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Implemented Rapid Pain Intensity Estimation from Facial Image

using Artificial Neural Network
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Abstract

This thesis presents a method to estimate pain intensity which is revealed on
human face image rapidly.

Two types of data are extracted from the human face image: one of which is the
Uniform LBP, the belong low-level appearance features, which is extracted from
the eyes and mouth area; the other is the 32x32 face image data which is extracted
using Max Pooling. Both will be computed by the regression neural network, and
the neural network is trained and the training result will be verified.

The data from the UNBC-McMaster Shoulder Pain Expression Archive Database
is randomly assigned into two groups—one for training, another for testing. The
result of this study achieves a MSE of 0.17 and a Pearson’s correlation coefficient
close to 1 (r=0.94), and the average computing speed achieves 24FPS on 15 dual-
core computer.

Keywords : Supervised Machine Learning, Feature Learning, Pain detection,

Computer Vision.
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2.3.2  The UNBC-McMaster Shoulder Pain Expression Archive Database
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®l 2-8 AAM landmarks & & 48 ¥ B 0 Ah % L4 5 hs107t2aaaff352 o b
¥ ~ PSPI % 15 & o
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=
T = T
B TS i il e B
: : e +
[T P S e [RAA S S P AU _
: . RN
. : : o e elle .
- + *
H 1 Y + . H
11 R Y TR . . 2 % SR b
: ! Y ¥ :
! ! o eeat, ! !
OO0 .
* -
. .
. +
5,1 S RS S S R S -
i | - | | i
50 100 150 200 250 300

B 2-9 AAM landmarks & R 48 G B 0 A% &AL 5 11042t1aaaff00l o
& &£ 347 9 FACS » PSPl A4 2 0 & -

Erame232 MEIN351ES:
-50
-100
-150

50 100 150

Bl 2-10 AAM landmarks £ J 48 551 P8 > #6 % & 4L 5 jk103t2aeaff232 -
PR A AL R 4T 41 e Action Unit 5 AU25 22 AU26 » PSPI A&7 5 0 4 o
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2.3.3

R

LhhsE- B

% i 5 iE

BEFEEREY R

}?i;%*'ﬁ-%aﬂ

B~ AR E S

RFP L ¥AE

$120 BE AR LM ET Y o

L AR

/ [} IEEIJ 7

Xy

L EAtl %l

}@ﬁ/fim e 2-5

225 SERALBEFEAET PRI SEHFER

(I T

LS

HA o

' 39 Fpaﬁﬁgz =

HAME S BGEG A3 B

A f%‘ﬁ ¥ 3 AR R 1 By | EA
B3

Liliana Lo Using Hankel Matrices for | 3.4GHz, C++ 1001ps
Presti Dynamics-based Facial 8core
(2015) Emotion Recognition and 12GB

Pain Detection
Corneliu Pain Intensity Estimation Intel Xeon | Matlab | 0.15fps
Florea by a Self~Taught Selection | 3.3 GHz (ona
(2015) of Histograms of single

Topographical Features thread)
Kaltwang, Continuous Pain Intensity | 3.3 GHz, Matlab | 15151ps
Sebastian Estimation from Facial 4core
(2012) Expressions 16 GB
Muhammad | Combination Filters for Intel® Matlab | 12.5fps
Naufal Bin | COPE Database Core ™
Mansor 2Duo
(2014) CPU, 2.80

GHz

Karan Sikka | Facial Expression Analysis | % & & * @ | 251ps
(2014) for Estimating Pain in

Clinical Settings
Rizwan Pain detection through 3GHz Matlab | = ¥+ &
Ahmed shape and appearance
Khan (2013) | features
Maryam Naturalistic Pain Synthesis | i5, 8GB C++ L
Moosaei for Virtual Patients
(2014)
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B=% gALRRAYR
hEfEA LA SRR 5 HE R ¥ (Single-layer Perceptron) ¥ B f§ H ¥
B F RS o Fl 0 FRGGE T R ERRDRIL & LU
il e — ¥ kR A o
31 B AR s Bk
s (he ] 3. ) B R A

