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ABSTRACT

Humans can categorize a pattern at a glance, because they recognize its
global view and structure.  In this research, the main idea is based on this human
behavior; therefore, the global features of binary images such as edges and contours
are used instead of complicated features. In addition, Hausdorff distance was chosen
as a similarity measure, for it has been accepted more closely to human performance
than other similarity metrics. For this pattern recognition, the Hausdorff distance is
adapted to ART approach to solve the problem that there are different appearances in a
class of pattern.  From the experimental results of fingerprint, hand geometry, and

human face recognition show that this new approach results in a good recognition rate.
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1) AMuwrmAtanganeivaaunuduuuqnaeng aalu A

d(a,,.B)

d(a,,.B)

d(a,;,B)

d(a,,.B)

d(a,s,B)

d(a,,B)

d(a,,B)

d(a,B)

min(la, - byl 13y, - Dygll 113 = Dygll 183, = Dyall 112y - bigll, Hay, - bgl
12,1 - Dygll 112y, - Daall 112, - Deal)

min(0, 1, 2, 3, 4, 4.12, 3.61, 4.24, 5)

0

min(la, - byl 1855 - Dl 133, - Deall, 2y, = Bl ar, - bygly layz - Dl
12, - Dagll 112 - Daall N2 - Dl

min(1, 0, 1, 2, 3, 3.16, 2.83, 3.61, 4.47)

0

min(lass - Byl s - Dygll 3 = Dygll 1833 = Dyl N33 = Bl lass - bl
2,5 - agll, 1123 - Dyl N2y - Dl

min(2, 1,0, 1, 2, 2.24, 2.24, 3.16, 4.12)

0

M@y, - Byl aye - Dogll 113 = Degll 11234 = Doall l12sg = Dl 1ays - Bgl
24 ~ Dl 12y, - Dl iass - Dl

min(3, 2,1,0, 1, 1.41, 2, 3, 4)

0

min(la.s - byl 1as - Dgll 12 - Bygll 12y = Byalls lss = Bygl, iass - bgl
3, - Dagll l1as - Dl l1ass - bl

min(4, 3, 2, 1, 0, 1, 2.24, 3.16, 4.12)

0

MiN(las - Byl Hags - Daglh 1125 ~ Digll 125 = Bl 1azs - Brgll l1ags - gl
lazs - Dyl l12zs - ball, lazs - byl

min(4.12, 3.16, 2.24, 1.41, 1, 0, 1.41, 2.24, 3.16)

0

MiNlags - Byl 113gs - Dygll 1135 = Dygll, 1az5 = Bl lags - Bygll, liags - g,
l2igs - gl 1185 - Bl l1ags - bl

min(4.47, 3.61, 2.83, 2.24, 2,1, 1, 1.41, 2.24)

1

Min(lias - Dyll, 12 - Dl 1245 - Dogll 11245 = yall 18 - Dygll 118 = Dgl

|Ia45 - b34”’ “845 - b44”: “845 - b54”)



d(ag,B)

"

min(5, 4.24, 3.61, 3.16, 3, 2, 1.44, 1, 1.44)

1

min(|lags = byl 1ass - Dl l1ags - Digll [1ss = Daall, l1ass - Dygll, 118gs - Dasll
l125 - Daalls l1ass - Daally 125 -~ Dedll)

min(5.66, 5, 4.47, 4.12, 4, 3, 2.24, 1.44, 1)

1

2) AMUWICUNNAN h(A,B)

h(A,B)

(d(a,,.B) + d(a,,,B) + d(a,;,B) + d(a,,,B) + d(@,5,B) + d(ax,B) +
d(a,,,B) + d(a,.B) + d(ass,B)) / 1Al
(0+0+0+0+0+0+1+1+1)9

0.33

3) AmnnmAaganeiasunuduuanIamn At B

d(b,,A

d(b,,,A)

d(b,,,A)

d(b,,.A)

d(b,..A)

