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ABSTRACT

Facial Landmark,

Face Alignment,
Initialization,

Pixel difference feature,

Robust Cascade Pose
Regression.

Face plays an important role in visual communication. By looking at the face, it
can be automatically extracted many non-verbal messages, such as identity, intention, and
emotion. In computer vision, localization of the key points of the face is usually a key
step for automatic extraction of face information, and many facial analysis techniques are
built on the precise recognition of these embossed. Facial landmark detection and
alignment in images with occlusion is a very important and challenging task in many
visual and image processing tasks. In this paper, a comprehensive method for initialization
and alignment of facial landmark through training of local binary features (LBP) and
histogram orientated gradient (HOG) and a facial landmark detection method using robust
cascade pose regression, which are specified as pixel difference features of landmarks, is
introduced. At first, by analyzing the correlation of the local binary pattern histogram
(LBP) and then by using histogram orientated gradient, the features of the training images
are obtained. For the test image using these features the instructional images are estimated
as optimal guide points. In the test stage, according to initialization of the image, the
selection of the appropriate feature for the image is used to speed up the process, which
means the number of steps to be chosen for each image is better. A strong cascade mode
regression is then used to adjust the face, and a local principle is applied to learn the
features of the guide points. The local principle helps to learn a set of highly distinctive
binary features for the face guide points independently; these local binary features are
used to jointly learn the cascade mode regression for the final output. The results show
that the initialization used in this work has increased the accuracy of the estimation in the
cascade state regression and has obtained better results than the random initialization.


http://dorl.net/dor/20.1001.1.23223146.1400.8.2.2.3
http://dorl.net/dor/20.1001.1.23223146.1400.8.2.2.3

o 0Ll S s 5 e (0L 6 S 516 35 a5 aT G b 51 Laialy BB sl o3,10dn L o slocaly blE b 0

"ﬁm"ﬁ‘;ﬂ“’}éﬁ““;ﬁ"

doNdo —
Ll 5 gn 355 sb s Ol o & 03,5 oG LS o il (5 s DL (6013 03 (oner S5 0 88l (s 3
35 S o 4y b e jrslal 5515 kSTl nal 5 Lokl Sl 5 dad (s pa dle ¢ ils i slaply 51 ok
o3 gaz 1 Ol T n slad & baply 51 g 9 ol e OT JUis & 5 0 e o9 BB ) Sl sl aT Sl
Sl e SESUSS 1 (glas sazme 4 32T (512 Vsame 3503 (ol e 5L 28151 Jams 0155 (5 s SN
ol gl el SLABIL 5 e bl il oo 5155 s o3 2y (0 $3005 Ol s 415 pslad & ST 0 0jLd
a3 3 Kos S eals 5,5 s ate) ple 5 pollss slas )87 534S o g sleal, bl ol KT s L (635,55 sbas
o g SIS LG b O o SAeMbLI IS g5 ol il (6 panalS (ol 53 [Y N Al (0 5 el ol sl
sl i  slataly LU 335 (5l ST Lulal o g Jod sl 355 51 (ol 5 3515 3525 (SIS Al 0 &S 0 g2
Lozaly b S go o 57 470 g S DBl a4 S S Sl i (sl 0205 S 5 007 Il a3 ilos
G 5 osow a4 Ol 5 oo alez O 5145 G _ilben Loyl 5 (glyls Calien o slaad )3 0,4 il atuol sl el 0k 51,

.J;a)u:‘j_y.aﬁjéjjw_gul’gL;_L'Jﬂ})Qu\i_}egb‘ébui}éc@w&uzﬁdbu\w‘uﬁ

b 3l GBS 55 0SS Gl o 4 ¢S o & Sl s g go gy cpdir e 5 sla S5 gl il 6L
0Ll 8 18 g (¥ pliie 1 Jamn (S50 fs (0 551 a5ke (S5 gl sl la by 3l (ol S oa ] sl
¢S SURF (SURF) sds sdiin o v pslin sla S50 (F o(LBP) oo (5 5L 6 S ( «(HOG) s
339550 54 g 53 Jomn Sla Shs Cao 5 5 a5 Gl & Sl 5 palS Gl 0> S5 a5 o2, S
it et Jals ulde ) Jares S5 had 63,0 Sbasl,y o lods Laza MO Il 3 5Y 45 beu g
G LUE .l o8 5 s o3 (el s (Sebmy am (S5lwdibs € sl S 93 Sy g 5 CsSS
53 [FloL K 5 6 slS Law 5 457 s oq;1ﬁ¢|fw s on gl el o sl ) gles sazes sl SIFT
s S BT O (11 gl 53131 5 5 enlS ol 55 S ol S5 Ko 5 K el ol - an Yo o4 Lo
Gah oy cpl il e K e la i 3 0L E sl S lend (SSGSG 15,8 e 15 eslinul 3 ) e
@\d\,gngjwuu@\Jﬁ6@@;}@:J@;E}Jismxéu;@}:@@?q?éuc\fﬂg
Gl o5le s GLb sran 51eld3 35 Sl 5 o | odkd o bous S5 o B gla sk 51 ST 0 S K 055 2 S
Gl ods = aa [D]0Les] 1) Sen 5 &Kl pa o 57 8 (LBP) e (5 51 (6 5 o 0 03liza | e o] 287
3 5r it oS 25 (Kleas ST L1 3 g2 (sla ey o8 ol LTS sl Il 2 )3 5 00l Shes
3,8 saast , 45 LBP s;él{)}}\ﬁ\gbpb;n;.au}ﬁwc;)ﬁQ@jQ.MJ@OL&J&ﬁQ:M&\O‘;&A{b@Lﬂ
oz OT 31487 5,505 35 F3lie 5 o 5 Sl b 0 g Slatal) B (ot sl Sl o Jils ml) 5,50 5 4 Calides
o 0313 a5 O 85 oo plonil (511 (S5loms (10 ST 5 S o)l | rme la 4Kh 5 O g S5 4015 8

3 0w 85 @b 4 55 a4 edimen (6 sl D)o 4 S gens Sl o Jilom O gom S5 5 ot Do 85 Aile oo