1. N Tﬁ;ﬁa?l ~ BL al~an N
2. N BEiE#EEL wl~wn 2 w2

13 | O_‘\_‘ f L .o
3. - BEATHED E

wn
4, - B4e s & B sum b
an
5. st S f

6. —Tﬁ.éﬁﬁﬁs?lﬂit B 3-1 H § R4

ﬁ;f] bt > RN Aot 3oy Sfic f e 550N desV 320 F J'J”?] I- B R AT

&

A F A A A PRI A i A
n

t = f Z w;x; + b (3-1)
i=1

+1 if n=>0 (3-2)
—1 otherwise

fm) ={

EEY AR §RF - SN e RELRHLBE
% @3 wl~wn 2 b ¢ ¥ w(ntl)=w(n) - err, b(nt1l) = b(n) - err » &= B { #7
HE wi~wn 2R R b Shiffes 5 E @R FRA t R dRES
%ﬁ:ﬁ!ﬂ € [ ATo /g A Wris fenip| gl @ B H }?g@ﬁw#&ﬂi;—] A% F AR
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BRI A Ao R KRG P S PIRE R A L

- B RAF LR DIRATE S %iﬁ,{&@ “EE wl~wn & A K ¥ Kb o
LHEL G M S b TR~ R s e
TR TSR > & 4 22MIPS 18 A H BAEEE R d LT

O T
b T
* Al R R B e *

*
*SH- A * * -
bk B 4 H%*H * * *

20

g | I | I
40 60 80 100 120 140 160

W32 r BAEER Ty A WS aPL g%

% 3-1 B 3-1 egip

X $#h RBEFTHLE @ A LN HE ADC 3
Y #h X{;é“ﬁ BMI

4 gk A ARgE T LB TOR B

%4 a AL RE PS4 TR E

[ AR gd @3y ol &

FEACH 327 1% A

B0 \
SE
H
>§:\-

RO ZERMET L3 PETREARRZEY R

“ml

AT g R VYPGEARY B2 REFIE AL ioe Fp TR m?,}ifg

Y

TR g B IORT AL i@ % v KR v (Pocket Perceptron) 7 ¥ oz ar ¥ -
g

SN R
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32 3 kR s
5 & R 4 (Multilayer Perceptron ) £ 8 & g i cnda g > d 7 B A &
*oB-RFT UG FREEE - BEBEBEDT - KT G BEo pbE

WA IR H B Sofs 2 274 XOR % 513 7 A B AT 55 B -

2

bt +, * *

16k '1!;;';444'*1;'##' 2 - *t'm'* +
4t + o higs *

A e Fot
H TEE 4T 4t $

P b T LN Ak i
FEEETE & 5 *

T S

+

. LR & *%k*
+ o I

+ T Y

+ . F * + Ry

et Hpd i ¥

Oy ¥ *eﬁt%...;r...*....ﬁ;.#*rJr i

IR o

RN A H o

s T F 1t M +

FoE gk B

K] i L i i I
-1 0.5 Q 05 1 1.8 2

Bl 3-2 - = % XOR B 4Lehif o] -

dok DA GHE S AR oINE TR KBS %}éi‘rﬁﬁ?ﬁ? PE & RO
B R R Aol o Ft o SRR @Y - BER LR ANEL S
(Activation Function)« /g ¥ fic ® L& 4 » i@ § 2 sigmoid function(4r 3¢ 3-3) >
rh 2 A3 ¥4 22 Tanh(n) i 3 o

1
1+e™

; B 2
R

-05 0 05 -05 1] 0.5

fn) = (3-3)

B 3-3 7 & fici oienis it Sl 2B EHE > L BB R o

- AR d R AT T e A &2 K K EH(ICR] 3-4) 0 S0 & 4 N A 4T

o ﬁ?]% £ (input layer) * ﬁ?J% BEF -k BrrA73RE > 2 EEmiEd
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Sficr WITRRACTHT o 2R SRR T AK > FRART M EH
N AFH 5~ 3G N &g -
*£ 5k (hidden layer) : "£3 A ¥ 1 - A > TRT @A AT

|

A - R R R ;]grm FRR > GHAEEMEE G- K cEFRETT IR
S S S SE RN IR S SRR IE T2

F— TARAF L F F o F oA T ME i R # & (Over fitting) 0 Flut i

=
.
&y

T
% 38 Sl TR PFER HEE HI R ﬁﬁ:z’v”!{z%i%”ﬁ B i.g’,fgﬁ o B 4o
PRETFE?2PAR? TG 2REE SINLApE RIBSEHE LA