)

min(lID,, = ayll, 1041 - @l 104, = Bgglly 104y = @l 11Dy - @sgll, 11Dy, - Bzl
1ID1; - Bglls 11Dy, - Dyl 11034 - @sll)

min(0, 1, 2, 3, 4, 4.12, 4.47, 5, 5.66)

0

min(lID,, - @yll, 1Dz - @zl 1045 = Aggll, 101z = Aglls 111 = sl 1104 - Bgsll,
1Dz - @sglls 1101z = Dyl 111 - sl

min(1, 0, 1, 2, 3, 3.16, 3.61, 4.24, 5)

0

min(lI,5 - @yll, 1013 = Al 1045 = Bgglls 1013 = Agalls 11013 - Al 11045 - Bggll,
1045 - @ggll, 11013 = Dyl 11015 - Asell)

min(2, 1,0, 1, 2, 2.24, 2.83, 3.61, 4.47)

0

Min(1D,4 - @yll, 1014 - @xall 1104 = yglls (1044 - Bsally 1014 - Buell, 1114 - Bl
D44 - @asll, 11044 = Daglls 114 - Aell)

min(3, 2, 1,0, 1, 1.41, 2.24, 3.16, 4.12)

0

MiN(ID, - @y,ll, 11045 - Arolls D5 - @yl 1045 - @gall, 11045 - Asgll, 11545 - Bl
11D15 - Baslls 11D45 - Dyll, 1145 - assl)

min(4, 3,2,1,0,1,2,3,4)
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=0
d(b,5A) = min(|o,g - @yl 1 = Ayl 1105 - Al 112 = Aglls 1105 = Al 11025 - all;
1036 - Asgll, 105 - Agsll, 11025 - Assll)
= min(4.12, 3.16, 2.24,1.41,1,0,1,2,3)
=0
d(DgA) = Min(by, - 8yl 1D, = Agally 1054 = Asglly 1034 = Bsalls 11034 - Al 1134 - all,
11034 = @ggll, 11D34 - Dagll 11034 - Bsell)
= min(3.61, 2.83, 2.24,2,2.24, 1.41,1, 1.41, 2.24)
= 1
d(b,,.A) = min(ID,, - @yl 1Dgs = Aall, 1044 = Bills 1104g = Agalls 11Dsg = Bsglls 1044 = Bosll,
1044 - @agll: 11D - Daglls 1104 - Bssll)
= min(4.24, 3.61, 3.16, 3, 3.16, 2.24, 1.41, 1, 1.14)
= 1
d(bg,,A) = min([bg, - 8yl 1D - @yl 1Dss = Al 104 = Ball, 11054 = Bl 1Dss = Bzl
l1Ds, - @sglls 11054 = Daglls 11Ds4 - Bssll)
‘= min(5, 4.47, 4.12, 4, 412, 3.16,2.24, 1.41, 1)
= 1

4) AMUIUMIAT h(B,A)

h(B,A) (d(b,,,A) + d(b,,,A) + d(b,,,A) + d(b,,,A) + d(b,s,A) + d(byg,A) +

d(a,,A) + d(b,,,A) + d(b,,,A)) /1Bl

0+0+0+0+0+0+1+1+1)9
= 0.33
5) ATUATUUIAT H(A,B)

H(A,B)

1l

min(h(A,B), h(B,A))

min(0.33, 0.33)

1

0.33

e ] o (e rdl !n:l‘ ' ) al [} =S
wantvg iesainArargaseipaunudildtidumaruunndauaziiegiude 0 e
A unueyNresguuy (HAWAY 5.66) FadudaanirlluFaudsuiudn
pumileuRifiAragiugas 0 fe 1 fedududessdniiunisdell Ae UFuAraiganaiv

AaunudWiiiArag g 0 Da 1 Taathienmanganaiaaunidunsdosanuenadunues-
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1 (0.33/5.66) WAL 0.058 antutfuannanasuuananellifuAiaumiien (1 -

