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Abstract 
 

Indoor localisation in GPS-denied areas is a subject that currently receives a lot of 

attention in research and industry. There are many potential applications for indoor 

localization based on small and affordable consumer devices. However, it is often difficult 

to evaluate the localization accuracy due to the unavailability of accurate ground-truth 

information.  

 

Over the last years, JRC has developed the Mobile Laser Scanning Platform (MLSP) for 3D 

mapping and indoor localization, which has been demonstrated to be significantly more 

accurate than what can be achieved with other (consumer) technologies.  

 

Since 2014, Microsoft has organized an Indoor Localization Competition to evaluate the 

current state of the art in indoor localization. JRC participated in the 2015 edition and 

won the first prize using the MLSP.  In the following years, JRC co-organised the event 

and was responsible for evaluating the accuracy of the competing devices. In 2018, the 

evaluation was based on the average distance between the positions reported by the 

devices and the ground-truth trajectory generated by MLSP. 

 

This report describes the evaluation process and the activities that JRC carried out in 

preparation and during the event.   

  



 

 

1 Introduction 

Indoor localisation in GPS-denied areas, for example inside large buildings or 

underground sites, is still an unsolved problem. Potential applications include support to 

emergency responders inside buildings; facility management; (nuclear) inspections in 

large facilities; localisation/navigation in shopping malls, airports and museums. Different 

approaches to indoor localisation have been proposed, using for example RF signals, 

visual information, distance information or inertial sensors.   

Microsoft has organized the Indoor Localization Competition over the last years to test 

different indoor localization devices from industry and academia and evaluate the current 

state of the art in indoor localization [1]. 

JRC participated in the 2015 edition with its Mobile Laser Scanning Platform (MLSP) and 

won the first prize. MLSP is based on 3D SLAM (Simultaneous Localization and Mapping) 

technology: a laser scanner acquires several 3D scans per second; by aligning 

consecutive scans to each other, it is possible to build a 3D map as the sensor moves 

through the environment. In Tracking mode, the acquired data is aligned in real-time 

with a pre-loaded reference map, which allows reporting the current location with respect 

to the reference model with centimetre accuracy [2, 3]. In the case of the Microsoft 

Competition, the reference model was generated using static 3D laser scanners.  

In subsequent competitions, JRC was co-organizer of the event and responsible for 

evaluating the accuracy of the competing localization devices. Evaluating indoor 

localization accuracy is not a trivial task, as ground truth information is not easily 

available: GPS can provide centimetre accuracy in outdoor environments, but is not 

available indoors. Optical tracking provides high-accuracy results on room-scale systems, 

but is difficult to implement in larger environments.  

In the 2016 and 2017 Microsoft Competitions, the evaluation was based on a discrete 

number of known ground truth positions, which were obtained by scanning the 

competition area using static laser scanners and measuring the positions in the resulting 

3D model. The competitors were asked to move to the positions and report the location 

given by their device. The final result was the average distance between ground truth 

and reported location. However, the approach had two limitations: i) the analysis is 

limited to a relatively small set of control points and does not consider the complete 

trajectory and ii) most localization devices were handheld and it was therefore difficult to 

place them exactly at the control points. 

As the 2018 Competition focused on small consumer devices not using laser scanning 

[4], the accuracies are significantly lower than what can be achieved with MLSP. 

Therefore, MLSP measurements could be used as ground-truth measurements to address 

the two limitations mentioned above. The competing localization devices were mounted 

rigidly on MLSP. It was then possible to continuously measure the ground-truth location 

of the device and compare it to the location reported by the competing device itself. The 

final result was the average difference between ground-truth and reported location over 

the entire trajectory.  

This report describes the MLSP customizations that were implemented to facilitate the 

evaluation and the activities carried out during the Competition. 

 

 



 

 

2 Evaluation Procedure  

The 2018 Microsoft Indoor Localization Competition took place in Portugal. The evaluation 

area covered two floors and the connecting staircase in a historical building (see Figure 

1).  