» 2

¥ ¢i domain knowledge °

#i 11 % (outputlayer) : g5 11K 2 5 — Ko BVt o R R EHEE
5-¥c A& TES gy ?‘l*E“@mﬂﬂﬂ%ﬁi‘“ﬁﬁ%}ﬂ!?fi’ﬁ%@"/“
A ‘"L:'J,ﬁ.%ﬁ < %75 H 3 8 ¥ (Supervised Learning Network)#£ ’;f}ﬁ%l Ik

[ ] Eﬁ?(Regressmn) ARG RIDH EHP A T MY )I‘ e H 3% ftTF HEAY

CRBL R S0 Fl G AR R %&F"‘ PSPI—-IE,u’ﬁ-J‘j%’ijr]/éiy:

=i

B & B4 B 3-4) 0 o Star et B s i AR TR
R ot Sl e
B % #f(Classification) : %37 N é\ﬂﬁl > F E‘Jﬁ%] Jgh8E: b N B o
7V S - BT E 2R ey N+ @?ﬁiﬂ Bk d AR T B
EP(C) €[1,0]2 1 =Y;P(CesF 2 » FIpb 2 5% crupsl S
B+ % § 12 Softmax function ¥ & i & & e0i% it Sl @ & — gy )

L
=N

BT RO B B R B
IRz ERY — R4 (Cluster) ~ A ¥ % 22T £ 5 &5
(Unsupervised Learning) m@?] Dk RRESHEALBRS > AL G
B o
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b R e g R A Y S SR (e ] 3-4) -

hidden layers

output layer

input layer

33 F il wy2
3.1 & kiEE R i anm il el RR Ay (AFRDEY
AR HE G F e BARIFRE 2 o g ALY e @R adp £ 3 fic(loss function) »
WL 2 X (square error) 0 B~T 2§ 507 G P RA AR 2 BT Apdsy o
4ot 3-4oH P ELZ T 322X oti k& Ground Truth y 5 g o9 a1 & -
E = %(t ) (3-4)

AR A Sdcid VL REH A SBEE A (SRR 2T

b}
\\\?{r
&
§<
3Jn
=

Ao F LRI el - X - i RV MAE A Slieed
BT AT c B WES FHEEEAR AN e £ WHEFis &

iE % > nE & ¥ ¥ (learning rate) °

O

AW(i) = —n °W|w=w<-> (3-52)

W(@i + 1) = W() + AW() (3-5b)
E(W(@i+1)) <E(W(®)) (3-5¢)

BV FXTA- BA P F5 )5 mF Y 59 r0g e Yo I e ek

BT g RTEAES 0 F A i 28 k& fE (global
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minimum) ; @ $0] Y % "f Jeagid R » Wi E PRt R EE

(local minimum) [15]

loss

low learning rate

high learning rate

good learning rate

epoch

B13-5 8% & 4% Sl ez K2 Fonbl 57 LR [16] -

i

3.4.1 suﬁﬁ fi

WL B E L AEERIS R B TR s e |
S et Kol ~ BBk o F LA e S N
¥ MY R A SRR

VLB 3-6 G B AR m%%{fﬁ{ PRl iR m‘sﬁl)j‘ RPN i
ol f(x) R FaET T x ERRREL AT RSy B AL - LA
TR, y*] 0 HAERITEBE 5 f(x*) > BY N FREE AT

BHIERENLFER o 5 y*-f(x*) o

f(x)

B 3-6 st fF ~ F ot §F [17]

ARSI BF > PR FaE A AW LR A SRR R AR
e At { ERad o
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342  rIapA SRR EF sin() bl
EO e ] i SR RS SRR R R 0 AR AR e
A 5 B SIn(O RO B3R R o d 2T sin()E 7 foa Bl £ i
FE RS H o

BAREIRE N & 0~2pi ® FEEHSPE 80 B x E 0 T osin(x)A 2
y B 1% % ground truth > 4= 3-7(a) - £ R Fe4o % 3-2 Ei’.f%f#ﬁrl%] 3-7(b)en
A S RREEFVR B BYRRY O RS RRE M (4rR 3-8) 0 7 &

A SRR S BE Y iE A 6 T IR o B 3-7(b) T £ e 3E 5N dest 360

5. img — d x bo’
WhoO
Wih0
/ &5 Whol |:|
NO
] Win1 |:|
ot s Win2
i ! Who2 |:|
Win3 |:|
Who3
b3

