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The context-deconfounded training by the proposed
Contextual Causal Intervention (CCIM) Module
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Context-Aware Emotion Recognition (CAER)
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Background |
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Kosti R, Alvarez J M, Recasens A, et al. Emotion
recognition in context. In CVPR 2017: 1667-1675.

Scene and <:|

socio-dynamic contexts

EmotiCon

Mittal T, Guhan P, Bhattacharya U, et al. Emoticon: Context-aware multimodal
emotion recognition using frege's principle. In CVPR 2020: 14234-14243.



-nl\lk

'JI[I

‘Hlll]]l]l]]]ll I
VANCOUVER, CANADA

Background & Motivation VbR ym’

The Context Bias in the CAER Task
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® Most images contain similar contexts in the
S dg ki _ : ® For the EMOTIC dataset, about 40% of scene
trainin ata wit ositive emotion categories. : T
g P 9 categories for anger have zero conditional
entropy.

® The baseline learns the spurious correlation

between specific contexts and emotion ® About 45% of scene categories for happy (i.e.,
categories and gives wrong results. happiness) have zero conditional entropy.
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The conventional likelihood The causal intervention

® The positive effects provided by contexts and subjects follow the path X - C/S > Y .

® The negative effects provided by the confounder Z follow the backdoor path X « Z - C - Y.
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Causal Intervention via Backdoor Adjustment
Existing CAER methods rely on the traditional likelinood:
P(Y|X)= ZP Y|X.S = f(X),C = f.(X,z))P(z| X)

Causal intervention via backdoor adjustment

P(Y|do(X)) ZP(YIX S = [fs(X),C = f(X, 2))P(2)
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The confounder dictionary generation
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Context-Deconfounded Training with CCIM

Expectation approximation at feature level:
P(Y|do(X)) = P(Y|X,8 = f(X),C =) _ fe(X,2)P(2))

A model is instantiated to approximate the conditional probability:
N

P(Y|do(X)) = Wyph + W,E:[g(z)] where Ez[g(2)] = » XiziP(z:)

=1

_________________________________

E Confounder Eio'o Confounder
. Dictionary | |

Context Feature



Experiments

Category EMOT-Net [19] Eygg&e‘ GCN-CNN [56] GfECCIf,IN CAER-Net [22] Cj‘g%ﬁ:;‘ RRLA [23] VRD[16] EmotiCon [29] E‘“ggf;[“
Affection 26.47 34.87 4752 36.18 2236 23.08 37.93 44.48 38.55 40.77
Anger 11.24 13.05 1127 12.53 12.88 12.99 13.73 30.71 14.69 15.48
Annoyance 15.26 18.04 12.33 13.73 14.42 1528 20.87 26.47 24.68 24.47
Anticipation 57.31 94.19 63.2 9232 52.85 90.03 61.08 59.89 60.73 95.15
Aversion 7.44 1341 6.81 15.41 326 12.96 9,61 12.43 11.33 19.38
Confidence 80.33 74.9 74.83 75.01 72.68 73.24 80.08 79.24 68.12 75.81
Disapproval 16.14 19.87 12.64 14.45 15.37 16.38 21.54 24.54 18.55 23.65
Disconnection 20.64 2172 23.17 30.52 2201 2339 2832 34.24 28.73 31.93
Disquietment 19.57 19.12 17.66 20.85 10.84 18.1 2257 24.23 22.14 26.84
Doubt/Confusion 31.88 19.35 19.67 2043 26.07 17.66 335 25.42 38.43 34.28
Embarrassment 3.05 6.23 1.58 921 1.88 5.86 4.16 426 10.31 16.73
Engagement 86.69 $8.93 8731 96.88 73.71 70.04 88.12 88.71 86.23 97.41
Esteem 17.86 21.69 12.05 272 15.38 16.67 205 17.99 2575 27.44
Excitement 78.05 73.81 72.68 7321 70.42 71.08 80.11 7421 80.75 81.59
Fatigue 8.87 9.96 12.93 12.66 6.29 9.73 17.51 22.62 19.35 15.53
Fear 157 9.04 6.15 1031 7.47 6.61 15.56 13.92 16.99 15.37
Happiness 58.92 78.09 729 75.64 53.73 62.34 76.01 83.02 8045 83.55
Pain 9.46 1471 8.22 1536 8.16 9.43 14.56 16.68 14.68 17.76
Peace 22.35 22.79 30.68 23.88 19.55 2021 26.76 2891 35.72 38.94
Pleasure 46.72 46.59 48.37 4552 34.12 3537 55.64 55.47 67.31 64.57
Sadness 18.69 1747 239 22.08 17.75 1324 30.8 42.87 40.26 45.63
Sensitivity 9.05 791 474 8.02 6.94 474 9.59 15.89 13.94 17.04
Suffering 17.67 15.35 2371 18.45 14.85 11.89 30.7 46.23 48.05 21.52
Surprise 22.38 13.12 8.44 13.93 17.46 117 17.92 16.27 196 26.81
Sympathy 15.23 326 19.45 33.95 14.89 28.59 1526 1537 16.74 476
Yearning 922 10.08 9.86 11.58 4.84 8.61 10.11 10.04 15.08 12.25
mAP 27.931 30.88" (1 2.95) 28.16 31721 (1 3.56) 23.85" 26.51" (1 2.66)|  32.41° 35.16* 35.281 39.13" (1 3.85)
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® CCIM helps raise the results of
“Anticipation” and “Sympathy”
these CAER methods by
29% ~37% and 14% ~29%,
respectively.

