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EXECUTIVE SUMMARY 

The ENCORE project aims to increase the share of renovated stock in Europe and 

worldwide by providing effective and affordable BIM tools that cover the whole 

renovation life-cycle. The tools shall support all the actors in the renovation process, 

facilitating cost-effective renovation projects, achieving higher energy efficiency and 

comfort levels. 

Data Acquisition Service (DAS) is a part of BIM based Support Tools and is considered 

as an External System that belongs to the Data Sources layer within ENCORE 

architecture. As a part of the Data Sources layer, Unmanned Aerial Vehicles (UAVs) will 

collect point-clouds and photographs that will be uploaded into the Data Capture layer 

for off-line processing in the ENCORE Engine. 

Herein we give a detailed description of the final prototype of DAS testing, and emphasise 

on changes made to the first prototype, described in Deliverable 2.1. 

At the end of the document, we give a description of the final prototype of the Mobile 

App for data gathering.  
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1. INTRODUCTION 

1.1 DOCUMENT PURPOSE 

The purpose of this document is to present the final design of the Data Acquisition 

Service, whose initial version has been described in Deliverable 2.1.  

1.2 DOCUMENT STRUCTURE 

Document is structured in the following way: section 2 is dedicated to the description of 

the changes in hardware, while section 3 describes improvements in the DAS software. 

Concluding remarks are given in section 4. 
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2. DAS HARDWARE CHANGES 

In this section we describe changes in the Data Acquisition Service Hardware.  

 

2.1 UNMANNED AERIAL VEHICLE 

2.1.1 Autopilot and navigation 

Regarding the autopilot, the final version of the vehicle is equipped with the Pixhawk 2.1 

autopilot running the Ardupilot Copter firmware. To improve GPS precision, a Drotek 

Sirius RTK GNSS, dubbed rover, is used. It is based on a novel Ublox ZED-F9P module 

with multi-band GNSS capability and integrated RM3100 magnetometer. The rover is 

paired with a Drotek Sirius RTK GNSS base station with precision of up to 1cm. 

 

Figure 1 Drotek Sirius GPS rover (left) and Drotek Sirius RTK base (right) 

 

2.1.2 Finalizing data acquisition hardware 

To produce consistent datasets with the UAV, hardware components and their placement 

on the UAV has been finalized. The final DAS consists of Pixhawk 2.1 autopilot, Intel 

NUC onboard computer, Drotek SIRIUS GPS rover, ZED mini stereo camera and 

Velodyne VLP-16 LiDAR. For the consistency of the acquired datasets, relative 

placement of the Pixhawk IMU, ZED mini camera and Velodyne LiDAR must be 

calibrated in a precise manner. The relative position between the IMU and LiDAR has 

been calibrated manually while the orientation has been calibrated with an external IMU 

unit placed on the LiDAR itself. To calibrate the transforms between each camera of the 

ZED mini, the publicly available kalibr package was utilized. The calibration procedure 

involves recording images of a calibration target along with IMU data. The first step of 

the procedure calibrates intrinsic parameters of cameras, while the second step takes IMU 

into account and produces the transform of each camera to IMU frame. The final UAV 

with fixed sensor placement is shown on the following figure. 

https://github.com/ethz-asl/kalibr
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Figure 2 Finalized UAV 
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3. SOFTWARE IMPROVEMENTS 

3.1 GUI IMPROVEMENTS 

3.1.1 SYSTEM ARCHITECTURE 

 

Figure 3: System architecture 

The system architecture is depicted in Figure 3. Modules Multi-UAV GUI and 

MapPlanner are the main part of the operator's interface with the system. The Trajectory 

Generator module is used for the trajectory planning based on the received input from 

the Multi-UAV GUI. Depending on the mission type, input for the Trajectory Generator 

can be a list of waypoints, building layout, velocity and acceleration constraints, as well 

as other trajectory parameters required for specific cases. All the computations that are 

resource intensive are performed on a computer with the Ground Control Station and the 

only data required for the trajectory execution (waypoints with calculated speed and 

acceleration of UAV, start/stop signal) is transmitted to the on-board computer with the 

Mission Control module. The Mission Control module serves as a buffer implemented on 

the UAV's on-board computer, containing all the necessary data required for controllers 

on the UAV to execute the autonomous mission, even in case of the communication loss 

with the Ground Control Station. Communication between Ground Control Station, on-

board computers on UAVs and autopilots are implemented via the MAVROS 

communication framework.  

In case of an emergency, the operator can completely bypass the Ground Control Station 

and on-board position controller and take direct control of a UAV through the RC 

transmitter. This is a fail-safe function provided for safer testing new functionalities of 

application and control algorithms. 