B 3-7(a)(b) sin(x)ie fF a3l B FAL b B i FAA Sk

Yy = Z Whoj (Tanh(Wlh]X + b])) (3-6)
j=0

%32 A S AL B D R ik

o BRR Y K B 1-4-1
VERESTE /13 Tanh(x)
gy 0.05
5 @ 2 0.001
RN 4 1000
A 4o E % B [-0.001,0.001]p “E 8 B @
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By O0x

MSE=0.4541

%5 60 =

MSE=0.0328

BRF 10 %

MSE=0.2121

5K 70 %

MSE=0.0480

& 20 %

MSE=0.1865

MSE=0.0276

¥y 30 =%

MSE=0.1496

MSE=0.0125

215 40 =

MSE=0.1153

¥R % 600 =%

MSE=0.0005

MSE=0.0548

¥~ % 1000 =%

MSE=0.0001

B 3-8 A ¢ hw %
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35 F¥ #:
351 Xt EY
EEFRRRREPE R B AR KRG 0 G F TR 3 B STy
A 4 o s 8 Y (Online Leaming)i&{f‘uév\ Fi* TR EERE{ATRE
B TR

M BV A - S FBvRs

—\\

X WLATRE > * 3y FAPG A
ER ST AL R B Rl SR R b b AR TS i e L
IR TR PR ENPIRE R TR AR ARESERY

ERAREGIETRICE > L g - Rt EE o
3.5.2 FEEY

# £ & % (Batch Learning)*t "8 @315 2 ¢ = i@k, ¢ FHFVRE =
- PR T R A A ST B KRG BE FTEE R A%
P i AR ¢ )’T»‘ff'* g g Es AT R BRIAFHRA{HT 7

WPE > LD adp A ST U MAR AR o

353 EBEY

“E 1 & 4 (Stochastic Learning) & A3 < £ % a7 3% o BMEHE Y & - Bk
AR 2 TEBELITRE L HBYRRE S BDRE EREH
%’%@#@FT—%Wﬁoﬁm#iéﬁ’@?ﬁﬁﬁﬁ@ﬁﬁﬁlﬁﬁ
BiE o LS F TR o

F - AT PNE S ¥ 2 42 5 Mini-batch [18] » 5 B % © ez actp §
P B Y 22 - o F- B RHEAM 73 559 C={Cp,..,Ch}> B M"g
{my,..m}> FlPrEF MmB+ &> 2EgF Em?
C={Cy,..,C} *FxEArEHEY - B3 Em; - Mini-
batch # ¥ 2 e h B I EH LR FIRI PR A > 75 2cd § L3595
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33
%

I

36 PIREHDK
3.6.1 AR

WA SRR AOTRRE R AR Y R LR A 50 R Y
FIRFLF A TIFHMUAGE Kb CHREABER  ARTHEE
Bit @ B A H %7 F o TR 7 James McCaffreyi* x p ¢ 7 Blog

B iE 15 A — EB3E [19]:7 Although data standardization is not a glamorous topic,
understanding data encoding and normalization is an absolutely essential skill
when working with neural networks | °

BHE 0 RAFTHEEECREG Tt ad - edFenfz > F1L i B
WARY 0 G T R £ (Weight) ~ 2 & (bias)$® § 4p & h¥gc o 6] 0 3.1
SREEE ST TN A E R S RSN S S A L L
WA

FR

w
[va8

PR R TORR R P 0= B R F]
® 7 F 5 Kat h I%E EfE(Local Optimum)
O { EaniAfuar: B AR FREF GRS SRR W
o] pRIlE x [20] 0 Tt b Bii A jrary B FE o
SEEE R T EE A 33 RSB > T g I E
PR RS S L B oo BRI BEA[ SR Jo o~ E 8] R IER AL
¥l

TOAR PP BEFFT A AT D EE DR T o Al B

|~

Bl 2 0~100 2 fF e > S 7 T r ip— JERCE W v HHagA SRR
AdRAPE L IR e r B LT BedphiARR d LIERS -

BUEERE TR § R AAPE S L 0 T T L L R L
’)E_l: °
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3 A efe BFARE 2 L 3-4 F_James McCaffrey & 3% ik 28 i = 3¢ [19]o

%33 FORAREE I A 2R

48

s (BEHRY B AT R

[22000, 18, * 4&]

