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

@VivaLaLauren Mine is broken too! I miss my sidekick Negative

Finished fixing my twitter… I had to unfollow and follow everyone again Negative

@DinahLady I too, liked the movie! I 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 
but I just can’t copy the files somehow! Negative

Text Sentiment Analysis
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Positive Positive PositiveNegative

THIS MOVIE IS 
NOT GOOD

THIS MOVIE IS JUST 
TOO ADORABLE

THE VOICE ACTING 
EXCELLENT

THE VISUALS 
WERE GREAT

Visual

Acoustic

Language

Sentiment
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(a) Early Fusion based
Multimodal Sentiment Analysis

(b) Late Fusion based
Multimodal Sentiment Analysis
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MMMU-BA2

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

MMMU-BA(Multi-Modal Multi-Utterance Bi-modal Attention)
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MMMU-BA2

MU-SA(Multi-Utterance Self Attention)

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

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

MMUU-SA(Multi-Modal Uni-Utterance Self Attention)

This is a methodology that utilizes the characteristics 
of two or more modalities such as MMMU-BA, but 
uses the self-attention of each modality without 
considering the attention among modalities

attention_features = []
for k in range(max_utt_len):
# extract multi modal features for each utterance #

m1 = feature_list[1][:, k:k + 1, :]
m2 = feature_list[2][:, k:k + 1, :]
m3 = feature_list[0][:, k:k + 1, :]

utterance_features = layers.concatenate([m1, m2, m3], axis=1)
attention_features.append(self.self_attention(utterance_features))

merged_attention = layers.concatenate(attention_features, axis=1)
merged_attention = tf.reshape(merged_attention, 

((-1, max_utt_len, 3 * self.text_dense_units)))

merged_features = layers.concatenate([
merged_attention, feature_list[1], feature_list[2], feature_list[0]])
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Spoken Language Embedding Subnetwork
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Action units

Joy evidence

Anger evidence

Surprise intensity

mean
pooling 32 ReLU 32 ReLU 32 ReLU

1 2 3 4 𝑇𝑎

Visual Embedding Subnetwork using FACET framework

𝑍𝑣
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NAQ

QQQ

PSP

MFCCs

mean
pooling 32 ReLU 32 ReLU 32 ReLU

1 2 3 4 𝑇𝑎

Acoustic Embedding Subnetwork using COVAREP framework

𝑍𝑎
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Joint Multimodal Representation :

Simply concatenates all three individual representation

ℎ𝑚 = 𝑓(𝑊 ∙ [ℎ𝑣, ℎ𝑎 , ℎ𝑙])

Visual Acoustic Language

ℎ𝑣 ℎ𝑎 ℎ𝑙

𝑉 𝐴 𝑙

ℎ𝑚

𝑠𝑜𝑓𝑡𝑚𝑎𝑥
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Multimodal Tensor Fusion Network for Bimodal
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Visual Acoustic Language
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Multimodal Tensor Fusion Network for Trimodal
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Result4
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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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• https://arxiv.org/pdf/1707.07250.pdf
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