0.058) azldAwiniu 0.94

P ' (] dl 14 o o ] < a ] P =
AN 2.1 l.l."WNﬂﬁﬂQ'\NLWN’ﬂuﬂiﬂ’Qﬁﬂﬁn'}ﬂﬂﬁﬂQﬁNLMNﬂu‘ﬁuﬂﬂﬁ\ﬂ LJJ’ELLE‘&!UWI‘:’JUT@F_I

Miaa 7 wwusina lugun 2.3

Similarity Pattern
metric a b C d e
Hamming 1.00 0.76 0.76 0.76 0.68
Dot product 1.00 0.67 0.67 0.67 0.56
Euclidean 1.00 0.51 - 0.51 0.51 0.43
Hausdorff 1.00 0.94 0.90 0.88 0.80

angildi 2.3 famualizuuy (a) Wugduuugeds TagaziinisuFauiiay
i o ’.” A
AmieuTasgUuLay fugtuiy () Angiiae 7 daunalugidi 2.3 uazannuanis
o ' < 1 % o~ o ) ] 1 4=; & v =
AuafrAumiaudasfadadiamilaunuusne ek 2.1 azdiulddnfiies
-« |1a ol o/ ' o] 1 4 b % o
snganafMAaunudTansodadiaumileueaninldinuauintesiyed A e 7
guluut (b) aziianamileuduiugiuuy (a) mnfiga guuul (), (d), uaz () qriianu
P [ L% ° W s'-‘lI o) ' I d' 1 % ac =
ileufuguiy (a) desaemudady  deRansunAianumileuildaindsuaniic aen
L
Tweanyi LLa:gﬂatﬁﬂufamﬁu‘lﬁfiﬁﬁﬁmﬁhm’mmﬁﬂuﬁqmu'lﬁmu'\muﬂnﬂfnmmnﬁi'\q
sewinagLluLLTena 7 wuu (), (), uaz (d) Wiae dazdiuldanmsned 2.1 didn
Q <3 :’, :’, L %4 1 <3 d’ =l [ 4
AAumiiawiaiulinataAtAumdeuredgiuuL (a) Waneuiugiuuy (o), (),
uwaz (d) iluAnindu
P ) y v ¢ |a 'y v o 4 aa
aanfinanantdresiuuanainaganainaaunudazilunadindAiannmiouny
Use@nsnmindidsafunystudaaziiiulfidnarganainiaunudieiinnaniniauy 4u
wnzanfiasih W lunsFngdundnges  UsznasusnAedunisdniiunisuwaaiidy
nnuilauasduandnia Ereuanuiuen)  UstnissannAe A lidudauiane
Xy e o ) ~ - = =2
wananiudadaianiami® identity Ae Aomatnisafgluiuuuunilazuandtaglu
= ‘.‘, 9 = ) b=y ,%‘ o a 4 =i ol = ‘10 o
aaulfiRevetares Tnalddrdugduuuaiinty  JAnanis symmetry NUAAIIIAINL
gaensufaufisuiusswingluuy 2 pluunbifinasdenisiadiauniien uas
mfgamﬂaaLmu'iﬂ"qﬁﬂmauﬁﬁﬁ{iﬁﬁ’rg%‘nﬂs:mwﬁqlum?ﬁéqgﬂuuuﬁfa ANANLTH

triangle inequality %mmﬁﬁqﬁ'\g'i.lunmmgﬂuuuﬁm’mLuﬁfauﬁuﬁﬂﬂmnﬁﬂu‘lﬂ‘lﬁlﬁﬁ
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H XY, a a o o - a a o
gﬂu‘uummmumqfa:um'mmuﬂununugﬂuuuwmulm'] ARIN ANTRAINNITNARBIUAT
e&unmwudﬁmgmmfa?ﬂ?mttwu'fﬁqmma‘nﬁq:wuriiﬂmwguua:m‘rt”mﬂﬁﬁuuﬂwmgﬂtmu