 

3.1.2  GROUND CONTROL STATION 

Developed Ground Control Station has a GUI module capable of displaying telemetry 

and status data from multiple UAVs used for real-time monitoring of the entire system, 
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as well as additional modules required for issuing commands to agents in the system and 

interfacing autonomous flight modes. Ground Control Station can be used in a simulation 

environment as a part of the Software in the Loop (SITL) setup or in the real-world 

applications.  

 

Figure 4: Multi-UAV GUI module - (a) monitoring section and (b) control section. 

Main interface for the operator is the Multi-UAV GUI module. As shown in Figure 4 

Multi-UAV GUI has two sections - monitoring section for displaying the information 

about the UAV status, planned flight paths, and the control section used for issuing 

commands to the selected UAV, as well as for planning new flight missions. 

As a part of the Robotics Operating System (ROS) framework, Multi-UAV GUI module 

receives telemetry and status data form the UAVs in the system via MAVROS 

communication interface. Basic telemetry data (UAV mode, X-Y-Z position, heading, 

horizontal and vertical speed and battery status) as well as critical messages from all 

UAVs in the system are continuously displayed in the GUI. In addition to the basic 

telemetry, detailed information about the selected UAV, such as GPS fix type, position 

in the global coordinate system, value of the received radio signals, status of the motors 

and the information about the position controller is available to the operator. Positions of 

all UAVs in the system, as well as their planned flight trajectories, are shown on a map 

in the MapPlanner module. Alongside MapPlanner, planned trajectories and current state 

of the UAV are visualized in real-time on a 3D viewer in the main Multi-UAV GUI 

module. Real-time 3D representation of UAVs and trajectories allows the operator to 

have a high awareness of the system's state and the ability to predict critical parts of the 

mission such as a close fly-by between UAVs or overlapping of trajectories. 
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Figure 5: MapPlanner module of Ground Control Station 

The MapPlanner module (Figure 5) is a 2D map viewer and management tool developed 

as a part of the Ground Control Station. Satellite images displayed in MapPlanner are 

generated with Javascript API provided by Google Maps. The operator is enabled to 

interact with the map by creating and modifying markers and polygons that are used in 

later stages of planning flight trajectories for UAVs. In addition to operator's direct input, 

the map module is also used as a management tool for the cadastral data. 

 

3.1.3 TRAJECTORY GENERATION ALGORITHM 

Geography Markup Language (GML) is XML based grammar developed by Open 

Geospatial Consortium (OGC) used for describing geographical structures, both natural 

and artificial. Usage of the GML, as a standard format for cadastral databases in most of 

the countries, allows development of applications which use the cadastral data regardless 

of the country from which the data originates. GML contains set of primitives, such as 

Feature, Geometry, Coordinate reference system, Topology and others that are used to 

build application schemes. 

The MapPlanner module of the GCS has been developed for parsing the cadastral data 

from the imported GML file and usage of geometric primitives of geographical objects 

described in the file. Defined by ISO 19136 standard all objects registered in the cadastral 

database have their geographical properties, such as position and dimensions, recorded in 

Geometry primitives. Extraction of the information about coordinates of the points 

required to generate the building layout is implemented using an API for the GML parsing 

provided by OpenGIS Simple Features Reference Implementation (OGR) library which 

is a part of Geospatial Data Abstraction Library (GDAL). In addition to creating a Python 

dictionary which contains information about coordinates all the required data from GML 

file is exported to a JSON object that is used in the MapPlanner module. 
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If needed, points uploaded from the GML file are transformed into the World Geodetic 

System 1984 (WGS84). The WGS84 is a 3-dimensional coordinate reference frame for 

establishing latitude, longitude and altitude used in cartography, geodesy, mapping, 

satellite navigation and positioning, including GPS systems used by the Pixhawk 

Autopilot. By using the point transformation in the WGS84, the trajectory planning 

algorithm does not depend on any coordinate reference frame used by cadastral database 

in a specific country.  

List of points imported form the cadastral database represents highly accurate coordinates 

of corners in the building layout. The sampled outline of the building is generated by 

interpolating straight lines between every two neighbouring corners. As described in DAS 

Prototype v1.0 the mission planner is based on the waypoints generated using a series of 

intersecting circles applying Huygens's wave propagation principle, which guarantees 

that the distance from the object is kept within a predefined error. Moreover, the proposed 

method maintains the data acquisition sensors perpendicular to the surveyed object. The 

list of generated waypoints, the UAV heading, and the velocity and acceleration 

constraints are the inputs to the TOPPRA trajectory planner, which ensures the passage 

through all waypoints while maintaining the predefined constraints.  

