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Abstract 

 

In the framework of Industry 5.0, where human well-being, ergonomics, and human–machine interaction are increasingly 

emphasized, gait analysis offers valuable insights to improve working conditions, prevent injuries, and enhance human-

cantered design. This study compares three motion capture (MoCap) technologies namely Azure Kinect (RGB-depth 

camera), AiQ Synertial G6 Suit (IMU-based wearable), and Vicon Vero (marker-based optical reference system) in order 

to evaluate their accuracy in gait detection. Eight volunteers performed standardized walking tasks, with kinematic 

analysed across the three systems. Results show that the choice of device depends on the application context: Azure 

Kinect is more suitable for rapid and cost-effective assessments, whereas the G6 Suit enables more in-depth analyses. 

Beyond ergonomics, this work highlights the potential of gait analysis in tourism environments, such as optimizing visitor 

flow in museums and heritage sites, improving accessibility for mobility-impaired tourists, and supporting smart tourism 

infrastructures through adaptive systems that respond to human movement. These suggestions open the door to innovative 

applications of MoCap in cultural and tourism contexts, where technology can contribute both to inclusivity and to 

enhanced visitor experiences. 
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1. Introduction  

 

In the framework of Industry 5.0, where human well-being, ergonomics, and human–machine interaction are central 

[1] [2], motion capture technologies have become increasingly relevant to improve working conditions, prevent injuries, 

and foster human-centred design [3] [4], [5]. At the same time, the tourism sector has experienced a technological 

revolution in the study of human mobility, enabled by GPS, mobile positioning, geocoded social media data, and 

Bluetooth tracking [6], [7]. These advances allow the collection of high-resolution space–time data over extended periods 

[8], which has transformed tourism research by offering insights into flows, accessibility, and destination management 

[9]. Despite these progresses, location-based tracking methods primarily capture where tourists move, but not how they 

move [10]. This limitation is significant because travel and movement are themselves part of the tourism experience [11] 

and should not be overlooked. 

Literature on journey experiences shows that mobility contributes to sensory, affective, and social dimensions of 

tourism, shaping satisfaction and sustainability outcomes [12], [13], [14]. The “experience economy” perspective [15] 

and mobilities geographies [16] emphasize that displacement is not merely a transition between places, but an integral 

process that can enrich or constrain the tourist experience. This opens space for the application of motion capture (MoCap) 

technologies, which can complement geolocation data with kinematic and spatiotemporal variables. Unlike conventional 

tracking, MoCap technologies enables the detailed assessment of gait and posture, providing new ways to understand 

both physical performance and experiential quality based on visitors’ movement. MoCap applications in the 

manufacturing sector have increased during the last years but remain underexplored in other economic sectors as the 

tourist one [17], [18], [19].  

In this study, we compare three systems: Azure Kinect (RGB-depth camera), AiQ Synertial G6 Suit (IMU-based 

wearable), and Vicon Vero (marker-based optical reference system) with an experiment that involved eight volunteers 

performed standardized walking tasks in a neutral space resembling an exposition site. The methods employed are 

discussed in Section 2, while the experiment and results obtained are discussed in Section 3 and Section 4 respectively. 

While Section 5 presents potential areas of MoCap technologies application in the tourism sector and Section 6 reports 

our conclusion and future research agenda.  

 

2. Methods 

 

The present study aims to compare different Motion Capture (MoCap) systems by analysing kinematic data. 

Specifically, two parameters were monitored: 

 

1. Knee angles (right and left). 

2. Hip angles (right and left). 

 

These parameters were selected as they are representative indicators of gait analysis. The MoCap systems employed in 

this study are a gold standard marker-based system, used as the reference; a marker less system; and an Inertial 

Measurement Unit (IMU) based system.  

 

2.1. Description of MoCap technologies 

 

In this study, three different MoCap technologies were employed. First, the Vicon Vero v2.2, a marker-based 

optoelectronic system widely regarded as the gold standard in human motion analysis, was used as the reference method. 

The system enables highly accurate three-dimensional reconstruction of movement through multiple infrared cameras and 

39 passive markers. Second, the Azure Kinect, a marker less system integrating RGB and infrared depth cameras with 

AI-based body tracking algorithms, was applied to capture motion without the need for physical markers. Finally, the 

AiQ Synertial G6 Suit, an inertial MoCap suit equipped with 19 IMU sensors, was used to record kinematic data real 

time. Data obtained with the Vicon system were considered the benchmark for evaluating the performance of the Kinect 

and the inertial suit.  

