducted the 

following shooting missions for the boat race (see also Figure 16): 

 

Mission 

 

● Drone 1: Lateral Shot above the green in front of the lake at a distance of 50 metres to the 

boat; height: 3 metres. 

● Drone 2: Long shot and pan: Drone flies at a height of 2 metres from the green towards 

the jetty; just before it reaches the edge of the jetty, it elevates to a height of 8,50 metres 

and pans to the left (targeting the boat). 
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Figure 16: Boat race scenario at Hof Siek 

 

The results of the shooting mission are shown in Table 4. 

 

 

Shooting mission (Hof Siek) Completed 
successfully? 
 

Comments 

Boat race situation Yes No deviation from planned mission 

Table 4: Shooting mission "Boat race" at Hof Siek 

 

6.1.1.3 Exemplary shooting mission for the Parkour run 

We built up a temporary Parkour track at the Hof Siek location in order to execute the 

Parkour scenario. We filmed five athletes who conducted a number of typical Parkour exercises. 

The scenario was filmed with three drones. Specifically, we planned to conduct the following 

shooting mission: 

 

Mission 

      

● Drone 1: Establish shot flying from the East towards the silos at a height of 12 meters and 

until a horizontal distance of 10 meters from the targets. Then a fly-by to the south 

shooting at the targets. 

● Drone 2: Starts at 4 meters height and 18 meters from the targets starting position. 

Remains 5 seconds static to let the runners begin. Then a lateral shot maintaining the 18 

meters distance. Finally, an orbit shot around the silos at the same height. 

 

The results of the shooting mission are shown in Table 5. 
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Shooting mission (Hof Siek) Completed 
successfully? 
 

Comments 

Parkour run situation No Almost at the end of the mission, the 
kill-switch electronics of drone 1 
(Big4) failed and the motors suddenly 
stopped, crashing the drone from 12 
meters height. Thanks to the safety 
distances to the runners and to any 
other person, we only suffered 
material damages. 
The same mission was successfully 
performed the next day without 
runners but with one walking person 
as a target. 

Table 5: Shooting Mission "Parkour" at Hof Siek 

 

6.1.2 Execution of exemplary shooting missions ("Around Wannsee" regatta) 

At the "Around Wannsee" rowing regatta, we flew one drone in fully autonomous mode. 

The second drone had to be operated manually because the NUC broke just before the mission 

and we did not have the time to replace it as the race had already started. 

 

Mission 
      

● Drone 1: static (virtual target, right to left) +  static (virtual target, left to right) + static 

(visual target) 

● Drone 2: fly-through (virtual target) + fly-by (virtual target) + fly-through (virtual target) 

 

The results of the shooting mission were the following: 

 

Shooting 
mission 

Completed 
successfully? 

 

Comments 

“Around 
Wannsee” 

Partially Only one drone could go on fully autonomous mode. 

The visual tracking failed because of the long distance 

to the boats. 
Table 6: Shooting Mission "Around Wannsee" 
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Figure 17: "Around Wannsee" rowing regatta 

 

We had intended to do more flights but had to stop the whole operation when wind and rain 

came up 10 minutes into the production. 

 

6.1.3 Execution of exemplary shooting missions ("Cycling scenario", Seville) 

In Seville at the end of November 2019, we replicated the cycling scenario with up to 

four cyclists. In this case, the event was filmed with up to three drones simultaneously (see 

Figure 18). 
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Figure 18: Cycling scenario in Seville 

 

Specifically, we planned and conducted the following shooting missions: 

 

Mission 1: 

● Autonomous flight mode all drones 

● Autonomous gimbal mode all drones 

● Drone 1: lateral (GPS target) 

● Drone 2: establish (virtual target) + orbit (GPS target) 

● Drone 3: fly-by (virtual target) + orbit (GPS target) 

 

Mission 2: 

● Autonomous flight mode all drones 

● Autonomous gimbal mode all drones, GPS target 

● Drone 1: lateral  

● Drone 2: establish + chase 

● Drone 3: fly-by + static 

 

Mission 3 (drone replacement): 

● Autonomous flight mode both drones 

● Autonomous gimbal mode both drones 

● Drone 1: chase (GPS target) 

● Drone 2: second part of chase (GPS target) 

 

Mission 4 (cinematography optimal trajectory planner): 

● Autonomous flight mode all drones 

● Autonomous gimbal mode all drones, GPS target 

● Drone 1: lateral  

● Drone 2: fly-by 

● Drone 3: lateral 

 

Mission 5 (active perception): 

● Two drones 

● Autonomous flight mode both drones 

● Autonomous gimbal mode both drones, GPS target 

● Drone trajectories to reduce covariance in 3D target estimation 

 

Mission 6 (visual gimbal control): 

● Autonomous flight mode for the drone 

● Lateral (GPS target) 

● Autonomous gimbal mode: GPS initially used to rotate the gimbal until the target is 
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visible by the camera, then visual tracking commences and gimbal control and camera 

zoom is taken over by visual information. 