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



o 0Ll S s 5 e (0L 6 S 516 35 a5 aT G b 51 Laialy BB sl o3,10dn L o slocaly blE b 0

\'4 i c
"}m"ﬁ‘;ﬂ“’}éﬁ““;ﬁ"

S @ (6 ol ot O e S sl 0l (s a5 05 55 00 03 e Waosls 51 aS as il (gla el yb 1 (63 gudoua Sldas U3 b

>

il el Sl (San oS3, 15 il 5l ainie 40 pazme 3 O g S5 W 35h 0 Ll o 358 0 S

)).ﬁ‘jbﬁ@kbﬁb LQ&QQ&A}WW))J ev\_.ir‘.?dlL;UsJL{j 6@)3ﬁ@¢r}3ﬁ)>aduﬁu|>|)a
6:\.@,..&:{‘ &)J@T}K} ol Q‘J‘ﬁu)‘\-ﬂodﬁ‘\-w:m6&4‘(}\.@::&:;;):J},& @@ﬂé’%ﬁg}zﬁ)‘f,}‘wu’;‘"’

- s B o e m e e g - . e < - .
.Jﬁ@@\)\@%f@‘w.nmﬂéfé;m.“ cjfv.?v..g: P"”.J""J,‘.;gj‘)‘ﬁgsfl:’.))")}"

by Syl -Y

08 S0 Y pame o gz oS BB L0 5 5 gr gl il JISTs 5 o5 0y DM (5l Sl
oais Wl )y dledd atle Laaly LG opl 585 Laseis Gl o e S 54 s B, 5l ol 5 Sl IS
B g0 o g5 ous &1yl 0 gz IS SleMbl , Sk 4 el Ses [V] o ;Juws.:&uﬁuiﬂ,[ﬂaﬁuu
a5 (81 ) e 453 S e O Sl ad sl e il e Lna i 1b1 55 0 g sleialy Dl ST 4G Laaly bl
b e (Sobmptns ok b (5l 93 3l )3 Leialy Bl O w0 (ol (12 kS 4095 [A] pmtir (S (ol 5 i
Bl 5 o0 sleaaly Ll SLo 5o b 3l edeT Sz o g SleMbl . Lilod s S 5[] Lade 55 055 5 5 oo
L L0 sla b, S wal 3 (Kb 5 slaasl 5 el Sl ¢ a8 3 penlS 5 0Ll Joled 51 (omge US|
stwiﬁ)iﬁ;—@@m—@"°~‘*~9‘*3—-M—-~.‘wg‘d*ﬁbm’:Jgdhji"ﬁdi@ﬁ@‘ﬁ;%&%‘%“—wéwb
o555 5585 bw s [V JAAM Ndl 2l Jde 0w 55 5 e sla i, CLM ‘>°u;jmgmdm‘ct?
S bo g sbas 0T 3 a8 Sl (5T Jube &5 cpl ok e Yo o) Jlo s (55L88 5 5657 51494 Jle 53 393
O MTCLM) 5500 e sla i) S oo b |y i Ol 50 g ol 53 a0 J 28 ccul 0 1 WS
A o e Lataly iy b 3 Jis Jowe alo DALl 5 (6 | 0 S8 Gl SN o] 1 Laaly Bl
Ll 5658 S A L aslie yo sl 5 sLlgy ol 53 5 SOWT OT 05,57 s &7

S sline 3,8 e sk Loaly bli L0 s 1) 2l Al 5t K5 ki sb & 0w S5 1 (r Sl s
23 A8 e 3wl 1y (6 ] e oﬂ.?‘.}g.'zJ..\.e@ﬁ:cij.p)}bQYMuQTcsjAmdlmd.,u&hui})jcl?éhjj)
15 15 O 85 2 50 S 205 0 IS 55k &0 58 4l i o0 0 Sl (S 0 JSE (Gl s ¢ 50
233305 5okt 4k oo (6,8 5L (e O 85 S b5 5 SolaT O g 85 o s (s O g 85 Sl s
3Ll 0dd (515 k5 ged (slae ity aho g 31 St (6 S (gl by pin e By sla S 51 W] O, 5 45l S
[VF] 0L 5 Ole Lo 5 457 5 iy (6 ol o (183,85 55 ol 0k 3Lizl € g K5 (sla Sy 5900 81 2 0 g 4 5o
S5 S meslial S iS5, 800 (6l Goes (6,5 3L sl by Sl (e el odd 41,1 [10] 01, Kes 5 &S5

-\;‘4:3‘)?)‘]5oJLO.".'.w‘J‘)jﬁojée-r.:]aiLg‘joj:aﬂjfjébdu\.ag)‘j&kQ”A;‘)th-‘)b‘)‘s‘@jwL[\;]Q‘}:.‘Lﬂ)wbls

! Constrained Local Model (CLM)
" Active Appearnce Model

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



o 0Ll S s 5 e (0L 6 S 516 35 a5 aT G b 51 Laialy BB sl o3,10dn L o slocaly blE b 0

"ﬁm"ﬁ‘;ﬂ“’}éﬁ““;ﬁ"

A

.,usnw..ﬂt)b%ﬁ@}bt:aﬁdwbbwdu@,ﬁp‘;ﬂ;ﬂwu;i.u\,:@ﬁuijlu»cucww
@l b6 s Shas 5 5Ys 5 <KL5 51 SDM V) ojlss o J2alS iy ceolinaT Osam 85 Calides sla g, Ole o
oot Jbe &K a5 s o g e Lo Jie e Lol 51,1 Ol | 01,1000 5 59 Jaw 95 45 ad sl IS 55 . o3 5T S s
Sy5m 0 slaialy BB obsy 5 jade 25 gl basls 5 SV s wo g JSb Ol 8 8 ¢l el SVl
oaeis 5y I Gras 6,5 5L sladie 4 (CNIN ) Lt J 5157 ze slaaSls slad e o il .ol a5 S 415 o3liza!
o3zl (LT 05 &5 sl b 6l peitns 0o 85 gl 50T oy 5 ol 0l 5 o g (sloinly bl
Slp G35 m ﬁ)}g‘égiﬁfdv\%@ =S 5 B s sl 6,855k e bes 4 OlF e 1 b s, oal S s
Jm;ﬁ,b}:6)5@\,;.\;,“‘@.\,:A:WCPR‘”)L;,L:,,,T;Juowﬁ,ruqﬁ,w,;;wé.@puuww
gl oS AS o ol 5T 5k |y Gasia ) el G 05 4 CPR (ol 45 S Oy o W] O Ken
,yﬁ,éu@b;qu\jas.\,a;da(,\,.glt,agu J,_,A:L;ﬁfaj\xl,yjf),a.;,zdﬂctq.;\;,,u;”yﬁ)bj;
Seods (Bome sla gy aen 3,8 a3k Olailods i ol (5 5 geT (slasipes 51,7555 j5b 4 gt JS 0o | L3
5 S e L gl den ol 55k 4 4SS s slin |0 g leinl) BlE b O (6 (dola adsl ga )l

