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1. Introduction
Markerless motion analysis is promising as it allows to 
analyze subjects in ecological situation with no subject 
preparation needed. Its use however, is conditioned 
by our knowledge of  its accuracy, especially in clinical 
settings where it affects the confidence in diagnosis. 
Several studies have compared video-based analysis to its 
marker-based counterpart (Wade et al. 2022) uncovering 
both systematic and random errors (Needham et al. 
2021) and some studies have also investigated the intra- 
and inter-session repeatability of  this method (Kanko 
et al. 2021). However, in depth sensitivity analysis and 
uncertainty propagation are yet to be performed.

Markerless motion analysis involves estimating the 
2D positions of  a set of  points of  interest (PoI) for each 
camera using a pose estimation algorithm, and then 
reconstructing the related 3D points. The accuracy 
of  triangulated 3D points is crucial for the analysis. 
However, the accuracy of  a pose estimation algorithm 
is difficult to quantify since its results depend on unpre-
dictable factors and vary between algorithms.

The aim of  this study is to assess the random errors 
of  two pose estimation algorithms during a simple task 
and estimate how they propagate through the triangu-
lation process.

2. Methods
2.1 Data collection
Data used in this study were taken from a public data-
set (Muller et al. 2025). A single participant (woman, 

age: 29 years, height: 157 cm, weight: 60 kg) has 
been analyzed during a walk. Nine cameras (Miqus 
Video, Qualisys, Sweden, 60 Hz), distributed around 
the participant were used to record the movement. 
The system was calibrated and synchronized using 
Qualisys Track Manager (QTM - Qualisys AB, 
Sweden, v2021.1.2).

2.2 Estimation of the pose estimation algorithm 
random errors
Two pose estimation algorithms have been used to 
obtain the 2D points: OpenPose (BODY25B model) 
and RTMPose (COCO133 model). Three PoI were 
considered: right hip, right knee, and right ankle. Points 
estimated with a confidence score <0.3 were excluded.

3D points were triangulated using confidence weighted 
direct linear transform. These points were then projected 
in the plane of  each camera. The distance between 
the projected point and the initially estimated point 
was computed for each point and thereafter named: 
reprojection error.

Computing the distance of  a 2D Gaussian from 
the origin results in a specific distribution (Rayleigh 
distribution). This distribution was fitted to the repro-
jection errors obtained for each of  the three PoI and 
the two pose estimation algorithms. The noise at the 
output of  the pose estimation algorithm was then 
characterized as a Gaussian distribution with a stand-
ard deviation equal to the fitted parameter of  the 
Rayleigh distribution.
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2.3 Propagation of the uncertainties through 
triangulation
For each 2D projected point, ‘noisy’ points were created 
by adding noise according to the Gaussian distribution 
previously identified. These ‘noisy’ points were then 
triangulated and the distance between those and the 
initially triangulated points was computed and named: 
propagated uncertainty.

The 95th percentile of  propagated uncertainties for 
each algorithm and each PoI considered was obtained. 
It is considered to be the 95% confidence interval (95CI) 
in which a 3D point may be present around the initially 
triangulated point.

3. Results and discussion
Figure 1 shows the reprojection errors’ distributions 
and Table 1 provides the standard deviation and 95CI 
for each PoI for each algorithm.

Disparities in the reprojection errors between PoI 
and pose estimation algorithms have been evidenced, 
highlighting the importance of  differentiating PoI when 
propagating uncertainties. Overall, RTMPose displayed 
lower standard deviations and 95CI than OpenPose for 
2 of  the 3 considered points.

The propagated uncertainty can be interpreted as 
the imprecision linked to the uncertainties of  the point 
estimation by the algorithm. If  compared to the esti-
mation of  markers with optoelectronic cameras, these 
values (5.96 to 33.5 mm depending on the points) can 
seem high, but is of  the same order of  magnitude as 
the positioning uncertainty of  markers to anatomical 
structures (Della Croce et al. 2005).

The reprojection error distributions here included the 
nine cameras. Analyzing the distributions per camera 
would allow us to assess the influence of  the viewing 
angle and would probably improve the Rayleigh fittings 
and could explain the secondary peak in the Hip PoI. 
Among the limitations, this study assumed perfect cali-
bration and was limited to the triangulation step. Yet, 
it provides solid foundation to propagate uncertainties 
further on the joint angles and torques estimation.

4. Conclusions
This study provided a method to assess the random errors 
of  pose estimation algorithm and propagate those errors 
through the triangulation process. This highlighted differ-
ences between algorithms and PoI in reprojection errors 
which reverberate on the 3D point’s position uncertainty.

Figure 1. Reprojection errors’ distributions and associated 
Rayleigh distributions using OpenPose (left column) and 
RTMPose (right column) for the right hip, right knee, 
and right ankle (from top to bottom).

Credit: Mathis Renaudin

Table 1. 2D reprojection errors standard deviations (σ) 
and 95% confidence intervals (95CI) for ‘errored’ 3D points.

Alg. OpenPose RTMPose

Param. σ 
(px)

95CI 
(mm)

σ 
(px)

95CI 
(mm)

Hip 11.25 26.6 13.0 30.5

Knee 8.21 19.0 5.98 14.0

Ankle 6.03 13.9 2.56 5.96

Credit: Mathis Renaudin
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