 

 

Figure 1: Evaluation area of the 2018 Indoor Localization Competition. 

The evaluation of the 22 competing indoor localization devices was based on the average 

distance between the positions reported by the devices and the ground-truth trajectory 

generated by MLSP. The remainder of this section describes the developments that were 

made in preparation of the event and the activities carried out during the Competition. 

2.1 Preparation 

1. In order to mount the competing devices and produce the ground-truth trajectory, 

JRC extended the MLSP as follows (see annex 1 for details):  

a. A special mounting was designed and manufactured that allows fixing the 

competing localization device on the backpack. A calibration procedure 

ensures that the origin of the ground-truth position is at the mounting of the 

competing device.   

b. The MLSP client software generates a text file with the ground-truth trajectory 

containing 3D position (relative to the device mounting) and time stamp. 

2. The competitors were asked to adapt their localization device in such a way that i) 

it can be fixed on the backpack mounting and ii) it reports the measured position 

and related timestamp with a frequency of 1Hz (see annex 2).  

3. JRC wrote a script for evaluating the accuracy of the device, which is calculated as 

the average Euclidean distance between the positions reported by the competing 

device and the trajectory reported by MLSP. 

 



 

 

2.2 Reference Mapping and Setup  

In order to compare the measurements of the competing devices to the ground truth 

trajectory, it was necessary to define a common coordinate frame to which all devices 

can be aligned. To do so, the following activities were carried out in the evaluation area 

on the days before the competition: 

1. A corner in the evaluation area was selected as origin, the floor and two 

orthogonal walls defined as coordinate system. Several reference markers (A3 

print-outs of a target) were placed in the area. 

2. JRC scanned the entire evaluation area using a high-precision static laser scanner. 

The resulting 3D point cloud was aligned with the physical coordinate frame 

defined in step 1. The exact position of the reference markers were measured in 

the point cloud using a custom-made utility.  

3. On the day before the competition, the competitors could setup their systems and 

align them with the given coordinate frame using the known positions of the 

reference markers. 

4. The point cloud was loaded to MLSP as reference map. It was then possible to use 

MLSP for ground-truth measurements with centimetre accuracy. 

2.3 Evaluation Day 

On the evaluation day each competing device was evaluated as follows: 

1. Using the calibrated custom-mounting, the competing device was fixed on the 

backpack and carried along a pre-defined path (see Figure 2). MLSP recorded the 

ground-truth data and the competing device generated a file with one position 

measurement per second. 

 

Figure 2: Using MLSP for the evaluation of a localization device: the laser scanner 
acquiring the ground truth data is mounted on the left. The competing device is 
mounted on the right. 

2. Following the acquisition, the MLSP data was processed to refine the ground-truth 

trajectory. Then, the average distance between the positions measured by the 

competing device and the ground-truth trajectory was calculated. To illustrate the 



 

 

result, a plot was generated that superimposes the ground-truth trajectory and 

the measured positions on a 2D map of the evaluation area (see Figure 3). 

 

Figure 3: Example of a ground-truth trajectory (blue) and measured points 
plotted on the 2D map of the evaluation area. The red lines indicate the distance 
between the measured and the ground truth position. 

The following day, Microsoft presented the final results that were based on the ranking 

and graphs produced by JRC (see annex 3). 

2.4 Data Publication 

Following the Competition, the 3D reference map and the ground truth trajectories for all 

competing devices were made publically available [5]. The data sets are valuable 

information for the competing teams as it is normally difficult for them to obtain accurate 

ground-truth information. Using the MLSP trajectory and the raw data that they recorded 

during the competition, they will be able to assess the impact of possible improvements 

they make to their localization algorithms. The 3D map of the evaluation environments 

can be useful to better understand the signals received from the respective sensors, e.g. 

the echo received from acoustic signals. 

