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KG_VCR: A Visual Commonsense Reasoning Model
Using Knowledge Graph
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ABSTRACT

Unlike the existing Visual Question Answering(VQA) problems, the new Visual Commonsense Reasoning(VCR) problems require deep
common sense reasoning for answering questions: recognizing specific relationship between two objects in the image, presenting the
rationale of the answer. In this paper, we propose a novel deep neural network model, KG_VCR, for VCR problems. In addition to make
use of visual relations and contextual information between objects extracted from input data (images, natural language questions, and
response lists), the KG_VCR also utilizes commonsense knowledge embedding extracted from an external knowledge base called
ConceptNet. Specifically the proposed model employs a Graph Convolutional Neural Network(GCN) module to obtain commonsense
knowledge embedding from the retrieved ConceptNet knowledge graph. By conducting a series of experiments with the VCR benchmark
dataset, we show that the proposed KG_VCR model outperforms both the state of the art(SOTA) VQA model and the R2C VCR model.
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Why are [person3] and [persond] both wearing a white shirt and tie?
@ They're both at work.
(® [person3] and [persond] are both in the military.

© [person3] and [persond] are both students from the same school.
@ [person3] and [person4] are at a formal event.
@ Some schools have dress codes that indicate what is acceptable dress for
commonsense

students and this sometimes includes a specific color shirt and tie.

(® Both look young. some schools require students to wear uniforms.

(© [person3] and [person4] are wearing shirts which reads rab athletics whereas
[person5] is wearing a shirt that reads perkins athletics.

@ Public schools do not generally make their students wear school uniforms.

schoolReltedtounitorn  BECAUSE Of..
niform RelteTostints
uniform RelatedTo tie

Fig. 1. Example of Visual Commonsense Reasoning(VCR)
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|Who are [person1] and [person5]? I

a) [person1] and [person5] are a couple.
b) They are brother and sister. Visual
) [person5] is probably the guardian of Grounding

[person3]. T(i)' fo

d) [person1] and [person5] are hosting the party.

Visual
Contextualization

Embedding

Context
Embedding |f.

—> Answer Determination

fofa

Visual Context Reasoning fro

Fig. 2. Architecture of KG_VCR Model
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Who are [person1] and [personS]? :
1
I
I
I
I
I
I

Fig. 5. Visual Grounding Module

Z FA|(Visual Grounding)e|t}. Fig. 5—‘: NZHA AR 1
2 59l Ao x¥H 7 2P EEZ 9 &Y UE B
A2 MAAZ BIE Y= e EO%%‘:}. AlTE HA =
52 Fig. 59 Zo] £33 A1 (recurrent neural network)
9] 311491 BLSTM (Bidirectional LSTM)Z ©]-&3}o], A&
Alf2of 231 7F ZIY S AY I Wl B4 A= I
o-3-A1X1tt

|Whoare -and-?l

grounded question f,

attended question f,

are
)- probably the guardia f-A
d). and . < hosting the party.

grounded response f, i

Visual Object f, I

attended objects f,

___________________

Fig. 6. Visual Contextualization Module
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(visual object) f,, AAH HA&(grounded question) f,,
HAE SH(grounded response) f..EZ EUZE, ol&&
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Fig. 63} Zo] shite] HAE -SH(grounded response) f.ue
Ed2 dEH} 4 ZF A 9o 9 FF(attention)
HAUESS HEegoz2H, YFH A& (attended question)
aE f 9} J5H AH=(attended object) W8 f, &
g3ttt Equation 32 8% fo2 EWE A& f,0 g+
9] HAF= AAete AlZ vehdoh
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;= softmas(f, WF,) f;:%]ai,ij 3)
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EIII

Context Embedding

;. probably the guard wl
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grounded response f .

Fig. 7. Context Embedding Module

knowledge vector f), E

b) They are brother and sister.
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context vector f, 1
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Answer Determination

Fig. 8. Answer Determination Module
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P F7reteh B2 sh5o] A YA-EE-SHS
% 32,615%0°]1, =Y FrtE 93t -EE-SEHE T
4,255%0]tt. At 2l KG_VCRS Geforce GTX
1080ti GPU7F EA1E st=<o1e}t Ubuntu 16.04 LTSOA]
d8d go]B#EQl PyTorchE ©]&sto] Fdst¥ct
g G5 Ao T AH(batch size) 32, HHE 3l
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Table 2. Performance Comparison with Different Embedding Methods

Method Q—A QA—R Q—AR
Random 0.506 0.615 0.310
Dot Product 0.500 0.609 0.307
Cosine Similarity 0.521 0.646 0.334

Table 19] A% AFE0lA, & =Tl &g FARI
-.-.—/\]'E(Cosme Similarity)®Ho] th2 ¥ vlg] 5ol
oA 5 =A vEhd AL AT 4= Qo o= EFE
7‘54 A4l FARE F+= A B AT B2 A4S
A&z Aol ok AE 52 EY & e A SRl
4= AQich E3H BERT Omﬂﬂgi HE EgE 7R 4]
715 957 ggo] 4= 2718 25 Blusks Wd
(Dot Product)Etis Z ke H|WeH= FAR] FAE
(Cosine Similarity)”} A&°| o &4 Yebgtt. olH A3t
=2 &9 KG_VCRAA= ZARI FALEE ARESH= 0]
aHolg = AT 1T 5 Utk