F&ntiandnsas

24 FunalNaNddaITNUUN

& =l [y al
241 aradilassuigaiuarinuarBundlnavadaninuan
el - o o o vor oy v a e a
ayetilpnuannsafiazanindaiieelafunisFaufinudouarliunusiaganun
anunrafiazFaufacuilmin nls Falasadnetszamiandoulngiazinniiudd
] |: < [ 7] ﬂ; = v v dl v QI " v
LﬂﬂL?ﬂuﬂuuwwumm‘ﬂaumwgtmmﬂﬂLa‘ﬂugmummammmm:mumwi"mum‘lﬂlu
b ed ]
szuy  loymnilGanda stability-plasticity dilemma [3] %1 Adaptive Resonance Theory
i o/ o A’ i o i
(ART) l#FunnsWaunaulag Carpenter uax Grossberg Walflunsfsnsuuuanaunsan
azudlaifguasananadnediuldl fieeananiniauamifd Aty 2 Usznns A8 AN1970A
anianFaufpiuuuderiiatasgluunniudaly (stability) wazaNNTONATTEUL
b 4
suuuLivsin I8 lUndendu (plasticity)  uuanneniniilsznavldevainuaislszan
19U ART1, ART2, fuzzy ART, fuzzy ARTMAP flusiu wiatinelsimuanimynissinnis
v 3 y v v ]
f-)nmuummamﬁndwmué’qﬁmu (4] Tnsenfnazvanisuiuiamin (weight) Araiie
o :’4 =l ] [V a ei = } 4 - . 4' <l 3 o
gﬂuuuauv!wuuummmuﬂununugﬂtmuwmmﬂﬂLa‘ﬂug"flﬂummnmmwmummmnm
v ]
isTuuud (resonance) iy uardmugtuunduwnimindabilraGaufinneuaninas
v o < ] ] o o o :’z ﬂ’l’ & o
a¥raflufiaseu (neuron) vialuua (node) Imilaelinsenuduiiosaunn  ueITEN

<l v a v =l [ o | -
annsndeudaiiadayanfisUuuuaglumanuaiednmuzladndon
Funalnaadamuumn (simplified fuzzy ARTMAP : SFAM) iluanfnszinnmils

i o [ % o ) A’ hd 1 o) - [

M A nnaUfua AR e fuaw T Ao esnd (5] A1dn “Had” WGandlwaded
['d = ) [l ﬁ‘l’ v o = o= v © ) < v o
LN amanadrlasenatldine it dasdinuald  dauAndn “aain” uanldiiiu

v
inFunalnsifar M fuumnreenim uardauAndn “uun wneA N aansilla
[ = -l v d‘ == [ v A = a« d. 13
sfiunisFaufiiefazdugtaunmaindunniduaninningneiag

= o : ) A
Tassafnaninanssueesdundindiador muuwlugi 2.4 Aunnidallly
Tassintazfassinusanasmammusianaes (complement coder) avimnasUlfu@unnlns
A‘ z ) : ] ) - :’/
aun st wiuaaarinfiedenilasdtaaunsaRarsansauanaesszinnguuiiug
1 1 v v
& Bunn (1) AldFunsiumnaasgndesialudefuiumm (nput layer)  Anumin

v : v
(weight, ) anusasliuussesfulanimmuannedazldfunisdensieiuduunn lagas
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8. RentualuduuanineiifidAresdiafiiutesfigailuluuafiousdeasls
TMuARTUEANNENNIS (3.3)

9. anlwuafiusinlinsageudeula (3.4) Fdeulniussalisniunisiude
10 #rdeuls (3.4) Thufialilldnfiunslude 2.

10. ﬁ’ﬁnumﬁ‘nuﬂﬁ'ﬁwauLﬁmﬁuﬁuﬁqmﬂummgﬂuuuﬁuvgwﬁlﬁﬁﬁLﬁumﬂwﬁ’a
1. #dmeuilianssuuiuAmerfiuiadasesgluudunn binssiuliludnunnsly
4a 12.

