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sparse graph embedding, DSGE) .14, 7£ DSNPE
Ak BT ER b l i B AR e B Y
W, ARG T RRIAEA S RIS AR A 1 EE A
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Fig. 1. Flow chart of the proposed algorithm.
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(v SNE)

Hrr,

3f> = hy * = -1 1
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—flz-Ly—-1)— f(z - 1,y)
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Fig. 2. Gradient convolution masks of 3-HRPOG feature
descriptor: (a) hg mask; (b) hy mask.
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FI51 (Fi A8 W), B by B by, 53 5B L 45°
Shy [ B T 2 — J, MR AR 3] 8 A Jiie e #of 5 RS
M, id N 3 — Group(d) (i =1,2,...8), WK 3 fi/xR.
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_>
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scale histogram of rotated principal
orientation gradients, Ms-HRPOG)
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Fig. 3. Rotated gradient convolution masks of 3-HRPOG feature descriptor.
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Fig. 4. Rotation invariance analysis: (a) Original binary im-
age and gradient vectors of HOG and 3-HRPOG; (b) ro-
tated 45° binary image and gradient vectors of HOG and
3-HRPOG.
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Fig. 5. Rotated dominant direction gradient masks of 5-HRPOG feature descriptor.
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Fig. 6. The sketch of Ms-HRPOG feature descriptor.
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Fig. 7. Sparsity reconstruction weights of one sample with
SPP algorithm on the LFW database.

4 H R H i ok AT A%

¥ T SPP 1y Jm B, A 42t DSGE # ik,
M2 AT TR — T, TR R R A Y B
FFHZERNARZE o A 2 N | 2] H 4 6 R A I
JEHBIAZN . K REEARKE ¥, LY R
MIEEA S [FZRART SAEA TR R, LUK 55 5
KONEPFEA R ER TR, 75— J7 T, TEIR4E85
BB, B4 R s T, R A 4 5 70 A b i
FSEANE B, USSR AU R RN E A
JE fe /N BRSO A R, AR T2 A o
S R

4.1 R . KEFEHKXRERE
TG, AT RRINARRAS 55 [R) SRR AR 22 0] A9 B G
Z. WGFEARLEE X HOEHEATE X, Xo, ..., Xo
R, FomA
X =[X,X,..., X.]

= | T11,L125-- -, xlm,...,xcl,mcg, ...,J:mc

e RN, ()
FOOR R R EREAR TR B, W
S ne = N BKESIREE, AR AR o,
PR AL 02, FL b B T

min [z — X 03], + M 0
iJ

(!

+ )\2 QZ‘J) - Fl(wij) Hl (10)

s.t. ITH;*J’» =1,

L () FRoRFRNFEAR 2, 2, B (245) =4,
E SN 5E 55 -t

X)) = [Tity s Tij—1,0, 4541, 0, Tin,) € RTM
TR AR 2 IMATIRFRFEA T, € L D)y N
KNEBEEARHEF, 1L T o, R A A
S ol MO S T G = N £
1022 — Tinscey || P A 2 A 1 M AL
PR OB, B R FFIREAS 5 R AR AR A ) B
MIRE.

Heig (10) KOHRHAREATEEX, (i = 1,2,..0)
PRI RSN B M AUE 0 € Rt AT
3 B FEA 7 4R X0 28 N B A AL JE B o =
(0%, 0%,...,00 ] € Rroxm - A8 AR A BE X 1Y
KNER LRI AY € RNV

AY =diag (@},07,...,08). (11)

SIRT B, (11) SPAIE T RRAEAR S R ke A
P EHMICHR, SR REMIFERY], B REARTEREA
A& v 2 8] o3 A IR AR B 1) HERR PR WA AR e
me, PR, AP IR R IR A S A
MY A C R, 2 L EHBRREN T

. b b
min ||;; — Xt ) + A Heijul
b (12
+ Mg ||07; — Z_‘l(xij)Hl
stlTij = 1a

o, Xy AR &7, 5 o A2
(N ZRREAR LI B i 8 T4 b EAEAR T4E,
Xy =X, Xo, oo, Xpo1, X, ooy X € RN =)
A (12) AOLAATBIRHNEEA 2, B9 WG A
BUEL67;. 52 X T AR B ELARIA T, 32K
5 i RV SEREAR I S ) 5 A LML 199 1 249 1)
/M08 — Ty | FTRLiE 2515 57K T 4D
FEASUT PR A B TR 2.