33 8 Lataly LS G sl ol O 4 et 5 ols olasl Hlas 0 g slaialy LIS Ladeis Lg)y 55 ol (Ses

Sl 090 -7
a0 355 o3lizal T (sl p (adgl JS8) a5l OIS &K 51487 ol 3V 0o, (5lS” BB G35 0186 03 87 1y 51
Con | o SKan o gz OV 5 65 ol o cam j3 a8 LS eonlizn | Bolad i, ¢Sl bdas ol opl (51 350 50 sl
L 0 olg J1,Ken 53 6 50 EKST Combly 4 605 5 0 adsl Ol 6 gy ol 5108 Syl b 4 e
a..b_|.:};.ﬁ\?s%ﬁb@@;\d&nﬁg&dld\ﬁdlmﬂﬁl)ldl,:.}.,b' chE.a&i\)acC}_.p'}nd\jlrl@\\{.zﬁv\ﬁ:\}s
0315 o5 55 55 3m 0 g sbad SIS LU Sl eadsl S bl o5 5 dal gl | |l (3L sy o |
b 0T 5l die gla (S5 ol peal b g o3 smd SIUT 1) Sl g 2 gl Sl 3 (ota (4 5 (51058 Sl
23 4 o 4l o pr o5 Bl d i Seedd GU5k psbad il e3ls oL 53 3 g o nslas
S5 sl as,ldie Sl pl Lo g dal s Condly 4 S35 5 s o O3l &K 6T (guldS blE 503 50 K55 S
SOOIV FRCI V- SN F-300 NSO SROS BSOS PRI | PEPCWUO PN P BPLPSY Q-3 AP ) G | P PUWK S
it S b 50T Slae gz i) T Sloo g 5 S e 0 3 g 0L 5 1 8 s 5 e 5 2k 5 S
a5l a3yl in (B3leal Sl 16 g o Dbl 3 aan adsl (23518 Ol e 4 (ipls a0 g by (S
P2 i (51 558 (68 sl (S o 03l 3L ol a b g 85 51 o Sen 4 Do 610 oS 0 sl IS

b its s slataly BB (6l 7 3 et oty b Gillas S o ylaial Il 1 et sla il (1 i 5 4

' Supervised Descent Method
* Convolutional Neural Network

" Cascaded Pose Regression

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



o 0Ll S s 5 e (0L 6 S 516 35 a5 aT G b 51 Laialy BB sl o3,10dn L o slocaly blE b 0

"ﬁ(‘t‘“'ﬁ‘;ﬂ“"}éﬁ“‘dﬁ"

o 5 5:Sks slae gz K8 b Il dtnes a5l Sla JSKE s oo 0 03l (55l T 8 J 5187 (LSl w0 a5
AoMae Ol e 4 g odd S 5SSy L il 5 Ll snen sl Gla IS8 (ulg 53 355 gr 4l lnial ST o g
s (slae g (sla IS 4 sl a5 ie 3 3 5y Lol 4y LS4 55 5,8 o B eslizal 50 0 el ) o s 58 4yl
s o e o gz sleialy LS g5l 8T e (2l 4 5 6ol T Sl O S5 ol o sl J2alS 4 535 5

el ol 00y LAY Jg.i).sgg:%u}j)cifli:éfjl{

cals aLi_A_L‘;_ o).Q_?"- )._l_gLAJ

S ORE Ry
polon 50l5 L
i A4 l
4 ™ 4 3
LBP 555 ¢l HOG S35 1,5
S 9 (90l pslai sl S 5 sBigal pglad ol
. J - J
Y
4 N ( 1\
ﬁwmwo)@‘}ﬁ}mau—ﬂwb )'15‘4’4"4""““3)@")'15‘""&6"&}-'
sols oSl pola 5l und aols oL ol 5l s
\_ ) . J
A 4
s 4 N
53lS bl Ko 5,5 sl JBlite gdS Ll S § 55 aloe
alie paai B o bl wlie pgai B o
. . J/

blie guls bl S 5l 6,8 ailea

S5 gl by 50 g el ey
LBP , HOG

OS5 4 adgl gl bl S JLs
e el

el odd oy (S
Gouls bl

0367 Sl bl gl Pl (813 Solgdyy b9y PIFSTLS gk ) KD

MJ@QWoﬁdeQC‘ﬁ.ﬂlé‘jbé:%ul})rbu‘kb.a \&‘J}g‘

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



o 0Ll S s 5 e (0L 6 S 516 35 a5 aT G b 51 Laialy BB sl o3,10dn L o slocaly blE b 0

"ﬁm"ﬁ‘;ﬂ“’}éﬁ““;ﬁ"

Al (S wlal g 4dgl B3Ik rg}’g)}fﬂ B &)961
GI:)}AT Lgl;aoj@.g- Lg.a\:lf Ll awin)yT jijlnd-; s p g 15999

Cad 5o Sl a5l G S LS 1 29 5
sbal plad (sl ome 5 8L 6 S oIS mn s ()
35T 3l 5 e gl (51 018 gt s Sla 35T Sy (Y
53T 2l 5t ol (St dolb 5 s s (¥
o 2385 (1305 (S by 3l 0 Szl (F

