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l. Introduction

B Micro-Expression Recognition (MER) is widely used in various
subjects.

R § & v
Polygraph Social Interaction Education and health

Practical MER required to be used in different domains, i.e., recognizing
ME captured by various equipment from various subjects and scenes.
=> Practical application need a domain-robust MER model.
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l. Introduction

B Cross-Database Micro-Expression Recognition (CDMER)

SMIC-HS SMIC-VIS SMIC-NIR CASME I

CDMER: evaluating the model’s adaptive ability operated by training the model
in one database (source database) and testing in t he other (target database).

Two obstacles:

1) The severe feature distribution gap between the training and test
databases.

2) The feature representation bottleneck of micro-expression such local and
subtle facial expression, which requires professional knowledge.
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l. Introduction

B Facial Region Selection Strategy

Selecting the salient ME regions conformed to
anatomical definition (Facial Action Unit) for better
CDMER.

1) promote a more precise measurement of the
difference between the source and target
databases by the operations in the feature level
to alleviate this difference.

2) Improve the extracted hand-crafted feature to
become more effective and explicable for better
MER.
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Il. TGSR Method - Feature Generation

B Extracting hierarchical micro-expression feature by grld—
based multi-scale spatial division scheme

1. Aface is split into K local sequence (block);
2. Each spatial block: d dim feature x, ;

. . T
3. Each micro-expression: x” = [x], -+, xF| € RK?;
4. Source database (N, samples)
. |_th faC|a| bIOCk,S featu re |S denoted by Xf € ]:RdXNS; Fig. 1. The grid-based multi-scale spatial division scheme for extracting

micro-expression feature.

“ v .
| & | H 'EE N =

T
« Database’s feature is denoted by X° = [ {T, ---,x;{T] € RKdAXNs:

+ j-th sample’s label is denoted by one-hot vector I} = |17, ---,lﬁc]T which
only ljﬁc equals to 1, indicating that sample belong to this category;
» The label is denoted by L® = [I5, -+, I3 | € R®¥s, C is class number.

5. Target database (N, samples)
- i-th facial block’s feature is denoted by X! € R%*Ne;

T
-« Database’s feature is denoted by Xt = [XtT,- -,X%T] € RKAXNt,
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Il. TGSR Method - Proposed Method

B Transfer Group Sparse Regression Method
, © @
K Y.

1 1
minci LS — z C;I‘Xf + 6 ‘ F {<=1C'll-‘xi915 - EZ{ilC?Xflt
i=1 >

HAYE NG, | (@)

)i

F

(D promote a more precise measurement of the feature different between the
source and target databases in the label space to effectively alleviate this

difference.
@ improve the extracted hand-crafted feature to become more effective and

explicable for better MER.

Note:
1. C; € R¢*? is such a domain-invariant regression matrix to bridge the feature of
the i-th facial region from the source database and corresponding label; C; is also
shared with the source and target databases.

T . . . . .
2. €C=|[C],..,CE] € RKI*C s the regression matrix, which is made of sub-

matrix C; to regress i-th facial local sequence.
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Il. TGSR Method - Optimization

m Solved by ADM and IALM

The problem can be rewritten into

2 K

+A) NG, (2
F i=1
where L = [L5, 0], X; = le,\/?(NiSXfls —NitXflt)].

. ~ K T
ming, ”L - 2., Ci X

Then we introduce a new variable, D = [DT, -, DT]", which equals € =
Ict, ---,C}]T, thus the optimization of Equ. (2) can be converted in to Equ. (3)

- K ~ (12
r(C, Dy Pup) = ||L- X0, DIX:|| +2%i, wein, + 3K, er[PTci - Do) +
LYK, ¢ —D; 112, (3)

where P; € R**¢ denotes the Lagrangian multiplier matrix corresponding to the
i-th facial spatial local block sequence, and u is the given trade-off coefficient.
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Il. TGSR Method - Optimization

m Solved by ADM and IALM

To learn the optimal C;, we only need to minimize the Lagrange function of Equ. (3)
while iteratively update €; and D;.