D9 T AE TR AR X 2 A SC R, K
0b 4 TN N HEF i, D

b—extended __
0" =

ﬁilvﬁin'~'7ﬂi(n1+...+n1_1)a0 """ 07
——

n; N0

T

Nx1
ﬁi(n1+...+ni+1)>“'7ﬁi1\f €ER x )

194202-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 19 (2019)

194202

IREAS 74 X, 2K ) S M AS (B PR 2R A

b—extended __ b—extended pb—extended b—extended
O, = [0“ , 05 ooy O, ]

GRani7
S AR N[ S N SO U IS 21 i B SR A G
BY e RNXN.

b b—extended b—extended b—extended
Bb = {@1 extende: 7(_)2 extende: ’m’@c exene}- (13)

4.2 DSGE R4

B, A T RAE T A P PSR R AT RER G,
Tefe/MER NG IRZEIERT , B4R N AR
ZMF, FARARYE 7 R R DR B TR ] SR AR
W EA R, XBE T FSSHEA TN 2R R
B ATREE. S MESE N BB H bR ek

N
min > ( ) P
=1
(14)
SXHLY TR, A B REAK, 5 s e
I X TS AR, o, WA R, o X
Hh T RSB Av IRE R, A TR
P e LR S WY L Lr i ks
X =[X1 = X0, Xi = Xpy o Xe — X, XiJ2e
5 RREA T, XS KA TR i
Vi, 250 | PTX || b, TTLR e SR T Ak
PSR e R B (14) 7951

> L
i=1

=3 (P = PTxAY|L) + | PTX

=1

2
N

T T w
P z; — E P ajz;

j=1

F

2
n

T T w
Pmi—g P ajx;

Jj=1 F

-
Il

I
NE

[tr (PT (2 — XAY) (z; — XA;”)TP)}

.
Il

+tr (P"X, X, P)

=tr |PT (Zn: (z; — XAY) (2; — XA;U)T> P]

i=1

+tr (P"X, X, P)

—tr :PTX (1 AV — (AT 4 (Aw)TAw) XTP]

+1tr (PTX, X, P).
(15)

WLw =T1— A% — (AY)" + (A®) A | W H b5 s %L
(14) Feo
min tr [P (XL"X"+ X, X,") P].  (16)

[RIEE, Ay T (IR 123 (] vp S 2R A R AT B 43
5, TERRACSSH E AR ZE IR, ) 4R
B 2 254, 5 3 e R Ak 2 1) 5 F4) H30E H s R AL
W

N
max E
P ‘
i=1

2

N
T § T b
P Ty — P 5]-1{8]'
Jj=1

) + [P Xu

(17)
Hor, gt kK TR S R AR B FHIRIE R,
RTHEAR 2,5 2, R EH KR, E L4250
HRHT X = [X1 - X,...,. X, - X,..., X — X,
X g A REAS I AR e, 2058 || PTG |5 Rk,
AT LU 4 R AR T2 AT R4 89, (R4 -2 4L
Yoot HATFI DI, M E bR e (14) S50, B
FreR%r (17) waritde (18) X, Hrp, b =17 B~
(B")' + (B")'B".

F

max tr [PT(XL'XT + X, X,") P]. (18)
P

456 (16) 3R (18) =X, FETHRAIAFHEN] (maximum
margin criterion, MMC) 15 % DSGE ik 4E# 5 H
P R AL
max ./ (P)=t [PT(XL'X" + X, X,") P]
—tr[PT(XLYX" + X\, X,,") P]
(19)
HPE I HR T, fE PTP=TARZMNT,
(19) A0 R QT Rk 5
[(XL'XT + X, X} — XLV X" — X, X}, p = Ap.
(20)
SRICAT d A S5 RAFAEAELX O A RAAIE ) 2, A4 R e A
(RS P* = [p1,pa ..., pa] € R™X4.