Q}‘@))‘Mdb&ﬂ@dﬁ}«a}bwﬂj«é}bk;.\:lf.b&‘ul:.c)\aJW‘ (0

a3l 03557 s (5 Sloiger OLS1E 18 s iman 5 (ome (5l (65831 sla S 505 5l e S plonil 255 55
Sl Ko 5 g dns o ok [y o g alh (Il Sl i 5 3l S T 3l odd oslinal L5 3 g0 S gas
leq-k.:b(;.m.?oﬁgj‘)‘“‘&bw‘UD;&)MHJ&\{M‘\:})‘J&M&QBJgcéﬂf@b&mﬁwblﬁj)q—

S 5o ol oyl IS

(LBP)&:mgsﬁlg S S pe-1-Y
L;.gsw;,;,.:GML@;:“:,,GajfTL;mﬁ.)gm:aﬁwapj:“@}gﬂwm“;)&;\jbgg

3Uas 4 5a5 &Gl oslinu | (gl 4 adgl a5 ,luie Ol gie 4 odiyls o o g b1y (Stsesd o iim ST 5 50T Slao g
SwT Ul pobas & T Cwd nsbas gla S5 b 3sd woslizal Cob 30T g1, LBP 51,0 51wl £ 5d o Ol
S o 5 Ol 5 4 015 oo a1 8 st 51 o S iy S e sl b S A Y XY (Sl 5
Lo sz po Sl Jue Sy (e 5 Connd 2 Slp 5 0l e B LK G TamB & 52T &5 Sopo ol S ealin | 2L
F e 3 B g alear JuSy e B0 8 eslml s 5l 650 65 0 JuSy b silnen o JunSy Ve 4 a5
g 4 S ey Fle pp 3lael s S lole 3k S 4y e 1338 0 S Gl o sis 8L S S S5 s L
Cl;dl;\f@\hd_..%wL;lf...AiTsag,_w..b.ng;ilia.xosg.bﬁfu.nuuu:A:—ul:b:.:}_isaau\}bs-c..\_&l{@éﬁli
s g 3ad 2 Sl HMX N8 i s ke &G cilocaT oy 4G IM 18T adkas sl aan Culgi 55635 5 oo
Ll 5 Sl ok plnil (6 LasT Sl O g 85 (61 o Lo ad 1 (sla JSC8 Ol O ok plonil IS 8 LT 5157
O Stanner LU G s 5L 5 g a8 Ol 50T lvo g 5l om0 b K8 o i bo 1 405 i
Ot ensad (6,8 I (S O gy (Sierad g w0k ST g 53 kST L3N (55 0eT Slhe g 5 i o g
a.\,’;Cl;w\@:aﬁr\fﬂgwjb&oyﬁﬁu@%y.@\amgua\sijdeuaﬁ,@nﬁ

b e (V) alaly Sy 0 4 TRMY o g o1 8 s s Lo 2 s TM (S35 ol il sla 25, |

cov(TM, TRMY) _ E[(TM — E(TM))(TRMY — E(TRM"))]

Pr = 5(TM), p(TRMY) p(TM), p(TRMY) )
y=1..T

ol p a5 LA Bl e )T Glae g JS sl T sl ol sl 0(L) ¢ il yls 8 COV(.,.) OT o o8

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



o 0Ll S s 5 e (0L 6 S 516 35 a5 aT G b 51 Laialy BB sl o3,10dn L o slocaly blE b 0

A "ﬁm"ﬁ‘;ﬂ“’}éﬁ*“;ﬁ"

338 o dlone (V) dlatly o b 51 Py ool M X M o1l 4 S 0] S
24 X1 (TM;; — TM)(TRM}]; — TRMY)

)

_2 . 2

Jzy;lz};l(TMi i —TM) \/zﬁlz;?:l(TRMiyj — TRMY)
S Py Sowzed iy 3 Ol o Aed TRMY 3 TM glo oy 5l 51 50 jlie 3 5 « TRMY sTM
23,5 oslizal (F) alasly las dyy (Sosen dhols aulons
d,=1-p,y=1...T g
aje-ru:;bg;*wwwjz;:mfakb:)bL;J;:.:;LS:mMgL%:oﬁb@)yTaﬁ6M>@uL&;}§?;dV

.a:fdegg\saﬂc,...Jaﬂ%—4.:Sj|L;MJ\.\.Z.ALglﬁd.:bughd.{.‘uQ\};pthTéhﬁj&ﬁ@gwchJ\a@j‘,ﬁT

(HOG) 415 cgzr QL3155 Al 5 giuuats —Y-V
sy (HOG) jlscger ol 8 ¢l 8 sn pba s o0 (S irs gl il gy oK 5l el 8 I3 o gails
SLOLsl S o1 8 n S o 5 53 (oo bl ¥k L o o3l | Sl g g3 by o Lo gl JSC8 03 5T o
i 5 4 Slagr b S GOLSIE w5 b Ll 3l 6K 3 (o o 8 palls 5 S8 a8 ol (s
Joie oy 5 4 (550 25U 5 g5 S 55 e Jab Dy g0 (4 18 s o 5l 0355 Gty 03 8

358 gr s DU31ST (Slaigar ¢85 s cJsbe 8 53 55 50 Sla JuSly sl 5 38 (o s ke b 4 S S
T st sl bl 5 S gl g s GOLSIE o1 8 s Lo 5 okeT s sl S5 5 S olizal L aalsl
A g ol 8 s5 o st ad gl (a3l (61 s Sl T b 3L Cabd b Sy 5 LS pas
Sloaly L& o5 5 jasntes sl adsl (23)lie O gie 4 odeT o by JSC 5 558 o0 48 8 s T ey 0l (sl S

.Jﬁf@)\}cbl.ﬁ;.‘v\:)jﬁaﬁ

(RCPR) 598 Skl Ogaw 575 (95 b bosddly L& 0390l —F-¥
S 515 e (Simren 355 skad (s ol el leslinal L &S Lialy LG (1 zgs ads) (23, Mie 4 4 5
JSK8 4 b s gmesls 55saT (LT Sl O S5 L Leialy Bl el o plonil (5 5 50T pi3lad 5 Sl p pad
Sl 338 ool Cos g slataly BlE (a5 a8 8 Sy po 25 50T 4t 5 b Sl Al o 53 e 5 i g0

