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Research Title: Person ldentification Using 3D Geometric Invariance on Facial Surface
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ABSTRACT

This research concerns about the application of affine geometric invariant in both 3D and
2D data. For 3D, we applied to solve the problem of 3D alignment of faces in the presence
of some facial expression changes. The data is 3D laser range image that obtained from a
laser scanner. The studies are based on the differential geometry of the surface. This
research starts with how to acquire the 3D data from the object. It is a 3D stereo
triangulation. Then the differential geometry has been studied. The Curve, Tangential vector,
Normal vector, Gaussians curvature, Mean curvature, Parabolic contour, Zero-volume and
Zero-Torsion were used in this research, because these fiducial points are local. Moreover,
since the fiducial points are relative affine invariant to local affine transformations, they allow
for matching and alignment when facial expression changes affect part of the face. For
comparison, we also confrast the alignment performance of our method with that of the ICP
(lterative Closes Point) and CPD (Coherent Point Drift) methods. The 3D face database
GavabDB was the data set to test the alignment performance. The results show that the
CPD is the best for alignment but it takes very long calculation time. The purposed method
takes the same as time as the ICP but it needs the initial alignment. This research can be
extended to the recognition because the separation between the true match and non-match
is best for our zero torsion method (SNR of 1.2), higher than that of the ICP (SNR of 0.37)
and the CPD methods (SNR of 0.15).

The concept derived in this research is also applied to 2D problem of fingerprint
identification and/or verification when a query fingerprint is taken under conditions that differ
from those under which the fingerprint of the same person stored in a data base was
constructed Performance of the algorithm yields an area of 0.99967 (perfect classification is
a value of 1) under the receiver operating characteristic (ROC) curve based on a database
consisting of a total of 1680 fingerprint images captured from the 240 fingers. The average

probability of error was found to be 0.713%. Our algorithm also yields the smallest falée non-

IV




match rate (FNMR) for a comparable false match rate (FMR) when compared to well-known
technique of DFB features and triangulation-based matching integrated with modeling
nonlinear deformation. This work pushes the envelope of the fingerprint identification problem

beyond state of the art in both performance and robustness.
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(Differential Geometry)

3.1 unun
a o o & _ A4 8 Loy L a A’ -y 2 kg
LsmﬂmmvﬁamgvmwSmummﬁﬁnz&mmauuwaat.au'[mua:wummzjm'slﬁ
e =3 & & 5 =1 3 1 = o ¥ =1 o
uasgdimdauus (Differential calculus) wiansmidunsaiunggliteviaginsasnaiia
CeHLINES £ [ dudnwlusanaulds Curve) uasiufia (Surface) wsamwmmmmauwuﬁ'lﬁ
(Differentiable) ‘mlmsammﬂmﬂLmaauwumﬂumiﬂﬂmmmm‘sﬂﬁm‘lmﬂumarmmau

HERRD %au.snﬂmmmmmauwuﬂﬂmnLauimmawumﬂﬂamuauua (Tangent) lunsdl

£ e o - e

ﬁgﬂméf“ﬂﬁwztﬂunﬂma‘ma;mﬁnmﬁu'[muuummmuwuma PR RITTUIUNFNAT
e — - o o gda 9 e ) o w o o = v

(Tangent  plane) AUAIM ’Lumﬂwau‘,wufmﬂuhmsmaﬁaWﬂﬂlﬂwnwuamumﬂ(m
1= e =} = o Q- o et o A‘-‘ o =1 ar r=1

global) udiiumsiavdailsyuifounindududs sswIL e (Local tangent) M3BLauNId

4 & edta AL /N AW - ROAEP 8 [ o o .
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3.2 anulasin1diduw (Gaussian Curvature)
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¢ fo madeu Kpin fafma 780 Uoz Ky M
auldagaas

kG = kminkmax (31

det II _ LN-M?
det !  EG—F?
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iR FsuyAuaus uwmsmnmwamammaﬂﬂmmmaamﬂfnﬂmuamumﬂuﬁuﬂ
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- W & & d i 2 & -2
Fadlmbaodu AUH L3R 1/mm” w58 mm

w . d
3.3 annlauaias {Mean curvature)
' w o d o W o ) a
dranalasady Kydmanldamnaraldamadon fo
¥, — Kmin+Kmax kg
M

i AN\ (3.3)

a ' @ A a o o 1 [y A
LﬁJ‘eJ‘11’]?1’1ﬂ’n&lIﬂ{iLQﬁﬂLLﬂ:ﬂ’J’lllIﬂdLﬂﬂéL‘TT?Juuﬂ’ﬁan’lf_lgﬂﬁﬂ@ﬂa‘m’!'ﬂﬂ 3.1

A A [
mglswiduaSmsnszuan smldumadon ks = (0) ( ) =\

.
R
analdaeie Ky = (1/2)(0 + 1) fatesnirgud

kG<0 kG=0 | kG>0

= v e : iy o4 oo 5 o ¢ a v o
ATINN 3.1 AITUFTUNUITEAIN Eﬂiﬁi{lwuwj a4 Lﬂ-&Lﬂ"]ﬁLTﬂ“iLﬁ;ﬂ'l'lllIﬂﬂLﬂﬂE] [36]
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9 o A A v oo
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(3D Image Registration)

