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Visual 5ialog

Task that ŅeńuiŅes aĢ AI 
ageĢt to hold a 
coĢŪeŅsatioĢ about Ūisual 
coĢteĢt

https://visualdialog.org/
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Whű is this aĢű diffeŅeĢt fŅoġ Visual 
QuestioĢ AĢsūeŅiĢg?

3



Keű ChalleĢge

UĢlike VQA, ūheŅe eŪeŅű 
ńuestioĢ is asked 
iĢdepeĢdeĢtlű, a Ūisual 
dialog sűsteġ Ģeeds to 
aĢsūeŅ a seńueĢce of 
iĢteŅ-depeĢdeĢt 
ńuestioĢs about aĢ iĢput 
iġage. 

https://visualdialog.org/
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Keű ChalleĢge

https://visualdialog.org/
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IĢteŅ-depeĢdeĢt 
ńuestioĢs

Aġbiguitű iĢ 
QuestioĢs



Visual RefeŅeĢce ResolutioĢ
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Visual RefeŅeĢce ResolutioĢ
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This caĢ be aĢsūeŅed bű diŅectlű lookiĢg at the Ņight 
ŅegioĢs of the iġage



Visual RefeŅeĢce ResolutioĢ
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Visual RefeŅeĢce ResolutioĢ
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Visual RefeŅeĢce ResolutioĢ
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Visual RefeŅeĢce ResolutioĢ is ŅeńuiŅed to localize 
atteĢtioĢ accuŅatelű iĢ the pŅeseĢce of aġbiguous 

eŰpŅessioĢs



PŅobleġ StateġeĢt

IġpŅoŪe Visual 5ialog bű peŅfoŅġiĢg Visual RefeŅeĢce 
ResolutioĢ to ŅeġoŪe aġbiguitű iĢ ńuestioĢs 
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Visual RefeŅeĢce ResolutioĢ
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To uĢdeŅstaĢd ūhat theġ ŅefeŅs to, ūe Ģeed to look 
at the pŅeŪious ńuestioĢ



Visual RefeŅeĢce ResolutioĢ
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UsiĢg iĢfoŅġatioĢ fŅoġ the pŅeŪious ŅegioĢ of 
iġpoŅtaĢce is useful!



Visual RefeŅeĢce ResolutioĢ
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UsiĢg iĢfoŅġatioĢ fŅoġ the pŅeŪious ŅegioĢ of 
iġpoŅtaĢce is useful!

Keep tŅack of all the pŅeŪious ŅegioĢs of iĢteŅest 
usiĢg aĢ atteĢtioĢ ġeġoŅű



CoĢtŅibutioĢs
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● NoŪel AtteĢtioĢ MechaĢisġ to ŅesolŪe Visual RefeŅeĢces
○ Use Associate AtteĢtioĢ MeġoŅű to keep tŅack of pŅeŪious ŅegioĢs of 

iġpoŅtaĢce iĢ the iġage
● CoġpŅeheĢsiŪe AĢalűsis of the capacitű of the ġodel
● State of the aŅt peŅfoŅġaĢce oĢ beĢchġaŅk datasets 



Related WoŅk
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● Visual Dialog, 5as et al., CVPR ̠̞̟̥
○ Used MeġoŅű to actiŪelű select the pŅeŪious ńuestioĢ iĢ the histoŅű

● LeaŅĢiĢg CoopeŅatiŪe Visual Dialog AgeĢts ūith Deep ReiĢfoŅceġeĢt 
LeaŅĢiĢg, 5as et al., ICCV ̠̞̟̥ 
○ 5eep RL based appŅoach

● GuessWhat?! Visual object discoŪeŅű thŅough ġulti-ġodal dialogue, VŅies 
et al., CVPR ̠̞̟̥
○ Object discoŪeŅű thŅough a seŅies of űes/Ģo ńuestioĢs



Model OŪeŅŪieū
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Task

18

PŅedict aĢ aĢsūeŅ űt at tiġe t giŪeĢ 

● iĢput iġage I, 
● cuŅŅeĢt ńuestioĢ ńt
● dialog histoŅű q = {ͳń̟ , ű̟ ʹ, ͳń̠ , ű̠ ʹ, … , ͳńt , űt ʹ}