258 p Jas ¥ V;winQ,y@,(CPR)L;)uyT;JugﬂJ?J;\nump45\6M|wajij

Gl S Ogaw 5 3 w951 s 5951

1..T . e Z. 1..T é “ e
h pyuéuu{m‘R sy 55680 A:JJILSLAGMJ\MJﬁ}@.QSég)g

For t=1:T do
xt = ht(St_l,I)
5S = Rt (xb)
St=8t"146S
End

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



Sz 04l £ (‘;M 3 e 6 b S WS 55 5T Gk 3l Lataly BB gl a3 jldie Lo g sloaly b b 0

:l}'r:hlﬁ\w_,éﬁww\

\Y

@ui})&il.nf%.:f;ﬁwﬁsﬁ)#qtgﬁf:liy)sw)jb@;|M\4§¢.~le¢§:%uij)&ll):
PP s S al .,Ul‘,SL;aQ\;)\.HO,L\.a)\ajl.:iijT«.cM)JJU_“J\Lgu@-JaL;Lae:l:L;)lfc\SLiJ
23 ol 1335 SLAIAS o (I8 S0, 15 355 (5513 Blowd 5168 Laaly bl 2 4y oo &S5 535 8 Ll (o108 s

el o el islas (V) K

. e
b —
13% NG,
() ()
oy Bl (6 3l 3T 31 (5145905 (AT .S 98 ST CIl Ogam 55 5 31 03laku! b Loitdly Bl (6 S yICHT.Y o
DAL Al 0 Sl SIS &7 glbasb asell Sy 0z paai S 4l (@

W.;)_.:@uuougSp = [xp,yp],p €l1...P u.”aup L;Laolgsjldﬂdgi;)\};pquz_w)jbs\es‘}ii
b 0L s p g by ol 65 Cl o slgity 3l U € {0,1} 8 el Sy = [, Wiy V] i3 51 oty Jolis
3l ke S et o8 3 sl 4 g b 51y 5 o0 DA (sl 43 8 5l o glaond e
2348 yslilen osgr p et 53 Gl S Shs sl 4 o Sl S hs Sl 4 e 5 LS fos o5 4 05 5
:MC,.GL:}-\Jf@&ﬁ\)ﬁ)}g‘jwég&ﬁd?)ﬁQ\Jx.i]}:\jjéLgJ'qu.a:'-Ua O (Sl ol 03l Ol (F) JSCs
jlu,\JG,;}?,4,.Q&A\J_lwm&.,\;fd\,\:“;_.ug;;ﬂétﬁ;@dujbq%,g,ouwsﬂw
eﬁi‘d\iﬁo\};;‘u..;}_f»d)bﬁ43,.5‘|¢_.~l°.x_.26,'}:wﬁ‘_;u;,abJau;;btjb|)>4§$;¢_.&»51,\i,ul§&u;},
xS a5l s | G S5l 5 S ki S e S e et e g3 4 il o e S sl (S

S p (ol SSS i (sla S5 ) el 4y o Az il

(&) ()

T 5l (6 il g D390 4 45 IS L Sl ks (AT .0 g (Sloidly Bl (ST S5 ol Sl Fig ¥ S
1] (oo &30 4 0ad gl el Kb ey G Jusy (& wifond

@xé‘joﬁﬂﬂfyﬂéﬂ‘ﬂ Q)}.ﬁ @M‘)L&ji}u&b‘aﬂ@a*&uﬁ(r)p )J&)}EL@A
ool ametiys g ol dide b sla 555 05,557 Cmnds ol ol Son 457 LS s ol anl Lazaly bl gla S 505 05,557

335 gl 5ads 1y Laaly bli gla S5 5 018 or o doen Sy & (S is plinial b33 8 O S5 50 st 3l

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



o 0Ll S s 5 e (0L 6 S 516 35 a5 aT G b 51 Laialy BB sl o3,10dn L o slocaly blE b 0

v "ﬁm"ﬁ‘;ﬂ“’}éﬁ*“;ﬁ"

Js.bjfu\fd)peé“c%@@%;\ﬁ@&Lgdﬁsslﬂo”ﬂjf)JsS:)jTLMvL:\)ALQL:.«A\LgU\:L;La;kj
b&)‘(\f;&é‘jﬂ\f&)y w‘m@‘ou\.& a:@‘éﬁ\ﬂ ;J,ﬂjC‘ﬁM‘)ém;}‘)C‘ﬁw‘)\cNUand‘
war gLyl Cv b Koluan 5,58 do glazaly abis o Ko CoDst] 5558 o a5 S a5 55 Slan & Laal

W}AJ:?L;GJJ.;o.)LQ.Z_m‘JJ}AQH;JJ))ATLQ‘JJ‘J;:‘Kaéjfgsaclff_nﬂ‘wb%)‘du;}ijcﬁi)wuﬂ‘

