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Abstract 

The feature offers a way of tracking the movement patterns of many people at once, and is critical in occupational 

health, sports performance, and team-based work settings. The selected traditional biomechanical analysis systems, 

in turn, are largely considered in detecting single person movement, which weakens their applicability to movement 

analysis that involves interacting with multiple people. In this paper we consider a real time multi-person detection 

and analysis system using stereoscopic cameras and RTMPose, a novel high real-time pose estimation framework. 

RTMPose offers real time analysis of 2D key points for the individuals and this data is later augmented with depth 

data coming from stereoscopic imaging to give 3D skeletal data. The benefit of employing RTMPose is that the 

system is able to perform accurate and fast multiple persons tracking despite present occlusion scenarios. 

Consequently, the system overcomes the drawbacks of prior methods, including reliance on wearable devices and 

unsuitability for out-of-door environments, by employing stereoscopic cameras and RTMPose with low-latency and 

high-accurate inference.  Experimental results demonstrate the system’s ability to provide detailed real-time analysis 

of posture and movement for multiple individuals in diverse scenarios. This research highlights the potential of 

RTMPose-powered systems to advance multi-person biomechanical analysis for applications ranging from workplace 

monitoring to sports performance assessment. 
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1. Introduction 

The requirement for the decomposition of multiple 

individuals at once in real-time has emerged in some 

fields including occupational health, sports, and 

ergonomics. Extended conventional frameworks of 

biomechanical assessment have generally been 

developed to examine one person at a time, thus being 

restricted in multi-subject environments. For instance, 

tasks of analysis in a team environment including 

construction, healthcare setting or production line work 

involve capacity to discern group motions for safety, 

efficiency and order to enhance performance. That is why 

there is a need to create new systems that would be able 

to detect and analyze multiple people with increasing 

complexity of backgrounds [1],[2]. 

In particular, the progresses in computer vision and 

stereoscopic imaging technology enable the multi-person 

detection in real time. While many older approaches only 

use singe-camera equipment or body-worn sensors, 

stereoscopic systems are based on two-camera 

configurations for depth acquisition. This enables the 

realist rendition of 3D keypoints for the multiple 

individuals, based on the crowded or overlapping states. 

These capabilities can be highly employed in cases where 

all the body movement of the subjects has to be studied 

at the same time as in sports, ergonomic studies and group 

work areas [3],[4]. 

 Advanced techniques including deep learning based 

pose estimation in multi-person detection are currently 

employed. Some popular benchmarks like OpenPose, 

AlphaPose, and RTMPose have demonstrated 

satisfactory accuracy of body-structured 2D human pose 

estimation of multiple persons [5],[6],[7]. When 

correlated with depth information gathered from 

stereoscopic cameras these methods allow for 

determining three-dimensional corresponding key points 

for each of participants. This integration solves some of 

the issues that include occlusion, lighting variation, and 

objects sharing the same space which tends to complicate 
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the model but produces efficient and accurate tracking 

applicable in real-life scenarios [8],[9]. 

Building on these advancements, this study focuses on 

developing a system for multi-person detection and 

analysis using stereoscopic cameras. The proposed 

solution offers detailed 3D key-point data for multiple 

individuals in real-time, addressing the limitations of 

single-person systems. By employing state-of-the-art 

multi-person detection algorithms and robust depth-

sensing technology, the system is designed to operate 

effectively across diverse conditions, making it suitable 

for a wide range of applications, from workplace 

monitoring to athletic performance analysis [10]. 

 

 
Fig. 1. Camera setup 

 

 
Fig. 2. System Flowchart 

 

2. System Design and Methodology 

 

2.1. System setup 

  The proposed system also utilizes a stereoscopic camera 

combination to acquire simultaneous videos that are 

helpful in the determination of multiple individuals. The 

setup consists of having two cameras placed in parallel 

with a defined baseline distance of 1 meter to keep a high 

level of accuracy of the depth estimation, as depicted in 

Fig. 1. The cameras are adjusted so as to define the 

intrinsic and extrinsic parameters that provide the 

foundations for enriching 3D data. 

Similarly, the stereoscopic camera setup is positioned to 

obtain a rich view and capture all regions of the detected 

scene to identify different postures and orientations of the 

individuals. The videos captured are then processed in 

real time in order to obtain 2D key points for each person 

by using RTMPose. It maintains a high degree of 

visibility and small-object discernibility because of the 

proper positioning of the devices. 