[-0.90, -1.15, -1]

[36000, 28, = 4]

[-0.17, 0.67, +1]

[60000, 42, = 4]

[1.08,0.48, +1]

F 34 R TEA TR TR R L 2 5

TR A A ST
@?l)\ BB BECT R S B B AR
B Beie 3 2R
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FmE ik AuE
* 3~ £ 12 Viola-Jones [21]7 2 B~ 4 %5 It & % % 7 ROI(Region of
Interest) » AL{g 975 ) 21 Ja @ 2% RO 5 7 ¢ ‘,f TR T A e B P
Cop e TORT0 11 b oo % A AR Sk % 2 OpenCV 2.4.6 73k i e

haarcascade frontalface alt2.xml

4.1 px* %3 Local Binary Pattern

B g ARe Faro R R R BB R T R B AR ARE - Pl
Am2 RO ERTHEARE YRR HEHEREN T ST R BRI
LBP #jixe & o d >t h#h~ A F % ¢ %> Viola-Jones = 2B A s 7
TR E B AN T (Ao 4-1) 0 Fl U H AR B (e 4D T F
Sk A

F 4-1 L LAFREHE T AT S

B (% ¢ 12) (= d =)
% o [F] 5%~95% 25%~75%
% & 7 30%~50% 70%~95%

B 41 4T 8 R 2 g b

Local Binary Pattern & - & $f ¥ By it 4 chE g4 e d 5> LBP
BE A AFE Y FRE R R RTE > Fly Y PR R R

(Intensity Invariant) °



4o@ 4-2 0 LBP 3t 8 2 58 B P ik 2% F 8 B ihE i 4

RSt R BESRE 35 - B Sbit#kiE > B o FRAPE 1

F2. 500
R e o 2 gL
1,07 0[0]1 1 |24
013]2 0 0 128 8
9 (6|8 1111 64 32|16

Binary = 0111 0100
Decimal = 64+32+16+4 =116

Bl 42 LBP 75 6

1 LBPimg A TN

B 4-3 LBP % fg\_l;":’ R 48 f‘;’»"ﬁ‘ﬁg

8§ =~ LBP 23 256 fa > HP ¥ i gt d Lk - & b4
11100011, 11000111, 10001111, 0001111, 00111110, 01111100, 11111000 57 *&_
D)5 B S 00001111 o fv §4F eni @ ek % & % g 7 % 14 (Rotation
Invariant) » ** ¥ 3 & 1 LBP-ROT » #-#74 LBP *zd F|& | & » &7 % $-
e it > 20 £ 7 £ 4F ¢ pattern £ F T 36 & o LBP-ROT # ¥ 3 4 7 gt %
to BT R A 256 i LBP 5 3] 36 M o

it LBP-ROT F $t41 § § dFend it 4 » % & A 45 »c%k 3 & [22]°
MEER SRR I R 3 R S A N R s

Uniform LBP - Ojala [23]% § % # R 2P ifd > prE s = 1T o
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LBP f: 90% > iz#t LBP £ 4 58 6 » ** §.#i3 58 A F % ¢HLBP £ f =&

Ao M T ARIEEGEFRMEAII A LBP B - o Bk 59 B

B ipsd ZLBP S B % itk o
4

public UniformLookupTable(int LBPvalue)

{
[] lookup = new int[256]

{0,1,2,3,4,58,5, 6,7, 58, 58, 58, 8, 58, 9, 10, 11, 58, 58, 58, 58, 58, 58, 58, 12, 58, 58, 58, 13, 58,
14, 15, 16, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 17, 58, 58, 58, 58, 58, 58, 58, 18,
58, 58, 58, 19, 58, 20, 21, 22, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58,
58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 23, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58,
58, 24, 58, 58, 58, 58, 58, 58, 58, 25, 58, 58, 58, 26, 58, 27, 28, 29, 30, 58, 31, 58, 58, 58, 32, 58, 58,
58, 58, 58, 58, 58, 33, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 34, 58, 58, 58, 58, 58,
58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 35,
36, 37, 58, 38, 58, 58, 58, 39, 58, 58, 58, 58, 58, 58, 58, 40, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58, 58,
58, 58, 58, 58, 41, 42, 43, 58, 44, 58, 58, 58, 45, 58, 58, 58, 58, 58, 58, 58, 46, 47, 48, 58, 49, 58, 58,
58, 50, 51, 52, 58, 53, 54, 55, 56, 57 };

return lookup[LBPvalue];

