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Abstract

Abstract—Infants are unable to communicate pain, they
cry to express their pain. In this paper we describe the
most effective feature for infant facial pain classification. The
image dataset was classified by medical doctors and nurses
based on cortisol hormone difference and FLACC (Face, Legs,
Activity, Cry, Consolability) measurement. In this paper we try
a number of features based on Action Unit (AU) for infant
facial pain classification and discover that the best features
are combination between geometrical and textural features. We
trained our own Active Shape Model (ASM) and extracted
the geometrical features based on landmark points found by
our ASM. The textural features are extracted using Local
Binary Patterns (LBP) from multiple facial patches. We also
experiment with two stage pain classification preceded by a cry
detection system, and concluded that this scenario combined
with geometrical and textural feature produce a very high F1
score for infant facial pain classification.

Index Terms—Infant facial pain classification, infant facial
expression, infant cry detection, facial geometrical features,
facial textural features.



Introduction

[. INTRODUCTION

DULT communicate their pain in many ways [1]. One

of the popular method to measure pain is by patient
self-report because no special skills of advanced technology
are needed [2]. While useful this method could not be use
for infants because they unable to speak to report their pain
experience.

To detect pain on infants, we can rely on their facial
expressions as one of the best data source. Compared to
behavioral and psychological reponses, facial expressions for
pain are more specific and consistent [3]. This is why in
many infant pain measurement instrument such as CRIES
[4], FLACC (Face, Legs, Activity, Cry, and Consolability)
[5], and MIPS (Modified Infant Pain Scale) [6] are focused
on infant facial expressions. In Indonesian hospitals, FLACC

observation and scoring is the most common pain measure-
ment for infant pain([7].

Even though thees observation related instrument have
been used commonly, they have substantial shortcomings in
availability of observer, and observer bias [8]. The number
of nurses and doctors in hospital are limited, so it is almost
impossible for them to monitor the infants continuously. On
the other hand, the observer bias could be caused by various
of personality, backgrounds, gender, and the observation
context [9]. That is why, we need an intelligent system that
can detect pain on infants automatically and correctly is
imminent.



II. PrROBLEM FORMULATION

A. Definitions

Transient stability problem for an event disturbance may be
expressed as follows: Inihally, a power system is operating at
a stable operating point, say Iy, when a fault occurs at ime

f = (. Then, the system is governed by the fault-on dynamics
during the fault [(), 7] as follows:

= fr(x),0 <t < 7,00) = I (n

where r € RVt € R, fr : RY — RY.
The solution curve of (1) is called fault-on trajectory and is

expressed in this paper by
w(t) = Xp(tiope), 0 £ <7 (2)

where Xp (o) 1 B — RY.

The fault is cleared at me 7. The system is governed by
the post-fault dynamics expressed by the following nonlinear
equation:

&= flz), 7t <t <oo f: BN — RV, (3)

The solution curves of (3) are called post-fault trajectory, rep-
resented by

o) =Xt 2", 7 <t <o X(=2" BV = BY). @)

Note that initial point 7 isa point on the fault-on trajectory

at time T, fault clearing time:

1% = Xp(7, Tpre)- (3)



II. RELATED WORK

In [7] Hanindito used acoustic sound pattern on baby cries
to detect pain. During his research he created 56 video taken
form 28 infant before and after a specific surgical procedure.
He also score the FLACC scale and measure the saliva
cortisol hormone from every infant before and after their
surgery procedure. This videos are the source of this research
dataset.

A0
R Q,b(i\fb\*\o
o~ Q®
&{6'6 e\l\ AU 4: Brows lowering

AU 10: Raising of upper lip —_
AU 25: Parting lips =

AU 26: Jaw dropping =

heoretical Background

Based on FACS and earlier research [20] and [17] the AU
related to pain are: brow-lowering (AU 4), cheek-raising (AU
6), eyelid tightening (AU 7), nose wrinkling (AU 9), upper-
lip raising (AU 10), oblique lip raising (AU 12), horizontal
lip stretch (AU 20), lips parting (AU 25), jaw dropping (AU
26), mouth stretching (AU 27) and eye closing (AU 43). The
visualization of these AU on Infant face in pain can be seen
in figure 3. In [19] Prkachin and Solomon recode the AU of
pain into a more simple set of AU as in equation 1.

