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Abstract: Key point detection plays an important role in the process of 3D face recognition. In order to
improve the accuracy of key points detection, a new method of 3D face key points detection based on
multi feature is proposed. Firstly, the key points of the 3d face of the training set are manually
marked, and the different eigenvalues of each point of 3D face are calculated, and the mean and vari-
ance of each feature are obtained for each key point. Secondly, the linear discriminant analysis is car-
ried out on the characteristics of key points and non-critical points, thus get the score-weighted vector
associated with each key point. The mean, variance, and score-weighted vectors of the previous ones

are the output of the offline training. Finally, for an input model, we can get the candidate points of
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each key point combined the results of offline training, and construct the face structure model using

these candidate points. According to the absolute distance constraint, relative position constraint,

FLM model consistency classification, spin map and other methods we can determine the final point.

In the experimental part, we select the three data sets of different postures, different expressions,
gestures and expressions mixed from CASIA-3D FaceV1 and FRGC V2.0 database to detect the key

points. Experiment results show that the detection rate of different gestures was 94.5% , and the de-

tection rate of different expressions was 94 %. Compared with other literatures, the detection rate in-

creases by 20% on average. In addition, the algorithm has higher computing efficiency.

Key words: effective energy; nasal tip detection; posture correction; geodesic distance; iterative

closest point; principal component analysis; classifier
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about every key point with respect to left 22.5°
and 45° 3D data

At 7tz 1 & ek 22.5°F1 45°

SENMRZE BE(mm) 72 (mm) <7mm

ZESMIR F 5.81 3.82 93.69%
72 R ff 6.00 3.83 93.40%
MR £ 4.36 2.38 95.32%
A5 N HR £ 6.01 3.84 95.47%
BRE 5.42 3.82 92.43%
g = 4.30 2.97 93.94%
Ve 4.68 3.54 93.72%
ZBHIT S 5.24 2.35 94.73%
4 {E 5.23 3.32 94.09 %
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Tab. 2 Mean and variance of the detection deviation
about every key point with respect to right 22,5°
and 45° 3D data

i % ffy £ 4w 22.5°H0 45°

EMRZE HE(mm) F7 2% (mm) <7mm

MR 5.49 4,01 96.90 %

22 N HR £ 5.55 2.78 97.59%
AR A 4.88 3.27 93.47%
PR Af 5.45 2.54 89.38%
BRA 5.41 3.60 89.49%
LR 4.72 2.61 90.57%
i s 41.66 3.11 96.40%
TR K 5.19 3.49 90.54%
T {E 5.17 3.18 93.04%

x3 PHREHN=Z#HEXTE-ITXEANEUR

EWMHEMTE

Tab. 3 Mean and variance of the detection deviation

about every key point with respect to neutral ex-

R4 BMRRBHZBBEXTE-IXENBEUR

EWHENRE

Tab.4 Mean and variance of the detection deviation about

every key point with respect to extreme expression

N W i
EMIRZE HEmm) 77 2 (mm) <7mm
e AR i 5.38 5.09 89.80%
ZE R £ 5.27 5.42 86.28%
AR A 6.39 5.09 87.57%
AR £ 5.18 4.30 89.37%
B 6.05 4.68 90.46 %
7 W 6.06 3.68 85.56 %
VL 1= 6.72 5.47 91.50%
ZBCHIT 5.96 3.25 90.43 %
-l 5.88 4,62 88.87%

6.3 ARNXEHEEERILER
N T UL SCE L AL L SR AT SCRRC15 ]

SCHR [ 16 ]

» CHR [17 ] KA K A& 3C B W

GENDATA BEAT I 5256, I 3153 44> S i iy
G 5 2 DL R AGH I I 2y 3, Uik 5 T .

£S5 FRNESKHXESFHRNMRE

Tab.5 Average detection error of key points in different lit-

pression
=1E H
A RZE ¥H(mm) H 2% (mm) <7mm
ZEHMIR f 5.18 2.52 92.63%
MR 4.21 3.24 97.77%
A AR £ 5.37 2.87 92.02%
N HR £ 4.39 2.82 96.64 %
B 4.13 3.37 96.90 %
LW 4.22 2.42 97.21%
LW g 4.84 3.13 92.50 %
TR AL 4.60 3.13 94.39%
A 4.62 2.94 95.01%