1. Fix C, P, u and update D :

In this step, the optimization problem with respect to the sub-matrix D; of D
can be written as Equ. (4), then solve its solution.

min |L - DTX|[ + tr[PT(C - D)] +%lic - DI, (4)
where PT = [P], -, P§|, P € RK¥*C p; € R4*C,

2. Fix D, P, u and update C :

In this step, the optimization problem with respect to the sub-matrix C; of C
can be written as Equ. (5), then solve its solution.

mmaz € + 2 e [PT(C = D))+ 535, 1€ = Dy I

5
We can convert Equ. (5) into Equ. (6), then solve its solution, )
. K A 1
min 3K, (; 1€l +51 €= (D= 79) 1 ) (6)
3. Update P and p.
4. Check the convergence of || C — D ||, < ¢ (7)
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Il. TGSR Method - Optimization

B More details of the algorithm to solve the Equ.(3) for TGSR.

Algorithm 1: The algorithm to solve the optimal regression matrix € in TGSR model.

Input: L, X = [X], X}]T salient region number x , scalar parameter p and py.y.

®|nitializing the regression matrix € = [CT, ---,C}]T, the Lagrangian multiplier matrix
P = [PT, -, PT]", and trade-off coefficient .

Repeating step 1) to 4) until convergence.

(1) Fix C, P, u and update D : D = (ulgy + 2XXT) " (2XLT + P + pC)

(2) Fix D, P, u and update C : Calculate d; = ||Dl- — %| R and sort the value of d;, such

thatd; =d;, =--=>d;, , LetAd=ud;  ,thenupdate C according to

Lie+1?

(2
4= P\ A
D,——), =<d;
C;={ 4 U [0
A
0, — > d;
L 2

(3) Update Pand u : P =P + u(D — C), u = min(pu, hmax)-
(4) Check the convergence of || C — D || ,< .
Output: The solved € of regression matrix C.
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Il. TGSR Method - Application for COMER

B Recognizing micro-expression using solved regression matrix.

We first extract the feature xi¢ € RX? of the micro-express to be predicted,
then we can predict its label vector It*¢ by solving the optimization problem as
Equ.(8)

K 2

: te __ T . te
min l ZCl xi ||, (8)
=1 F
s.t. ' >0; 171t =1,
where C; € R%*¢ is the solved regression matrix of i-th facial spatial local
region, and €T = [CT,---,CE], CT € R€*K4, 1t € RC. Then we can use Equ.(9) to

assign its micro-expression label to the largest entry index of the predict label
vector, i.e., micro-expression category ¢.

¢ = argmax;{1}°} 9)
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lll. Experiment — Experimental Setup

B Database: Selected CASME II, SMIC,;
® SMIC: Positive, Negative, Surprise
®Selected CASME Il: Selected 4 category micro-expression to merge into 3
category; (Positive: Happiness), (Negative: Disgust, Repression), (Surprise:
Surprise)

B Protocol:
O®TYPE-I: (Exp.1~Exp.6) between every two subsets of SMIC.

O®TYPE-IIl: (Exp.7~Exp.12) between Selected CASME Il and eé/ery subset of SMIC.
i i Accuracy = r M F1= 1 z 2Pt
B Evaluation Metrics: y =y Macro =T Ptz
c=

B Implementation Details:

®Use Temporal Interpolation Model to fix each micro-expression sequence in to
16 frames; Then resize them into 112x112 pixels.

®Use grid-based multi-scale spatial division scheme to divide the whole face
Into 1x1, 2x2, 4x4, 8x8, four scales totally K = 85 local facial sequence to
extract and concatenate corresponding LBP-TOP features to serve as micro-

expression representation.
®MMD coefficient ¢ € [0.001:0.0002:0.01 0.01:0.002: 0.1 0.1:0.02:1 1:0.2: 10

10:2:100 100:20:1000], salien region number k € [1: 1: 85];
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lll. Experiment - Results and Analysis

