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Introduction Proposed Method : Coaxial RGB‒Infrared Imaging

Where is the true right knee joint?

Key Idea

MVN
   Proposed

MVN exhibits joint localization errors

MMPose
   Proposed

MMPose
   Proposed

MMPose
   Proposed

Flight Phase

Clothing makes accurate joint 
localization difficult!

Especially with loose clothing,
large variations in garment motion and wrinkles 
make joint localization even more difficult.

Accurate joint localization beneath clothing
(true centers of joint motion). ・Comparison with a COCO-Trained MMPose Model

Ground-Truth Validation

NIR light passes through fabric：
Direct observation of LEDs

determined by the 
shape of the LEDs

■ LED Light Source Localization

■ Joint Center Localization ValidationReflected light from 
the fabric is 

observed instead of 
direct LED light.

computed from the 
four corners

Direct LED light 
is observed.

The observed light position remains stable 
despite changes in LED angle

The observed light position changes 
depending on the LED angle

Handball throwing motion (knee)

Soccer kicking motion (knee)

Baseball pitching motion (upper body)

Other examples

Example of a baseball swing motion

Wear clothes 
over the markers

Attach NIR LEDs 
to joints

Experimental Results

Half-Mirror：
Splits incoming light
into two directions

Biomechanical knowledge suggests that
jerk (the third derivative of position) remains
near zero during the jump flight phase(1).

Example of a lateral-jump motion

Fits an ellipse from visible marker shapes 
of the 8-LED ring to define the joint center 

of rotation at its geometric center.

LED Placement Exposure
   Long

   Short

Direct observation of the light source is possible
with an appropriate shutter speed

The proposed LED placement
successfully captures
joint centers.

Conclusion

RGB

LEDs invisible LEDs visible

IR

Coaxial image pair

Long

Short

Appropriate exposure settings 
enable direct observation of

the light source depending on 
fabric material and thickness.

■ RGB-IR Coaxial Alignment Accuracy

RGB IR

RGB IR

・Comparison with IMU-Based Mocap (MVN)

Effect of Exposure Time on LED Visibility

Half-Mirror Camera Box
custom-built using 3D printing

Implementation

Summary
• We propose a system that uses the near-infrared (NIR) 

spectrum to directly measure joint positions beneath 
clothing.

• We identify the limitations of existing pose estimation 
methods and IMU-based approaches.

Future Work
• Extension to full-body joint
• Extension to 3D keypoints acquisition
• Creation of training data and model training using the 

proposed method etc.
(1) T. Flash and N. Hogan., “The  coordination of arm movements: an  experimentally confirmed  mathematical model”, Journal of Neuroscience, 1985

・Wear MVN suit beneath clothing
・Attach NIR LEDs to the joints
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