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McGurk Effect (1976)
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Easy and clean visual data Hard and noisy audio data
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OGM-GEF &

B On-the-fly Gradient Modulation (OGM)
with Generalization Enhancement (GE)

.....................................................................................

i Gradient Modulation i
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B On-the-fly Gradient Modulation (OGM)
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B Generalization Enhancement (GE)
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Dataset CREMA-D VGGSound
Method Acc mAP Acc mAP
Audio-only 52.5 54.2 44.3 48.4
Visual-only 41.9 43.0 310 34.3
Baseline 50.8 52.6 48.4 51.7
Concatenation 517 335 49.1 525
Summation S5 355 49.1 524
FiLM 50.6 52.1 48.5 51.6
baselinety 4.4 0.2 J0. 1 33D
Concatenationt 61.9 63.9 50.6 53.9
Summationt 62.2 64.3 50.4 53.6
FiLM+ 55.6 574 50.0 52.9
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— KS VGGSound CREMA-D dataset
Method Acc Acc Method Acc
TSN-AV 58.6 49.0 I-vector 53.6
TSM-AV 60.3 48.8 X-vector 33.6
TBN 60.8 49 4 MWTSM 54.1
PSP 59.7 49.2 I-vectory 333
TSN-AVT 59.1 49.6 X-vectort 571
TSM-AVt 62.4 49.6 MWTSM+ 58.0
TBN+ 63.1 50.4
PSP+ 60.4 49.5
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Dataset CREMA-D KS
Method Acc Acc
Concatenation 51.7 59.8
Modality-Drop (audio) 54.4 60.3
Modality-Drop (visual) 53.3 61.3
Grad-Blending 56.8 62.2

‘ OGM 59.0 61.1 \
OGM-GE 61.9 62.3
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Audio-visual Event Localization
w/ or w/o OGM-GE w/0 w/
AVGA 72.0 72.8
PSP 76.2 76.9
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B Audio-Visual Question Answering (AVQA)
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Which clarinet makes the sound first ?

[ VOA model | [AQA model ] [y o o
! l A
makes the sound? which clarinet? A4
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MUSIC-AVQA 1B &

B Q-A Pair #£3l

Question: What is the left instrument of
the second sounding instrument?

Answer: guzheng

Audio-visual reasoning!
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Solo | Other Audio - Formulas Meaning

Szygtr;:ic 16.7% Exisgzzal (Object)  instrument name

' (LR) left & right
Visual Audio-Visual Comparative counti (LRer) leftmost & rightmost

Real g 56.1% 19.7% "2‘2“‘1“‘)}% (FL) first & last

TS -0 (TH) first, second, ...

L;’g‘;‘i;’“ (LL) Loudest and lowest
o (BA) Before and after

(a) Real and synthetic videos

(b) Different scene types

(c) Modalities QA pairs

Multi-modal scene

(d) Audio-visual questions

(e¢) Question Formulas

| Audio-Visual | Visual - Audio ——=
Question type g
&
B Existential - 2000 % L/
. ~ ~
[ ] Counting Q (]
[ Location I 1500 g % $ 4 &
I Comparative "g (SN N
N\ 2
Temporal L 1000 2 < . S
I Counting 7
) e /. 2
[ Location 500 Is -
I Counting W S
- Comparative .
,,,,,,,,,,,,,,,,,, 0
Question Templates a 2 Q& a QA a a A N A A a the
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(f) Distribution of question templates.

(g) Distribution of collected questions by their first four words.
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MUSIC-AVQA ¥ iR &
B FEMQABUIESERILLE:

. . . Average . . A-V Question
Dataset Origin Main sound type | # Videos video Ic;gth A Question | 'V Question Existential  Location CouSling Comparative  Temporal
ActivityNet-QA | ActivityNet | Background music 5.8K 180s X v X X X X X
TVQA TV Show Human speech 21.8K 60s/90s X v X X X X X
AVSD Charades Domestic sounds 8.5K 30s v v v X X X X
Pano-AVOA Online Visual object sound 5.4k Ss v v v v X X X
MUSIC-AVQA YouTube Visual object sound 9.3K 60s v v v v v v v

o SRt VREEOL AL AL R R ) Q-A pair,  FEHAREHE 5 5 A1 .
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. Video . Pl | { !

