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Multimodal Sentiment Analysis

Loves the German bakeries in Sydney. Together with my imported honey it feels like

but | just can't copy the files somehow!

home Positive
@VivalLalLauren Mine is broken too! | miss my sidekick Negative
Finished fixing my twitter... | had to unfollow and follow everyone again Negative
@DinahlLady | too, liked the movie! | want to buy the DVD when it comes out »
Positive
@frugaldougal So sad to hear about @OscarTheCat Negative
@Mofette brilliant! May the fourth be with you #starwarsday #starwars Positive
Good Morning thespians a bright and sunny day in UK, Spring at last Positive
@DowneyisDOWNEY Me neither! My laptop’s new, has dvd burning/ripping software N
egative

Text Sentiment Analysis
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Multimodal Sentiment Analysis
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Multimodal Sentiment Analysis
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Multimodal Sentiment Analysis
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(b) Late Fusion based
Multimodal Sentiment Analysis
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MMMU-BA

MMMU-BA(Multi-Modal Multi-Utterance Bi-modal Attention)
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Figure 1: Overall architecture of the proposed MMMU-BA framework.

This is a model that obtains bimodal attention from between
two or more modalities to perform the final classification
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MMMU-BA

m = layers.dot([features, features], axes=[2, 2])
self.softmax(m)

layers.dot([n, features], axes=[2, 1])
layers.multiply([o, features])

MU-SA(Multi-Utterance Self Attention)

Q O 5
I

The MU-SA model applies self-attention to the
extracted features.

attention_features = []
for k in range(max_utt_len):
# extract multi modal features for each utterance #
MMUU-SA(Multi-Modal Uni-Utterance Self Attention) . _ feature list{1]L, kk + 1, 1
m?2 = feature_list[2][;, kikk + 1, ]
.o - .o m3 = feature_list[O][;, k:k + 1, :]
This is a methodology that utilizes the characteristics

Of two or more modalities SUCh as MMMU-BA but utterance_features = layers.concatenate(Im1, m2, m3], axis=1)

. ) ] ! attention_features.append(self.self_attention(utterance_features))
uses the self-attention of each modality without
considering the attention among modalities merged_attention = layers.concatenate(attention_features, axis=1)

merged_attention = tf.reshape(merged_attention,
(-1, max_utt_len, 3 * selftext_dense_units)))

merged_features = layers.concatenate([
merged_attention, feature_list[1], feature_list[2], feature_list[0]])
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Tensor Fusion Networks

Speakers Behaviors Sentiment
“This movie is sick™ [---------===-========-= > 7
% “This movie is fair™ F---------=---=======--- > +
g Smile |- ------------------------------------ » +
Loud voice F-—=========m=mmmmmmmmmmemmemeey ]
~—
“This movie is sick” | | Smile ~------=-====-==» + +
E “This movie is sick” | | Frown F------------- >  ——
) “This movie is sick™ | Loud voice ~----=-=---- > 7
-

E “This movieis sick” | | Smile  Loud voice ~-> sjjs s oo

“This movie is fair” |  Smile  Loud voice --» +

Figure 1: Unimodal, bimodal and trimodal interac-
tion in multimodal sentiment analysis.
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Tensor Fusion Networks

Spoken Language Embedding Subnetwork

GloVe
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Tensor Fusion Networks

Visual Embedding Subnetwork using FACET framework
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Tensor Fusion Networks

Acoustic Embedding Subnetwork using COVAREP framework
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Tensor Fusion Networks

softmax Joint Multimodal Representation :
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Tensor Fusion Networks
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Tensor Fusion Networks
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Tensor Fusion Networks

Visual(z") Acoustic(z®) Language(z')
Visual(z"”) Acoustic(z”) Language(z')

Unimodal Farly Fusion Unimodal Tensor Fusion

Figure 4: Left: Commonly used early fusion (multimodal concatenation). Right: Our proposed tensor
fusion with three types of subtensors: unimodal, bimodal and trimodal.
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Result

CMU-MOSI Dataset

3 prediction tasks

1. Binary classification
» Positive or Negative

2. 5-class classification
» Positive, Weakly Positive, Neutral, Weakly Negative,
Negative

3. Regression
* From -3 to +3
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Result

Multimodal Binary S5-class  Regression
Baseline Acc(%) Fl  Acc(%) MAE  r
Random 50.2 48.7 239 1.88 -
C-MKL 731 752 353 - -
SAL-CNN 73.0 - - - -
SVM-MD 71.6 723 320 110 0.3
RF 714 721 319 111 051
TEN 771 779 420 087 0.70
Human 85.7 87.5 53.9 071 0.82
ASOTA 1+ 40 127 167 | 02310.17

Baseline Binary 5-class  Regression
Acc(%) Fl1  Acc(%) MAE  r
TFNIanguage 74.8 75.6 38.5 0.99 0.61
TFNuvisual 66.8 70.4 30.4 1.13 0.48
TFNacaustic 65.1 67.3 27.5 1.23 0.36
TFNpimodal 7.2 T76.0 396 092  0.65
'I‘FNtr:,madal ?4-5 75-[] 38-9 093 []65‘
TFN,otrimodar  72.3  76.2 39.7 0919 0.66
TEN 7.1 779 420 087 0.70
'I‘FN-EGTIH ?5-2 ?6-2 39-0 096 []63
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Result

Language Binary S-class  Regression
Baseline Acc(%) Fl  Acc(%) MAE 7
RNIN (713.7)  (734) (352) (0.99) (0.59)
734 738 392 - -
DAN (68.8) (684) (36.7) - -
655 669  32.0 ; ]
D-CAN (62.1) (56.4) (324) - -
CMKL-L 712 724 345 - -
SAL-CNN-L 735 - - ; ]
SVM-MD-L 706 712 331 118 046
TFNinguage 748 756 385 098  0.62
ApOTA +11 118 |07 | 0011003

language
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Visual Binary 5-class  Regression
Baseline Acc(%) Fl  Acce(%) MAE 7
3D-CNN 56.1 584 249 131 026
CNN-LSTM 60.7 612  25.1 1.27  0.30
LSTM-FA 62.1 637 262 123 0.33
CMKL-V 526 585 293 - -
SAL-CNN-V 638 - - - -
SVM-MD-V 592 60.1 256 124 036
TFN s val 694 714 310 112 0.50
AFOTA +56 +77 t1.7 )01110.14
Acoustic Binary 5-class  Regression
Baseline Acc(%) Fl  Acc(%) MAE  r
HL-RNN 63.4 642 259 121 034
Adieu-Net 592 606 251 129 0.3l
SER-LSTM 554 561 242 136 023
CMKL-A 526 585 291 - -
SAL-CNN-A  62.1 - - - -
SVM-MD-A 563 580 246 129 0.8
TFN,coustie 65.1 673 275 123 0.36
AZOTA + 1.7 131 |16 10027002
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Result

# Spoken words + TEN- TFN- TEN- TFN- TEN Ground
acoustic and visual behaviors Acoustic Visual Language Early Truth
+
1 0375 [ -osss 08y EEGGH  EESGH
5 + smile expression + - B - - 1215 1,400
3 <0378 [[L034] (1734 1385 0608 (0400
4 0970 0716 0175
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