 

2.2. Kinematic data processing 

 

This paragraph presents an effective method for processing motion data from each device, aiming to facilitate their 

use in context such as scientific studies and in-depth analysis. To analyse kinematic data, it was necessary to define the 

body joints tracked by each technology. For the Vicon Vero system, the Plug-in Gait full-body model [20] was used, and 

the labelled skeleton template is shown in Figure 1. For Azure Kinect, the Body Tracking SDK [21] extracted the body 

joint hierarchy, as illustrated in Figure 2. For the AiQ Synertial G6 Suit, Syndash software was used [22] to record and 

process real-time data, generating a virtual skeleton displayed in Figure 3.  Since the focus of this study was on knee and 

hip angles, a specific set of joints was selected for each systems to construct the vectors of interest, corresponding to the 

joint names in the respective system hierarchies (Table 1).  
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Fig. 1. Body joint hierarchy of Plug-in Gait 

full-body model [20]. 

Fig. 2. Body joint hierarchy of Body Tracking SDK [21]. 

 

 
 

Fig. 3. Body joint hierarchy from Syndash [22]. 
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Angle Marker-based vectors Markerless vector IMU vectors 

Right knee RTHI – RKNEE and 

RKNEE – RTIB 

HIP_RIGHT – KNEE_RIGHT 

and KNEE_RIGHT – 

ANKLE_RIGHT 

Right Femoral Head – Right 

Intercondinal Notch and Right 

Intercondinal – Right Talus 

Left knee LTHI – LKNEE and 

LKNEE – LTIB 

HIP_LEFT – KNEE_LEFT 

and KNEE_LEFT – 

ANKLE_LEFT 

Left Femoral Head – Left 

Intercondinal Notch and Left 

Intercondinal – Left Talus 

Right hip RPSI – RASI and RASI – 

RTHIS 

PELVIS – HIP_RIGHT and 

PELVIS – HIP_LEFT 

Root – Right Femoral Head and 

Right Femoral Head – Right 

Intercondinal Notch 

Left hip LPSI – LASI and LASI – 

LTHIS 

PELVIS – HIP_RIGHT and 

PELVIS – HIP_LEFT 

Root – Left Femoral Head and 

Left Femoral Head – Left 

Intercondinal Notch 

 

Table 1. Joints and vectors defined for the computation of knee and hip angles across the MoCap systems: marker-based 

(Vicon), markerless (Azure Kinect), and IMU-based (AiQ Synertial G6 Suit).  

 

3. Experiments  

 

To evaluate the effectiveness and accuracy of the Motion Capture systems under investigation, an experimental setup 

was established in a laboratory environment. Several walking trials were conducted with different subjects, while each 

system simultaneously recorded the movements. This design allowed for the assessment of each technology’s 

functionality in a practical context, using cases that were as varied and representative as possible. The experimental setup 

included: 

• 8 Vicon Vero v2.2 cameras and 39 body markers, 

• 2 Azure Kinect cameras, 

• An AiQ Synertial G6 Suit with 19 IMUs, 

• 4 high-performance laptops. 

 

Figure 4 illustrates the experimental setup. 

 

 
 

Fig. 4. Experimental setup.  

 

Seven participants took part in the experiment, specifically five males and two females. The participants’ characteristics 

are reported in Table 2.  
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ID Age Weight (kg) Height (cm) Leg length (cm) Knee width (cm) Ankle width (cm) 

1 22 83 183 97 10.5 7.5 

2 22 76 190 102 10.5 7 

3 22 81 194 107 11 7 

4 27 67 171 105 11.5 7.5 

5 34 69 176 104 11.5 8 

6 29 92 185 106 11.5 7.5 

7 35 58 160 100 10.5 6 
 

Table 2. Demographic and anthropometric characteristics of study participants.  
 

Each participant performed two walking trials of 120 seconds within the area shown in Figure 5, following the 

indicated path. The walking area and space resemble an exhibition space. At the beginning of each trial, participants 

performed a squat position to synchronize all systems acquisitions.  

 
Fig. 5. Experimental walking area used in the study.  

 

Following the preliminary analysis of the angular trend graphs, limitations were observed with the two Kinect devices. 

Specifically, the recording area, that was relatively wide and not a straight walkway, did not provide optimal conditions 

for accurate data capture with these systems. Consequently, four acquisitions were excluded from the analysis.  
 

4. Results  
 

During the experiment, seven subjects performed two walking trials of 120 seconds each. However, the Kinect did 

not provide accurate data for some acquisitions; therefore, from the total 14 recordings, only ten were analysed in this 

section. The results present a comparison of the three systems (Vicon marker-based, Azure Kinect markerless, and G6 

Suit IMU) for the calculation of knee and hip angles during walking. Table 3 reports the mean values of the angles. The 

mean standard deviation is also included in the table as an indication of the oscillation range of each angle, thus reflecting 

specific characteristics of each subject’s gait. Subsequently, data from Azure Kinect and G6 Suit were compared with the 

Vicon results by calculating the Root Mean Square Error (RMSE) and the Normalized Root Mean Square Error 

(NRMSE), which quantify the deviation of each system from the reference (Table 4). 