B Results on TYPE-I (Exp.1~6) and TYPE-II (Exp.7~12) Experiment

Exp.l{H—V) Exp.2(V—H) Exp.3(H—N) Exp4(N—H) Exp.5(V—N) Exp.6(N—V)

victhod M-F1 ACC M-F1 ACC M-F1 ACC M-F1 ACC M-F1 ACC M-F1 ACC
SVM[ Y] 0.8002  B028  0.5421 54.27 05455 5352 04878 5488 (0.61¥6 6338 06078 63.3H
IW-SVM|[10] 0.8868 8873 05852 5854 0.7469 74.65 05427 5427 06620 69.01 0.7228  T73.24
TCA[ 1] 0.8269  ¥3.10 05477 5488 05828  59.15 05443 5732 05810 61.97  0.6598 67.61
GFK[ 1] 0.8448 8451 05957 59.15 06977 7042 06197 62.80 0.7619 T6.06 0.8142  &1.69
SA[4A] 0.8037 8028 05955 59.15 07465 7465 05644 56,10 07004 T71.B3  0.7394  T4.65
STM[44] 0.8253 ¥3.10 05059 51.22 06628 6620 05351 56.10 06427 67.61 0.6922 7042
TKL[15] 0.7742 7746 05738 57.32 0.7051 7042 06116 6220 0.755% T6.06 0.7580  T76.06
TSRG[ 6] 08869 8873 05652 5671 06484 6479 05770 3793 07056 7042 (08116 H1.69
DRLS[17] 08604 85392 06120 6098 06599 6620 05599 53549 06620 69.01 0.5771  61.97
Ours lﬂ.ﬂ'lSﬂ l 91.55 I L6226 l 62.20 I 0.5847  60.56 l [I.ﬁl?ﬂ l 61.59 I 0.6984  70.42 |n34nj l 84.51 I
Method Exp.7(C—=H) Exp.8s(H—=C) Exp.9(C—=V) Exp.10(V—=C) Exp.l11{C—=N) Exp. 12(N—=C)
M-FI ACC M-FI ACC M-FI ACC M-FI ACC M-FI ACC M-FI ACC
SVM[ Y] 0.3697 4512 03245 4846 04701 50070 05367 33.08 0.5295 52.11 0.2368 23.85
IW-SVM[10]  0.3541 4146 05829 6231 05778 53915 0.5537 5462 05117 50070 03456 36.15
TCA[ 1] 0.4637 4634 04870 5308 06834 6901 05789 35923 04992  50.70 03937 4231
GFE][ 1] 04126 4695 04776 50.77 0.6361 66.20 06056 61.50 05180 5352 04469 4692
SA[45] 0.4302 4756 05447 6231 05939 5915 05243 51.54 04738 4789 03592 36.92
STM[4] 0.3640 4390 06115 6385 0.4051 52.11 0.2715 30,00 03523 4225 03850  41.54
TEL[ 5] 0.4582 4695 0.4661 54.62 06042 6056 (05378 53.08  0.5392 5493 04248 4385
TSRG|16] 0.5042 5183 05171 60.77 05935 5915 06208  63.08 05624 5634 04105 46.15
DRLS[17] 0.4924 53.05 05267 5923 05757 57.75 0 05942 60.00 04885 4983 03838 4237
Ours 0.5001 51.83 0.5061 5692 05906 5915 |0.640 63.85] |0.56 57.75] |0.447 48.46

Outperform those state-of-the-art methods on beyond half tasks. -
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lll. Experiment - Results and Analysis

B Results on TYPE-Il Experiment

Exp. liH—=V) Exp.2(V—H) Exp.3(H—=N) Exp4{N—H) Exp.l1l{iC—=N) Exp.12{N—C)

