HIGH-ORDER LOCAL NORMAL DERIVATIVE PATTERN (LNDP) FOR 3D FACE RECOGNITION
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METHODS CATEGORIZATION PROPOSED LNDP
Face recognition: global and local feature-based Algorithm 1 n'"-order LNDP For a normal component the first-order derivatives:
Methods | Input: 3D face data P Noo(Po) = N(Po) = N(Pi)  Nggo (Py) = N(Py) — N(P)
Local_ descrlp_tors: | I: for each point in P do o , Nise(Py) = N(Py) — N(Ps) Nisse(Po) = N(Py) — N(Py)
prominent points, patches or regions of the face to 2:  Calculate normal components (N, Ny, and N.) o
handle faC|a| expressu)n, Occlus|on, and m|SS|ng 3: end for The second-order normal local derivative pattern:
data 4: for each N do - NDP? _ (N A N N (P
5: Divide into 10 x 8 patches LNDFa(Fo) {Tj:( ':“{P{:?' a(£1)), J(Na(F0), Na(F2))
PRE-PROCESSING 6: end for f(Na(Fb), Na(F5)))
. . . . . 7: for alpha = 0°,.45°.90°. 135° do : : : / ' ( P.
+ Remove spike and noises using median filter i s iir? wodand e Binary coding function f(Na(Fo), Na(F3))
v e 8:  for each patch do i< aqual to 0 if N.(Po).NL(P) > 0
* Hole filling by fitting square surface 9 for each pixel in patch of N do andqequal 01 if -“\.-”EE{P } w;ﬁ{lﬂ_} —
» Nose detection by curvature-based method, and 10 Apply Equation (%) Celt el i) e
region of interest (ROI) cropping 1 end for nth- order of LNDP:
. . . . . AT .. é - ] rm—1 rit—1 rit—1
» Pose correction (the iterative closest point (ICP)) !2 Encode LN D P using Equation (#) LNDP;(Po) = (f(Na™ (Po),Na ™ (P1)), f(N& (Po), *
3 Histogram construction rn—1 Arn—1 Ar—1
SURFACE NORMAL 4 end for ﬁl‘ﬂ: (P:E..f-{*::-{ﬁj}ﬂ& (PS}}}
5: Concatenate the histogram for different patches E ™ = . .ol .
P = |p1,pe, “'7pn]T y Pi © R’ Pi = [pixapiyapiZ]T 16: end for N l BN ] lalde L bl ANEEES.
- . | e F ASTRENN EEESdbLo"N IRENFRENL
i = [Nz, Niy, Niz]” Qi = [qi1, Giz, ..., git]” min A(p:,Qi,n;) 17: Concatenate the histogram for different o & %==== ======== ====I.1===
1Q. 3o . N n N n N n g adeale e | L | 5
8: return. HLNDFP;, HLNDEF, HLN DPF; N EAEE TR Ill‘i-lll
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The decimal value of the descriptor: L7 AEEEE PESSs-EFE TENEEEE
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LNDP} (Py) ZL NDP}(Py) x 275 ** Ne i ;
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Similarity' \conc;;énate 7 N concatenate i ke concatenate v
J HLNY)P (@) HLNYDP ()
Range image, normal component X, normal component v, S(He, Ho) me (He(3), Ho (i) HLNDP:x (2) | y (@ e
and normal component z HLNDP for X, y, and z facial normal components
LOCAL DERIVATIVE PATTERN EXPERIMENTAL RESULTS
LDP: encoding directional pattern features Different orders on FRGC v2.0 DB CMC (score-level fusion third-order LNDP)
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Comparison of LBP, LDP, and LNDP Comparison of LBP-based methods
Descriptor RR1 Methods RR1 RR1
(FRGC v2.0) (FRGC v2.0) (Bosphorus)
DepthLBP 86.2% MS-eLBPDFs [1] 97.6% 97%
DLDP3 89 08% V-LBP [2] 94.89% (900/150) -
LNDP? 92.53% MSMC-LNP [3] 96.3% 95.4% (2797/105)
LNDP3 96.04% Region-b[aS?ed-eLBP 97.8% -
| LNDPZ,, 98.1% LNDPES, . 98.1% 97.3%
(a) 8-neighborhood around PO
(b) 32 templates for a= 0, 45, 90, 135 Conclusion
T_he black and dashed red lines represent two « High-order LNDP (more detailed distinct information from the 3D facial image) is proposed.
different templates: | | » The score-level fusion (LNDPx, LNDPy, and LNDPz) is applied.
T1(1=1, 5), T2(1=2, 6), T3(1 =3, 7), and T4(1 =4, 8) « The algorithm is training free and computationally efficient.
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