 

System Angle Mean (°) Mean Std. Dev. (°) 

Vicon Vero Left Knee 161.776 17.328 

Right Knee 156.242 18.113 

Left Hip 94.728 10.295 

Right Hip 99.504 10.403 

Azure Kinect Left Knee 154.593 15.407 

Right Knee 155.153 15.250 

Left Hip 99.796 7.291 

Right Hip 120.208 7.613 

Synertial G6 Suit Left Knee 153.661 23.762 

Right Knee 152.029 23.946 

Left Hip 88.066 7.482 

Right Hip 152.029 12.945 
 

Table 3. Mean and standard deviation of joint angles across MoCap systems.  
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System Angle RMSE (°) NMRSE 

Azure Kinect Left Knee 23.494 0.150 

Right Knee 23.787 0.152 

Left Hip 15.337 0.169 

Right Hip 20.129 0.181 

Synertial G6 Suit Left Knee 24.009 0.157 

Right Knee 23.495 0.167 

Left Hip 16.995 0.194 

Right Hip 13.872 0.144 

 

Table 4. Root Mean Square Error (RMSE) and Normalized Mean Square Error (NRMSE) with respect to Vicon Vero.  

 

Figure 6 presents a detailed analysis of flexion angles among the three systems. For knee flexion angles, all systems 

report values within the range approximately 145 to 175 degrees. The median values of both Kinects and the G6 Suit are 

comparable to those obtained with the Vicon Vero. Both Vicon and the Synertial G6 Suit show greater data dispersion, 

which can be explained by the higher number of data and the higher acquisition frequency compared to the Kinect systems. 

The lower amount of data acquired by the Kincts is mainly due to the larger monitored area; in practice, only about 50% 

of the data was used, whereas for the G6 Sut nearly 100% of the data was comparable with Vicon. For hip flexion angles, 

the measured range is 78 to 113 degrees, with a slight underestimation of the Kinect and G6 Suit values compared to the 

Vicon Vero, which appears more accurate in capturing hip movements. Nevertheless, both the Kinects and the G6 Suit 

demonstrated reliability in angle detection, as their overall measurements ranges were consistent with those of the Vicon 

Vero. 

 
Fig. 6. Boxplots of analysed angles across 10 recordings for three technologies: a) Knee and hip flexion angles 

measured with Vicon Vero, b) Knee and hip flexion angles measured by the first Kinect, c) Knee and hip angles 

measured with the second Kinect, d) Knee and hip flexion angles measured with the Synertial G6 Suit.    
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5. Tourism applications suggestions  

 

Our study focuses on the use of results collected regarding technologies experimented with in the tourism sector. The 

integration of these technologies enables various possible applications depending on their specific features. Motion 

capture technologies, for instance, can be employed either for a limited period of research or on a continuous basis with 

different purposes. In the case of limited use, they may support targeted studies involving a small sample, allowing precise 

adjustments to the structure and organization of the tourist site or in the redesign of an exhibition space. Continuous use, 

on the other hand, enables constant monitoring and the collection of large volumes of data, which can be leveraged to 

adapt and continuously improve the tourist experience. Our research, starting from the literature, has identified three main 

area of applications: accessibility, flow analysis, and interactivity. 

 

5.1. Accessibility enhancement for people with impaired mobility 

 

There has long been a growing interest in the tourism sector in promoting inclusive and accessible experiences. 

Investing in accessibility brings various benefits to stakeholders in tourism: it improves the image of destinations and 

tourism businesses; broadens the tourism market (with more than 1 billion people with disabilities worldwide [23]); 

contributes to a fairer and safer world for all; drives sustainable economic growth; and aligns with ESG, SDG, and ISD 

strategies adopted by companies and institutions [24], [25]. Accessible spaces are usually designed in advance by 

following conventional guidelines and hypothetical user journeys. However, real-world testing is rarely carried out, and 

systematic monitoring after implementation is almost never performed. The use of motion capture technology makes it 

possible to evaluate movement quality and monitor the real behaviour of people with reduced mobility within a given 

space. This would enable tourism experiences to become truly inclusive and accessible for individuals with motor 

disabilities or for older adults [26]. By collecting such data, it would be possible to identify personas that represent specific 

needs, allowing for the design of tailored pathways and support services. In this way, user journeys would be genuinely 

inclusive and accessible, as they would be based on real-world data rather than assumptions [27].  