Short computation time (within 5 seconds on Intel NUC, i7-8650U CPU @ 1.90GHz x 8) 

of the algorithm, including trajectory generation by TOPPRA, allows for a starting point 

of the flight path to be calculated with respect to the current position of the UAV. This 

allows the arbitrary starting point for the UAV in order to start executing the autonomous 

flight trajectory. Size and complexity of the surveyed building could significantly 

increase flight path length and flight time needed for the completion of the whole survey. 

Algorithm was successfully tested even on the set of highly irregular and complex 

building shapes.  

Using a system with multiple UAVs can greatly decrease duration of the data acquisition 

and improve the efficiency of the whole survey mission. The developed Ground Control 

Station for a multi-agent UAV system provides a solution for fast trajectory planning for 

multiple UAVs based on the same building layout. Operator can select trajectory 

parameters and the UAV in the system for an autonomous mission while monitoring the 

telemetry form all other agents in the system. 

The complete set of survey data can be acquired through post-flight data integration from 

sensors on multiple UAVs based on logged measurements from IMU, GPS and LiDAR 

sensors. 

 

3.1.4 POST-PROCESSING OF ACQUIRED DATA 

To validate the data acquisition method, we developed the post-processing algorithm for 

acquired data. By sequentially stitching new time synchronized pairs of LiDAR point 

cloud scans and estimated UAV odometry obtained from GPS and IMU measurements a 

map of the environment can be obtained. Algorithm proposes the solution for obtaining 

an accumulated point cloud map from single UAV sensor data. To generalize this 

procedure for multiple UAVs each dataset containing point cloud - odometry pairs is 
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sequentially processed and the obtained accumulated point cloud map from the previous 

dataset is set as the initial map before processing the following dataset. 

Therefore, the requirements for successful mapping are twofold: i) ENU frame origin - 

base link - LiDAR transformation has to be known for each UAV; ii) the initial point of 

each UAV is required to be in the area that is observed and scanned by the rest of the 

UAV's at some point during their mission. 

The alignment of a single point cloud scan wrt. the accumulated point cloud map is done 

through the iterative closest points (ICP) method. This method iteratively attempts to 

estimate the transformation of a single point cloud wrt. the accumulated point cloud map. 

The chosen transformation estimation is based on the Levenberg-Marquadt algorithm 

which solves the nonlinear least-squares problem. 

The simulation and experimental results were published in a conference paper on 

International Conference on Unmanned Aircraft Systems (ICUAS) 2021, Goricanec 

(2021). Accumulated point cloud map generated in a real-world experiment at our testing 

site is shown in Figure 6. 

 

Figure 6: A top-down view of the map obtained using the acquired data from two different UAVs per-
forming a data-acquisition scenario. 

 

3.2 IMPROVEMENTS IN UAV NAVIGATION 

Standard UAV navigation using GPS is sufficient for the task of acquiring visual and 

depth information on the surveyed buildings. However, as the UAV draws closer to the 

wall in order to probe or lean against the building, more accurate means of localization 

are necessary. The following section describes the selection of a LiDAR SLAM 

(simultaneous localization and mapping) algorithms which were tested for this purpose. 

Furthermore, we report the advances in the LiDAR SLAM methods developed for UAV 

navigation achieved in the scope of this project. 
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3.2.1 SLAM algorithm comparison and selection 

To find software candidates for the use of SLAM as a pose sensor, a search was conducted 

with the following criteria in mind: 

1. The software should be compatible with ROS Melodic and Ubuntu 18.04. 

2. The software should be actively maintained, well documented and easy to 

incorporate into our control system. 

3. The software package should have a scientific paper describing the proposed 

algorithm. 

In the end, the software selection process has resulted with three SLAM systems: the 

Cartographer graph SLAM method, Hess (2016), LiDAR odometry and mapping in real 

time through LOAM, Zhang (2014), and the HDL graph SLAM method, Koide (2019).  

To determine which of these algorithms is the best for our use case, a series of 

experiments was conducted. The experiments were conducted in two phases. First, we 

collected a series of three datasets by manually flying the UAV on our campus grounds. 

The SLAM algorithms were run on the collected data, and their overall performance was 

assessed. HDL graph SLAM was eliminated in this phase because it couldn’t deliver 

satisfying results for all three datasets. Afterwards, Cartographer and LOAM were 

incorporated into our UAV position control system to serve as a pose sensor. With the 

modified control system on board, the UAV was sent to perform a series of trajectories. 