Thanks to CCIM, the AP scores
n “Aversion” and
“Embarrassment”

categories are achieved at
about 12%~19% and 5%~16%.

Table 1. Average precision (%) of different methods for each emotion category on the EMOTIC dataset. *: results from the original reports.

t: results from implementation. The footnotes * and { of Tables 2 and 3 follow the same interpretation.
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_ EMOT-Net _ GNN-CNN CAER-Net . . EmotiCon
_ Q - - ) 2C
Category EMOT-Net [19] + CCIM GNN-CNN [56] + CCIM CAER-Net [22] + CCIM EmotiCon [29] + CCIM
Angry 57.65 62.41 51.92 54.07 45.18 50.43 68.85 75.93
Happy 71.32 75.68 63.37 70.25 56.59 60.71 72.31 79.15
Neutral 43.1 41.03 40.26 39.49 39.32 37.84 50.34 48.66
Sad 61.24 63.84 58.15 61.85 52.96 54.06 70.8 73.48
mAP 58.331 60.74" (1 2.41) 53.43" 56.42" (1 2.99) 48.51 50.76 ' (+ 2.25) 65.581 69.31" (1 3.73)
Table 2. Average precision (%) of different methods for each emotion category on the GroupWalk dataset.
1004
Methods Accuracy (%) ] Methods Accuracy (%)
CAER-Net [22] 73.477 EmotiCon [29] 88.657 80+
| CAER-Net + CCIM ~ 74.81" (1 1.34) | EmotiCon + CCIM  91.17" (1 2.52) | S
EMOT-Net [19] 74.517 SIB-Net [24] 74.56* g 60
L EMOT-Net + CCIM 75821 (+ 1.31) |  GRERN[12] 81.31* 5 AR et e
GNN-CNN [56] 77.217 RRLA [23] 84.82* £ 401|| 2EmoT-Net
[ GNN-CNN + CCIM__ 78.66" (1 1.45) VRD [16] 90.49* o+ ccim
20+ (I GNN-CNN + CCIM
Table 3. Emotion classification accuracy (%) of different methods B Emeticon + GCIM
ol
on the CAER-S dataset. Anger Disgust Fear Happy Neutral Sad Surpise

Emotion Category

The performance of EMOT-Net, GCN-CNN, CAER-Net, and EmotiCon is consistently increased
by CCIM, making each context prototype contribute fairly to the emotion classification results.
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» Rationality of Confounder Dictionary

= Robustness of Pre-trained Backbones

_-~» Effectiveness of Components

D Settin EMOTIC CAER-S GroupWalk
& mAP (%) Accuracy (%) mAP (%)
(1) EMOT-Net + CCIM 30.88 75.82 60.74
(2) EmotiCon + CCIM 39.13 91.17 69.31
3) (1) w/ Random Z 26.56 73.36 57.45
4) (2) w/ Random Z 35.12 87.34 65.62
(5) | (1) w/ ImageNet Pre-training 28.72 74.75 58.96
(6) | (2) w/ ImageNet Pre-training 37.48 90.46 68.28
(7) (1) w/ ResNet-50 29.53 75.34 59.92
(8) (2) w/ ResNet-50 38.86 90.41 68.85
9 (1) w/ VGG-16 28.78 74.95 59.47
(10) (2) w/ VGG-16 37.93 89.82 68.11
(11) (1) w/ Additive Attention 30.79 75.64 60.85
(12) (2) w/ Additive Attention 39.16 91.08 69.26
(13) (1) w/o A, 30.05 75.21 59.83
(14) (2) wlo A; 38.53 89.67 68.75
(15) (1) w/o P(z;) 30.63 75.59 59.94
(16) (2) wlo P(z;) 39.05 90.06 69.15
(17) (1) w/o Masking Strategy 29.86 74.84 59.22
(18) (2) w/o Masking Strategy 38.06 90.57 67.79

----------- > Necessity of Masking Strategy




Experiments

® Happy ® Angry Neutral  ® Sad
Vanilla EMOT-Net

EMOT-Neth CCIM

P(Y |do(X))
EmotiCon w/ CCIM

P(Y | X) (a)
Vanllla EmotnCon

P(Y|X) (b) P(Y | do(X))

Difference between likelihood and intervention
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v Our causal debiasing strategy effectively mitigates the harmful bias of uneven distribution

of emotional states across diverse contexts in the CAER task.

v" We believe that the model-agnostic and lightweight CCIM provides better insights for the

community than the complex module stacking in previous CAER methods.
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