5 #F DSGE-HPROG # & i

g5 TR, e n nl DL B oR R T )
O, WP — RO FE PR BT SRC 2328 AR W BB
I, A 3C¥ HRPOG 1 DSGE #4564, 42—
ft DSGE-HPROG 5.1, FH LA 38 IR 4 4 fE 7 i
56 S | BB AR e P, i SRC 43 2R
AR, [, %8 DSGE Hik MM EM XL RS

194202-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 19 (2019)

194202

SRC 73 & #1478 5 B0 A AH [ 4 3 S

AR A% SRC-DPHO JEAR KA1 4 45 52 A i

FIR B S AL, fff SRC BSR4 B S 725

()RR B AR FONROR , BRSSP R INGE 1 PR,
B¥: 1 DSGE-HRPOG B

%/\Z ﬁ”éﬁﬁﬁlﬁzng: [)(17 Xo, - ,Xc} ERm”XN 7
SR A2y Az A kmax 1 PCA Ratio.
%Jﬁ Hﬂi’fﬁ Y P

A% 1. X HRPOG & 7 AR EH Z R
) $2E BRI R RE AR XY HRAE, IR H PCA Xf
HRPOG FFAF i) ft a4 7 A B A 2, g AR A - i

Durpog

HIR 2. WIRALECE IS Py, BURRRELE = 1;

IR 3. B R E F I Dygrpog B85 B 48 4. 25 [1]
Z = PkT_lDHRPOG )
BB 4 R (10— 13) 2 3 5 AR 4 25 )

Z = (21, Za, .. 2 THE—FEAR 25 S IRIZEREAR (1 FE A
KERFEFE Aw, LIS SRR A CRIERF BY;

BB HE LY =1 — AY — (AY) 4 (Av)TAv
Fl b =1—BY— (B + (BY)'B", fC AH51F 7
T2 (20) Hr, BCHIT d A SRR I A AR ) B A
AR %EliiPk,

BB e W Ek=k+1, i 58 Ik 8 &
|J(Py) — J(Pr—1)| /| J(Pr)];

e TP = J(Pe)|

L A TP < el IEAR IR KL

ke R T BN b , WAL I P =
Z, BRI LET.

Pk7}i

6 LIsER

9 T B3iF DSGE-HRPOG 83 (194 bk, 4%
S 7E AR, Extended Yale B, LEFW Fl PubFig iX

(@ (@) ()

4 NIEIR I F e T S g 5. S F RS R
BHHNM=X=05, a=X =1, knax =20. ITH
SEHERA PCA #HATEETAEEE (B PCA Ratio =
0.98), 7& Winl0 64 fii #:/F & 4t . 8 GB N 47 Ml
MATLAB R2017a {/f ELIREE T 52 L.

AR EIEE

AR BIUHE P2 A6 ™A 1 ) S 3 IR BE A5 1 R
LR LA AR TP |« RIS R RS (AR
FHAR AR ) A AR IERLE, BRI ST R 5040 14
FER/N. ARSCGER 120 28N (65 55 55 L&) 1F 2 By
B EMR, K N BB & 7 sk oI R
EIE (B 3R1E G RESZ ) A6 IR G (3 7k
SR, 35K FI ), FEA W E 8 k.
HRPOGH F M S E N 11 cell = 2x2
pixels, 1 /> block = 2x2 cells, bin = 9.

6.1.1 EM¥. AR, IR &EhH

PS5 %0 T | N ot N o1 R | B e
F NGRS B . B AR s 1 T AES A AE
Sessionl H* 75K JC i £4 K 15 AE Il SR A A
Session2 H1 7 5K I I £ G AR A iR A E A7 58
Wi E (K1), HE 1 RIEE, FEAR SR K
DSGE-HRPOG BiEESE T, Toit Rk SR ERHIE
F (3-HRPOG #1 5-HRPOG), A &2 R EFFE
AT (Ms-HRPOG) MEHHEF #, DSGE-HRPOG
B U ) T A 3, 5 DSNPEPRT, DP-
NFLPYU F1 SRC-DPWI A e, R 50 % e K2 TH T
12.74%, 17.01% F1 13.61%. X ], A< SCHE 1
DSGE-HRPOG 5 72 FEAR G U1 1 O
HE BRI AE AR R R e i, AT 4 X i 3. [RlAs,
AR S5 T R B ROR AR ) O oR A
DSGE F.ik 175 B 4, 15 %) DSGE-pixels [
PR R 76.79%, At SPPBI DSNPEBY, DP-

6.1

(w)

{8 AR HUi B FEAS B 1R
Fig. 8. Samples of one person in the AR database.
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Table 1.