Pain = AU4+ (AUG6||AUT)+ (AU9||AU10) +AU43 (1)

AU 7: Eyelid Thightening
AU 9: Nose wrinkling

AU 6: Cheeks raising
AU 12: Pulling lip corners

AU 20: Horizontal lip stretch

Fig. 3: Infant Facial Action Unit on Pain
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Result (simulation and/or experiment

In this paper we use SVMs to classify the pain degree of
infant facial image. But our main goal is to distinguish the
severe pain from others. To create a good SVM classifier
we need to determine the suitable kernel and a number
of parameters. Kernels we tried including: Radial Basis
Function (equation 5), Linear, Polynomial, and Sigmoid.

K(z,2') = exp(—||z — 2'||?) 5)

The first important parameter to decide is the C parameter,
because if it is too large, we have a high penalty for non
separable points and we may store many support vectors
and overfit. If it is too small, we may have an underfitting
classifier [31]. Each kernel also have parameter to define,
such as v in RBF, and the d parameter for degree in
polynomial kernel. We decide to employ automatic parameter
search using algorithm from [32] and using LIBSVM [33]

for our system.

008

C. Construction of 30D Model

1) Blend Shape Face Model

A blend shape face model 15 defined as a convex linear
combination of n basis vectors, each vector s one of the
blend shapes [33]. Each blend shape 15 a face model that
includes geometry and texture. All blend shape meshes for a
osiven model share the same topology. The texture at a
particular pomnt of the blend shape model 1s similar to a linear
combination of the blend shape textures with the same
blending weights as those used for the geometry.

The coordinates of a vertex V of the blend shape model
can be written as Equation (1):

V=>aV, (1)
i=l
where scalars oy are the blending weights, V; the locations of
the vertices in the blend shape i, and » the number of blend
shapes. These weights must satisfy the convex constraint and
be equalized to 1 for rotational and translational invariance,
as seen in Equation (2).



In order to confirm the effectiveness of the proposed method,
we have carmed out numerical examinations using five test sys-
tems as follows:

L

=

L

L

three-machine nine-bus system (Anderson and Fouad in
[22]);

four-machine mne-bus system (Modified Anderson and
Fouad system depicted 1in Fig. 3);

six-machine 30-bus system (IEEE 30);

seven-machine 57-bus system (IEEE 57);

30-machine 115-bus system (IEE Japan West 30).

It 15 assumed that every transmission line consists of double
parallel circuits, and that a three phase fault occurs at a point
very close to a bus on one of the parallel lines. After a while,
the fault 1s cleared by opening the faulted line.

The 4th-order Runge=Kutta method 1s used for numerical in-
tegration with time step of 0.001 [s]. First, the fault-on trajectory
is obtained numerically, which is stored as 2°(7) as a function
of time, 7. Then, x£"(7) with a specified T is selected as an ini-
tial condition to simulate the dynamic behavior to judge the sta-
bility of the system. This process is repeated by setting different



1) The fault-on trajectory is obtained as 79(7) using the
conventional numerical simulation method and 1s approx-
imated as a cubic spline data interpolation to define (17).

2) Equations (19)=(20) are used to define ( 16).

3) The least square mimimization problem. (14)=(18). 1s
solved using the Newton Raphson (NR) method with
Max|dr;| < 0,01 as a convergence criterion to obtain
CCT.

The CCT for the test systems obtained by the proposed
method are listed in Tables 1=V, where the number of iterations,
computation time (CPU time) is also shown. The CPU tme for
the proposed method is for Max|dr;| < (L01. It is confirmed
in those tables that the CCTs obtained by the proposed method
are exact enough compared with the conventional numerical
simulation method. It is understood that the proposed method 1s
also numernically robust enough to obtain the exact CCT without
major approximation, where no computational difficulties exist.

It is also observed that the CPU time for the proposed method
15 faster compared to the conventional simulation method. The
method can save significant time in offline stability studies, and
may be applied for online use in the future.

