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Question Distribution

Overview Pano-AVQA Dataset Experiments

Pano-AVQA: Grounded Audio-Visual Question Answering on 360° Videos
Heeseung Yun¹, Youngjae Yu², Wonsuk Yang³, Kangil Lee⁴, Gunhee Kim¹
¹ Seoul National University, ² Allen Institute for AI, ³ University of Oxford, ⁴ Hyundai Motor Company https://github.com/hs-yn/PanoAVQA

Challenges

Language and Audio-Visual Transformer (LAViT) 

References

10

15

20

25

30

35

40

45

50

55

20 25 30 35 40 45 50 55

S
p
h
e
ri
c
a
l 
S
p
a
ti
a
l 
R
e
a
s
o
n
in

g
(%

)

Audio-Visual Reasoning (Accuracy, %)

Prior (“yes”)

AVSD

Q-Type Prior

BERT+AV

SparseGraph

Ours (LAViT)
LXMERT

47

48

49

50

51

52

Cartesian Spherical Unit Sphere Quaternion

A
c
c
u
ra

c
y
 (

%
)

Spherical Spatial Embeddings

42

44

46

48

50

52

Single-NFoV ER-Only Dense-NFoV ER+NFoV

A
c
c
u
ra

c
y
 (

%
)

Influence of FoV

42

44

46

48

50

52

w/o unimodal A+L V+L A+V+L

A
c
c
u
ra

c
y
 (

%
)

Influence of Modality

□ GT       

□ Cartesian        

□ Angular       

□ Spherical

□ Quaternion

Q. What is below a man with striped shirt?

Answer: Selfie stick / Prediction: Camera

Q. Is a conversation sound created by a 

man wearing black mask?

Answer: Yes / Prediction: Yes

✔

❌

✔

❌

Annotation Crowdsourcing 

Object Making

Sounds

V: Walking man

S: Chattering

V: Gray car

S: Mildly revving engine noise

V: Black car in a distance

V: Traffic light

Visual / Sound Description

Q. What sound is the 

walking man making? 

A. Chattering.   

Q. Where is the grey 

car in relation to the 

walking man?

A. Above.

Question-Answer Pair

✓ 360° video clips (+multichannel audio) with audiovisual saliency

✓ 3-stage pipeline to facilitate annotation
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Answer Grounding Distribution

Audio Tag Distribution
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Q. What color is 

the t-shirt of the 

man talking?

Object

Detector

Audio

CNN
BERT

Embedding

ER

NFoV

Quaternion-based coordinate representation

𝑐𝑖 = (𝑡𝑖𝑚𝑒, cos
𝜃

2
, −𝑦𝑠𝑖𝑛

𝜃

2
, 𝑥𝑠𝑖𝑛

𝜃

2
, 𝑤𝜃 , ℎ𝜙)

V-Transformer

𝑣0 𝑣1 𝑣2 …

A-Transformer
L-Transformer

(BERT)

𝑎0 𝑎1 𝑎2 …𝑙0 𝑙1 𝑙2 …

A+V LayerL+A Layer V+L Layer

L+AV Layer A+LV Layer V+LA Layer
Decoder

(MLP)

A. Blue.

Pretraining Tasks

(L) Masked LM

(A) Skewness

(V) Coordinate

(Multi) QA, Grounding

Spherical harmonics decomposition
(audio skewness prediction)

𝑠𝑡 𝜃, 𝜙 =
𝑛=0

𝑁


𝑚=−𝑛

𝑛

𝑐𝑛
𝑚 𝑡 ⋅ 𝑌𝑛

𝑚(𝜃, 𝜙)

Q. Where is the cause of rustling noise

in relation to a woman in pink clothes? 

A. Right.

Q. What color are the shorts of the 

bald man speaking in a grave voice?

A. White.

Q. What are the people on the opposite 

side of the talking man doing?

A. Walking.

✓ First large-scale audio-visual QA dataset on 360° videos

✓ Spherical spatial reasoning and audio-visual reasoning

✓ 51.7K QA pairs with answer grounding

✓ Possible extension from audio-visual scene graphs to embodied AI

✓ 360° videos convey holistic view for the surroundings

✓ Applications: autonomous vehicles, AR/VR, Automatic cinematography [1], 

saliency detection [2], audio spatialization [3], etc. 

Spherical Spatial Reasoning Audio-Visual Reasoning

✓ Non-Euclidean spatial relations

✓ Distortion, discontinuity on a sphere

✓ Relative spatial relation without fixed 

orientation

✓ Audio-visual cues beyond normal FoV

✓ Fine-grained audio-visual relationships 

from the videos in the wild

Q. Is a man wearing a mask telling something? / 

A. No.

Q. What color is the shirt of the man who 

speaks first? / A. Black.

Q. What is the source of sound of engine that is 

beneath an electric wire? / A. Black car driving.

Q. Where is the cause of speech of a female in 

relation to a man with sunglasses? / A. Right.

[1] Su et al. Pano2Vid: Automatic Cinematography for Watching 360 
Videos. In ACCV, 2016.
[2] Cheng et al. Cube Padding for Weakly-Supervised Saliency 
Prediction in 360 Videos. In CVPR, 2018.
[3] Morgado et al. Self-Supervised Generation of Spatial Audio for 360 
Video. In NIPS, 2018.

https://github.com/hs-yn/PanoAVQA