Method M-Fl ACC M-F1 ACC M-F1 ACC M-F1 ACC M-F1 ACC M-F1 ACC
SVM[2Y] 0.8002 8028 05421 5427 05455 5352 04878 5488 05295 52.11 0.2368 2385
IW-SVM[10] 0.8868 88.73 (0.5852 5854 07469 74.65 05427 54.27 05117 50.70 0.3456  36.15
TCA[11] (0.8269  83.10 05477 5488 05828 539.15 05443 5732 04992 50,70 03937 4231
GFK[1Z] (0.8448 8451 05957 5915 06977 7042 06197 6280 0.5180 53.52  0.4469 4692
SA[43] 0.8037 BO28 05955 59.15 07465 7465 05644  56.10 04738 4789 03392 3692
STM[44] (0.8253 8310 05059 51.22 06628 6620 05351 56.10 03523 4225 03850 4154
TKL[45] 07742 7746 05738 5732 09051 7042 06116 62.20 05392 5493 04248 4385
TSRG[10] (.BB6Y  8BE.T3 05652 5671 0.6484 6479 05770 57.93 05624 56.34  0.4105  46.15
DRLS[47] 0.8604 8592 06120 6098 06599 6620 05599 5549 04885 4983 03838 4237
Ours 09150 9155 0.6226 62.20 05847 6056  0.6272  61.59 05697 57.75 0.4474 4846

1. Domain adaption tricks can promote method performance: [SVM]=>[IW-SVM].
2. TYPE-I generally perform better than TYPE-II: the tasks themselves cause it.
3. Experiment exchanging the source and target database has an obvious
performance gap:
® Exp.1 (H->V) outperform than Exp.2 (V->H) : high-speed camera
® Exp.3 (H->N) outperform than Exp.4 (N->H) : color information
® Exp.11 (C->N) outperform than Exp.12 (N->C) : color info & database gap
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lll. Experiment — Hyper-parameter Discuss

B Discussing the hyper-parameter of salient facial region k
,.-.,55
535[}
= 45
'-,_'E«m
335

& Salient facial regions

20 : for CDMER are

15 :
0 510152025303540455055606570758085 0 510152025303540455055606570758085 exiguous and valuable

K . feature may be
BT T 55"_""""""" dfOWﬂBd.

—

@ 35

1
0 510152025303540455055606570758085 0 510152025303540455055606570758085
K I

Fig. 3. The hyper-parameter discussion of selected facial local region number
k. (a) shows the experimental results of Exp.8(H—C) and (b) shows the
experimental results of Exp.4(H—N). 18
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lll. Experiment — Hyper-parameter Discuss

B Discussing the hyper-parameter ¢ of MMD term

100 —

—_— —_ i Y
B0 - i L
S 2
; 80 - 8 60 [
(a)g i
o - L a0t
< g MMD terms to improve
°l E model performance
- e pe across a wide range of
. ¢ - ¢ hyper-parameter ¢&.
B0 - -;:?“ BO |
(b)kﬂ; 60 - (% GO F
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: f Lok
< -
20+ uE} 201

§ §

Fig. 4. The hyper-parameter discussion of trade-off coefficient £. (a) shows

experimental results of Exp.1(H—V), and (b) shows the experimental results

of Exp.12(N—C). 19
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lll. Experiment - Visualization

B Competitive and Explicable Feature Learning
( urce \ [E Source

_—

T: Target \
e

i | | ~__4

\_ SMIC-HS CASME II j \ SMIC-NIR sMIC-VIs _/ SMIC-VIS SMIC-NIR j

Target

Fig. 2. The visualization of salient facial regions selected by proposed TGSR method for three cross-database micro-expression tasks. The salient facial
regions are highlighted above and evidenced by the regression matrix C.

TGSR focuses on salient areas with apparent muscle movement, i.e., eye

corners, mouth corners, which consistent with the micro-expression definition in
anatomy.

TGSR achieved a competitive performance by learning an explicable feature.
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Conclusion

B We propose a novel TGSR method.

® TGSR seeks and selects the salient facial regions by learning a shared

binary sparse regression matrix between the source and target
databases.

® TGSR promotes a more precise measurement for better alleviating the
feature difference between the source and target databases in the
label space.

® TGSR improves the extracted hand-crafted feature to become more
effective and explicable for better MER.

B We conduct experiments on CASME and SMIC databases.

® Experiments and visualizations demonstrate that TGSR effectively
learns well-designed features and outperform most state-of-the-art
subspace-learning based domain adaption methods for COMER.
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Contact Email: jiangxingxun@seu.edu.cn
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