 

 

Table 7 shows the results of the above shooting missions.      

Shooting mission (Seville) Completed 
successfully? 
 

Comments 

Cycling race mission 1  Yes No deviation 

Cycling race mission 2  Yes No deviation 

Cycling race mission 3  Yes No deviation 

Cycling race mission 4 Yes No deviation 

Cycling race mission 5  Yes No deviation 

Cycling race mission 6 Yes No deviation 

Table 7: Shooting mission "Cycling" in Seville 

6.1.4 Qualitative evaluation of selected system functionalities 

Most of the MULTIDRONE components and modules were tested and validated 

individually by the respective responsible consortium partner (technical evaluation). However, a 

number of MULTIDRONE functionalities are not only very relevant for media production but 

also very suitable for testing and evaluation in the framework of a media production. The 

consortium selected a number of functionalities to be additionally tested during the experimental 

media production in Germany. This evaluation was carried out on the basis of a standard 

questionnaire. The evaluation method consisted of one-to-one interviews with various 

MULTIDRONE production staff. In each interview the interviewer walked through the 

questionnaire together with the interviewee which also gave the opportunity to further discuss 

specific MULTIDRONE functionalities as well as the related questions. 

The evaluation matrix was rather clear, assessing its performance of the respective 

functionality on a scale of 1 (fully agree) to 4 (totally disagree). It also allowed for comments on 

relevant occurrences or deviations. The following section shortly describes the specific 

functionalities, identifies their Requirement Id as defined in [D2.1] and summarises the results of 

their evaluation in the context of experimental media productions. When reading the evaluation 

results, please take into account that the number of answers varied from question to question. 

Also, for better understandability, we have decided not to show all results in the main text of this 

deliverable. Instead, the full questionnaire and the results can be found in Appendix 9.2. 

 

6.1.4.1 The mission planner 

The mission planner was developed based on the user requirement that it shall be 

possible to define a sequence of shooting actions and mission configurations (action plan) to be 

executed by the drones during a shooting mission (Requirement Id PP7).  

The mission planner that was developed within the project was clearly evaluated as 

useful for the planning the mission (Figure 19). 
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Figure 19: Mission planner evaluation results. 

 

Updating the mission planner during the mission itself was considered a little bit less 

convincing but still showed mostly positive results (Figure 20). 

 

      
Figure 20: Updating the planner - evaluation results. 

Altogether, qualitative evaluation confirms that the mission planner was developed and 

implemented successfully. 

 

6.1.4.2 Target following 

Another user requirement was that the drone team shall be able to autonomously 

implement strategies to follow and film targets specified during planning exploiting visual input 

(Requirement Id PR2). 

Evaluation showed, that GPS-based tracking was mostly evaluated positively (Figure 21). 
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Figure 21: Target following evaluation results. 

However, we encountered less positive feedback when we asked whether the camera 

movements that resulted from tracking where sufficient for media production (Figure 22). 

 

 
Figure 22: Drone-camera movement evaluation results. 

 

6.1.4.3 Manual control 

Users also required that it shall be possible for the pilot at each moment in time during a 

shooting mission to take full manual control of the drone (Requirement Id PR5). 

 The performance of then manual control worked without any problems and performed 

well (Figure 23 and Figure 24). 
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Figure 23: Taking control evaluation results. 

 

      
Figure 24: Switching to manual control evaluation results. 

 

6.1.4.4 LTE network 

Also, the LTE network was assessed as being generally sufficiently reliable (Figure 25). 
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Figure 25: Reliability of network evaluation results. 

6.1.4.5 Defined flight patterns 

Drones were required to fly along patterns as defined by the director (Requirement Id 

GR2). This requirement was fulfilled according to the interviewees (Figure 26). 

 

      
Figure 26: Follow path evaluation results. 

6.1.4.6 Flight stability 

Users required flights to be stable in order to achieve stable images (Requirement Id 

DP4).  

Flight stability was assessed as sufficient (Figure 27). 
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Figure 27: Stability of flight evaluation results. 

 

6.1.4.7 Video streaming quality 

Video streaming quality on the other hand, was perceived as less convincing. Some 

interviewees stated that the quality varied from shooting mission to shooting mission (Figure 28). 

 

 
Figure 28: Video streaming quality evaluation results. 