:ﬂgfd)‘:j°ﬂ4wﬂ)‘£3@.l€‘g}gw’gd‘j

B b3l ¢
O S 5 31 otaT Sy g S oma 5 Lol Bl ad gl a3 e 1 Joolo il oy 0 2 (0l 3

235 dal g 1 ) g 350 0kl S a5 O LB 5 s dal a6 8 LT S

Bodld degoxo -1 -¢

L 2lro g sl Laosls ae goma I (g3ldad ¢ opl ol .g;‘w\r.@.a)l:w' F3alS ol y3eddilasl slaesls s gazes
bl slas ol ST dl opl b kil L;,,T@?mf,; sl 5 o ld g co g Il o g Caltbes (Lol b g
(o ey BBt Ll b 530 g (sl (slaesls 4 same S (31l (S56 4 ey pl )k S pasiial Ll s 5 5Ll
‘HELEN‘LFPW:5\u)@ﬁaﬁ&uaglguwa;)km.wtau6,,TC.,?"@L\{;UT¢J1>"
Ol kS 3550 53 5355 o &5l G35 (srosls as gazen jI IS 550 & aslsl ;5 COFW ; AFLW ( AFW (300-W
Ssh g 03ls SeMLI LT 533 g slaialy blE 5 Calises
ol ol i sl Cad (Gl e Yo 5 S5 ga] (G sl VYY1 LFPW 63l as sazes 1(Lizaly ki Y4) LFPW
Ol o b i Bl oo 5 L )3T (5 9 ST on oml b ipls Wg gLl 48715 ol s T LFPW 05l de gams
38 eslitul |y s s 5uas YV 5 (55507 5 50ai VWA
CaS g sl (e s gl 9y (Il ca gl 3 53 5L Ol ess s 4 300-W i(laaly alas 0Y claaly abeis #A) 300-W
SHELEN AFW (LFPW e 31 5 9 50 s gomn (laosls 4o sommes 51 0315 42 game oo | 501 5 (3l by 3 g
el odaT 3 935 4 IBUG s 0315 48 games
Sl et s b a8ly lis Lol 2 530 g @1y g1, COFW o g (s 0315 a5 gazes ((Lizaly abis Y4) COFW
) sLa 1L ol 5 DS 5 BT 6o dile (Sl 310 3l ol ol g ol Cond g s Ml 4z 5 L &S lae e
s VooV aops (ol ol oaliu | (i b azd s sldl 5 K& 55 (6L 5 Ol (o, 5 by S (s e Jls Ol g2
LFPW il Laly abods Y4 5l esli ol L o &2l 5T s 23 e el (i s Sl ee T Cs (gl g
4 COFW el ods Labin pslaas siain b / 3ldadl Sl cpioman 5 Ll y bLE Cond g0 93 58 Lilos (6108 o
wle Lealy Ui g1yls COFW &8™ ol 51 5 e 90T gloas sl il 331 gl o303 Il ZYF 51 iy Lo gz 5 5bs
35 gn Joli 1y 2 5025 WWEO g garme 53 &S COFW o gz 000 piomen s LFPWo g2 A0 51 35 50T (sl ool LFPW

ol 43 8 )5 0slinal 55 50 COFW oile 3L o g2 8V [2ole3T (gl 5 Coml 0k 05lizl

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



3 OL3LE o8 s 5 oe (60 S WS 325 S35 T G 51 Letaly DG adsl gas e b o slezaly B 4l 0K

:l;mhlﬁ\wjéﬁ&w\

\f

Adgl RS sldo gl -Y-¢
el S O 5 (5581 s s WO pla 51HOG S LBP (S35 ol el Sl eslial L adsl a5 )lda (51
& e 4 LBP s, ledaT oo by (sla S5 5 comni 5 (5 50T psad 2 it 18 8 plnil (S5 2 |
S 530225 5 HOG (g5 6l T Gty Gt 5 S35 5 5 4 iy o ABb o MXTL oy 5le
LHOG 5 LBP i) boiaT oy (F5s o ile (Kiad 35 35 g0 Gy goad gl ctslsl p3 T sy 1 X 10
o b Lyl i 3e2 by (Srad e € (6 0T O 4 5 03,8] Cem il BT geai PO alas b
Tl Sl o el 8 8 15 sl 3550 45 CeuS e b Ateren bl 1 (5145505 (0) 5 (F) (sla ST s oS
S35 2 LOT g o (58 JSK5) L5 o DSl timan 305 0 & 5 () 4 ol 0 031 0L LBP ,HOG 55,5
3550 68 T S O S5 61 S ol S s JSK8 ol 31 (6,8 6la L aslsl 53 (Sl 0dd 0313 Qi S oS

T o ol 03,8 o 5l 3 e3lizal

(&)

ol A g0 Cwly 4 o 31T HOG (539 gl Bl @50 3 Cd 39 b dlods ol HI Jol> ol (1.6 S
Sl 3045 (59 dnod 9Ll Sloidly BB Jlos! (@ (ol

eu\:ag,&'}nwbdg%j'drwﬁgd'lgLBP & 29 Tl B yb 3l dnd polai I ol gl (1.0 Ch
S 0 (59 Mod ol Sloidly bl Jlos! (@ (ol

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



N3 0Ll F o S s 5 oo 65k 6 e 505 5seT G 3l Lataly LB adgl a3 jlkie Lo g sloaly bE b 0

Vo 3135 el e 56 e el

J}J@wﬁmchBP}HOG u,f}i}C‘N‘J})}’f&‘jwﬂ,}dbwﬂjwLsudg‘:)““b‘)-’
u>ﬁ@afago)pjauuzbjwt,@,a,-tuﬁ@.wu&i; ;\W.%T@J{rw,&@ﬂ@@p&*u

AT iy e s o8 (8 el 0k 0303 0L (9) IS 55 o5y hailen Llg JSKa &S

(o)

2l USE (0 HOG 7319 g5l (59 5 ool oty il U (A1 .4l 233100 (ST o2l domsd 1 S
& 329 T Pl 59 98 dilw 31 ol> I (g (LBP (T 39 zl Sl 95 3 ol Caws

655 Gl I 09'.‘.""’)?) 3 Jol> s -Y-¢
SLBP S5 5, Sl eslinal et god S gad &S5 (sl sl (23,00 b ad gl S 03T Sy 1 e
o O gom £ 5t hos o3l | Lataly Ui olg jadeids 03,557 S b 6l 6.8 sole.T S 05 S, 51 HOG
&l@4;;2:54;.5;;@)1}o:Lé:..ﬁ:l:)}ac‘.wSx}_.dL;u;;;..i/@o:l.:&j}a'l'cu_ij}n-\'ﬁj_ﬂaj\\‘fbé\ﬂL;JLiqT
ol CjbjjjjadlxéjugToﬂfjg@\aM e:l:QU«.J(V)J&&,:SJ}J@JL«m.aﬁ@ﬁhWbJawua:&e.iS

..uss.\.x,,’s,.w;u;;u:@;lfg,\mqwL;;e@uqs;;@)\;uuw;,y

()

()
! Pl (2) HOG (F 39 &l ool () 3 odlitol b (5L T Sl Ggme sy (b9 3 ool oy g KB Y UK
oud st GBS b dwlie 81 @ 0 JKE (8) LBP-HOG w5 (z) LBP F33

U  Zwwslisl —£-¢
gl Ui e ol Sl 0w 5 (5l olaas adsl Kb Sl oslitul gl @ i § &y 5o anllas o

