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Abstract We propose an enhanced convolutional long short-term memory (ConvLSTM) algorithm, i.e., Enhanced
ConvLSTM, by adding skip connections in the spatiotemporal directions to conventional ConvLSTM to suppress
gradient vanishing and use older information and We propose a method that uses this algorithm to automatically
recognize facial expressions from videos. The proposed facial expression recognition method consists of two En-
hanced ConvLLSTM streams and two ResNet streams. The Enhanced ConvLSTM streams extract features for fine
movements, and the ResNet streams extract features for rough movements. We conducted experiments to compare
a method using ConvLSTM with skip connections and a method without them. A method using Enhanced CovnL-
STM had a 4.44% higher accuracy than the a method using conventional ConvLSTM. Also the proposed facial
expression recognition method achieved 45.29% accuracy, which is 2.31% higher than that of the conventional facial
expression recognition method.
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Fig.1 Outline of Enhanced ConvLSTM
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Fig.2 Outline of proposed facial-expression recognition method
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Fig.3 Outline of conventional ConvLSTM and Enhanced ConvLSTM

Z 2T, g i, Group Normalization [30] 2R3 B 3 IZHEkD
ConvLSTM & i E#! ConvLSTM D % /57, 3, A1,
2 6bhNrb 517, HED ConvLSTM & B EA ConvLSTM
DEWE, BNEOHITDOATH B, Weskz, 12 & o TERMMN
skip connection, hi_2 Z & > TH#EM skip connection AY5EH
TIN5, AEHEEPEEBFERIIE, 2y b7 - DB RS
ZEIZEoT, BhOBITEBRINZALBENNELS ST
HTHB. skip connection ZEIMT B &Iz & b, AlLHZ
DEFAOBIEEINDNANTES Z LIZ &> THRKLHE
KB E NS, ZNiE ResNet LABKDT A T7 TH5B. £
7z, R ConvLSTM Tli, BENEDHE hy 12X LT Group
Normalization 2 #HT 2 Z &2k > T, HAMEZEKEL,
BEEEHT 5.

3.2 ResNet A h)—L

ResNet A MV — A Tl, dynamic image # AJ1& L, En-
hanced ConvLSTM A b U — AR, K& 28 & DR % Hl
5.

ResNet [31] 1&, HERBICB VW TEHWEREEZRL TV
CNNs OF#£TH 5. ResNet 1, ZE[IHHIZ skip connection
EBALZZEIZLD, ARHEEEZNHIL, £ KBRSy
N —20%FETEEHL5ZLAEFETHS. dynamic image
i, HY - v AERMARTRELEDEEERTHS.
DHEGIE, REFETZBRIIEDNTWE A, KEWIFRIE
FN/-HBETHS. ResNet A Y —ALTIE, dynamic image
% ResNet IZANTEHILIZLoT, KERHETEEZX D7D
DR EME T 5. TULT, HOoNZREEZ tanh ITL-T
X5, ZOMEIE, Enhanced ConvLSTM A bV — A
PORONTREELRAUAT—VIZT2HDTHB. £z,
ARFIETIX, EOKREAD 50 TH S ResNet-50 i3, £ 1
IZ ResNet DR 70w 7 DNRTA—REHL#HKT 5.

4. = g%

AMFETlE, eNTERFACEO5 database [5] Z FHWT 2 DD
EeBImok. 1 DI, REFEOMKEROEZMEE

# 1 ResNet-50 THH L 7zDEAAAT — IV
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-40-



sadness surprise

disgust fear

anger

X 4 eNTERFACEO05 database %515 & 41 5 B D H#
Fig.4 Example face images obtained from eNTERFACEO05
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Table 2 Recognition rate of each combination of components of

the proposed method

Method Accuracy
(a) Method with only 2 ResNet streams 33.70%
(b) Method with only 2 conventional ConvLSTM
39.84%
streams (without skip connections)
(c) Method with only 2 Enhanced ConvLSTM
44.28%
streams (with skip connections)
(d) Method with 2 ResNet streams and
41.48%
2 conventional ConvLSTM streams ((a) and (b))
(e) Proposed method with 2 ResNet streams and 15.29%
. 0
2 Enhanced ConvLSTM streams ((a) and (c))
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Table 3 Results of comparing proposed method with conven-

tional methods

Method Accuracy
Mansoorizadeh et al. [13] 38.00%
Fejani et al. [14] 39.28%
Zhalahpour et al. [15] 42.16%
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Method with only 2 Enhanced ConvLSTM streams | 44.28%
Propsed 45.29%
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R, 44.28% TH Y, HEED ConvLSTM A kU — LD A
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