eratures

P scmk Semk16] SCmk(17] scik(18] 3L
R BU-3DFE FRGC vl FRGC vl CASIA-3D

(2350)  (946) (953)  FRGC V2.0
FFfJ5¥  wPDM 3D+2D 3D 3D
ENIRE Y (mm)
LAMIRF 16.44 9.38 9.01 3.75
LEWIRM 13.78 9.86 9.55 4.28
FiAMRAMA 1811 6.35 7.10 5.90
GHIEMA 15.32 4.22 6.58 3.58
BAE 13,50 5.17 7.48 6.28
o= 19.39 6.15 7.59 5.69
VL= 18.75 7.36 8.12 1.96
ZHHIT L 15.50 5.20 8.53 5.23
EHE 16.35 6.71 8.00 4.96




sEA

554 4 2 R e VR YN =X Al W R7S 315
F6 TREXMHEE G IR BN, ML B RER N X
Tab. 6 Detection success rate of key points in o(n) , N HEEH RGN, it T =48

different literatures

PR SCH Skl 16] SCmR17] Scik(18]

BU-3DFE FRGC vl FRGC vl CASIA-3D

(2350)  (946) (953)  FRGC V2.0
Fi 7% wPDM 3D+2D 3D 3D
FE LR 2 <7mm
AR 0% 81.79%  70.36% 96.89 %
e IR ff 0% 78.95%  78.92% 96.83% AL
FAMBRFA 0% 78.67%  76.00% 92.79%
HNIRA 0% 84.87%  75.75% 95.29%
R 0% 75.37%  80.85% 95.07%
=2 0% 83.85% 77.31% 94.78 %
LS 0% 84.13%  77.41% 97.08%
PURilIPE 0% 82.96% 80.31% 92.85%
-2 {5 0% 81.32%  77.11% 95.20%
NS SLEnE! 7.11s 8.02s 6.96s 7.23s

5 55 AT LA 1, SCk 15 ]9 54 56
SRR 2ZHAE 13 mm PL b, P B RG 15 2% ik 5]
T 16 mm, 2B K, SCHRL16 ]9 T 25948 I 3 2=
PR T 7 mm, A TS SCER 17 T 7 2R iR
220 8 mm, 5 3CHR[ 16 A9 25 48 R 45230 L il AR 3¢
RS- ARG T 152 22 38 R #) 5 mm, HESCHR( 151016 ]
(17145 REAFAR £ JF H AR 6 5L LB 1ok,

ERFFE T RCR A RE AT T B KRR &
TR SR
6.4 HEME

SO AR AR R B R T
IRy, — BA TGRSR, 9ehbrrh Al 2% &

=

=z

X Bk:

RIS AT B[R] S DTS2 A B RS 0 DG B ) 3 R
W) 7.23 s, 3X HLTH A — 20 SR A I ) 4n R . 3t
B DL-Feature Maps F B} 4.47 s, 855 L T 45 %
1 3 O 0 A FH B 1,09 s, 48 X R 2 55 AH X
L B O e FHI 1,21 s, % 5%, 43 2608 i JH I 0.97 s,
JUfaTEE 5 A e 1 245 5 SRAH BLEE I 0.80 s, 3%
SeJE H] Matlab 5 F B i 46 2% 09 B[R], A% BT J 60
Matlab J&— g PR i, (H Iz 17850318 1Y 55 3
TH R SCEEEES oo+ + 84712
SR S A —E 1Y SR

CER T — R Z AR ARG A = 4 R
SCEEEARI vk . a4k F I GRS B A A G g
MU A e B B A G A OC T R R AE 1Y
P AT 2%, LA B 5 R A 6 S A DG I 43 1
B, S B A — AR, 25 A 4TI
) 45 J AT BI) B S OC B A0 2 A 1 ALl i X
6 3 p TR AT 07 0, 21 A L 4 X B 5 AN U A 4
WLFLM 4026 i Je R LA BE 25 5 3 e (51 40 45
BB A OCHE T LR 2 R CASIA-3D
FaceV1 1 FRGC V2.0 48 & , 43 5 € B 500 4~
ENEE- S NCES RVt N & 1€
BN WAL BE 2 W A8 B DL B b 35 ) STk 1)
G000 45 TR o U B SC R SR B A M . S A R
YA TA) 225 B A R Sy 94.5 06, AN [a] A 1Y
3% 94 %6, A0 H:Ath SCRR AR e R 7 1
T 20% . At et Al LA, CE R TE
IF BT RCR M R AT T R K&
TR B SR R
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