EĢcodiĢg
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● LSTM to eĢcode ńuestioĢ űt
● CNN to eŰtŅact to coġpute a featuŅe ġap f
● qieŅaŅchical LSTM to eĢcode the histoŅű

○ EĢcode the ńuestioĢ aĢd aĢsūeŅ sepaŅatelű usiĢg LSTMs
○ ObtaiĢ a QA eġbeddiĢg bű passiĢg it thŅough a fc laűeŅ
○ QA eġbeddiĢg is passed thŅough aĢotheŅ LSTM to get histoŅű eĢcodiĢg



EĢcodiĢg
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● fc laűeŅ to obtaiĢ a fused eĢcodiĢg of the histoŅű aĢd ńuestioĢ
○ This seŅŪes as a coĢteŰt eġbeddiĢg ūhich ūill be helpful ūheĢ lookiĢg at ūhat ŅegioĢ of the 

iġage to coĢsideŅ



AtteĢtioĢ
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● Tūo tűpes of atteĢtioĢ that focus oĢ diffeŅeĢt aspects
○ TeĢtatiŪe AtteĢtioĢ: qoū iġpoŅtaĢt is the cuŅŅeĢt ńuestioĢ
○ AssociatiŪe AtteĢtioĢ MeġoŅű: qoū iġpoŅtaĢt aŅe the pŅeŪious 

ńuestioĢs



TeĢtatiŪe AtteĢtioĢ
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● Keű Idea: FoŅ ceŅtaiĢ ńuestioĢs, ūe caĢ diŅectlű look at the iġage to figuŅe 
out the aĢsūeŅ 



TeĢtatiŪe AtteĢtioĢ
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● Keű Idea: FoŅ ceŅtaiĢ ńuestioĢs, ūe caĢ diŅectlű look at the iġage to figuŅe 
out the aĢsūeŅ 



TeĢtatiŪe AtteĢtioĢ
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● Keű Idea: FoŅ ceŅtaiĢ ńuestioĢs, ūe caĢ diŅectlű look at the iġage to figuŅe 
out the aĢsūeŅ 

c
t



TeĢtatiŪe AtteĢtioĢ
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● Keű Idea: FoŅ ceŅtaiĢ ńuestioĢs, ūe caĢ diŅectlű look at the iġage to figuŅe 
out the aĢsūeŅ 

c
t

PŅojectioĢ of coĢteŰt 
ŪectoŅ iĢto soġe space

PŅojectioĢ of iġage 
featuŅes ŪectoŅ iĢto the 

saġe space



TeĢtatiŪe AtteĢtioĢ
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● Keű Idea: FoŅ ceŅtaiĢ ńuestioĢs, ūe caĢ diŅectlű look at the iġage to figuŅe 
out the aĢsūeŅ 

c
t

PŅojectioĢ of coĢteŰt 
ŪectoŅ iĢto soġe space

PŅojectioĢ of iġage 
featuŅes ŪectoŅ iĢto the 

saġe space



AtteĢtioĢ MeġoŅű
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● Keű Idea: EŰplicitlű stoŅe the iġage atteĢtioĢs obtaiĢed iĢ the past



AtteĢtioĢ MeġoŅű
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● Keű Idea: EŰplicitlű stoŅe the iġage atteĢtioĢs obtaiĢed iĢ the past
● EŪeŅű iteġ iĢ the ġeġoŅű is a ͳatteĢtioĢ, keűʹ paiŅ

○ t is the atteĢtioĢ ġap at tiġe t
○ k is the keű ūhich captuŅes the dialog

histoŅű ͳiĢcludiĢg aĢsūeŅsʹ so faŅ



AtteĢtioĢ MeġoŅű
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● Keű Idea: EŰplicitlű stoŅe the iġage atteĢtioĢs obtaiĢed iĢ the past
● EŪeŅű iteġ iĢ the ġeġoŅű is a ͳatteĢtioĢ, keűʹ paiŅ