Experimental results on the AR database with the interference factors of expression, illumination and time.

Method

LPPP2 NPEP? SPPB DSNPEFT DP-NFLP! SRC-DP*) DSGE-pixels

DSGE-HRPOG
3-HRPOG 5-HRPOG Ms-HRPOG

Recognition Rate/% 67.14 68.69 68.21 76.07 71.8
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63 322 7 754 e

NFLBU fil SRC-DPUOL JHBIZ43HIHE T+ T 8.58%,
0.72%, 4.99% 1 1.59%. Xt I 55—~ Ff FE i B
WEFFRIEF I IE R, A SCHE 9 DSGE Hvk 7
FEREHE A L AR B B T A —
¥, (B4 DSGE 5 HRPOG $R1F 5% #L A0 45 4
PUNRCR A, ansk 1 i, DSGE-HRPOG %
R DSGE-pixels i KEETHT 12.02%.

6.1.2 ﬁ«‘fé’ré’}%}u@

ER e IS SRS ESOPN s Si[iiE AT
A A5 MR B RS BT SR LA KR Y 3 AN T
TR PR T 3 AN, RIKEA T SE R 1
H (£ 2).

# 2 AR BURPETEEPI TR T e mess R
Table 2.

the occlusion interference.

Experimental results of AR database with

Experiment Experiment Experiment
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D?ﬁg&%ﬂgc} 89.31 89.58 90.98
DSGE-HRPOG 89.31 90.00 91.06

(Ms-HRPOG)

SEE 1 B AR B0 b A6 N TE Sessiond
7 SRICHE P EUR AT & 1 R IR G P R AE N
YIZRFEA T Session2 H 7 7k Jo I 4 5 A1 3 5k
HIR B 38 14 1<%, LA Mz Sessionl H I 4% 1) 2 HR 5% 38
P BAE R IR A

S 2: HU AR 09 B 5925 A HE Sessionl
7 R TCE P RGN R 1 5k T R A E R
YIZERFEA, T Session2 H 7 5K Jo I £4 EI & A 3 5K

Rl 0 3B R 811, A M2 Sessionl PRI 43 (%) 2 [ i1 i
PHEVGAE A AR AR

SEG 3: B AR B8 e b B 28 AN TE Sessionl
o7 SR TGRS R AT 7 1 5K AR BT P4 EE LA B
B 1 sREI RS EURAE I ZRFEAR, T Session2
o7 BTG RS RS | 3 Sk IR BRI £ RS | 3 3K LT
WEFY, VLK Sessionl P EJ4s Y HIR 55 A0 L i 3 34 &
GAE R AR

OIMTRE 2 3 ANSEEREE R, W LR Y AR SR
th ) DSGE-HRPOG 575 7E IR B0 14 | [ 1l B+
DASGR AR 3 PSR I O T, B HA iR
WIROR, Hor, 2£F Ms-HRPOG HRF 7 8 (- 5]
i, 79N 89.31%, 90.00% F 91.06%, HIk
PR SRC-FDCH2 %2 155 8.41%, 10.1% H110.76%.
%150, DSGE-HRPOG .43 11 45 & HRPOG
FRAE 7 30 2L K DSGE R 4B i3, T LIAT 3K
THBR AR A AR R R R s, HA AR
WPy E e [WEE, R 2 T E S, T L
RO HRE 7 # (Ms-HRPOG) Y DSGE-HRPOG
N R ) v T T R R 8 (3-HRPOG
A1 5-HRPOG) ML, XU, R 2 REEFRIE
A RS AT B T ifF— 0 SRR IE - % 45071 e
H5R R G AR T
6.1.3 RA&%Hh

