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Biometrics
What is it?

Human identification through the natural 
biological features of humans, rather than any 
carried certificates. 

Categories:
Intrinsic / static features: face, iris, finger-print, 
palm-print, vein-print, ear, etc.; 
Behavior / dynamic features: voice, signature, 
gait, etc. 
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Gait Recognition——A Glance

——A young biometric with potential
Destination: Automatic human identification and 
authentication by observation of their walking styles.
Rationality: Human’s ability to recognise people by 
their gait——heavy; humble; weary; gentle…
(Shakespeare)
Advantage: data acquisition from distance; non-
invasive; hard to conceal,  comparing to traditional 
biometrics. 
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——A challenging work
Subtle discriminating features of gait are hiding 
behind similar motions.
Vulnerable to variations in clothing, illumination, 
outdoor background, silhouette noise. 
Methods:

Model-based Appearance-based

DeformableCylinder Moment

Marker-based

Ellipse

Temporal Template

Markerless Optical flowSilhouette-based

Contour

… … … …
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General Technique Framework of 
Gait Analysis & Recognition
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General Technique Framework of 
Gait Analysis & Recognition
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General Technique Framework of 
Gait Analysis & Recognition
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Classical method for background 
modeling ——（GMM）

For some complicated background, i.e. lake 
wave 、 leaf swing 、 drizzle, Uni-Gaussian 
model is no longer competent.
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Silhouette extraction—— classical 
segmentation problem

Outdoor                                     Indoor

Typical method：GMM＋EM
a two-class problem: {Foreground=w1, Background=w2}
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Typical algorithms in model-free 
gait recognition

Gait energy image （GEI）：

represent sequence into image 
by overlapping;
Tensor Discriminant Analysis：

S(x,y,t), 3D data representation;
Contour measurement:
Vertical / horizonal projection.

θ
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General Technique Framework of 
Gait Analysis & Recognition
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Articulated body motion tracking
30+ DoF
Cylinder model
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Kalman filtering based tracking
Status equation:
Measurement 
equation:
Status updating 
equation:

Limitation: 
only applicable 

to linear and 
Gaussian model.

1k kx Ax u−= +

k ky Cx v= +

( )1ˆ ˆ ˆk k k k kx Ax H y y−= + −

Kalman gain
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Particle Filtering (PF)
Importance Sampling：

Bayesian framework of PF：
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Tracking
Status equation —— description of kinematics 
characteristics;
Measurement vector —— low level visual 
cues: edge detection 、 foreground 
segmentation、centroid、color……

Edge Foreground
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Typical algorithms in model-based 
gait recognition

Hip rotation model
Ellipse fitting
Two-joint pendulum model

ϕ

θ

Trajectory analysis of rotation angles
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Other solutions for gait?
—— extend our mind!
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Marker-based motion capture

Marker’s type:
LED, infra-red, radio

Application
Movie production
Animation
Athlete training aid
Human gait analysis 
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Multiple-Circle Tracking
Single tracking:                      Multiple Tracking:       

Difficulties:  Overlapping, Agile-movement, Real-
time, ID-confusing …
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General Technique Framework of 
Gait Analysis & Recognition
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Look at Another Case: 
Face Recognition by NIR

Active NIR imaging 
system

Robust to illumination variant 
Non-invasive

Radiation Spectrum Ranges
Why NIR ( Near Infra-Red) ?
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Selected our work on gait recognition
Gait history image (GHI)
Silhouette Quality Quantification (SQQ)
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Temporal Template

Definition: In template image, each pixel 
value is defined as a function of time (frame 
number) along whole silhouette sequence.
Purpose: binary image sequence can be 
represented as a compact image with 
temporal information reserved.
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Temporal Template: Some examples

A scenario of pendulum’s motion

( ) ( )MEI
1

, , ,
t

E x y D x y t
τ

=

=∪

( ) ( )
( )( )MHI

MHI

                                   , , 1
, ,

0, , , 1 1     
if D x y t

E x y t
max E x y t otherwise
τ =⎧⎪= ⎨ − −⎪⎩

( )GEI 1
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Motion Energy Image (MEI):

Motion History Image (MHI):

Gait Energy Image (GEI):
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Gait History Image
Aim: 

A novel temporal template should have 
finer representing ability for gait motion.
Definition:

Merit: 
Static and dynamic characteristics can be 
represented;
spatial and temporal variations can be 
represented.

( )
( )

( ) ( )GHI

1

                             , 1
,
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t

if S x y
E x y
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Some examples of GHI

Subject
1

GHI
OE

GHI
CE

Subject
3

Subject
2
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Experimental results

Cumulative Matching Score (CMS) 
results on CASIA dataset

CMS scores on USF dataset
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Selected our work on gait recognition
Gait history image (GHI)
Silhouette Quality Quantification (SQQ)
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Motivation
Most gait recognition approaches are designed based 
on binary images (silhouettes).

Simpler compared to articulated model.
clothing color / texture information contribute nothing to 
identification;
So, many gait datasets opened public provide silhouette 
versions.

However, In reality, silhouette noise occurs inevitably 
after Background Subtraction.
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Periodicity and Cycles in gait 
sequence 

Time duration of a full walking cycle:

Foreground sum signal & its Autocorrelation 
signal:
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Observation
What is FS signal?

Observation
The noise in FS signal 

is correlated to noise in 
silhouettes.

Definition:

foreground-sum signal
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Idea: Using FS signal to measure the quality of 
silhouette sequence.
Modeling the FS signal:

Proposed a silhouette quality evaluation function:

by using the autocorrelation matrix eigen-
analysis approach.

Silhouette Quality Quantification (SQQ)
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Visualization of the evaluation
SQQ curve upon 
simulated data:

SQQ curve upon
real silhouette data:
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Silhouette Quality Weighted (SQW) 
Gait Recognition

Extending the application of SQQ for gait 
recognition.
Proposed the Silhouette quality weighted 
(SQW) gait recognition algorithm:
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Experimental results

(b) Identification performances on the USF ver1.7 dataset.

(a) Histogram of SQQ scores for the Baseline algorithm
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My Advises on GR system building

Frontal view is more discriminative,
Never discard static feature —— cascade
Room is harder than corridor,
The more sensor uses, the less 
complexity in algorithm.

Using
Sensors

Algorithm
complexity



Thank You!



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