 

5.2. Attractiveness evaluation and tourists’ flux design  

The study of flows and the movement of people within a space makes it possible to identify areas of greatest interest. 

By using motion capture cameras, it is possible to measure the trajectories and walking speed of individuals or groups. 

These data provide indirect feedback on the level of interest in specific elements or zones, as it can be reasonably assumed 

that speed decreases in areas of higher interest, where visitors stop to observe, and increases in less engaging areas. For 

example, in museums, crowding often occurs around certain works of art, making circulation and enjoyment more difficult 

[28]. When aggregating this data, it becomes possible to understand the overall flow of tourists and to redesign and 

enhance the visitor experience by adapting pathways to better manage traffic and redistribute points of interest. In this 

way, the experience can be made engaging from beginning to end, while also reducing congestion and improving both 

quality and safety [29]. 

5.3. Interactive and immersive motion-based experiences 

 

The inclusion of interactive digital elements in tourism experiences is becoming increasingly widespread, often 

associated with the use of touchscreens that provide information from an edutainment perspective. In the artistic domain, 

there are also works that interact with the public through sensors, changing and responding to external inputs processed 

by dedicated software, including artificial intelligence. These new opportunities enabled by creative applications of digital 

technologies make it possible to attract new tourism targets, such as young people and families with children, thereby 

broadening the audience’s interest in cultural and tourism offerings [30]. In particular, the use of motion capture cameras 

allows the integration of visitors’ movements into the experience as an integral part of the place they are visiting or of the 

artifacts and artworks they are observing. The reprocessing of movements captured by the cameras can be incorporated 

into virtual reality (VR) or augmented reality (AR) experiences. Especially in the case of AR, real elements of a tourist 

site can be combined with digital components that add an experiential layer through video, lights, and sounds [31]. This 

represents an opportunity to innovate traditional tourism and museum experiences, expanding their accessibility and 

appeal. At present, part of the authors of this research is engaged in an experimental project aimed at innovating a museum 

itinerary dedicated to the tenor Luciano Pavarotti, through the digitization of artifacts and their use within VR and AR 

experiences. The implementation of immersive digital experiences makes it possible to attract a new segment of younger 

visitors, who are not typically consumers of opera [32].  

 

6. Conclusions 

 

This study compared three motion capture technologies, Vicon Vero, Synertial G6 Suit, and Azure Kinect, for 

detecting knee and hip flexion during walking, with the aim of assessing their usability in real-world contexts and 

identifying suitable applications in the tourism sector. The Vicon Vero, a marker-based system, was used as the reference 

due to its well-established accuracy and high-quality data. 
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The Synertial G6 Suit, an IMU-based system, also demonstrated high accuracy; however, its applicability is limited 

to controlled environments, as the need to wear a full suit makes it impractical and intrusive in real-world or outdoor 

scenarios. The Azure Kinect, a marker less and low-cost solution, showed promising accuracy in the measurements. The 

main limitation, however, was the difficulty in data acquisition, likely due to the large, monitored area. Even with two 

Azure Kinect devices, coverage may not have been sufficient, highlighting the need to better define how many devices 

are required for different setups. Overall, our findings suggest that a low-cost, marker less system such as the Azure 

Kinect can achieve a meaningful level of accuracy without being invasive, making it particularly well-suited for 

application such as tourism or non-clinical motion analysis. Conversely, it remains unstable for applications requiring a 

high level of precision, such as medical diagnostics. Future work should therefore focus on determining the optimal 

number of Kinect sensors relative to the size and complexity of the monitored area.  The practical implications of these 

findings are particularly relevant in tourism contexts. First, motion capture technologies can play a key role in enhancing 

accessibility for people with reduced mobility by monitoring real behaviours and identifying barriers in real time, leading 

to more inclusive and data-driven design of tourist spaces. Second, flow analysis based on movement trajectories can help 

managers understand visitor interests, reduce congestion, and optimize circulation within attractions such as museums 

and heritage sites. Finally, interactive and immersive applications enabled by motion capture, such as AR/VR experiences 

or responsive installations, offer opportunities to engage new audiences, particularly younger visitors, and expand the 

cultural offering of destinations. 

Overall, while marker-based and wearable systems remain more suited to specialized research or clinical applications, 

markerless solutions like Azure Kinect provide an attractive balance of usability, affordability, and accuracy for tourism 

contexts. Future work should focus on identifying the optimal sensor configuration for large or complex environments 

and on piloting real-world applications in museums, exhibitions, and heritage sites to validate the added value of motion 

capture in fostering accessibility, flow management, and experiential innovation.  
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