Input video g s JA0 A~ T e \ °) > !

P Encoder : WY 4 T e Z() ,

: - Weighted :

\ l

/

Sounding area pooling
. Audio 4 ‘ IS % =5 ; A
Input audio 4 ‘ diflle p & \
Encoder |' e e it R W |
” ‘ . 1
: / classifier :
1
1
|
1
|\ Question l 1
________________________ 1
i . . H ' query |
i Which clarinet makes i » g ': Answer: |
| thesound first? | ! right |
. Question . i
Input question Encoder 1 !
kN Prediction /
Note: . visual attention score over time . audio attention score over time @ dot product @ concatenate
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. Video . Pl | { !

Input video g s JA0 A~ T e \ °) > !

P Encoder : WY 4 T e Z() ,

: - Weighted :

\ l

/

Sounding area pooling
. Audio 4 ‘ IS % =5 ; A
Input audio 4 ‘ diflle p & \
Encoder |' e e it R W |
” ‘ . 1
: / classifier :
1
1
|
1
|\ Question l 1
________________________ 1
i . . H ' query |
i Which clarinet makes i » g ': Answer: |
| thesound first? | ! right |
. Question . i
Input question Encoder 1 !
kN Prediction /
Note: . visual attention score over time . audio attention score over time @ dot product @ concatenate
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° ke A4 A A AZ Method A Question  V Question  A-V Question  All
LIMRISE S 1EJ&QAEE 73 Q 65.19 44.42 55.15 54.09
) A+Q 67.78 62.75 63.86 64.26
o B JZTEIH V+Q 68.76 67.28 6323 6528
AV+Q 70.67 69.72 65.84 67.72
AV+Q+TG 73.01 73.18 68.02 70.27
AV+Q+TG+SG | 74.06 74.00 69.54 71.52

* TG: Temporal Grounding; SG: Spatial Grounding.

Ablation study on input modalities and the proposed modules.
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B FEMQAGERILLE:

Task Method Audio Question Visual Question Audio-Visual Question All
) Counting Comparative  Avg. | Counting Location Avg. | Existential Location Counting Comparative Temporal Avg. | Avg.
AudioQA FCNLSTM 70.45 66.22 68.88 63.89 46.74 55.21 82.01 46.28 59.34 62.15 47.33 60.06 | 60.34
CONVLSTM 74.07 68.89 %10 67.47 54.56 60.94 8291 50.81 63.03 60.27 51.58 62.24 | 63.65
GRU 72.21 66.89 70.24 67.72 70.11 68.93 81.71 59.44 62.64 61.88 60.07 65.18 | 67.07
VisualQA BiLSTM Attn 70.35 47.92 62.05 64.64 64.33 64.48 78.39 45.85 56.91 53.09 49.76 57.10 | 59.92
HCAttn 70.25 5491 64.57 64.05 66.37 65.22 79.10 49.51 59.97 55.25 56.43 60.19 | 62.30
MCAN 77.50 55.24 69.25 71.56 70.93 71.24 80.40 54.48 64.91 57.22 47.57 61.58 | 65.49
PSAC 75.64 66.06 72.09 68.64 69.79 69.22 77.59 55.02 63.42 61.17 59.47 63.52 | 66.54
VideoQA HME 74.76 63.56 70.61 67.97 69.46 68.76 80.30 53.18 63.19 62..69 59.83 64.05 | 66.45
HCRN 68.59 50.92 62.05 64.39 61.81 63.08 54.47 41.53 53.38 52.11 47.69 50.26 | 55.73
AVSD 72.41 61.90 68.52 67.39 74.19 70.83 81.61 58.79 63.89 61.52 61.41 65.49 | 67.44
AVQA Pano-AVOQA 74.36 64.56 70.73 69.39 75.65 72.56 81.21 59.33 64.91 64.22 63.23 66.64 | 68.93
[ Our method 78.18 67.05 74.06 71.56 76.38 74.00 81.81 64.51 70.80 66.01 63.23 69.54 | 71.52 |

AV QA results of different methods on the test set of MUSIC-AVQA. The top-2 results are highlighted.