4.1 UNu

MSFAURLNTIN (Image Registration) tHunszinunisvg awiul,ané'ﬂmﬁfwaamw
Saudaainmanllud e IFe U N RAINANUTOAAEEIT mmwifu 1adraztilunn
FaaRfnsSomuianaw ﬁaﬁl,ﬁiaﬂnuamwﬁ'lﬁ’lﬂﬂa:qnﬁlﬁmu@mGJ L amsiwng §n03
ﬂnmwﬁ'l,ﬁmﬂmﬁﬁ"lﬂmw%'ﬁmsﬁauﬁuﬁumwmﬂ%’aﬁmmxﬁaﬂm’:‘ﬁﬁaﬁ e sauMW
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VdniesasdianmwansrianiuradanldaufuanTiuns (image Fusion) unsihnwile
messslwiaTausiatulnluns (PET) ansaRunwilsanialasanasdaeufiaad
T) iiuen lumsfineit F M sdunm suldndmnnlusuuiuialuwi Tagdwonan
wumlwmﬂmmmimLmawﬂmﬂuﬂuwwmsmm'mmﬂ'lummﬂ:mqmjaawumma
usnm‘nwummJawmm‘[maamﬂmmﬂuaumatﬂ&wmnanLﬂumnﬁ’lrﬂ INWUI
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4.2 sz AangainIHaunumn
msFaunumnilali 3 dszsinn [37]
4.2.1 A3FaRTLMWIEWININ W TR aLAERAMILEE T HMWeB3aLaeInu (Intra-object
Intra-modality Registration)

AMITOUNVATHIS mnmmmmmnuuavmﬂmwmmﬁmmnu Wunrsdng
uﬂﬂammmmmaemwummwmm memmnu unsdaawdasLaTastanass
aaufaaad deuwuiriilasanue: wdawudiilesan e wandeunuiu azvinlw
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s wiihnwandawiuusssaisdliasstudaly

433 mﬁ'fauﬁummmiﬁamwi'ﬂqLﬁmﬁ’uua:ﬁwmwﬁw%%ﬁu (Intra-object

Inter-modality Registration)

—————
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Based Method) winaTalldmuRsIMNsINaINITauiun WanSdlmdunstauriunw
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msSanrinin
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vEuldnganmmlum Lﬂuﬂﬂmaaﬂﬂuuﬁuﬁﬂﬂ gfigwamendnuldamagou
maawummuﬂuﬂ (K = kqky) swmansanuh k1 via ko dladmiladugudfiiiog
wafnzlwanuldamdidowingud “UGL‘IJ%LLWJ’%WMLH@]-&QJﬂ'l’lLli’lllL‘;‘f.l‘lJ?JadwuN’lﬁiﬂ
n’mﬂaﬂu,LuJawaawummn‘[mmmﬂu‘imaamamrﬂ:mmgﬂmﬂm’uuﬂlﬂ t,m'nlawwm
m’];JIﬂ"aLﬂuguﬂmﬂuqmﬁuuﬁms}lmawwwaawumuu=] dranuldamagou (K)

i Y P o [ + 2
guanildan sumsdl 5.1 e ky wse ko feanaldsmgauszanuldsdnga
o4
K sACkree ! (4.1)
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usz e = WrON—_Fe W, S g = (N, 7©2)

e £ _a =
Tasftmeasingd N = ﬂ”|r(1'°)xr(ﬂ»1)t

o) = or H(01) — Or TS A~ o2 | 2°r
du Y)/ aid duts] . vz '
1 1) , 6 ¥
L
T Quav
sntudwamdldndonmlunlin . eg— f2 =0 4.2)

v Usznadean - (N, T@ONN, r(0:2)) — (N, 752 = 0 (4.3)
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Taaugawnsluan . aussdaflugudnmduldngawlua uas o, ﬁ'ﬁ;@ﬂ“smﬂﬁﬂuguﬁ

uszgaundailugudvmaulangonslumuniiami




15
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(3D Image Alignment)

5.1 UNwI
s i ' o 3 g a L £ R W e 1 |
wasInAvAlsuendnsaiyaIN Ui aalwmmﬂaawagam A beuE fowh
FIUNUNNLAZTA NN I RTIAU ﬁaammmaaﬂﬂé‘aaﬁumm@m@imaﬂﬁnmﬁmmﬁmm
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a 1 ar a = A ) d Lo S G
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A
InnTWRie

5.2 m‘smm'sm{aﬁﬂﬁanm‘iuqmﬁmaﬂﬁnunﬁ
lunmswamausasadasiuszwiaawaninsal suyaindduldngonnlum
vasluphsaanihh 1 PA dwduldngawislusmeduwihduaiu A us: W PB 1w
iWuldnginnlusmedomintSoufisy B lasluwih A use B Idwowdnldngs

wirlumegdiman g uas T idumuen

PA(q) = (X(t1)r Y1) 2(t)) (5.1)
PBay = (X(e2), V(e Ze2)) (5.2)

KA =) 2 e =3 & -] o
e PA(qy usz PB(py ilwdnldnganmlusmadlunii A us: B anuisiy

@ a ' o |
wisammrdmndusda vy (t) = @) x r@@), 7B (6)) e
o e a o= & A o & . ' o &
widumbinussiauaud v, (T)=.0 ‘n"l.ﬂarmmuﬂaumsmmmmilmﬂmananmmmm
weszidu laofdag m usz n 0 vulumihduaiuussuulumilSauinueugiay nnuas
dduldagawaslus mL‘%‘mﬁ’lé’umnﬁwmuqﬂLriiul,ané'nunimnﬁaﬂlﬂmﬂ waa1n
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fwamniiinasnmunaaaizaneiduandnealiag (7 k usz /) mqlmsmagumau
Taaugamnmlum Liaweasmsusslann

rr = s N n
Viijren = !U‘i —n)x (Tj = Tz): (" — 7"1)| (5.3)
Tuaandau UsuasflaumeandIussninalsinns m yadBdalinnas
189900 1
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Vratio = - = (54)
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X1 X3 Xn
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