The quality of the pose feedback, and the control system performance was numerically 

evaluated to determine the best choice. 
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Figure 7: Comparison of helical trajectory execution for each axis 

 

Figure 7 depicts the coordinates reported by LOAM and Cartographer when the UAV 

was executing an upward helical trajectory. Until the altitude of 4m is reached, the 

systems track the trajectories similarly except for the small amplitude oscillations present 

in the LOAM feedback. After that altitude, the stability of LOAM deteriorated, which 

forced our safety pilot to take control of the vehicle. This happened consistently on all 

trials.  

To numerically compare the responses, the RMS error based on the Hausdorff distance 

between the planned and the executed trajectory was employed. Two upward helical 

trajectories were generated. The slower trajectory has velocity constraints of v_s = 1m/s 

and acceleration constraints of a_s = 0.5m/s for all axes. The faster trajectory has two 

times higher constraints than the slower one.  
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The finally obtained RMS for Cartographer is RMS_c_1 = 0.6365m for the slower and 

RMS_c_2 = 0.9194m for the faster trajectory. The values obtained for the LOAM are 

RMS_l_1 = 0.6543m for slower and RMS_l_2 = 0.8520m for faster trajectories. These 

were computed based on the responses until the moment of manual takeover. The 

computed values are similar for the two systems, therefore Cartographer's advantage in 

this scenario is the ability to fly at higher altitudes. Figure 88 visualizes the use of 

Cartographer for UAV localization near a building on our campus. 

 

The experimental results were published in a conference paper on this year’s International 

Conference on Unmanned Aircraft Systems (ICUAS), Milijas (2021). More details 

regarding the SLAM comparison, and more numerical data can be found in the paper. 

The paper’s preprint was also published on ArXiv (https://arxiv.org/abs/2011.02306).  

 

 

Figure 8: localizing the UAV using Cartogrpher. The white dots show the points received from the last 
LIDAR revolution, while the UAV is represented by the coordinate axes. 

 

3.2.2 SLAM algorithm improvement 

Following the series of experiments, Cartographer graph SLAM method was selected to 

be used for navigating our UAV in proximity of buildings. However, we have made 

several changes to the SLAM software’s code base which allows us to increase the safety 

of this SLAM method.  

https://arxiv.org/abs/2011.02306
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Namely, state of the art graph SLAM systems such as Cartographer refine their pose 

estimate when revisiting areas. Such events are called loop closures and they are 

performed so that the estimated pose is momentarily swapped with the new estimate. This 

in turn causes a step signal to be present in the pose estimate, which can be detrimental if 

the pose estimate is fed back to a position control system, as such sudden changes in 

feedback cause aggressive changes in the UAV’s angles as the UAV tries to correct the 

error. 

To address this problem, we have changed Cartographer’s open source code to detect and 

handle such events by smoothing the step signal over a seven second time frame. The 

positive effect of this action can be seen on Figure 9. The details of this implementation 

can be found on ArXiv (https://arxiv.org/abs/2106.02535), where we have published the 

preprint of our conference paper which was accepted for publication on the 1st 

AIRPHARO Workshop on Aerial Robotic Systems Physically Interacting with the 

Environment, Orsulic (2021).   

 

Figure 9: Graph showing the UAV position in the z axis as reported by Cartographer. The blue line rep-
resents the reported altitude with our filter deactivated. 

 

https://arxiv.org/abs/2106.02535
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3.2.3 Sensor fusion 

To increase the accuracy of our UAV localization, we have implemented a method for 

fusing measurements from different sensors. Fusing the position obtained from 

Cartographer with the IMU and GNSS measurements gives us a position measurement 

that is more accurate when compared to each single sensor being fused. This is illustrated 

on Figure 10. 

 

Figure 10: error histogram plot for three position sensors and of the estimate obtained through their 
fusion. In this case the position sensors used are the Intel T265 camera, POZYX ultra-wide-band posi-
tioning system, and Cartographer. 

Furthermore, our method increases the robustness of our system since it provides pose 

estimates even in the event of a sensor failure. Another benefit of this method is its 

modularity. The sensor fusion software is written in such a way that it allows us to add 

new position sensors with ease. The implementation details, underlying math and 

experimental results are presented in our research paper which was recently submitted for 

publication in the IEEE Robotics and Automation Letters journal. The paper’s preprint 

has also been published on ArXiv (https://arxiv.org/abs/2109.04908), Markovic and 

Kovac (2021). 

