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1. Human Perception 
Understanding (1/2)

• Layers of Abstraction
1. Motion Capture

This layer refers to the extraction and tracking of the subject’s features 
from the images.

2. Pose Reconstruction
It refers to the estimation of the user’s body configuration from the 
tracked image-features.

3. Action Recognition
It refers to the semantic description of the body pose sequences through 
time.

4. Activity Interpretation
It refers to the semantic description of complex psico-motor tasks, 
involving the labelled locomotive actions and the interaction of the user 
with the context.
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• Field of Psychology
– Gestalt Psychology Theory

The whole is different from the 
sum of the parts [1]

– Moving Light Displays (MLDs)

Human figures can be recognized 
from MLDs motion [2]

– Relative vs Common Motion

Relative motion is more revealing 
for the understanding of a motion 
and the recognition of an object 
than its common motion [3]

≠

MLD + SkeletonMLD onlyStatic LD

1. Human Perception 
Understanding (2/2)
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2. Marker-Based Human Motion 
Capture (1/1)

• Procedure
Marker information measured and 
mapped to virtual character

• Marker Information
Positions, orientations, accelerations, etc.

• Types
Optical [4], magnetic [5], mechanical 
[6], inertial [7]

• Advantages
Accurate & real-time

• Disadvantages
Expensive & cumbersome use

• Recent Gesture Capture Devices
Cheap but simple gestures can be 
captured [8-10]
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3. Computer Vision-Based Human 
Motion Capture (1/4)

• Procedure
Process image-pixel information to 
extract body features, track them and 
map motion to virtual character

• Pixel Information
Grey-level intensity, color (RGB, nRGB, 
HSV, HLS, Lab, Luv, xyY, …), depth, etc.

• Advantages
User-friendly & cheap

• Disadvantages
More challenging issue (ongoing world-
wide research)
– Human real joints do not behave like 

markers
– Background subtraction
– Occlusions
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3. Computer Vision-Based Human 
Motion Capture (2/4)

• Camera Parameters and Multi-
Camera Systems
– Intrinsic and extrinsic camera parameters 

[11-13]

– Camera synchronization

– Color temperature and white balance

– Grey-level values adjustment: shutter, 
gain, brightness, sharpness and gamma

• Software Tools with Standard CV 
Tools in C++
– Running on CPU: OpenCV [14]

– Running on GPU: OpenVIDIA [15], 
GpuCV [16]

Y
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3. Computer Vision-Based Human 
Motion Capture (3/4)

• Image-Features Extraction
– Feature Points: Local image regions with 

high degree of variation in all directions [18]

– Edges: Significant variations of the grey-
level values [19]

– Blobs: Compact pixel groups that share 
common characteristics such as color, depth 
and/or motion

– Silhouettes: 2D projection of the subject’s 
full-body shape [20]

– Visual Hull: The intersection of 3D regions 
generated by the inverse projections of the 
subject’s silhouettes [21]
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3. Computer Vision-Based Human 
Motion Capture (4/4)

• Low-level Tracking: Optical Flow [22]
– The displacement of pixel between frames in 

grey-level is computed (there are also approaches 
in color [23])

– Intensity constancy is supposed

– Precise computation on normal flow to image 
gradient (not tangent)

– Usually applied to feature points

• Body Parts and Figure Tracking
– Point Tracking: Objects represented as points

– Kernel Tracking: Objects represented with a 
kernel that defines its shape and appearance

– Silhouette Tracking: Objects represented with 
their silhouette
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3.1 Human Body Part and Shape 
Tracking (1/4)

• Point Tracking
– Deterministic Methods

Point correspondence is done by 
associating motion constrains (proximity, 
maximum velocity, small velocity change, 
common motion, rigidity) [24]

– Statistical Methods

Uncertainties coming from the video sensor 
measurements and the object model 
properties are taken into account [25]



Skills Capture and Transfer: Human Motion Capture. RSS 2008, Zurich
Luis Unzueta (lunzueta@ceit.es)