A 2 AN S5 B AT T RS R 38 DA BRI Y
FSESaPNva 2V i) 210 W Nz LS e 1P e I E (S
PIHRZAZIE, HHRA R R RS Rk
R ] X AR A S M. BEALECEEZRN 26 7K
(21> Session) EIM& Y 13 5K IEURAE R I ZRAE AR,
Tl 23 G AE SR R AR AT S0 56 0 L, 28 LIS IE
10 WK (3 3). b R B, MEEA T REALAL & &R R
[ T4 R =B, A8 i DSGE-HRPOG ik
FEWE BRI P | 1 ORI B R SER A
SR, 3 EA —E . M HSCHER (53] AT [54]
P 2 N EHERE, T Ms-HRPOG FRIE 78
) DSGE-HRPOG .7k iy 7 ¥R A R 48 TH e 22
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Ay BT T 0.96% A1 1.7%. [, SCHik [53] A1 [54]
Bk B bR E 22 4 3 R 0.53 A 0.93, 1 DSGE-
HRPOG (AR EZE fe KN 0.17, 323 /N T SCHRE,
A — 25 U0 T ACSCHE H ) DSGE-HRPOG 5
EARZREA RN TP Z AL sg ), HAT 32
FE .

# 3 ARBURFEMRA THHEE T TLmEE R
Table 3. Experimental results on the AR database

with the mix interference factors.

Mean/%  Std/%  Dimension

Lppi2 95.90 0.38 141
NPE?3! 95.87 0.55 311
SPPi 90.39 0.90 151
DSNPEB7 98.02 0.33 200
Wangl™ 97.85 0.93
Gaol™ 98.59 0.53 —
DSGE-pixels 98.45 0.27 202
D(S:S;{HP%P&G 99.45 0.17 1350
D(nggﬁ%%PGo)G 99.37 0.12 1297
DSGE-HRPOG

(Ms-HRPOG) 99.55 0.13 1385

6.2 Extended Yale B #{EE

Extended Yale B #2617 38 25 AFEANIH]
JERASAE B G IERLIE, B2 A2 64 5Kk IK]
&, 2414 5K, BUERST R 32x 32 18 Z R/, #r
FEAREUZANE 9 FioR. X B, HRPOG BT 1S5
WHE S AR BdiE—E

Kl 9 Extended Yale B #4845 /M e A P %
Fig. 9. Samples of one person in the Extended Yale B data-

base.

1E Extended Yale B ##lE%E I, & /e A
588 % RGBS R A s i) BEAIL 8 B 2 1Y
10 5K EHRAE R UNGRFEA, F 43 R AR Ry IR A
AT (R 4). MR AFTLUFR N, T2 RE
FRE 7 I T (Ms-HRPOG), DSGE-HRPOG
AT AR E] 92.48% BTSN, AH LT AR R
() Je E 5 GRSDARY F1 RCDAB2, 23 542 T+ T
9.78% 1 0.48%, PR R dmeft. M7E N R Ak

F# (3-HRPOG #il 5-HRPOG) 15 #t ¥, DSGE-
HRPOG R4 514 91.35% F1 89.77%, W&AK
F RCDAPA. o] I, eI GREAR ST, ZR
JEEREAE BE A Bl T3 B A TR0 A A [ 5 B ) ' i
2.

Hk, ¥ — 5% iF DSGE-HRPOG % ¥ 7F
Extended Yale B #(¥i/F AR &M, AL
BEMLIEHCREZE N 14 3R EMER, 76 T3 508 R/
BEAIL . A7 B BEATL I R 1 A R 7 e, 5 33 e P A
AEUE (K 10). X B, M o/ NS BN L)
1E 0.05—0.15 fE = HUA.