=

5 WA AYe A Z® KG_VCRAA A8 Tehm
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B2 AZ3) 918 Agolt. FAHOR Ay, A
4Re (1) 44 THLKG) YY PO HA GCNel
5T () AT BBl IRQS W P A

o] &34Q17}? (3) GCN AZ(layer)> ¥ 52 F
71?2 59 Ao WI &S @7] et Aol o] A¥S
945]1 2 =2oAle Table 29} Zo] g WAl tiiol
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EZ AAMLD) REZ AET} AL o st} o}
ok 1 2do] H9 JfA|(knowledge entity, B)¥FS, 2H &
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A A¥g otk Bl 4, 5, 6, 7, 8 REEL2 K =
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(VoI A4HQ)9 9Hld offet Iz g F9 AT
(GCN layer) Z=°f &}o|7} Ut

Table 298] A% A3 sy, WA d¥d HHo=
& HAEZ(MLP)S AEst 1, 2, 38 Eo] g5 |3
At 2dl KG_VCRI} Zo] 1= 3 F(GCN)E &3
4,5, 6, 79 4ol 5o H|WA A YT E3 1,
2, 39 BAE 7o) J5-& vlws] B, A7 Ad(visual
concept), dE(question)& F714E vy 50| g
A& AL 1T 4= Ut} ¥ 4, 5, 6 BAELS AT
Z 7M¥(visual concept), AE(question)?] FEE 71
5 85 A5the A g £ QU B3 B2 JHE
1SS vu ] &gt el o A EE(MLP)ET
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#| B |vc| Q |Mip Liggs QA | QA~R | Q—AR
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Table 3. Performance Comparison with the State—of-art Models

Model Q—A QA—R Q—AR
Chance 0.250 0.250 0.062
VQAI] 0.286 0.320 0.088
R2C[2] 0.483 0.571 0.272
KG_VCR[Ours] 0.521 0.646 0.334
Table 39] A% ZAFEo)A, 2 =LA Adsks KG_
VCR &Zdo] v 1‘41 A2l VQA, R2CZEo] B]s] Q—A, QA
—R, Q—AR &5 ZE A& eI M s2 S &
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A Ao At 2l KG_VCRI} go] oju] & Aoj=lo] gl
£ QJE 2] Hlo|Ao] A4S gt oz & Task= Ao
d5 WAl Y- 8% 847 E S S A FRIAIA
AN & S St} wEkA ol9p 2 AF A9 vt
go=, B =EoA Akleks M2 A5 4
KG_VCRY 4% 2 455 IRIT = ‘2191@
£ =RoAE oA dEst FA AEE 9o, KG_
VCR 299 F34 J&5 £4& 9 KG_VCR Zdo] &
Pk AR &G AFEIES AFHEYTE Fig. 9= KG_VCR ZHo|
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Why is [person5] at the table? ‘ Because of...

o

]

<

'g @ [personé] is taking order 0.6% @ [personi]’s behavior is not typical for a 17%

< from the table. dining style atmosphere that he finds himself .

5 il © [personl]is pouring a beer 29% in.

~

§ fora customr. ® [person6] appears to be laughing at [person4]

g 70% While [person5] has an annoyed expression on his 27

ry : L face.

< n

2 : ] @ [person6] s standing at the table a9 © Iperson2] s within earshot of [person]and  ; o,
MOVIECLIPS 3 A : A to consume the drugs in the kitchen. ° =7

overhears him, and look like she is listening.

80%

Is [person3] able to walk? ‘ Because of...

@ No, they aren’t walking slowly. 0.2%

80%

® [person3] is sitting in a wheelchair, he appears
to still have full use of his arms. he can use his arms 9%
to wheel himself around.
© [person3] looks incredibly disheveled and his
having trouble walking.

@ [person3] has some type of physical
m 99%  impairment that requires him to use a cane to 0.9%

walk.

‘ k! ® Yes, [person3] is walking down a 0.5%
B8 flight of stairs. '

fl © Yes, [person1] is wearing 0.3%
suspenders.

right answer and rationale

0.1%

‘ Is [person2] happy? ‘ Because of...

® No, [person3] does not want
anymore.

1% ® Tobe jovial means to be happy. we know
[person2] is happy because he has a smile on his
face. we also see that [person2] is next to [personl] 2.4%
© [personl] seemstobeabittipsy.  16% e can infer then that [person5], [personé] are
engaged in conversation which could be a reason
@ [person6] could not be any happier. 9y why he is happy.
© [personi] looks to be a very happy fellow
regardless of the circumstances he finds himself in.

right answer, wrong rationale

: 66%
some people are like that. they can be happy
regardless of the chaos around them.
@ [personi] has a large smile on his face. 2.6%
’What does [person1] feel here?‘ Because of...
@ [personi]is quite angry. 63% (@ [personl]is smiling and cheery, so are those 79

around her.

things are being handled.

© [person1] has a smile on her face with squinted 159
eyes.

@ [personi] is smiling as she sits comfortably in 50%
@ [pesontlisveryhappy. 1% her chai :

Fig. 9. Some VCR Results Produced by the KG_VCR Model

© [personi] looks rather concerned.  20%

wrong answer and rationale




A3t Aol ‘right answer and rationale’®] 39 &
HRE oy} 27 ‘right answer, wrong rationale’ 2 24&
oY 282 ] ko A ‘wrong answer and rationale’
2 Zut2x] oke gt ZAE Mgt Aajo|th. HA = 7Y
9] ‘right answer and rationale’ 3% 940 &4 U= A=
(object)?] 7Hd& FA(conceptual relationship)s F2 &
22 st AR oA w2 dASES B9t sHAT
‘right answer, wrong rationale’, ‘wrong answer and
rationale’9] -9} Zo] AHF9 AL FESH= AR
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