 

6.1.5 Emergency handling 

One of the most important requirements referred to emergency handling. Drones were 

expected to autonomously trigger predefined procedures as a response to predictable 

system/sensor failures/ emergencies (e.g., battery/sensor failure) (Requirement Id DP1). This 

requirement has been met (Figure 29 and Figure 30). 
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Figure 29: Aborting mission evaluation results. 

 

 
Figure 30: Emergency management evaluation results. 

6.1.6 System usability validation 

Finally, we also validated the usability of the MULTIDRONE platform. According to ISO 

9241-11 (the standard covering the ergonomics of human-computer interaction), 

 

usability is understood as the extent to which a product can be used by specified users to 

achieve specified goals with effectiveness, efficiency, and satisfaction in a specified context 

of use. 

 

Given the character of the MULTIDRONE project and the limited number of production 

crew members that was involved, this usability testing was not quantitative but qualitative only.  

 

6.1.6.1 General principles of usability testing 

Usability testing is described as an activity that focuses on observing users working with a 

product, performing tasks that are real and meaningful to them [Barnum, p. 13]. More precisely, 

usability testing needs to measure the level of effectiveness, efficiency, and satisfaction that is 
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experienced by users when they use the MULTIDRONE system in order to achieve specified 

goals. Again, the ISO 9241-11 provides definitions for these three criteria: 

 

● Effectiveness: depends on to which extent the user is able to fulfil the task and to achieve 

her/his goals. 

● Efficiency: depends on how the effort the user needs to invest relates to the accuracy and 

completeness of the results. 

● Satisfaction: depends on how satisfied the user is by working with the system. 

 

The following sections will shortly describe how effectiveness, efficiency and satisfaction 

have been assessed by media production personnel. Please not again that the full questionnaire 

with all answers can be found as Appendix 9.2.  

 

6.1.6.2 Effectiveness testing 

Regarding the effectiveness of the MULTIDRONE system, we asked the following 

questions: 

 

● Was the team able to successfully complete the exemplary shooting mission? 

● Did the team manage to complete the exemplary shooting mission on the first attempt? 

● Did the team manage to complete the exemplary shooting mission without external 

assistance? 

● Did the team notice any persistent errors while using the platform? 

 

Apart from the fact, that some missions did indeed not work on the first attempt, all these 

questions were answered positively. Please refer to Appendix 9.2 for more details. 

 

6.1.6.3 Efficiency testing 

The efficiency of the MULTIDRONE system was assessed on the basis of the following 

questions: 

 

● Did it take a lot of time to understand the MULTIDRONE platform and learn about its 

functionalities? 

● Was the MULTIDRONE platform easy to use and were the main functionalities easy to 

operate? 

● Did it take a lot of time to perform the exemplary shooting missions compared to the 

current method of handling similar missions? 

● Did it take a lot of time to perform the exemplary shooting missions compared to the use 

of alternative tools already in use? 

 

Most of the interviewees confirmed that the MULTIDRONE system and its main 

functionalities were easy to understand and to use. But feedback also pointed out that current 

methods and current tools (normal camera equipment or consumer drones) are still at least as 

efficient. It is our assumption that this is also down to the fact that the use of these methods and 

tools has already been frequently practised and that the MULTIDRONE platform is still on 

prototype level. Please refer to Appendix 9.2 for more details on feedback from media 

production personnel regarding system efficiency. 

 

6.1.6.4 Satisfaction testing 
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User satisfaction with the MULTIDRONE system was tested by asking the following 

questions: 

 

● Did you feel in control when you used the MULTIDRONE platform? 

● Was the use of the MULTIDRONE platform overall a satisfying experience? 

● Was the MULTIDRONE dashboard intuitive and easy to use? 

● Would you recommend MULTIDRONE to a colleague or friend? 

 

The answers to these questions were mostly highly positive. Some interviewees made the 

following additional comments: 

 

 it is particularly positive that the Multidrone system reproduces exact waypoints in 

several production runs. 

 

 a finished and fully functional Multidrone system would make video production much 

easier. 

 

 it is particularly positive to simplify shooting with several drones without an army of 

camera people. 

 

Please refer to Appendix 9.2 for more details and comments. 

 

6.1.7 Conclusions from qualitative evaluation 

Qualitative evaluation, although altogether positive, has shown a certain discrepancy 

regarding the robotics-related and the media production-related requirements. Functionalities of 

the drone itself such as tracking, autonomous flight, manual control or emergency handling were 

mostly highly rated. Functionalities that are crucial for a media production of high quality on the 

other hand, performed slightly less convincingly. 

This shortcoming can be easily explained. First of all, most technical partners and their 

staff came from a robotics and drone manufacturing background. It became obvious throughout 

the project that there was less knowledge about the functioning and relevance of media 

technology. However, it was interesting to observe how quickly personnel from technical 

partners learnt and adapted to the practicalities and challenges of a professional media 

production when experiencing the productions in Germany and in Spain. 