TS 2 AN, FHUHE B R AR A
[F)if, DSGE-HRPOG LAY HERE. S04 1: FALE
B8N 32 SRR MU GRREAS, Hohda 8 14 5K
PG, T AR AE S TR A, 28 S8 iE
10 K 250 2: BEPLEE IR N 32 5k BKIHRAE A
GRS Hoh s 7 IR RY U, A EURAE il
RAEAS, 28 HIE 10 ¥k, SER i B RN & 5 fr
N N 5 HRRIE ) TEE ORI PIR A TR O
T, DSGE-HRPOG H3EA B A S AEVERE. i+
FEAKC 7 K0T, BT Ms-HRPOG $#F 5 diL (14 °F-
PIRURIEN 98.10%, 43 $Y A A K0 K F] 14 5k
I, PRI 97.98%, —FAUAEZE 0.12%. [FRIkE
Hi, 3T 3-HRPOG il 5-HRPOG $5#4iF 5 it fit) -
PR T AT, I B A [RGB PR A%
AT, SCRE R 22 0.43% 1 0.08%, i H:
REIENA T 1% A WEE. XU, Tt
AR T B RUBE SRR AR 7 LA 2 22 ROBE R AIE 7 8
DSGE-HRPOG 575 A 52 1 #4556 1T 12 1)
N, REPERERE.

6.3 LFW #0 PubFig #3EE

A T8 e 2 T S P bE T R4 i A bl
J& (AR il Extended Yale B) #1752 56 {5 H F1 43
By, SEEZE AR EAT —E B R BRI, AR — 2
X ILIIABEROREN LEW Fl PubFig K [t
Fracs i B, i SCsn s R B BA U ).

LFW (labeled faces in the Wild database) %X
#0557 J2& I Internet |- SR A Y EL 52 A B 48
JE, 364 13233 5K 5749 R ER, A8 16,
PN B R AR MR Z ARG T, X
TNEAOIPRAEAREF BAPRE. FMEA A 11 (a)
fron, UG RS 128 X128 pixels. A< ST HEE R
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# 4  Extended Yale B B FEAE 6 I8 TN £ T BYSLI0LE

Table 4. Experimental results of Extended Yale B database with the illumination interference.

. DSGE-HRPOG
Method LPPR2 NPERI SPPB3 DSNPEBRT GRSDAPY RCDAP2 DSGE-pixels
3-HRPOG 5-HRPOG Ms-HRPOG
Recognition Rate/% 87.86 89.31 85.79 85.74 82.7 92 86.03 91.35 89.77 92.48
Dimension 65 160 95 85 266 — 83 355 345 351

WE

[ 10 Extended Yale B $HE J4 3 238 B4 AEAS K14

Fig. 10. Occlusion samples of one person in the Extended Yale B database.

» A1
%5 Bxtended Yale B BURFEAEIER A2 T HRPOG $ It 5 ) ZHLBEH N — A cell = 4x4

Sz 2 pixels, —* block = 2x2 cells, bin = 9.
Table 5.  Experimental results of Extended Yale B
database with the occlusion interference. %6 LFW Fil PubFig i BE 1 S0 54t 5
Experiment  Experiment Table 6. Experimental results on the LFW data-
1/% 2/% base and PubFig database.
LPP™ 95.51 4+ 0.40 96.78 + 0.72
LFW/% PubFig/%
NPE?23 96.43 + 0.23 97.85 + 0.31 )
LPP 35.32 24.00
SPPI3) 92.57 + 0.84 93.05 £+ 0.77 .
NPER 35.19 25.00
DSNPEF7 94.18 4+ 0.48 95.29 + 0.54
SPPB3 31.52 29.00
Gaol™! 86.91 4+ 1.07 88.23 £ 0.91 .
DSNPEF7 44.05 30.90
DSGE-pixels 95.83 +£ 0.66 96.21 4+ 0.21 )
WGSCPs! 47.60 37.50
DSGE-HRPOG(3-HRPOG) 97.30 + 0.20 97.73 + 0.35 )
RSRCE 42.80 47.00
DSGE-HRPOG (5-HRPOG) 96.85 + 0.38 96.93 + 0.60 -
DSGE-HRPOG G(M RRCPT 53.20 42.20
- -
HRPOG) 97.98 + 0.50 98.10 + 0.31 IRGSCH 56.30 48.50
DSGE-pixels 51.52 38.60
DSGE-HOG 69.62 49.00
DSGE-HRPOG(3-HRPOG) 76.71 54.20
DSGE-HRPOG (5-HRPOG) 76.58 53.30