LBP g.,,;;d:,),'uuc\;@\gyJi:m,@,"g.w\aunwﬂuﬁﬂ,wdugﬁ;ﬂ,;\nuw\,,a.mclﬁw
Dl ples g Bl oo B 1l 517 pl (gl T oo oo S5 5kl (61 ol JSE 40 s sl IS sl HOG
G gl Sl e 135 g0 plonil oS slas olad (6l SISl 35 or s e S 0 s ) IS slatal

olaT o by (gllast 1 aalsl 53T oy geas (sl JS sl b3 pd o a8 8 Kl o seas a gl Laaly bl oSS

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



o 0Ll S s 5 e (0L 6 S 516 35 a5 aT G b 51 Laialy BB sl o3,10dn L o slocaly blE b 0

"ﬁm"ﬁ‘;ﬂ“’}éﬁ*“;ﬁ" V7

Joder T s ok plait (sla 255 5 enlizal b adsl gasslude 6l olg gllas b5 58 oo S oSl pslat aon sl
Sy odal Gty gllos pl e o 0L 1, LBP-HOG 5”5 5 HOG (LBP s 25, 5 oitsT s sllas (V)
‘.&@uumg;u;@,tdml.\z,.;\55};5JueT¢Juowfjct?g;,,p&;wdb“u oslizal sla s,
st 3l golas adgl Ko 6K oS Sl 4 S 15 esline | 350 Soygo ol 4 d3lad adsl a5 ldhe sl odd dues s
33 8 oo Jlasl el 0dds S5t O gaw S5 (61 45T S goas a4 gl IS8 (51 5 355 o0 sl B saT

O30 UK A S S 9l A9l B3 5TAE0 (ST g ol Cawy Sl ) 9o

Sse6 | DAIRCPR | 1 BP | HOG | LBP+HOG
(P \ndid ARTARY ARVAAS \EVAR

b a2l S sl s slaiss 4 Coms LBP-HOG 5755 Sl oslizu b (S35 ol sl (1) Uik 0 5
Al o 208 sl sl 5 HOG (S5 2l sl ) bl oo Cows sl JST8 L adsl 23,10 51 5 5
U155 or wgr o JSE 4 o ad gl S8 L sl g3 e (6 ool oy (gl 4yt 5 L b o 0l 3Lty SLa )
P3N 1 i s o gl 5 55T gl (Smn 5 (S s el S eslizal b adsl a5 lde o 55 LS
S o Jos (B3l ol

L opl oS 5 Gasets sl 558 5olaT Sl O S5 51 sbas sl adsl JSC0 el gas e 03,557 s 51 o
G, i edaT Cnds adyl IS 50 o3l b o g (gloialy B o 1 ool (sllast (Y) Jgulr ol 0k 03linl Laal
S8 o Al o b ST Sy gl sl 0k deglie [VA] 53 0 plowil IS L 5 das o OLES 1y sbas (S5 7] Sl
sty glallast plad 51 s goi o (Sl et T (0 Ty S 5o s 5 Loty LG ol sl 2 o o JS8 4 S 2
S:}_ﬁ«uﬂaf;nijlzﬁcﬁjwj\ﬂﬁjmdlﬁauu.\d@v\eélbsj\uul:\):.Jﬁ@dﬁfﬁgl&.@bb&j\om’f
opl g3 ok eslinul (gla gy (sl st Ao 53 03557 Cow s (gl i by o 0k pll sy JS 6l ol sllas odias Ol
4558 53 (pn il ol o o o JSCb 5 gl IS8 Bl Aol Sl oaT Sy (gl 457 358 op Jor D) g ] 4 anlllne
AT oo oy ok 43 8 S 4y (sla Jhgy 5l okl oy sl 1 5l o p3 N vr 3 05 S o g 358 el i

a0 Sloadly bl 4 s oad dwie Sbualy bl 31 ol slas wo s ¥ Jeus

Sy ["]ESR [¥-1SDM [\AJRCPR HOG LBP LBP+HOG

o5l 5 Sl (sl VWY VIV AD sV 5V %

o sboaly bli o5 (gl 153 Shee o e LBP-HOG (S5, 5 21 sl (15, 4 s o 0L seT Condy gl
Cb;._u\J:,Jpﬁ\ﬂL;ua;él,bLi,a)updéﬁﬁL;wdbbb;})@u{wsRCPRJulgu,ga\.g,u
.A.a.su.egl..wbw))lfmduu;})L;IjamT@A;é\k}M):(\‘)J}bA.LLG,:HOG L;}i)

Laaly bl mutaid 519 568 Gl S Ogaw 553 3 gt 5 29 Tl 5!l S g ol Cawy Sl oy ¥ Jou
Sy ["\]ESR [vy-] SDM [\A]RCPR HOG LBP LBP+HOG

ol 5 ke sl g B/AY /%Y O/AF §IYV oY

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



o 0Ll S s 5 e (0L 6 S 516 35 a5 aT G b 51 Laialy BB sl o3,10dn L o slocaly blE b 0

WV ";m"ﬁ‘;ﬂ“’}éﬁ“"dﬁ"

Lﬂivl:aLgUa:-)NMEJ‘a:Lc_ALCOFW 03l A gewa 3 4B, ho J})dv\.q-bgfi.ajﬁ J“de.‘é))\fgduuij)

Al 0 g i (F) alasly 1 eslizal b (o530

21, i)
NME = Z Lj ijly (¢)
N — gril2

ww M}AaMDQL‘MJ ML@}%:&)JM‘)LL@J‘MM S| S A.GM)JJJ)L,AJ Jf.}‘MN 4§

e . . - . g . . . “ . N
gliﬁ’u>;§°dl“:"br" Bt L;‘J:Cu éW‘)MJ‘@-;&\_&v}ASi’j ML’LS‘C" Bt L;\J.:C‘J 5@|)m)lo.u