}

il 4-4 LBP to Uniform LBP Lookup Table

(a) (b)

|81 pairEye LBP histogram - ] X [0 pairEye LBP histogram — O X

bl

B] 4-5
(a). P % & B 270 B e
(b).%+(a)®~ Uniform LBP 2 i
(c).® #rfik = Uniform LBP &
(d). 3 27## ¢ Uniform LBP & = B]

Ky

=

a
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A~ 4247 B~ Uniform LBP ® = B]p¥ » % 7 Uniform LBP # s
FoOREAPR MR Ko 2 7 mik skiGAR {8 B B8 i B(k 2 P&+
R)F BB (AeB 4-5(c) ¢ BlEE R R -RERMIEE > L7 ¢
Mz PR -
I| LBP ch¥ & k5 » LBP E = Rlehd < B2 ] B4 5] % & vijE
BA A PLBP = igimd* @4 1111 > &) £ 8 00000000 » & K 58 & £
- RS PR € FIRE A S R b B 570 i @ 23 (Salt-and-
pepper noise) > 12 #fi33 o
MEF R B 2O e o LBP E 2 Bl S Riip B A F T ' (Ao B
4-5d) > 27 FFES AR DFFRRECRS TR PHESER
3 Uniform LBP # iz & 5 -k & cjp B |4 o

E R RE LBP £Aclis 0 ¥ ABE R gk > o
FEIEBARERMOTARET AR T ARE Y w5
Flt A HEIFRE Y [3]9%s i & (Pooling Layer) iF & ﬁ’“] o
FOARSESR R G~ S SRR TR g R TR R 4
SRR - R AR R R s R R a F 2 -
# 1t (Pooling) A & ¥ % A ¥ mxnB 3 P2 HHE B> ok BEE
PR B AT R E R T A S - BATHOmM XA ] B
H(dost 4-1) > B ATE T R RE R A B F A o
Lyooting (%, y) = max(1(2x, 2y), 1(2x + 1, 2y),1(2x, 2y + 1), 1(2x
+1,2y + 1)) @D
HY 0<x<m ¥ 0<y<n2srHm2E* s it /]

d 3t i iE R BB R T A7 % (Translation Invariant) » F]3t 7 12 F s
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i & (Overfitting) 5 F i %350 F 8 » TAHT Bacg » 78T R & 4
MEA ZE P FeB OB R e )nTH o % A S TR R
PHFE 4ol 460 ¢ FFE- B 7xT A e icd P i AuB 2t 4
BT A LA B OX6NTRE T THmS R L 6x6 TR 2x2 5 H
PR Bk T B 3X3 i e 1B A B 33 s W e iE AR 4
ﬁ’%%ifﬁﬁm%ﬂ&ﬂmiﬁz%ﬁ?wo

TS R FETRIFFTA B AS PR ETRS 2
T o FI AT T 64x64 A FE A G R ey 7 2x2 S H R BoA s T

B i5 9 1 32x32 #fms 1 i

113]10(4]19 |5 ﬁ
3[1110{71019 113(0[4(9|5]|6 71915
210131274 3(1(0|7]0]9]2
0/9]16|8]3|2 2|10|3|2|7]4|8 1{0[7]0]9)|2
41613963 010 \ORE3 5/ 206 0(3|2|714|8
8|5|0|6]3]5 416(3|/9/6|3|4 9/6|8|3|2|6
Sh. SR BONRCES | 3 6|13[9/6]|3|4
31419 N ARG EET g 5|06 3|53
ey |5 7[5 ]9]35
6
B 4-6 &+ B 08T R
Bl 4-7 AR E =~ ¥ °
L83 64x64 Bl 0 - PR
8 32x32 &0 5> rJf » # it B | M 4-8 UNBC Pain Database #77
e X P B REAPR < ] o K a o A 1L EAT 3R