3.1 Human Body Part and Shape 
Tracking (2/4)

• Kernel Tracking
– Template Based

These methods compute the position of 
the object template, defined in the 
previous frame, by a similarity measure, 
e.g, cross correlation [26]

– Multi-View Based

These methods learn different views of the 
object offline in order to be able to handle 
with dramatic object view changes, which 
make the appearance model no longer 
valid [27]
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3.1 Human Body Part and Shape 
Tracking (3/4)

• Silhouette Tracking
– Contour Evolution

These methods perform the tracking by 
evolving an initial contour in the previous 
frame to its new position in the current 
frame [28]

– Shape Matching

The search is performed by computing the 
similarity of the object with respect to that 
obtained from the hypothesized object 
silhouette based on previous frame (rigid 
silhouette) [29]
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3.1 Human Body Part and Shape 
Tracking (4/4)

• Occlusion types
– Self-occlusion

– Inter-object occlusion

– Occlusion with the background

• Occlusion handling approaches
– Merge-split [30]

• Tracked blobs merge and contain more 
than one object

• The problem is to identify the splitting 
objects

– Straight-through [31]

• Tracked blobs always contain one single 
object

• The problem is to classify correctly pixels 
in the vicinity of the occlusion
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3.2 Human Pose Reconstruction 
and Multibody Tracking (1/3)

• Human Multibody Model Types
– Stick-figure

• Line segments linked by joints

• Skeletal structure information

– Contour-figure
• Body segments = 2D blobs or ribbons

• Projections of human figure can be 
exploited in single-view systems

– Volumetric-figure
• Body segments = cylinders, 

superquadrics, meshes, etc.

• More suitable for multi-view systems
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3.2 Human Pose Reconstruction 
and Multibody Tracking (2/3)

• Bottom-Up Tracking and 
Reconstruction Approach
– No a priori model is used to aid in the 

tracking, only for pose representation
– Automatic tracking initialization

– Many false positives in the search of human 
limbs

– Bottom-Up Strategies:
• Probabilistic assemblies of parts: 

Most likely body part locations are 
firstly detected and then assembled 
[32]

• Example-based: Mapping from the 
detected image-features to the 3D pose 
data [33]

© Softkinetic 2008 [34]
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3.2 Human Pose Reconstruction 
and Multibody Tracking (3/3)

• Top-Down Tracking and Reconstruction 
Approach
– A previously defined model is used explicitely to aid 

in the tracking
– Manual tracking initialization
– Procedure: Prediction -> Synthesis -> Image Analysis 

-> State Estimation
– Top-Down Strategies:

• Multibody Shape Matching: DoF of 
humanoid are optimized till a satisfactory 
matching result is obtained respect to the 
silhouette projections, contours or visual hull 
[35]

• End-Effectors Driven: End-effectors of 
subject are tracked and poses are 
reconstructed using robot inverse kinematics 
[36]

© Organic Motion 2008 
[37]
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4. Human Action Recognition (1/2)

• Motion-Features for Recognition
– Holistic: Human figures are used as a whole (direct image tracking)

– Non-Holistic: Body parts are distinguished (pose reconstruction)

– Type of gestures
• Spatial information only: positions

• Spatiotemporal information: velocities, accelerations, sequences of 
positions

• Recognition Strategies
– Template Matching: An observed motion sequence is converted into a 

static shape pattern which is compared with other in the knowledge 
database [38].

– State-Space: Instantaneous motion-features are states, that form tours 
in which connection probabilities are handled [39]
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4. Human Action Recognition (2/2)

• Action Classification Process
– Training Stage: The computer learns a set of labelled samples 

(supervised learning).

– Classification Stage: Statistical classifiers are applied in order to set 
the incoming unknown movement into one of the labelled clusters of the 
database (nearest neighbors, DTW, HMM, DBN, neural networks, SVM).

– Gesture Spotting: Consists on segmenting the continuous data flow 
into relevant gestures ignoring those that are not. It is a difficult task 
due to the segmentation ambiguity and spatiotemporal variability [40]

– Combined Actions: The ability of distinguishing locomotive actions 
being performed at the same time (such as walking and waving) is a 
difficult task -> easier for non-holistic approaches [41]
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