 

3.2.4 Data formats 

In robotics the Robot operating system (ROS) .bag file format is widely used for data 

serialization and reuse. However, this file format proved to be unnecessarily large for the 

purpose of this project. To reduce the size of the datasets, we have developed a program 

which unpacks the original ROS bags and discards redundancies and unnecessary 

metadata leaving only the information required by the pipeline.  

https://arxiv.org/abs/2109.04908
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For example, when handling point clouds received from the LiDAR, only the point 

cloud’s time stamp, position, and the cartesian coordinates and intensity of each point are 

stored, while the index of the LiDAR ray responsible for creating the point, and ROS-

related meta-data are ignored. This reduces the size of the LiDAR data alone by over 

20%. 

In the end, the LiDAR data is sent into the pipeline as binary files, the individual images 

are sent as .jpg files, camera calibration files are sent as .ini files, and the IMU data and 

the time stamps of individual images are sent as plain text files. 

 

3.3 WALL PROBING 

One of tasks of the project is to achieve a contact with the building wall in order to collect 

information about the state of that wall. To do so, the UAV is equipped with a lightweight 

manipulator carrying the inspection sensor at the end-effector. Furthermore, to achieve a 

stable contact the control algorithm has been augmented with an adaptive impedance 

controller capable of following a desired force reference. 

 

3.3.1 Changes in control 

At the inner most level, the UAV is controlled through cascade attitude and rate 

controllers. The input to these controllers is the desired orientation and based on the state, 

the output is the vector of the rotors’ angular velocities. The second level of control, which 

uses the inner attitude control loop, consists of two additional cascades, the position and 

the velocity control. These controllers receive a referent position and velocity feed-

forward value to generate the desired vehicle orientation and thrust. The manipulator 

joints are controlled through standard Proportional, Integral, Derivative (PID) controllers; 

however, in a real-world setting, servo motors with integrated control are typically used. 

As mentioned earlier, it is important to track the desired force after contact with a wall is 

achieved. To accomplish this, an adaptive impedance controller is employed to generate 

an appropriate setpoint for the position controller. This controller receives a trajectory 

supplied by the mission planner, which steers the aerial manipulator towards the desired 

location that needs to be inspected. The overall control scheme is depicted on the 

following figure. 

The augmented control of the aerial manipulator is published in papers (Ivanovic 2021, 

Car2021). 



D2.2 Full Data Acquisition Service (DAS) Prototype  

 

Version 1.0 Page 20 
Confidentiality: Public 

 

Figure 11: The overall control schematic of the aerial manipulator 

 

3.3.2 Augmented trajectory planning 

From the perspective of motion planning, the planner needs to be augmented to include a 

manipulator with three degrees of freedom and the contact force. To successfully 

maintain the pressure, the planner relies on the previously described adaptive impedance 

controller (Car 2021). Furthermore, one of the requirements when attaching the sensor to 

the surface is for the sensor to be perpendicular to it. Therefore, it is necessary to take the 

underactuated nature of the multirotor UAVs into account during the motion planning. 

Namely, the errors in the planned end-effector configuration were mainly induced due to 

the roll and pitch angles while executing the planned motion. This behaviour is mitigated 

by running the planned trajectory through the aerial manipulator model and correcting the 

end-effector configuration through the manipulator inverse kinematics. This planner is 

described in detail in (Ivanovic 2021). 
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4. MOBILE DATA ACQUISITION 

A full working prototype of an Android mobile app was presented already in D2.1 where a 

user could log in, record pictures and send it to the cloud as part of the indoor reconstruction 

module. Please refer to Figure 34 through Figure 40, in Deliverable D2.1 regarding the 

completion of the Mobile acquisition. 

Discussions and Outlook 

Although not anticipated in the early stages of the project, there are now sensors available 

in mobile phones, which are able to capture the scene depth. We attempted to make use of 

these features using a Huawei 2020 model. The unsatisfactory depth maps and the 

incomplete (at the time) Software Development Kit however, discouraged us to go further 

into the depth capture. We however tested a LiDAR sensor in the iPhone 12 model to 

generate the following scene capture which shows promising results and may become 

extremely important in BIM. However, this may be used only for cases where the drone 

acquisition is not sufficient or in cases where the drone is unable to navigate such as 

cramped indoor spaces. Nonetheless, we are preparing a rather stripped-down version of 

the Android App for iOS devices with LiDAR sensors. Note that the point clouds and 

structure captured using the iOS devices includes LiDAR as part of the post-processed 

depth map from the device API.  

 

  

 

Figure 12. A 12 second capture of point cloud (left) and mesh (right) using iPhone 12.  
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5. CONCLUSIONS 

In this document we described modifications and improvements to the initial version of 

the Data Acquisition Service module, described in Deliverable 2.1. Although current 

version of DAS can be considered as the completed part of the ENCORE framework, 

future testing, in the final months of the project, will serve to further polish some segments 

of the service. 
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