.m;dﬁgm\,%,@\,&6uu,fjlg,~6u¢,ﬁsfgri,

S 5 4o -0

IS8 4358 a Jlasl O g S5 41 oS sl JSK8 B ol ot Eoly Cd gl sl 235 En () o pleil gla fgs
o Slealy bl o (6 (55 65LT I 0o 855 Shae 350 ol SIS ol 5 3L K055 Sl 0 g 2 0l 15
G 3 sl 0kl 49 5 0 0 3 5 g0 (b i) o i 310 gew S 5 3 eslial Lo g (slotaly LS Laeis aie) )3 2355 oo
4 o (93lgid Sy (650 3 O eaT ey gl 5 AL (o (6 VL s S8 (glyls eldslgiiy Sy s sy nlw
3515 0 g0 S 5 3l skl L o e slataly BB gl O 4n} 53 35 50 S s,
i 3 5 AEE ¥ CPU Ll 6l 555 55 Lo (551 o3k, Matlab2018 jijsle 5 5 eslizal Ll s aen
< LBP-HOG uf;,_)C\Jx_ﬁlu:,)45.\,“6«omgpu_ujleJ_.,u@u..u\a.\_a\ﬂlhj,.uwgz_{w&u
Jos ey ol 3 axh iy sl s, Sl g o g slemaly blES oo g ol L ib s HOG s LBP 2y, 55 51 S5
s »HOG j;.i,G\;M;\a;u;w\pa,,tf@u:;,;,ﬂ@gmgaﬁbwmzsL;tﬁ\)d}s,w@u},us@
S opla a5 b3y T o ool 0 $) (61 15 (6 mmlin adsl S 5 ST o Jae o5 0 JS5 sl (23 ltde
Lzaly bl (gl dslas adgl S5 b adyl as,liie 51 s Sam S sla s, 5 (RCPR) 66 ()l Sl 05 5
39 el 53057 o b DA 4 1) Slslbos 4o ol SIS 0 6055 5 e sl S8 Sl ST oo 03l
ST Ll g 85 s 5 48,5, & sla 555 81 o5l o S0ke (sllast 355 on g5 ool &3 O (51 3 Shoe

338 03 Shas 5 5 b 5 25507 S g il U 2l L ad ) IS Sl eslina o das 0 DL (5 8

&y
[1] G. A. Baxes, Digital image processing: principles and applications. Wiley New York, 1994.
[2] R. Klette, Concise computer vision. Springer, 2014.
[3] Y. Wu and Q. Ji, "Facial landmark detection: A literature survey," International Journal of
Computer Vision, vol. 127, no. 2, pp. 115-142, 2019.
[4] E. Hjelmas and B. K. Low, "Face detection: A survey," Computer vision and image
understanding, vol. 83, no. 3, pp. 236-274, 2001.

[5] N.Wang, X. Gao, D. Tao, H. Yang, and X. Li, "Facial feature point detection: A comprehensive
survey," Neurocomputing, vol. 275, pp. 50-65, 2018.

[6] M. Pantic and L. J. Rothkrantz, "Automatic analysis of facial expressions: The state of the art,"
IEEE Transactions on Pattern Analysis & Machine Intelligence, no. 12, pp. 1424-1445, 2000.

[7] E. Murphy-Chutorian and M. M. Trivedi, "Head pose estimation in computer vision: A survey,"
IEEE transactions on pattern analysis and machine intelligence, vol. 31, no. 4, pp. 607-626, 2008.

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



o 0Ll S s 5 e (0L 6 S 516 35 a5 aT G b 51 Laialy BB sl o3,10dn L o slocaly blE b 0

"ﬁ(“:‘“'ﬁ‘;ﬂ“"}éﬁ““@" YA

[8] D.W. Hansen and Q. Ji, "In the eye of the beholder: A survey of models for eyes and gaze," IEEE
transactions on pattern analysis and machine intelligence, vol. 32, no. 3, pp. 478-500, 2009.

[9] Y. Taigman, M. Yang, M. A. Ranzato, and L. Wolf, "Deepface: Closing the gap to human-level
performance in face verification," in Proceedings of the IEEE conference on computer vision and
pattern recognition, 2014, pp. 1701-1708.

[10] I. Matthews and S. Baker, "Active appearance models revisited,” International journal of
computer vision, vol. 60, no. 2, pp. 135-164, 2004.

[11] D. Cristinacce and T. F. Cootes, "Feature detection and tracking with constrained local models,"
in Bmvc, 2006, vol. 1, no. 2, p. 3: Citeseer.

[12] J. M. Saragih, S. Lucey, and J. F. Cohn, "Deformable model fitting by regularized landmark
mean-shift," International Journal of Computer Vision, vol. 91, no. 2, pp. 200-215, 2011.

[13] M. Dantone, J. Gall, G. Fanelli, and L. Van Gool, "Real-time facial feature detection using
conditional regression forests," in 2012 IEEE Conference on Computer Vision and Pattern
Recognition, 2012, pp. 2578-2585: IEEE.

[14] Y. Sun, X. Wang, and X. Tang, "Deep convolutional network cascade for facial point detection,"
in Proceedings of the IEEE conference on computer vision and pattern recognition, 2013, pp.
3476-3483.

[15] Z. Zhang, P. Luo, C. C. Loy, and X. Tang, "Facial landmark detection by deep multi-task
learning," in European conference on computer vision, 2014, pp. 94-108: Springer.

[16] V. Kazemi and J. Sullivan, "One millisecond face alignment with an ensemble of regression
trees," in Proceedings of the IEEE conference on computer vision and pattern recognition, 2014,
pp. 1867-1874.

[17] P. Dollér, P. Welinder, and P. Perona, "Cascaded pose regression," in 2010 IEEE Computer
Society Conference on Computer Vision and Pattern Recognition, 2010, pp. 1078-1085: IEEE.

[18] X. P. Burgos-Artizzu, P. Perona, and P. Dollar, "Robust face landmark estimation under
occlusion," in Proceedings of the IEEE International Conference on Computer Vision, 2013, pp.
1513-1520.

[19] M. Ozuysal, M. Calonder, V. Lepetit, and P. Fua, "Fast keypoint recognition using random ferns,"
IEEE transactions on pattern analysis and machine intelligence, vol. 32, no. 3, pp. 448-461, 20009.

[20] X. Xiong and F. De la Torre Frade. Supervised descent method and its applications to face

alignment. In IEEE International Conference on Computer Vision and Pattern Recognition
(CVPR), May 2013

[21] T. F. Cootes, G. J. Edwards, and C. J. Taylor. Active appearance models. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 23(6):681-685, June 2001.

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 (gmdige )5 b b sladlele 4,45