1. suAiminaestmafizurauaunis (3.6) wazaunis (3.7) udadandull
pdfiunnslude 1. WeRansanguuuunnlmiseld

12. ndulUiRantuuadnsudaluiifimrendiafiuianigaluduuaningd uda

Wiivuaililulnuaisusinualnduasnduluaniivnaslude 9.
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i Auauqaiiy 1 Laﬁaq:ﬁﬁmﬁ']ﬁu/g“cixg” C,*)  qa Tan1zAuaNAN
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220/ E X )R X ¢ )
i=] i=1

n1sAIMIIMIAN H(L, w) e | unugtiuundunmla uas w unugiluuugnedalen
annsauandldsiine
For all pixel (i,j) in | that I(i, j) = 1
For all pixel (u, v) in w that w(u, v) =1
Find Euclidean distance from I(i, j) to w(u, v) :
IH1Gx, y) = wlu, V) 1| = (eu)” + ()™
End
d(i(i, j),w) is the minimum of such distances
End
h(l, w)=d/|1]
For all pixe! (u, v) in w that w(u, v) = 1
For all pixel (i, j) in | that I(i, j) = 1
Find Euclidean distance from w(u, v) to I(i, j)
11106, y) = w(u, VIl = (o)’ + (y-v))™
End
d(w(u, v),l) is the minimum of such distances
End
hiw, ) =d/|w|
H(l, w) is the maximum between h(l, w) and h(w, 1)
iaannissusniifuteusainnsofiazanAaudnnizaesgadireudaunud
nodnesl (Euclidean distance transform)  lataziinismgadinaufaunudnsud-
Nm‘mmgﬂunu'ﬁuwwﬁﬂuué’ﬁaﬁﬂLﬂqgﬂttuu%uv!wﬁ'lﬂLLI?‘ﬂULﬁﬂuﬁ'ugﬂu.uuﬁw%qlu
FTUY m?Lu.lmgﬂttuu%uv!wlﬁﬂs_ﬂugﬂqﬂé’iLﬁﬂuﬁaLtwu‘imﬂudﬂ'ﬂ?uﬁuﬁnm?ﬁ\:ﬁﬁﬂnn']
qalugtuuuazinnimmisy emenqmivtyfaqafisiandy 1 MnéTqndagUi 3.3 Fedld

Fansaniiunislu [6] azldfanlunsdungrddaussunuinsudiaiiuiniu O(x+y)
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Image Distance Transform

P ] (YN ¥ o = o = = o«
51U 3.3 udmanadngaInnisiniunsfeitgpfiReuaunuinsudnady

mﬁ‘ﬁqmmmﬂ'ﬁmgmmﬂ‘fﬂaaLqu'E?zwifmgﬂLtuuﬁuwwuﬁqgﬂuuuﬁunnq
stlunugedednuau N gﬂuuuéquﬁumﬂ‘ﬁgﬂaLﬁﬂuwmudﬂm‘u@zmmmﬁ'uﬁum?‘lé’
!
Find Euclidean distance transform (E) of |
Forn=1toN
dw,(xy).1) = E(x.y)
hiw,, 1) =d(w,1) /] }]
For all pixel (i,j) in | that I(i, j) = 1
For all pixel (u, v) in w, that w,(u, v) = 1
Find Euclidean distance from I(i, j) to w_(u, v)
112, Y) =Wl W I = () + ()™
End
d(I(i, j), w,) is the minimum of such distances
End
h(l,w)=d/|I]
H(1, w.) is the maximum between h(l, w,) and h{w,, I)
End |
eadtaineyadRaunsudria {iaa¥14 look up table lun1smdlaGauin
aganaiiRaunuduLLqa (dwxy), ) 183038 X, y I w Fadiouiu 1 azinl¥aand
Musarsaulunmsanunugluuiauwm | LﬁﬂuﬁunngﬂLLuuﬁﬂQEqammmmﬁuﬂ?lmﬁ«wiqz
s ludauasanisfnnnangadipeunsudrafindinndon
il AR mef i indfadarfumidunisdnadifiaonm
FudautienninasganeManfnuumuinivezluusazsauaenizAnnaluianaing
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unwd (spacially eigen weighted directed Hausdorff distance) a1n A 1 B FaAuwaculd
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Abstract: - Neural network’s ability to automatically learn from examples makes it attractive and exciting. This
. paper proposes a new neural network approach specifically designed for solving two dimensional binary pattern
recognition problems. This new neural network employs the concept of the Hausdorff distance to measure the
likeness or similarity between the incoming input pattern and the reference patterns of each subject. The
performance of this proposed model has been compared with the other different structures studied in the
previous researches. The experimental results on two benchmark databases, the ORL and MIT face databases,
show that the proposed network has the best performance among all.

