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B Audio-Visual Question Answering (AVQA)
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Which clarinet makes the sound first ?

| VQA model | [ AQA model | [l o o
l 1 e
makes the sound? which clarinet? v
cannot be parsed cannot be parsed A: right
X v
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Question: What is the left instrument of

the second sounding instrument?
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Sl Other A Formulas Meaning
\udio . .
. Existential . .
Szy(l)ltlh;tlc 16.7% 18.6% (Object) instrument name
. 0 - .
(LR) left & right
Viual AoVl St ot (LRer)  leftmost & rightmost
Real gy 56.7% 19.7% ;TI‘;g (FL) first & last
79.9% o (TH) first, second, ...
L;gigl‘;“ (LL) Loudest and lowest
. 0
(BA) Before and after
(a) Real and synthetic videos (b) Different scene types (¢) Modalities QA pairs (d) Audio-visual questions (e) Question Formulas
Multi-modal scene } Audio-Visual | Visual o Audio —
,,,,,,,,,,,,,,,,,, 1 2500 -
Question type 15
S
- Existential - 2000 (< @ Q>
[ Counting 2 S4 Y
[ Location I 1500 g % " &
I Comparative "E AR N
Temporal L 1000 Zs % ,;Q@
I Counting tbe 5
[ Location 80 Is
I Counting W, 1S
- Comparative 4
,,,,,,,,,,,,,,,,,, 0
Question Templates A - . & oA . . L. e A A A s R N N N the
F T I E LIS S ST F P E IS S S ST LS y
A S TS T E TSP T T SIS T TSI
ST S \7ix»ﬁo&”@%@s&;“’o\l%‘i@ﬂf}'& Sl o SO OIS NS %
F L FEE T LS T F T S T o o0 P AT 2 3 &
SFIIFITFITEE T T TF TSP TFT L@ F V&P ETE S n
L& & EOIRSR ) S SN F &L I FF S oS £ 8 0
N S S S T T e W S S S S T S "5
&g FT T o Fo T TEFTR " o 7. & F & L Fhs 0()]
L FES Fr ST TS L 4 T o ST
P FOE FF & & S F T FTEP LSS & s &S SO )
& S S ’S) SN RAE TSRO L& & S NI 7 78
S &8 ;\%’*@ & ST SEETOITIFTE T I 78 S -\
¥ FEOS ST S S T& FHE o &L TL °
R S 4A& B \\%\ e R A ’Q& v 4k& 4\‘53 & & g
T RO & S & Sy
@ < &s

(f) Distribution of question templates.

(g) Distribution of collected questions by their first four words.
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.. . . Average . . A-V Question
Dataset Origin Main sound type # Videos video lc;ig[h A Question | 'V Question Existential  Location Cour?ling 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-AVQA 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
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v

4L

Input video ;llildci)(ller
— Weighted
Sounding area pooling
\
. Spatial Grounding J o

o

——————————————

Input audio i |
Encoder :
classifier | |
1
|
|
________________________ l I
] . . i |
v Which clarinet makes | » Answer: |
1 ! o

: the sound first? : right |
: Question |
Input question Encod .
ncoder Prediction /

Note: . visual attention score over time . audio attention score over time @ dot product @ concatenate

Spatial grounding &R > FEREN
Temporal grounding &R > RSP AR
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Encoder
Weighted

Sounding area pooling
Audio

Input audio

{ y _/ :
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Video L I g T T Ry | :
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Encoder
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e e e e e e e e e e e e e e e e e e e e e e e e e e -

v

4L

Input video ;llildci)(ller
— Weighted
Sounding area pooling
\
. Spatial Grounding J o

o

——————————————

Input audio i |
Encoder :
classifier | |
1
|
|
________________________ l I
] . . i |
v Which clarinet makes | » Answer: |
1 ! o

: the sound first? : right |
: Question |
Input question Encod .
ncoder Prediction /

Note: . visual attention score over time . audio attention score over time @ dot product @ concatenate

Spatial grounding &R > FEREN
Temporal grounding &R > RSP AR
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Method A Question V Question A-V Question  All
Q 65.19 44 .42 55.15 54.09
A+Q 67.78 62.75 63.86 64.26
V+Q 68.76 67.28 63.23 65.28
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.

SRR IR = HEIERE U (e AVQAIESS,
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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 F2:.15 67.47 54.56 60.94 82.91 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 3523 5643 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-AVQA 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.

BA IR A R A n)iRE_FEEVS 7 BERURT |
JCEZEECounting ¥ Location []gR_L,
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0.0547 0.1704 0.0575 0.1429 0.2247 0.2075

0.0446 00534 [110.2933 00187 0.1353 0.2770

(b) Q: How many types of musical instruments sound in the video? A: two Q

0.0260 0.0430 0.1796
0.1786 0.0183 0.0291

0.0056 0.2831 0.0538 0.1243 0.1223 0.1086 0.0855 0.1293 0.1439

0.0083 0.0638 01110 | 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  [N0:469°1  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 0
Note: - visual attention score over time - audio attention score over time
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0.55 0.45

