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Viola and Jones Face Detection

P.Viola and M.Jones. Rapid object detection using a boosted cascade of simple features.

CVPR, 2001
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Viola and Jones Face Detection

e well known appearance-based approach
e utilizes Adaboost 1n the classifier training

e weak classifiers based on Haar-like features
* integral image for efficient feature computation
e standard 1n current commercial cameras

P.Viola and M.Jones. Rapid object detection using a boosted cascade of simple features.
CVPR, 2001
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Viola and Jones Face Detection

e well known appearance-based approach
e utilizes Adaboost 1n the classifier training

e weak classifiers based on Haar-like features
* integral image for efficient feature computation
e standard 1n current commercial cameras

® Pros:
e oeneral object detection framework
* 000d detection rates
e fast detection
e drawbacks:
* slow training
* highly rotational variant

P.Viola and M.Jones. Rapid object detection using a boosted cascade of simple features.
CVPR, 2001
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Motivation

Viola and Jones
Face detection:
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Motivation

Rotation invariant detection based on Viola and Jones?
e Du et al.: set of rotated Haar like features
* Wu et al.: divide human faces according to different view points
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Motivation

Rotation invariant detection based on Viola and Jones?
e Du et al.: set of rotated Haar like features
* Wu et al.: divide human faces according to different view points

Computational too expensive for mobile devices (8-12 times slower)
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Motivation

Rotation invariant detection based on Viola and Jones?
e Du et al.: set of rotated Haar like features
* Wu et al.: divide human faces according to different view points

Computational too expensive for mobile devices (8-12 times slower)

Inertial sensors getting major attention
* markerless human motion capturing
e structure from motion

Inertial sensors are available on most current mobile devices

* mobile phones (iPhone, HTC Desire, ...)
e IPod touch, iPad, ...
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Viola and Jones
face detection
framework
(rotational variant)
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Motivation

Viola and Jones mobile devices with
face detection an IMU (inertial
framework measurement unit)

(rotational variant)
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Motivation

Viola and Jones mobile devices with
face detection an IMU (inertial
framework measurement unit)

(rotational variant)
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Boosting Based Face Detection

Adaboost 1s an algorithm for constructing a ,,strong* classifier as a
linear combination of simple ,,weak* classifiers h;(x):

f(@) = ahy(x)

final ,,strong* classifier/hypothesis: H () = sign(f(x))
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Haar-like Features

Angle-Features

* Easy computation (scalable and | ~ , 1
changeable 1n size and position) 1

| S | -

 Fast and efficient computation with | egge-reatures

integral-image H —] | |

1<z <y

Is(z,y) = > > 1(i,5)

i=0 j=0 I

Line-Features

- - —— p—

A 4+ D — (C + B) Center-Feat—ures

\

{ § Leibniz

i
t n t Institut fur ) 0‘! Z | Universitat
8 to9:4 | Hannover

Informationsverarbeitung



Al LY
Stdge’3/4 (18%,
Jraature 2{!21-

' Leibniz
n Institut il j Universitat
nstitut fir 9 : Hannover

Informationsverarbeitung



Inertial Measurement Unit

1Phone 4, 4G 1Pod Touch, 1Pad 2

two hardware sources: e three axis accelerometer
e three axis gyroscope
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Inertial Measurement Unit

World-coordinate System (defined by the IMU)

spanned by the axes: (Tworld: Yworld, Zworld )

Qgravitation

< 1d -—
o ’ ‘agravitation | ‘

Lworlds Yworld ~ defined orthogonal to gravity (right-hand space)
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Inertial Measurement Unit

World-coordinate System (defined by the IMU)

spanned by the axes: (Tworld; Yworlds Zworld )

Qgravitation

< 1d -—
o ’ ‘agravitation | ‘

Lworlds Yworld ~ defined orthogonal to gravity (right-hand space)

Apple provides a proprietary algorithm to calculate absolute
orientations relative to the static world-coordinate system.
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Proposed Method

Camera-coordinate system: We are interested in the rotation around the
z-ax1s (yaw-angle)
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Proposed Method
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Proposed Method

Apples proprietary algorithm gives:
(07 idevice,t) — Q(Oa iworld)q_l (Z -~ RS)
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Proposed Method

Apples proprietary algorithm gives:
(07 idevice,t) — Q(Oa iworld)q_l (Z -~ RS)

project Zworld on the devices screen surface:

<proj,t — <~world — <Zworld’ZdeVice,t> " Zdevice,t
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Proposed Method

Apples proprietary algorithm gives:
(07 idevice,t) — Q(Oa Z.vvorld)q_l (Z -~ RS)

project Zworld on the devices screen surface:

<proj,t — <~world — <Zworld’ZdeVice,t> " Zdevice,t

compute the yaw-angle:

)

COS(SOyaW) — L <ydevice,t‘zpr0j,t/"Zprojat

having the yaw-angle, we rotate the camera 1image
to produce a virtual upright image
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Proposed Method

Camera project Zworld
. . compute the
coordinate on the device
yaw-angle
system screen surface
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Proposed Method
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Proposed Method
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Experimental Results

CAMERA | FACE SYMBOLIC
Sequence 1 straight | straight Q
Sequence 2 | straight | rotated g
Sequence 3 rotated straight Q
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Experimental Results

CAMERA

FACE SYMBOLIC

Sequence 1 | straight

Sequence 2 | straight

Sequence 3 rotated

straight

rotated

straight
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Experimental Results

CAMERA FACE SYMBOLIC

Sequence 1 straight | straight

» Sequence 2 | straight | rotated

Sequence 3 rotated

OpenCV
M presented
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Experimental Results

CAMERA

FACE SYMBOLIC

Sequence 1 | straight

Sequence 2 | straight

Sequence 3 rotated

straight

rotated

straight
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Conclusion

 proposed an efficient fusion of IMU and boosting based face
detection by Viola and Jones
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Conclusion

e proposed an efficient fusion of IMU and boosting based face
detection by Viola and Jones

e compared to other (rotation invariant) boosting based method
our method 1s fast enough for a mobile device

{i ] Leibniz
n Institut fiir | o,i Z || Universitit
Informationsverarbeitung 1 9 1o 9:4 | Hannover



Conclusion

e proposed an efficient fusion of IMU and boosting based face
detection by Viola and Jones

e compared to other (rotation invariant) boosting based method
our method 1s fast enough for a mobile device

e video sequences + motion data will be available

i 1| Leibniz
i 9; 2§ Universitat
to9: 4 | Hannover

tnt = .

Informationsverarbeitung



Conclusion

e proposed an efficient fusion of IMU and boosting based face
detection by Viola and Jones

e compared to other (rotation invariant) boosting based method
our method 1s fast enough for a mobile device

e video sequences + motion data will be available

* online demo 1s available (Just ask)
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e compensate face motion 1s an ongoing project
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Conclusion

e proposed an efficient fusion of IMU and boosting based face
detection by Viola and Jones

e compared to other (rotation invariant) boosting based method
our method 1s fast enough for a mobile device

e video sequences + motion data will be available
* online demo 1s available (Just ask)

e compensate face motion 1s an ongoing project

Thanks for your attention!!!
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