As 1s mentioned in the Introduction, the transient energy func-
tion methods are alternative methods to obtain CCT. In order to



TABLE X

MEAN SQUARED ERROR OF RESPONSES FROM RESPONDENT

Vise Mean Abso
CEE MRI | Rating | Emor | lute &Efr”m‘j“ MSE
Expected Value
Vi 3,24 4 07 | 076 | 05776 | 00116
V32 3,06 4 ) 94 094 | 08836 | 00177
\& V3 3,12 4 )88 0,88 | 07744 | 00155
(65\) V4 34 4 060 | 060 | 03600 | 00072
O& V5 3,12 4 0,88 0.8% | 07744 | 00155
\Q\e V6 3,23 4 077 0,77 | 05920 | 00119
"3 V7 3,74 4 026 | 026 | 00676 | 00014
VE 2 98 4 -1.02 .02 | L0404 | 00208
Vo 3,09 4 0,91 0,91 | 08281 | 00166
VIO | 3,59 4 041 041 | 01681 | 00034
Vil | 3,79 4 0,21 0,21 | 00441 | 0,0009
V12 3.6 4 040 | 040 | 01600 | 00032
Ave | 333 4 .67 0.67 | 04480 | 001045
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Result (simulation and/or experiment)

%6
¢ $O¢
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Fig. 6 is derived from Table VIII and Table IX. It shows a
graph of the percentage of responses from respondents,
showing the relationship between visemes and the scores
given ﬁﬂ’m respondents. Most respondents gave good

ween agree and strongly agree for each viseme.

Fig. 6 also shows the mean rating of each viseme. High
mean rating indicated that the mapping of phoneme to
viseme for Indonesian language has been well represented.

The results of the average value of MSE is 0.01045,
indicating that the responses from the respondents are
qualified in accordance with the wvalue of the condition,
which is only about 1%, less than 5% (MSE < 0.05). Thus, it
indicates that the error in the measurement is small.
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V. CONCLUSION

Based on the nine geometrical parameters from blend
shape animation of mouth shapes around the lips of an
animated facial model, we establish a distinct phoneme-to-
viseme mapping for Indonesian ]anguageﬁ as can be seen in
Table XI. It 1s possible to reco a vowel and determine
the consonant analysis. For %’Kme research, we plan to
use this ::mtcﬂme to )@Brg other geometric parameters to
dﬁve]np a mn:ure onesian Viseme.

tﬂ-wseme mapping for Indonesian
-:m lmgmﬂtu: approach and wvalidated

ﬁ?]@éﬁmey, 12 Indonesian visemes have been produced
&\mﬂﬁdmg silent. These 12 are considered complete enough to
represent all 49 Indonesian phonemes. The error measured is
relatively small, the average of the mean rating index for all

viseme 15 good, and the correlation value obtained is very
high, close to 1, which shows a good result.
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A. Response to Editor:

The paper requires further revisions based on reviewers' comments especially in following aspects:

Al. Add comparison with some well known methods for critical clearing time evaluation and show the
suggested method is superior

Response:

We have carried out additional numerical simulations of the Shadowing Method to compute CCT.
The results are given in Table V, just above the conclusions. It is observed that the proposed
method can provide exact CCT, as is not the case for the shadowing method. We have added the
following sentences in section III together with the modification of Table V.

“As is mentioned in the Introduction, the transient energy function methods are alternative
methods to obtain CCT. In order to compare the proposed method with the transient energy
function method, we chose the BCU Shadowing Method [12] for comparison. The results are
listed in Table V for 30-machine system. It is observed that the proposed method provides
accurate CCTs, while this is not the case for the Shadowing method.”

It is also observed that the CPU time for the proposed
method is faster compared to the conventional simulation
method. The method can save significant time in off-line
stability studies, and may be applied for on-line use in the
future.

As 1s mentioned in the Introduction, the transient energy
function methods are alternative methods to obtain CCT. In
order to compare the proposed method with the transient
energy function method, we chose the BCU Shadowing
Method [12] for comparison. The results are listed in Table V
for 30-machine system. It is observed that the proposed
method provides accurate CCTs, while this is not the case for
the Shadowing method.

Figure 4 shows the critical trajectories obtained by the
proposed method, together with stable and unstable
trajectories (1 and 2) given by the conventional numerical
simulations. In this figure, the ordinate is angular velocity @ in
[rad/s] and the abscissa is rotor angle € in [rad] for each
generator. It i1s observed that the critical trajectory lies almost
between the stable and unstable trajectories, implying the
validity of the proposed method.
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