Secondly, media production and the proper use of production technology requires very 

specialised skills regarding story-telling and cinematographic principles. Good camerapersons 

are highly qualified and very creative people with usually years of experience. Camera people 

who are using drones need to be particularly skilled, not only because they have to operate the 

drone as well but mainly because they have to consider and understand how the perspective of a 

"flying camera" impacts the narrative of the production. Flight speed, angle of perspective, flight 

direction and focus need to be assessed simultaneously in a three-dimensional framework. It 

became obvious during the course of the project that these skills could not yet be matched by an 

autonomous system. 

Despite the described shortcomings in media production-related functionalities and given 

the overall achievements in the project, we rate the results of the qualitative evaluation as 

encouraging and a very positive assessment of our work.  
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7 Conclusions 

Testing the MULTIDRONE system in experimental media productions turned out to be a 

highly challenging exercise. These challenges originated from many different factors making it 

even more difficult to deal with them. Some challenges were legal and referred to pilot licences, 

national drone regulations, no-fly-zones and insurance issues. Other challenges were climate-

related with cold or rainy weather, thunderstorms or heavy winds (especially over open water). 

Some challenges only occurred in the specific media production situation when athletes acted 

unexpectedly. And some challenges were related to technical failures, unforeseen bugs or simply 

normal issues of compatibility of various different modules and components that had been 

developed by various consortium partners. The final MULTIDRONE system is a prototype, 

however, different to many other projects, this prototype had to be operated and tested in a real-

world environment, in real sport activities and with real athletes and other involved real people. 

This added another layer of challenges to the project, as all activities had to be ruled by the 

requirement to ensure safe and secure operations that would not endanger any involved 

personnel or any third parties. 

The report in this deliverable as well as the accompanying videos show that these 

challenges were met. Not everything worked out as planned, some workarounds needed to be 

implemented and some compromises had to be made. However, we accomplished the 

experimental media production, not only in mock-up scenarios but also in the real event, the 

rowing regatta "Around Wannsee". The latter turned out to be particularly complicated as - down 

to the dynamics of a boat race and rather bad weather - we only had a very small window of 

opportunity to launch the drones, to film the event and to safely return the drones. Image quality 

has suffered due to these constraints, but we managed to run an autonomous flight and filming 

mission in difficult circumstances. 

The results of the qualitative validation have also shown that the involved production 

personnel assessed the MULTIDRONE system as such as well as individual components in large 

parts as functional and useful. This refers to safety-related questions, e.g. regarding flight 

stability or the possibility to take over manual control at any time. And it also refers to the 

autonomous mode, from planning the event with the mission planner to the autonomous 

execution of the planned media production. 

All these achievements would not have been possible without the extraordinarily close 

cooperation of all involved consortium partners. Staff from all partners spent literally weeks 

together, working in a very collaborative spirit in order to make these productions work. 

Therefore, we would like to conclude this deliverable with the rather unusual remark that, 

beyond all research and development achievements, the activities in this project have shown 

European collaboration at its best.  
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9 Appendices  

9.1 Appendix 1: Production plan "Around Wannsee 2019" 

“Around Wannsee 2019” 
 

Title: Rund um Wannsee 2019 

Author: Axel Primavesi 

Length: ca. 1:30 

Date: 28.09.2019 

 

Numbers, Dates, Facts: 

 

LOGISTICS 

 

● MULTIDRONE-Team (MD, Team of 15, pilots and other staff from all MULTIDRONE 

partners; operating from bathing spot „Alter Hof") 

● Mobile Camera-Team (MC, Team of 4; operating from BRC = Berlin Rowing Club)) 

 

TIME PLAN 

 

Saturday, 27.09.2018 

11:30h ALL Inspection of the shooting areas 

If possible, first shots of the BRC building and premises 

Set-up of MULTIDRONE Groundstation 

Test flights 

    

 

Sunday, 28.09.2018 

06:30 MD Set up position at "Alter Hof" 

07:30 MC Installation of GoPro cameras at the BRC boats; Shooting of 

final preparations around the BRC boat (including the launch of 

the boat into the water) 

08:30h (ca.) MC Departure by raft to the starting line 

09:00h MC Shooting the launch of the regatta from the raft 

09:15 (ca.) MD Shooting of competing rowing boats passing by "Alter Hof" 

09:15h MC Return to BRC premises (Finish line) 

Tba MC Shooting of the finish 

 

 

FACTS 

 

Length of the race track 15 km 

Participation 22 Eights 
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9.2 Appendix 2: User questionnaire and detailed results of 

qualitative user evaluation 
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