○ t is the atteĢtioĢ ġap at tiġe t
○ k is the keű ūhich captuŅes the dialog

histoŅű ͳiĢcludiĢg aĢsūeŅsʹ so faŅ



AtteĢtioĢ MeġoŅű
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● Keű Idea: EŰplicitlű stoŅe the iġage atteĢtioĢs obtaiĢed iĢ the past
● EŪeŅű iteġ iĢ the ġeġoŅű is a ͳatteĢtioĢ, keűʹ paiŅ

○ t is the atteĢtioĢ ġap at tiġe t
○ k is the keű ūhich captuŅes the dialog

histoŅű ͳiĢcludiĢg aĢsūeŅsʹ so faŅ
PŅojectioĢ of coĢteŰt 

ŪectoŅ iĢto soġe space



AtteĢtioĢ MeġoŅű
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● Keű Idea: EŰplicitlű stoŅe the iġage atteĢtioĢs obtaiĢed iĢ the past
● EŪeŅű iteġ iĢ the ġeġoŅű is a ͳatteĢtioĢ, keűʹ paiŅ

○ t is the atteĢtioĢ ġap at tiġe t
○ k is the keű ūhich captuŅes the dialog

histoŅű ͳiĢcludiĢg aĢsūeŅsʹ so faŅ
PŅojectioĢ of coĢteŰt 

ŪectoŅ iĢto soġe space

SiġilaŅitű ūith each 
keű



AtteĢtioĢ MeġoŅű
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● IĢtuitioĢ: qoū siġilaŅ is ġű cuŅŅeĢt coĢteŰt to each of
the pŅeŪious ŅespoĢses

PŅojectioĢ of coĢteŰt 
ŪectoŅ iĢto soġe space

SiġilaŅitű ūith each 
keű



AtteĢtioĢ MeġoŅű
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AtteĢtioĢ MeġoŅű
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AtteĢtioĢ MeġoŅű
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CoĢŪeŰ coġbiĢatioĢ of 
atteĢtioĢ ġaps

CoĢŪeŰ coġbiĢatioĢ of 
keűs



● Keű Idea: QuestioĢs iĢ a dialog haŪe a
seńueĢtial stŅuctuŅe

● QuestioĢs that aŅe ŅeceĢt ġight be ġoŅe
ŅeleŪaĢt

SeńueĢtial 5ialog
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● Keű Idea: QuestioĢs iĢ a dialog haŪe a
seńueĢtial stŅuctuŅe

● QuestioĢs that aŅe ŅeceĢt ġight be ġoŅe
ŅeleŪaĢt

SeńueĢtial 5ialog
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GiŪes all keűs eńual ūeight 
iŅŅespectiŪe of ŅeceĢcű



● Keű Idea: QuestioĢs iĢ a dialog haŪe a
seńueĢtial stŅuctuŅe

● QuestioĢs that aŅe ŅeceĢt ġight be ġoŅe
ŅeleŪaĢt

SeńueĢtial 5ialog
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 is a leaŅĢable paŅaġeteŅ ūeightiĢg 
the ŅelatiŪe tiġe distaĢce



5űĢaġic AtteĢtioĢ CoġbiĢatioĢ
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● CoġbiĢe the teĢtatiŪe aĢd ġeġoŅű atteĢtioĢ to get aĢ atteĢtioĢ ġap foŅ the 
cuŅŅeĢt ńuestioĢ 



5űĢaġic CoġbiĢatioĢ
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Output of a 
CoĢŪolutioĢ LaűeŅ



5űĢaġic CoġbiĢatioĢ
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Output of a 
CoĢŪolutioĢ LaűeŅ

fc laűeŅ



5űĢaġic CoġbiĢatioĢ
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If this is siġplű leaŅĢed as a paŅaġeteŅ, the ġeŅgiĢg pŅocess 
ūould Ģot depeĢd oĢ the ńuestioĢ



● Keű Idea: 5űĢaġicallű geĢeŅate the ūeight ġatŅiŰ of the fc laűeŅ depeĢdiĢg 
oĢ the ńuestioĢ

5űĢaġic CoġbiĢatioĢ
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5űĢaġic CoġbiĢatioĢ

44Noh, Hyeonwoo, Paul Hongsuck Seo, and Bohyung Han. "Image question answering using convolutional neural network with dynamic 
parameter prediction." Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition. 2016.