DSGE-HRPOG (Ms-HRPOG) 73.80 53.70

PubFig(public figures face database) e >0l
5 LEW %4 FE2E 0L, A998 D E BRI E R AR 2 1Y
K11 RAEARE () LEW SR B () 200 ZH14 NIHY 58797 SKIER. Bedi b i A8

PubFig 44 i 3 4 A e FLSCPRE AR, A B R (R4 . 1
Flg 11. Samples of one person: (a) LFW database; (b) Pub- ?%fﬁﬁ%)\ v G R AR i S AR M (> 450) .
e dutabase RIFFIE  AE IS FAR B M HEA I 11()

A5 10 5Kk LA _E USRI AT B, 193] 158 BN, fis, BRI 100x 100 pixels. 248 XM PubFig
I 4324 5k EG, BEHLIERUESE N 5 5k IEMGAE N Bl PE R BEAILIEER 100 2R\ BN 20 sk EMEE
YNGRFEAS, 5 5k EUEAE A IEE AR A T 525 (3 6). rocge i B, Hodh a2 A 10 skIERMRAE Ml 2kt
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A, FIREBAE R IAFEA (R 6). HRPOG FHE
BT ESEARE N — cell = 10x10 pixels, —4
block = 2x2 cells, bin = 9.

MFE 6 Al LLE 1, DSGE-HRPOG & ¥ 78
LFW F1 PubFig iX 2 /N8 P L AR 51585 & T
Hoh g, Horp, 3£F 3-HRPOG 7 5 #i A 531)
R, 8% 76.71% M1 54.20%, HSCHR [41] 421
) IRGSC BEAETF T 20.41% M1 5.7%, Ho 3Gk [57]
P B RRC LRI T 23.51% Al 12%, Lo HAh
BT £ SR, R DSGE-pixels IR 5
BRI AN BRAR A LEW 304 2 R =4 N
51.52%, X T IRGSCIH! fil RRCP™, #£ PubFig %
I PE U %k 38.6%, {KF IRGSCHY, RRCP
1 RSRCB. A W, £ LFW #1 PubFig X 2 N EA
PRt AE 2 SR AR B I, DSGE Bk 5%
FE AR g, G A8 A S E B, 1T DSGE-
HRPOG % 38 it 45 & HRPOG R fiF 7 81 D) %
DSGE {IRER% W5 TR DL 3, REfs T I 1248 1
ATE B Z8i h AR T A 24, B
P T REMHGRE

{EHAR R, AR SCh R L4 HOG FRIER
TR F i B 5 DSCE Bk sS4, 1545
DSGE-HOG KRN 69.62% 1 49.00%, 533
BCRAUK T DSGE-HRPOG 8.3, 4T HiAtb Ak
FRIEF B, X — B T, TER R 402
T, PR P RRIE S R BUAMEGRRE FH DU AR AR
UL XERR X A3 2 AN R R 2T A B SR B R A
PR 2SR R A8 Rl 3t A S5 —
JERAIE T, M AESE HOG B AR 1, A ScR iRy
HRPOG FHIEH TN RIE | 245 i e AR
SRR RE AR A L, T LASE MERRAR B A A 5
FEHE, T I8 5 B e A i - L i 5 1 A e

6.4 SHIERES

A4 FE1HE DSGE-HRPOG H it S
Bk s, CEERIR B AR Py R | AR IR
B Eoax TOIERE, DU R BRA AL T & AL 55 1
TR REE R, UL PubFig 3088 1% R, K 12
k1 Py BUBEBLAR RS . BN AR RE DL K LDA $e5 B
KRR E I, 76N AR 7 M A5 1F T AR B0 45 57
M 12 HRT LU Y TG R SR R B RRAE F L (3-
HRPOG = 5-HRPOG), it & £ R B 5 fiF 57
(Ms-HRPOG), HUHI 46 15 52 56 [ Py A BEHLAE MR

HRE AT P e, IO A

0.60
Random matrix
I Unit matrix

0.55 | LDA projection matrix
g
]
=
= 0.50
o
3
g
¥ 045}
3]
o]
~

0.40

0.35

3-HRPOG 5-HRPOG Ms-HRPOG

K12 RFEBHRBE R Po iU 2

Fig. 12. Recognition rates based on different initial matrix Py .