Key Hardware Details: 

• Camera Model: Elgato Facecam Full HD 

• Resolution: 1920x1080 pixels 

• Frame Rate: 60 fps 

• Baseline Distance: 1 meter 

• Calibration Tools: OpenCV stereo calibration (to 

compute intrinsic/extrinsic parameters and distortion 

coefficients) 

2.2. Pose Estimation Framework 

The identification of multiple people and their skeletons 

is done using RTMPose, an efficient real-time pose 

estimation tool. RTMPose takes the synchronized video 

feeds from the stereoscopic cameras, and identifies the 

2D key points of all people in each frame. The RTMPose 

model uses a deep learning model for real time object 

detection with high speed and accuracy the model for 

RTMPose is ResNet or MobileNet. This framework 

extracts 17 specific points (according to the COCO 

dataset) for every individual: shoulders, elbows, knees, 

ankles as well as other parts. These 2D key points are 

moreover linked with unique IDs corresponding to each 

person to afford stable correspondence from frame to 

frame. The system flowchart can be seen in the Fig 2 

 

 

Fig. 3. Multi-Person and detected keypoints in 2D for 

applications of skeleton overlays. 
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Fig. 4. The 3D coordinates for the ribs of both 

individuals were reconstructed. 

 

2.3. 3D Keypoint Reconstruction 

  The 3D key points for each subject are reconstructed 

using the 2D key point data obtained from RTMPose and 

the depth obtained from the stereoscopic cameras. This 

process involves extracting the 2D key point coordinates 

from the left and right camera; projected into 3D space. 

The reconstruction is performed using the Direct Linear 

Transformation (DLT) technique that estimates the 

coordinates of all the important points with respect to the 

coordinate frame of the camera [11]. Extrinsic and 

intrinsic calibration data is used to compute the 

coefficients for lens distortion and thereby facilitates the 

calculation of depth. 

3. Results and Discussion 

3.1.   Results 

The proposed system can display real time multi-person 

detection, and 3D keypoints reconstruction with 

stereoscopic camera and the RTMPose. As it can be seen 

from the outcomes that the developed system 

successfully recognizes several people concurrently 

literally in a real conditions as well and yields quite high 

accuracy rates in terms of the Keypoints tracking in 

addition to the real life possibilities to generate the 3D 

bone models. 

 

Key Observations: 

1. 2D Keypoint Detection: 

▪ The system successfully detected key points for 

all bodies like some primary joints of shoulder, 

elbow, knee, ankles of more than one person. 

Congruent outlines drawn around each of the 

individuals established sharp and clear 

segmentation and identification of subjects as 

shown in Fig 3. 

2. 3D Keypoint Reconstruction: 

▪ With data obtained from the stereoscopic camera 

setup the system constructed 3D keypoints for 

each person. These are well oriented with the 

detected individuals in the 2D images, in order to 

have accurate spatial correspondences in the 3D 

environment as the skeletal models can be seen in 

the Fig 4. 

3. Performance Metrics: 

▪ Accuracy: The computed 3D keypoints of the 

reconstructed ego-vehicle appeared to match the 

position of the individuals regardless of their 

execution of different movements and partially 

obscured body parts. 

▪ Processing Speed: The system was able to obtain 

real time performance with average frame rate of 

the order of 15 fps. 

4. Multi-Person Capability: 

▪ Several people were effectively detected and 

tracked within the field of view, in the 2D view 

demonstrated by the bounding boxes and in the 3D 

view through the skeleton overlays. 

3.2.   Discussion 

The results validate the effectiveness of the proposed 

system in handling real-time multi-person detection and 

3D keypoint reconstruction. Several key aspects are  

Challenges and Limitations:  

1. Occlusion Handling: In most cases, the system 

provided accurate detection of keypoints and the 

estimation of 3D poses, but full occlusions of the 

body parts led to small errors. Scanner input 

occlusion handling could be the subject of future 

work, with temporal data or limit algorithms used.  

2. Complex Environments: The current testing 

environment was relatively controlled. Performance 

with signals in more difficult conditions such as in a 

noisy environment with many subjects and with 

greatly fluctuating light conditions requires 

assessment.  

3. Depth Accuracy: Disparity based depth estimation 

technique may contain noises at some time period 

when the camera is moving fast or during large 

change in lighting. However, this problem could be 

reduced by improved calibration on the camera setup 

or using better filtering methods.  

Potential Applications:  

1. Workplace Monitoring: They include real-time 

tracking of multiple workers to help monitor safety 

and even workers’ er onomics.  

2. Healthcare: To maintain correct movements for a 

number of patients at once, group rehabilitation 

sessions are used. 
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4. Conclusion 

The proposed system is capable of real-time multi-person 

detection and 3D keypoint reconstruction, while using 

stereoscopic cameras and RTMPose. It shows high 

precision, low delay, and multiple person tracking ability, 

hence, it can be used for workplace monitoring, sports 

performance analysis, and group physical therapy. 

The performance of the system is excellent, however, it 

is essential to consider the following factors: Occasion 

where one of the cameras is occluded by the other, noisy 

depth estimation, and the existence of other objects 

within a scene. The future work will therefore aim at 

enhancing these aspects as well as incorporating other 

features such as action recognition to the system. This 

system demonstrates better advance of multi-person 

biomechanical analysis and will have an enhanced 

foundation for related purposes. 
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