Key-Words: - Neural Network, Face Recognition, Biometric Recognition System, Person Identification

1 Introduction

Person identification has received increasing
attention in recent years. In general, there are three
ways to identify an individual: the person knows
something (e.g., a PIN, a password); the person
possesses something (e.g., an 1D card, a passport);
or by measuring something about the person’s body
[1]. The later encompasses the biometric
identification. Among all of the biometric
identification methods, face recognition is the most
natural, non-intrusive, and user-friendly biometric
measure because it requires no disturbance to the
person being identified. While  more intrusive
biometric  recognition systems (e.g., palm,
fingerprint) are presently more accurate, face
recognition still has a critical role in certain domains
since the person being identified may be at a
distance from the sensor, the person does not have to
be compliant, and recognition can be performed
continuously.

A variety of techniques have been applied to
deal with the face recognition problems. The reader
should pay attention to Chellappa et al. [2] and the
references therein for a more complete survey of
previous research works on face recognition. In the
early years, many researchers used the structure
parameters of faces as the features in the facial
image recognition. Kelly [3] used various kinds of
facial features, including width of the head and
distances between eyes, top of head to eyes, between
eyes and nose and the distance from eyes to mouth.
During the past decade, researchers have paid much
attention to the statistical approaches. -- such as
eigenfaces [4], KL transform [5], and SVD [6] --

and the neural network approaches [7, 8]. Neural
network is very suitable for face recognition
systems. It has the ability to automatically learn the
rules from the given collection of representative
examples, instead of following a set of human-
designed rules [9]. Moreover, it is well-known that
the neural network is more robust to noise than other
methods. The Hausdorff ARTMAP neural network
described in this paper employs the concept of the
Hausdorff distance to measure the likeness or
similarity between the incoming input pattern and
the reference patterns of each subject. The ORL and
MIT face databases are used in this study to evaluate
the performance of the proposed neural network.

Following this introduction, section 2 briefly
describes the fuzzy ARTMAP learning algorithm.
The basic concept of the Hausdorff distance is
introduced in section 3. The new Hausdorff
ARTMAP is proposed in section 4. The
preprocessing of the face images is described in
section 5. In section 6, the experimental results are
demonstrated and discussed.

2 Fuzzy ARTMAP

Fuzzy ARTMAP [10, 11, 12, 13, 14] is a supervised
neural network composed of two fuzzy ART
modules (ART, and ART). The two fuzzy ARTs

are linked together via the map field F*. Each fuzzy
ART module has two layers: F and F are the

input layers of each module, while F; and F} are
the category layers. During the training phase, the



input vector and its desired output vector are
presented to ART, and ART, respectively. The
ART, and ART, modules classify the input and
desired output vector into categories, then the map
field uses a vigilance criterion to evaluate whether
ART, categories corresponds to ART, categories.
The criterion is as follows:

be A w;b

v
where y® is the output vector of ART, J is the index
of the winning node in F2, w}® is the weights of the

2Py (M)

connections from the J® node in F to the map field
F*, and p, is the vigilance parameter of the map

field. If the criterion is not respected, the vigilance
parameter of ART, p., Will be increased by a
minimum value (just enough to force ART, module
to search for another category). However, when the
vigilance criterion is respected, the weight vector is
updated according to the equation:

WP = BpX® + (1- By )WS )

where B, is the learning rate, which is between 0
and 1. x* is the output vector of F*.