> AMTRTIEAE LK 2 50 ) @R A F#EAS 1835 13T,
JCE 2 AE Counting A1 Location W)@ L.,
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0.0260 0.0430 0.1796 0.0117 0.0547 0.1704 0.0575 0.1429 0.2247 0.2075

0.1786 0.0183 0.0291 0.1070 0.0446 0.0534 [N029330  0.0187 0.1353 0.2770
(a) Q: How many sounding cello in the video? A: two Q (b) Q: How many types of musical instruments sound in the video? A: two Q

0.0056 0.2831 0.0538 0.1243 0.1223 0.1086 0.0855 0.1293 0.1439
0.0083 0.0638 0.1110 | 03016 01609 0.0807 0.0237 0.0601 0.0333

(¢) Q: Where is the last sounding instrument? A: right Q (d) Q: Where is the first sounding instrument? A: left Q

0.1562 0.1392 0.1148 0.0613 0.1748 | 02406 0.0239 0.0229 0.0024 0.0402
0.2185 0.2693 0.0049 0.0411 0.0429 0.0676 [0.1469 |  0.0120 0.0145 0.0359
(e) Q: Is the first sound coming from the right instrument? A: yes Q (f) Q: What is the left instrument of the first sounding instrument? A: erhu °
Note: . visual attention score over time - audio attention score over time

< GeWu-Lab 33
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Balanced Multimodal Learning via On-the-fly Gradient Modulation,
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Learning to Answer Questions in Dynamic Audio-Visual Scenarios,
CVPR 2022 ORAL
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Learning in Audio-visual Context:
A Review, Analysis, and New Perspective

Yake Wei, Di Hu, Yapeng Tian, Xuelong Li, Fellow, IEEE

Abstract—Sight and hearing are two senses that play a vital role in human communication and scene understanding. To mimic human
perception ability, audio-visual learning, aimed at developing computational approaches to learn from both audio and visual modalities,
has been a flourishing field in recent years. A comprehensive survey that can systematically organize and analyze studies of the
audio-visual field is expected. Starting from the analysis of audio-visual cognition foundations, we introduce several key findings that have
inspired our computational studies. Then, we systematically review the recent audio-visual learning studies and divide them into three
categories: audio-visual boosting, cross-modal perception and audio-visual collaboration. Through our analysis, we discover that, the
consistency of audio-visual data across semantic, spatial and temporal support the above studies. To revisit the current development of
the audio-visual learning field from a more macro view, we further propose a new perspective about audio-visual scene understanding,
then discuss and analyze the feasible future direction of the audio-visual learning area. Overall, this survey reviews and outlooks the
current audio-visual learning field from different aspects. We hope it can provide researchers with a better understanding of this area.

Index Terms—Sight, Hearing, Audio-visual learning, Audio-visual boosting, Cross-modal perception, Audio-visual collaboration, Survey
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Audio-visual Boosting

* Audio-visual Recognition
* Speech Recognition
* Speaker Recognition
* Action Recognition
* Emotion Recognition

* Uni-modal Enhancement
* Speech Enhancement/Separation
* Object Sound Separation
* Face Super-resolution/Reconstruction

Cross-modal Perception

* Audio-visual Generation
* Mono Sound Generation
* Spatial Sound Generation
* Video Generation
* Depth Estimation

* Audio-visual Transfer Learning

* Cross-modal Retrieval

Audio-visual Collaboration

* Audio-visual Representation Learning
* Audio-visual Consistency
* Deep Clustering
* Pre-training Model

* Audio-visual Localization
* Sound Localization in Videos
* Audio-visual Saliency Detection
* Audio-visual Navigation

* Audio-visual Event Localization/Parsing

* Audio-visual Question Answering/Dialog

GeWu Lab
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Learning in Audio-visual Context:
A Review, Analysis, and New Perspective

Yake Wei Di Hu* Yapeng Tian Xuelong Li
Renmin University Renmin University University of Texas Northwestern Polytechnical
of China of China at Dallas University

* Indicates Corresponding Author
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Renmin University of China

RENMIN UNIVERSITY OF CHINA

Thank You for listening!

Di Hu (#A1E)

Email: dihu@ruc.edu.cn
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