
 For action recognition, we need a skeletal representation 
whose temporal evolution directly describes the relative 
motion between various body parts.

 We represent a skeleton using the relative 3D geometry 
between different body parts.

 𝑆𝑆𝑆𝑆 3 × ⋯× 𝑆𝑆𝑆𝑆 3 is a curved, smooth manifold.
 We approximate the action curves in the Lie group 
𝑆𝑆𝑆𝑆 3 × ⋯× 𝑆𝑆𝑆𝑆 3 by mapping them to the Lie algebra 
se(3) × ⋯ × se(3), which is the tangent space at identity.
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Human Action Recognition by Representing 3D  
Skeletons as Points in a Lie Group            

 Humans can recognize many actions directly from skeletal 
sequences.

 Skeletal data can be generated in real time using the algorithm 
of [Shotton et. al.]
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 MSR-Action3D: 20 actions, 10 subjects

 UTKinect-Action: 10 actions, 10 subjects

 Florence3D-Action: 9 actions, 10 subjects

Experimental Results             

Proposed Recognition System

JP RJP JA BPL Proposed
85.26 85.20 81.36 80.80 90.88

JP RJP JA BPL Proposed
94.68 95.58 94.07 94.57 97.08

Joint positions (JP): Concatenation 
of the joint coordinates.
Relative joint positions (RJP):
Concatenation of the 3D vectors 
𝑣𝑣𝑖𝑖 𝑣𝑣𝑗𝑗 , 1 ≤ 𝑖𝑖 < 𝑗𝑗 ≤ 20.
Joint angles (JA): Concatenation of 
the quaternions corresponding to 
the joint angles.
Individual body part locations(BPL):
Each body part is represented as a point in 𝑆𝑆𝑆𝑆(3)
using its relative 3D geometry with respect to the 
global 𝑥𝑥-axis.

JP RJP JA BPL Proposed
87.22 88.23 81.83 83.54 92.46

State-of-the-art
(skeleton based)

MSR-A3D UTKA F3DA
90.90 90.92 82.00
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