K 13 AR B AR sk Bz g th 2 4
M 13 tha] LA, BE R AR & B3, B AR
PRER J(Py) 5 J(Pr—1) B Z R 5 /N, Mk > 20
5, BEETRE, HPReRE0El. Fit, 48 S0k E
I R IEARCEL e = 201F 9 505 1 A BOE S5 44
z—.

—220

—240

—260

J(Py)-J(Py-1)

—280

—300

2 6 10 14 18

Iteration number

B 13 Hpm sl St 2k

Fig. 13. Convergence curve of the objective function.

&, 2 7 A AR A LIS Ak 554
T, DSGE-HRPOG L 7E PubFig $d 2 I )i
S5 S KR B e AR AR . i LR G 852 R B

# 7 PubFig #URE HABES ARG AL
LR
Table 7. Experimental results with joint optimiza-

tion and without joint optimization on the PubFig

database.
DSGE-HRPOG
3#HRPOG 5-HRPOG M~
with joint optimization (533%()) ?j;;()) 53.70 (514)
‘Z;tt}ﬁ;ﬁn; (5513? ?L%? 53.20 (514)
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Po ABEHUE RS, e RIEFCRER kax = 20. AFR 7 1
ATAE Y W 4B 20 T e R Bt g e A s o
A DU 25 ) H5 0 0 v 2 U e A L Ay
i, DSGE-HRPOG /325550 5 0T BfAH.

T % #®

Y F SRC 4y K4 19 JR BRI, AR SCN - B
aARLEBE DL A AL 3 A A TG, 4
H—Fh LT DSGE-HRPOG WY& . B4, FIH%
S e B B HRPOG FRE S TR BURE A
AR, KBRAEL RS BG4 5 i & RT3k
PRIZE, 3485 ) 21~ LT [B] P A DG A4 N S 21 7 ]
)22 50 SR5, #i5 DSGE Bk 4, di—4
PETH T RRE B O | R e
o A S g R R B A L, FE AR,
Extended Yale B, LFW Ll /&% PubFig X 4 > A&
B LS TSI B, SEIR A SRR, DSGE-
HRPOG FEAH AL Ge i e 7 > B L A 5
WA, ¥R A RE . T R A2
DSGE-HRPOG F k4t 1T —Fh s i E Wi 5 Jy
TRRMERR ORI ZS & o S8 B, AR AR
S AR AL TR T 6.

IAEA, FVF 7 PO N BUR . A0 45 58
HAU R KT T B S R 4, kb T 2
YRR SR 2R Ry NN 5 & i — R 51 [l .
T2, AT 5T I T 5K A - ) 7 7 T A
o1 B AT, R > 5 5 e o] A T ko
FHES™, Jr4pe it — 204 m AR L TR A .
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Abstract

The unconstrained face images collected in the real environments include many complicated and changeable
interference factors, and sparsity preserving projections (SPP) cannot well obtain the low-dimensional intrinsic
structure embedded in the high-dimensional samples, which is important for subsequent sparse representation
classifier (SRC). To deal with this problem, in this paper we propose a new method named discriminative
sparsity graph embedding based on histogram of rotated principal orientation gradients (DSGE-HRPOG).
Firstly, it extracts multi-scale and multi-directional gradient features of unconstrained face images by HRPOG
feature descriptor and incorporates them into a discriminative feature dictionary of sparse representation
classifier. Secondly, it seeks an optimal subspace of HRPOG feature dictionary in which the atoms in intra-
classes are as compact as possible, while the atoms in inter-classes are as separable as possible by adopting the
proposed DSGE dimensionality reduction method. Finally, an optimal algorithm is presented in which the low-
dimensional projection and the sparse graph construction are iteratively updated, and the accuracy of
unconstrained face recognition is further improved. Extensive experimental results on AR, Extended Yale B,
LFW and PubFig databases demonstrate the effectiveness of our proposed method.

Keywords: unconstrained face recognition, manifold learning, sparsity preserving projection, histogram of

oriented gradients
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