 



 

 

3 Conclusion 

JRC’s MLSP is a powerful tool for evaluating the accuracy of indoor localization devices. 

The custom-developments made for the 2018 Microsoft Indoor Localization Competition 

allowed to efficiently make an evaluation that is based on the entire 3D trajectory instead 

of using only a limited set of control points. 

The ground-truth trajectories generated during the competition are value information 

that can be used by the competitors for assessing future improvements of their systems. 
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Annex 1: Developments made in preparation of the competition 

MLSP Customization 

In the standard MLSP configuration, the sensor head, which contains the laser scanner 

and the IMU, is mounted on a pole that is fixed on the backpack. All 3D positions are 

reported in the coordinate frame of the laser scanner.  

For the 2018 Microsoft Indoor Localization Competition, a new mounting for the sensor 

head had been designed and constructed: a horizontal bar that is fixed on the backpack 

pole; it allows placing the MLSP sensor head at the primary side of the bar (left) and the 

competing device at the secondary end using a standard camera screw. Through a 

calibration procedure, the relative pose of the secondary side w.r.t. the sensor head can 

be calculated, so that MLSP is able to report the 3D positions of the competing device 

instead of the sensor head.  

The following extensions to MLSP and the related STeAM processing software were 

implemented: 

 Design and construction of the mounting, together with a calibration cylinder that 

can be screwed in the secondary side of the bar. 

 

 
Fig. 1: (left) Design of the mounting and (right) detail of the mounting screw for the 

secondary sensor. 

  

 Implementation of a calibration procedure: each time the sensor head is fixed on 

the mounting, the relative pose of the secondary mounting screw has to be re-

calculated to ensure the highest accuracy. To do so, the calibration cylinder has to 

be mounted on the exposed screw on the secondary side. The calibration 

procedure automatically detects the cylinder shape in the laser scan data and 

calculates the central axis’ pose w.r.t. the sensor head. Using nominal calibration 

values for the vertical component of the position of the screw tip, the system fully 

characterizes the rigid transformation that moves from the primary reference 

frame to the secondary one. 

 Extended functionality added to the MLSP client application to report and store the 

poses of the competing device: given the result of the previous calibration step, 

the system is able to provide the tracking information in the coordinate system of 

the competing device. 

 Extended functionality added to the post-processing software to improve the 

results produced by the client application: the tracking algorithm executed in the 

MLSP backpack is limited by the real-time constraint that a live system imposes. 

Being able to refine live results in an offline processing stage allows improving 

both, accuracy and robustness. 

Data Analysis 

Development of offline scripts to perform a time-shift estimation between the MLSP and 

the competing device and to evaluate the accuracy of the measured positions: 

 



 

 

 Time-shift estimation: given the poses reported by the competing device and the 

poses reported by the MLSP backpack, time calibration is performed using a grid 

search optimizer that minimizes the error between the two poses (being the error 

the Euclidean distance between the two reported positions). 

 Accuracy evaluation of the competing devices: given the result of the time-shift 

estimation, poses reported by the MLSP backpack are compared with the ones 

reported by the competing devices. Since the trajectory generated by the main 

head is discrete in time, poses are interpolated in se3 algebra to fit the corrected 

timestamps reported by the competing device. The estimation error is defined as 

the Euclidean distance of the two reported positions, and the overall error is the 

average of all the estimations. 

 

  



 

 

Annex 2: Competition guidelines provided to competitors 

Source : https://www.microsoft.com/en-

us/research/uploads/prod/2017/12/competitionlogistics_2018.pptx  

  



 

 

 
 

 
 

 



 

 

 
 

 
 

 



 

 

 
 

 
 

 



 

 

 
 

 
 

 



 

 

 
 

 
 

 
 



 

 

 
  



 

 

Annex 3: Results presented after the presentation 

Source: https://www.microsoft.com/en-

us/research/uploads/prod/2017/12/RELEASED_2018-Microsoft-Indoor-Localization-

Competition.pptx   
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