43 THAH
L*Pﬁ? Hllﬁ};m‘a%ﬁ ,I,(fk':f g\)llﬁn—hj\mfg_f‘ 141,4}_/? Fé‘g: %%E’i”

ﬂﬁ%mo@?ﬁi’%mf PIEFE R M3 TR B R RAEF g > - p F A
FRBL D FEHIF DR RIEE o FRE LRI G AN LR D

FRIEWE F - BRAMDEEFTFRF? S > FA%RDEARITR § K
BERB-JAZEARF R CPEES N FFA ARSI - BL AR il o

BEAREFHEEY 23 DB M I ikEL > @ w i RawPixel i
ST SRR A 0 LU B RCR R AT T -

d 3t R BT L A 2P 42783 0 RawPixel X TR > 54 ¥
BREFTM A LBP #Hacl A Y iR R 2 R Fty R ke
Balfohs #HARRRE - A% 8- KRB IR GTAL Y SRR s
wREERZS S~ &r KT Comeliu Florea [14]$3% T R I ¥ 2
e im—ﬁ E

A2 50 fRALF R R R F R * TR 4% 3 (Data Augmentation)
[3]) * B ladlen™ 2 > & R4nFRATA D57 5 R B MR LT
PO - R AR DR e i 4 o TR &2 A IE B 2 (linear

interpolation) % #cfe = 2 377 b > MPIE B2 T E R S LY TR
€

e BATFR &ve T R A PR G A TABHM LT R RN
AR RN R TR A R T 3R S T TR ES

B4 5 R kend (4o 4-9)
® -k -T % (Horizontal Flip)
® 1 ~ [ it (Histogram Equalization)

® KIi+r > BE
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>imE

%] Bgr2Gray — [m] X 1 & Histequ - [m] X

N
N
; (@) 4 A FE B e ()2 = B & v
pS
&‘ & FlipH - [m] X 1 i HistEqu.. — [m] X
=2,

(b) ki Ak Ef4s S FE
W 4-9@)(b)(e)(d) T o1 -

VLR R R TR MG G F B o F12 Y Taiwanese
Facial Expression Image Database (TFEID) [8] 7 #2-% (happiness) % i 5 &7

B A0 A AL P o S TALE B A 2 F B0 R o AR A B L 4

%
o
S

SRV E BRI E o PR R AoA 42 BT VR MEEE L Fank i
Ajod AP RIEEE = 2 A PSPI=0 chP- B A F > Flp g2 BN AR Al ik

$c 0 Wi 2357 3% % (Mean Square Error)i® i o

# 4-2 12 TFEID & happiness £ 33 <77 % & %

R B 40 3 % p TFEID & happiness Set-A+ /& 7 #2143 3 R &
PlE B 40 3% % p TFEID ¢ happiness Set-B

25 MSE 5.257867

5 ts MSE 4.307616

33




FEF RHRBFEH

51 %K A&

511 EmguCV 3.1

EmguCV e3F = 4 5 [24]4_

#u| R OpenCV £ #7¢ %

TE

"OpenCV in NET > #_¥-% 7 8 L

W o g
o g
£ % %i&F Viola-Jones

SRS TS R

» DotNet # W] & » 5% A 575 22 OpenCV
¢ §47 %4 Dot Net & 7|3 = (4 C#

VB.Net)e7 OpenCV & #73t
Dot Net & 713

T4 i@ ® OpenCVoe Adrih~ @ 4
EEB AW 0 4 TR IO &

LBP~j¢ * 5% f 747

1v

i H L

4
R R A 2 HEH EmguCV &iE % & & % o
TSR ZedGraph
.Net Utilities (CH 1 Nety
Emgu.Util namespace / e T \
(C#) Image Processing H{;i%:m
o Layer 1 S /— ~\
Namespace & Presentation
|| W Structure:
Nyvidia Cuda mgﬁ;.ddums control Class
& NPP
(CIC++) CvEnum namespace: -
gl g Emgu.CV.UI namespace
GPU processing (C#)
i Iy wh
e e S e G /
| | Hm;::ped t%neﬂ
unchons
OpenCV : (P/invoke)
(3 ?SH;. /_ g \
* GPU Processing
Layer 2
class class
Image Matrix
Class Class -
Emgu.CV.GPU namespace

Class

\_ (C#)

4
N

-

J

Machine Learning

cvextern.dll

(Sﬁ;’;‘j R ANN_MLP
Exmrted MQ-WO enCV ector Machine) LiEE R
Interfaces
(C/C++)

Eﬂmu.cw;li. namespace

- 0 /

B 5-1 EmguCV £ OpenCV 7 H B 7 77 &, §) -

34



5.1.2  Microsoft Visual Studio Community 2015
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