3 Hausdorff Distance
The Hausdorff distance, when used as a measure of
similarity between two two-dimensional binary
patterns, has shown to agree closely with human
performance [15]. The Hausdorff distance measures
the extent to which each point of an input pattern
lies near some point of a reference pattern. Given
two finite sets A = {a;, 2, , a,} and B = {b, by,
» bg}, the Hausdorff distance between sets A and
B is defined as:

H(AI B) =max {h(AI B)I h(B, A)} (3)

where the function h(A, B) is called the directed
Hausdorff distance from set A to set B, which can be
computed as follows:

h(A,B)=max{min(Ja-b|)} @

where ||a - b|| is the Euclidean distance between
point a and point b. The Hausdorff distance exhibits
many desirable properties for pattern recognition.
However, some modifications of the directed
Hausdorff distance are made in this study in order to
increase the noise immunity of the measurement.

80

2.h(a,B)
h(A,B)=2A-—— )

A

where |A| is the number of points in set A. h(a, B) is
the pointwise Hausdorff distance for point a. The
pointwise Hausdorff distance is computed as
follows:

h(a,B)=min(|a-b]) ©)

4 Hausdorff ARTMAP

The architecture of the Hausdorff ARTMAP is a
three-layer neural network as shown in Figure 1.
The first layer is the input layer, which consists of
XxY nodes. Each node represents a pixel in the
input pattern. The second layer is the category layer.
The nodes in this second layer are constructed
during the training phase. The third layer is the
output layer. Each node in the output layer
represents a cl4ss that the Hausdorff ARTMAP has
to learn to recognize. During the supervised
learning, the binary input pattern I" is presented to
the model, together with its respective target output
vector. The input pattern is denoted by

In,={1,0} :x=1,2,..,Xy=12,.,Y @)

where m is the m™ input pattern. X and Y are the
dimensions of the input pattern.

Target Oultput Vector

Q @ oo @ Output layer (k)

) @‘@ Category layer (j)
X< -

@ @ sces @ Input layer (i)

YI Input pattern (I")

X

Figure 1 Architecture of the Hausdorff ARTMAP
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6 Experimental Results

To test the performance of the Hausdorff ARTMAP
for face recognition, the experiments have been
conducted on 2 databases: the ORL face database
[18][19] (from the Olivetti Research Laboratory in
Cambridge, UK.) and the MIT face database
[20][21] (from the Vision and Modeling Group at
the MIT Media Laboratory). Previously, Lin et al.
[16] carried out a comparison study of many
different techniques — the principal component
analysis (PCA), the conventional Hausdorff distance
(HD), the doubly modified Hausdorff distance
(M2HD), the spatially weighted Hausdorff distance
(SWHD), the spatially weighted doubly Hausdorff
distance (SW2HD), the spatially eigen-weighted
Hausdorff distance (SEWHD), and the spatially
eigen-weighted  doubly  Hausdorff  distance
(SEW2HD) — on both ORL database and MIT
database. The reported recognition rates based on
the ORL database varied from 46 — 91%. The best
recognition rate (91%) was achieved from the
SEW2HD. For the MIT database, the best
performance reported in their study was 92% which
was also obtained from the SEW2HD.

For the ORL database, there are 10 different
images of each of 40 distinct subjects; therefore, the
total of 400 different face images are used in this
experiment. The images of each subject were taken
at different times with different lighting, facial
expressions  (open/closed eyes, smiling/non-
smiling), and facial details (glasses/no-glasses). Four
images of each subject are randomly chosen for
training and the remaining six images are used for
testing. The images used for training are shown in
Table 1. Table 2 tabulates the recognition results of
the Hausdorff ARTMAP on each subject of the ORL
database. This best recognition performance (95%)
is obtained when the vigilance parameter (p) is set at
0.8 and Sis 2.

The MIT database contains 432 different face
images corresponding to 16 distinct subjects. The
subjects are all male. Each subject was digitized 27
times, varying the head orientation, the lighting, and
the scale. In this experiment, randomly picked 144
images (9 images per subject) are included in the
testing set. The Hausdorff ARTMAP with p = 0.6
and S = 2 gives a perfect accuracy (100%) on this
database.
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