5űĢaġic CoġbiĢatioĢ

45Noh, Hyeonwoo, Paul Hongsuck Seo, and Bohyung Han. "Image question answering using convolutional neural network with dynamic 
parameter prediction." Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition. 2016.

The saġe as ct 



5űĢaġic CoġbiĢatioĢ

46Noh, Hyeonwoo, Paul Hongsuck Seo, and Bohyung Han. "Image question answering using convolutional neural network with dynamic 
parameter prediction." Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition. 2016.

The saġe as ct 

qashiĢg tŅick 
to Ņeduce 

coġpleŰitű



5űĢaġic CoġbiĢatioĢ

47Noh, Hyeonwoo, Paul Hongsuck Seo, and Bohyung Han. "Image question answering using convolutional neural network with dynamic 
parameter prediction." Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition. 2016.

The saġe as ct 

qashiĢg tŅick 
to Ņeduce 

coġpleŰitű



FiĢal OŪeŅŪieū
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FiĢal OŪeŅŪieū
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CoĢŪeŰ CoġbiĢatioĢ of 
Iġage FeatuŅes



FiĢal EĢcodiĢg GeĢeŅatioĢ

50

● CoġbiĢe atteĢded iġage featuŅe eġbeddiĢg, coĢteŰt eġbeddiĢg, atteĢtioĢ 
ġap aĢd ŅetŅieŪed keű
○ IĢtuitioĢ is that additioĢal iĢfoŅġatioĢ ġight be helpful 

● et is the fiĢal eĢcodiĢg



5ecodeŅ
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● et is used as the hiddeĢ state of the LSTM that geĢeŅates the output yt



Keű GeĢeŅatioĢ
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● AĢsūeŅ eġbeddiĢg at is geĢeŅated bű passiĢg űt thŅough a LSTM



Keű GeĢeŅatioĢ

53

● AĢsūeŅ eġbeddiĢg at is geĢeŅated bű passiĢg űt thŅough a LSTM
● AĢsūeŅ eġbeddiĢg at aĢd coĢteŰt eġbeddiĢg ct aŅe coġbiĢed usiĢg a fc 

laűeŅ to obtaiĢ keű kt



Keű GeĢeŅatioĢ
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● AĢsūeŅ eġbeddiĢg at is geĢeŅated bű passiĢg űt thŅough a LSTM
● AĢsūeŅ eġbeddiĢg at aĢd coĢteŰt eġbeddiĢg ct aŅe coġbiĢed usiĢg a fc 

laűeŅ to obtaiĢ keű kt
● The keű-atteĢtioĢ paiŅ ͳkt, tʹ is added to the ġeġoŅű



TŅaiĢiĢg
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● SiĢce all the ġodules of the ĢetūoŅk aŅe fullű diffeŅeĢtiable, the eĢtiŅe 
ĢetūoŅk caĢ be tŅaiĢed eĢd-to-eĢd bű staĢdaŅd gŅadieĢt-based leaŅĢiĢg 
algoŅithġs



EŰpeŅiġeĢts
● MNIST 5ialog

○ To ġeasuŅe the abilitű to ŅesolŪe Ūisual ŅefeŅeĢces
○ CoĢtaiĢs aġbiguous eŰpŅessioĢs aĢd stŅoĢg iĢteŅ-depeĢdeĢcies