—— audio-only model —— visual-only model
use audio encoder in audio-visual model use visual encoder in audio-visual model
0.40
0.50
0.35
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Example : Bus
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Fasy and clean Hard and noisy
visual data audio data
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i Gradient Modulation :
Audio < .I'.Q.'.'..'.'.7.'.'.:.'.'..'.'.:.'.'.5.'.'..'.'.T.'.'.i.'.'..'.'.7.'.'.;.'.'..'.'.T.'.'.J.'.'..'.'.:.'.'.;.'.'..'.'.T.'.'.i.'.'.:.'.?.'.'.;.'.'..'.'.:.'.'.é.'.'..'.'.T.'.'.i.'.'.l.... senneeny
— FC Backward i
Feed-forward :
T i kta I v
. Concat —> | logits-a = softmax |
.Palred ! . 5 Discrepancy Ratio £, Cross-entropy
Multimodal Data — | logits-v = I 4 | | Loss
SRSSNSSSNSSUSSSSUSNURNNSNR ko
l Backward
_ e T ST ! :
Visual ; i :
Encoder 4-? ............. (Drevsrrssnnnnnnnns r‘ D Y () [ : ...........
| | s = kg (=
i NSl SO SN i
i h(6)) ~ N(0,2%())) :
i  Gaussian Noise Gradient Modulation :
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B On-the-fly Gradient Modulation (OGM)
ISR B R A - (LASGDILH )
RREAE:
PSSR [s"

BEEESRE o

a
S.
At v 2
S.
ZieBt L

si=>1
k=1

_-softmax(W," - ¢ (6", x;") + g) -

k=y
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B On-the-fly Gradient Modulation (OGM)
ISR B R A - (LASGDILH )

EREAE L R R
BBIEASERIN s, B a

BEEESRE o

ZieB,Sfa = I-tanh(ar-p/) p; >1

& PINE o t { 1 others

si=>1
k=1

5 softmax(W* - ¢ (6, x") + g) -

k=y
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B On-the-fly Gradient Modulation (OGM)
NSABEVEERE R . (LASGDIUv914)

BEE Ly BEERK . REEE

ST s BEH o SR, KBS

BSEEREE o

I o J1-tanh(a-p) o >1 0., =0 -ng(4,)

Pr = ZieB s’ : 1 others l

0 =0 ~n-k'2(0))

N

si=>1
k=1

k=y

_-softmax(W," - ¢ (6", x;") + g) -
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B Generalization Enhancement (GE)

SGDRYZMMERIBEZ IR © BhEIRFE#KHSS.
5 I NEMURBI IR R EZ 14

BEEE: — IRFIRAE:
0.0 =0"-1g(0)

l 0

t+1

=g (k' g(0")+ h(8"))
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Dataset CREMA-D VGGSound
Method Acc mAP Acc mAP
Audio-only 32.5 54.2 443 48.4
Visual-only 41.9 43.0 31.0 34.3
Baseline 50.8 52.6 48.4 51.7
Concatenation ) 335 49.1 325
Summation Sy 335 49.1 524
FiLM 50.6 52.1 48.5 51.6
baselinet 4.4 2072 J0.1 93D
Concatenationt 61.9 63.9 50.6 53.9
Summationt 62.2 64.3 50.4 53.6
FiLM+ 55.6 57.4 50.0 52.9

t FERDAREM CIBII0OGM-GEFS X,

1t ﬁ ?(;\NAFIERENCE
2022.5.31-6.02
#2RRS
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CREMA-D dataset

Dataset KS VGGSound
Method Acc Acc
TSN-AV 58.6 49.0
TSM-AV 60.3 48.8
TBN 60.8 494
PSP 59.7 49.2
TSN-AV T 59.1 49.6
TSM-AV ¥ 62.4 49.6
TBNT 63.1 50.4
PSP+ 60.4 49.5

Method Acc
I-vector 53.6
X-vector 55.6
MWTSM 54.1
I-vectort 33.3
X-vectorT 57.1
MWTSM+ 58.0

t FERDAREM CIBII0OGM-GEFS X,

mullem SAAI
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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) 533 61.3
Grad-Blending 56.8 62.2
OGM 59.0 61.1
OGM-GE 61.9 62.3

AR 2R B R LF A MIIZRTT,

MRk

B AAI
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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

- EESHEVEREF , h=FE

« FAINEEEEESAINIRS

, EINAERSZ BFEEERIZE,

SRS EIRITERUE,

E‘:ﬁku
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GeWu-Lab

>
‘Gaoling School of Artificial Intelligence
Renmin University of China

B EG=DMT | WED=IEFAIET S HETE
Learning to Answer Questions in Dynamic Audio-Visual Scenarios , CVPR 2022 ORAL
HPEARKFESEATLEREFRGeWUSLIRE=ES

Guangyao Lif  Yake Weit Yapeng Tian ~ Chenliang Xu  Ji-Rong Wen Di Hu*

Renmin University  Renmin University University of University of Renmin University ~ Renmin University
of China of China Rochester Rochester of China of China
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ling School of Artificial Intelligence
Renmin University of China

B SERESFINEAR | B E R ER N HEINSRSIA S 125
Balanced Multimodal Learning via On-the-fly Gradient Modulation , CVPR 2022 ORAL
HPEARKFESEATLEREFRGeWUSLIRE=ES

T

Xiaokang Pengt Yake Weit Andong Deng Dong Wang Di Hu* ARSI e v
Renmin University Renmin University Shanghai Jiaotong Shanghai Artificial Renmin University @ R R R Xk
of China of China University Intelligence Laboratory of China
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