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Target Object
— Human face

Clutter Objects — All
non-human face objects
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The images are taking from the B-Set Face Datali2amage Melon University.
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Input
Image

template

S
g

Matched
filter

Correlatig

:

Image

Device for localizati
of signhal maximu

The filter frequency response is:
B e

HI-£f
U f,, f

X

y

§

Object coordinates
(template shift)

IS the Fourier spectra of the target object template
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Device for localizati
of signhal maximu

(
\
{d MatchedF
g‘g filter @

{ Ilnput j[ Whitenin
mage filter
OAC Filter Object coordinates

(template shift)

filter

The filters frequency responses are:

Hypo T f ! . H,,. f

White "x? "y 2
\/AVXO fof, |

Yo| Pg "x? 'y
Vg fxo f, Is the Fourier spectra of the clutter part of the input image

f, U f, f

XT Uy X1y

AV, . IS averaging operation over the unknown coordinates of the targe
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Noise || Conversion e Input Output list of face
Removal Monochromg Image coordinates and sizes
Pyramid of Remove Resolving
reduced Sizg smallest 0 Overlapping< Face
copies available copy Feces coordinates
l Multi-TempIa{tg Multi-Template
Load & Classificatio Retrieval
smallest 2
: ©
available copy O =
| S
LLl o 4
3 Get next Face
fragment Segmentation
v v
Contrast & Splitting to
- , Face
llluminatior] Image Maybe Fage  gyerlap region
Normalizatig Segmentatig&00rdinates  fragments
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Face / Maybe-Face
/ Non-Face
coordinates

8/



“Face” histogram

“Non-face” histogram

Face detection rate
False face detection rate

Non-face rejection rate

Correlation val@ x, y False non-face rejection rate

False face detection - “non-faces” wrongly detected
False non-face rejection - “faces” wrongly rejected
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Detection and rejection rates for pre-detetsaraddrfa rates of 0.5% (“non-faces” wrongly
detected) and 0.01% (“faces” wrongly rejectezjpeetieely found
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Blue pixels indicate
Face objects

Red pixels indicate
Maybe-face objects

Other pixels
Indicate Non-Face
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Hash  Hash Storage
value  table device
M o @
P.P, PR
\ M ©
| _
Features .
1 [ J
extractior M .
(hash o °
function) *
: . S
[ J
* “Face” “Non-face”
Input window v template templates
image

Jnn
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a(x y)S x,y

p. round =2 o0 N1 a

Q1 S Xxy

Po 1 pp O
Q is the number of input image quantization levels

S, X,y are binary masks

a(x,y) Is the input image fragment

N is the feature vector length
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Local Matched
Filter

17

Model |

Mask

“Face”

z images
<—— from DB1-
DB4

Databases
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S XY K 12%yl12 Xyl x,yl'“’3 X,y
12wy 1 Iix,~y 0
O 0 I xy
I X,y
1256,y

Front Left Right Ceiling
lllumination Direction
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DB -Front

—— DB -Front
DB -Left

—— DB -Up

False alarm rate [%0]

—— DB -Up

[9%] 8rel uonosleq

False alarm rate [%0]
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—— DB -Up

[9%] 8res uonosleQ

False alarm rat[%]
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Multi Templates

Single Template

— DB -Up

— DB -Up

[96] @1€1 UONO8laQ

False alarm rate [%]

False alarm rate [%]
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— DB -Up

[05] @124 UONY3I8Q
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Input jl: S
. Whitenin
{ Window filter

{ templatejEj/ W?iilttirr“n

{; . Yes
E‘Q CF No

OAC Filter NOR=Face
The filter frequency response Is:

HWhite 1:x’ 1:y ! > !
\/Ang’V f, fy\

V f,,f, isthe Fourier spectra of non-face object image

AVyy is averaging operation over possible non-face patterns

"™ # $%& & e R |

&3



10/
70

&4



(N

“Non-face”

“Face”

‘Non-face-like-face”
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Examples of “Non-Faceexamples of “Face-like-
like-Face” objects Non-Face” objects

Clusterin@ Clusterir@

“NFF” templates “FNF” templates
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“NFF” templates

NO Non-
Fac Face

G
max()
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“FNF” templates
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The filters frequency response are:

1

HVI\\IIFF .I:X .I: ’ HVI\:/NF fX; .I:y
\/Avbg}u f

\/AngN f,f y

U f,,f, Iisthe Fourier spectra of face like non-face objects

Al

V 1., f, isthe Fourier spectra of non-face like face object image

AV, is averaging operation over possible non-face patterns
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Binary imag{ H filter H ™ filters
(hash valu)

I

N filters
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Properties

Selected methods

Top-down

Botto m-up

Meural
Metwork

Statistic

Template Matching

Yang of al,
1994, [13]

Leuns of al,
1995, [15]

Rowlev of al,
1998, [19]

Schneiderman
ef al, 2004, [18]

Liu er af, 200M),
|35

Chur
Algorithm

Feature extraction

Intensity except
edges in the finest
level

Correlation Points of
facial organs

Intensity levels

Histograms of
Selected subbands
(spacesfreq.)

Intensity levels

Whitening filter
outputs

Classifier

Set of Artificial rules

Random labeled graph
matching

Multiple NN

Likzlihood ratio
of face / non-face

Matched
Filter

Matched
Filter

SURQLIDE POIPaY

Separate organs detection

Yes

Yes

Mo

Mo

Mo

HNo

Backeround

Conplex

Complex

Complex

Complex

Complex

Complex

Real-time

Mo

Mo

Mo

No

Mo

Possible

Detection rate

B3G

207

90.2%%

94.4%

B4.6%

B4 [ Q6%

False detection rate

465 of images

Mot addressad

15 in 23 images

65 in 125 images

I in 3 movie clips

6 in 23 images /
7 in 46 images

Maodel OrEans

Facial features

Facial features

Facial features

Mot addres=ad

Facial features

Facial features &
hair

Iraining set

40 captured
images of TV and
photographs

Mot addressad

1050 faces of

different sources.

1.5 million non-
face objects

2000 original face
images. 2500 non-
face images

DBI1-DB3 faces
database. Non
clutter database

32000 faces from

different sources.

Ome million non-
face ohjects

suoneagaads Eawya |

Te hﬁl'li_: =et

60 images with 60
face occurrences

180 “Studio™
images of 18
individuals of fixed
ilhmmination and
imaging system

DET and others

CMIU =2t Line-

draw faces were
extracted

3 B0 7 240 movies

of 5 minutes in 10

frames per seconds
of 40 faces

Minimal detectable face
size |pixels|

Theoretically - 8 7
8, tested - 48 © 60

Mot addressad

Mot addressad
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Unit Flops per Processing Time [sec] of
window (32X32) 256X256 image on Pentium

Pyramid Generating - 1.8
Contrast & illumination normalization - 0.03
Non-Face rejection - 0.1
Template retrieval 214 ~0
Object classification 10K-90K ~0
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