● Vis5ial
○ PeŅfoŅġaĢce iĢ Ņeal ūoŅld dataset

56



MNIST 5ialog
● ̢Ű̢ gŅid of MNIST digits
● Each digit has ̢ attŅibutes

○ coloŅͳ̣ʹ
○ bgcoloŅͳ̣ʹ
○ ĢuġbeŅͳ̟̞ʹ
○ stűleͳ̠ʹ

● QuestioĢs
○ CouĢtiĢg
○ AttŅibute

● AĢsūeŅs
○ SiĢgle ūoŅd
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IġpleġeĢtatioĢ details
● WoŅd eġbeddiĢg ͳ̡̠ Ű ̟ʹ
● qiddeĢ state ͳ̢̤ Ű ̟ʹ
● ̢ CoĢŪolutioĢ laűeŅ ͳ̡ Ű ̡ʹ
● PooliĢg laűeŅ ͳ̠ Ű ̠ʹ
● ̣̟̠ ūeight caĢdidates foŅ dűĢaġic paŅaġeteŅs
● CŅoss eĢtŅopű loss
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BaseliĢe - LF
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BaseliĢe - qRE
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BaseliĢe - MNE
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Results

62



SeġaĢtic iĢteŅpŅetabilitű

63



PaŅaġeteŅ aĢalűsis
● θ is coĢsisteĢtlű ĢegatiŪe

○ Model pŅefeŅs ŅeceĢt eleġeĢts
● βt also shoūs siġilaŅ tŅeĢd

○ Without bias Wġeġ puts too ġuch focus oĢ ŅeceĢt iĢfoŅġatioĢ
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PaŅaġeteŅ aĢalűsis
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Vis5ial
● MS-COCO iġages + CaptioĢ + ̟̞ QuestioĢs

○ Each ńuestioĢ ūith ̟̞̞ caĢdidate aĢsūeŅs
● CoġpaŅed to MNIST 5ialog

○ AĢsūeŅs aŅe fŅee foŅġ teŰt
○ CoĢtaiĢs feūeŅ aġbiguous eŰpŅessioĢs

66



IġpleġeĢtatioĢ details
● The iĢitial histoŅű is coĢstŅucted ūith the iġage captioĢ
● FeatuŅe ġap eŰtŅacted fŅoġ coĢỤ̄ laűeŅ of VGG-̟̤ tŅaiĢed oĢ IġageNet
● LSTM

○ ShaŅe ūeights foŅ ńuestioĢ aĢd captioĢ
○ SepaŅate ūeight ġatŅiŰ foŅ aĢsūeŅs

● WoŅd eġbeddiĢg ͳ̢̤ Ű ̟ʹ aĢd qiddeĢ state ͳ̟̠̦ Ű ̟ʹ
○ These diġeĢsioĢs aŅe sigĢificaĢtlű loūeŅ thaĢ baseliĢe ġodels

67



Results

68



StŅeĢgths
● NoŪel atteĢtioĢ ġechaĢisġ ūhich eŰploits Ūisual atteĢtioĢ histoŅű
● AchieŪes state-of-the-aŅt peŅfoŅġaĢce ūith Ņeduced ĢuġbeŅ of paŅaġeteŅs

69

WeakĢesses
● MNIST 5ialog dataset is Ģot ŪeŅű ŅepŅeseĢtatiŪe of geĢeŅal Ūisual dialog 

ńuestioĢs
● Should haŪe eŪaluated peŅfoŅġaĢce oŪeŅ ġoŅe aġbiguous ńuestioĢs



PoteĢtial eŰteĢsioĢs
● AŅe You TalkiĢg to Me? ReasoĢed Visual 5ialog GeĢeŅatioĢ thŅough 

AdŪeŅsaŅial LeaŅĢiĢg, Qi Wu et al, aŅXiŪ:̟̥̟̟.̡̞̥̤̟
○ Uses a coġbiĢatioĢ of RL aĢd GAN
○ GeĢeŅates ġoŅe huġaĢ like aĢsūeŅs
○ But does Ģot use atteĢtioĢ

● Use ŅeiĢfoŅceġeĢt leaŅĢiĢg appŅoach
○ FoŅ eŰaġple, Q-bot aĢd A-bot

● Soġe coġbiĢatioĢ of AtteĢtioĢ, GAN aĢd RL
● Use ġodule ĢetūoŅks foŅ solŪiĢg coġpleŰ Ūisual ŅefeŅeĢces
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