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Certain field

• Existing problems of SGG
1) Long-Tailed Distribution of Dataset
2) semantic relationship confusion/ coarse-grained predicate
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Motivation

Solid points[1]:

◦ Using Total Direct Effect (TDE) to remove bias

◦ Modeling causal diagrams on Scene Graph Generation(SSG)

[1] Tang K, Niu Y, Huang J, et al. Unbiased scene graph generation from biased training(CVPR).
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Implementation  

Variables  :  {I、X、Z、Y}

(1) I (Input Image & Backbone)：

Faster R-CNN outputs a set of bounding boxes B 
and feature map 𝑀

(2) X (Object Feature)：

It consists of the pairwise object feature xe

(3) Z (Object Class)：

It consists of the pairwise object label ze

Bi-LSTM

(2) X→Z (Object Classification)：

(3) X→Y (Object Feature Input for SGG)：
merge

(1) I→X (Object Feature Extractor)：
Bi-LSTM

(5) I→Y (Visual Context Input for SGG)：

Contextual union region features 𝑣௘
ᇱ

(4) Z→Y (Object Class Input for SGG)：

Joint embedding label 𝑧௘
ᇱ

(4) Y (Predicate Classification)：

It generates by combining three variables 
through the fusion function
such as
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Counterfactual thinking



6

Unbiased inference—TDE
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7

Results
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Complementary

Pure + mediated interaction effect = Total

Average Treatment Effect
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Complementary
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Complementary

Independent Causal Mechanisms (ICM) Principle
The causal generative process of a system’s variables is composed of 
autonomous modules that do not inform or influence each other. In 
the probabilistic case, this means that the conditional distribution of 
each variable given its causes (i.e., its mechanism) does not inform or 
influence the other mechanisms.

Causal representation:

Entangled factorization:

disentangled

Sparse Mechanism Shift (SMS)[2]
Small distribution changes tend to manifest themselves in a sparse or 
local way in the causal/disentangled factorization, i.e.,  they should 
usually not affect all factors simultaneously.

[2]Schölkopf B, Locatello F, Bauer S, et al. Toward causal representation learning[J]. Proceedings of the IEEE, 2021, 109(5): 612-634.

Binary case (X→Y) :
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Motivation

[3] Sun S, Zhi S, Liao Q, et al. Unbiased scene graph generation via two-stage causal modeling (TPAMI), 2023.

Solid points[3]:

◦ The bias from the long tail as well as the semantic bias and the 
unknown situation

◦ Using sparsity and SMS for two-stage causal modeling

◦ Designing P-loss to eliminate semantic bias, designing AL-Adjustment
to eliminate long-tail bias and calibrating causal representation



13

Counterfactual (soft) intervention thinking

where s/l is a S/L-independent value.
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Flow Chart
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Stage 1: Causal representation learning

Would the above error still occur if standing on 
and walking on are no longer similar?

ATE

How to exploit the sparsity properties?
How to eliminate semantic bias?

• Relationship similarity set

• New loss function： P-loss

ఈ
௬೔ is a relationship set containing the α most 

similar relationships to ௜

more capable of distinguishing between
similar relationships

P-loss：

optimal
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Stage 1: Causal representation learning

• Relationship similarity set
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Stage 2: Causal calibration learning

If one collected the balanced data, or, in particular, looking at 
and near share the same distribution in the observed data D, 
will the above error still occur?

ATE

How to eliminate long-tail bias

optimal

Optimal：
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Stage 2: Causal calibration learning

• Adjustment factors
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Results

• One of backbone for experiment

Predicate classification Scene Graph Classification Scene Graph Detection
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Results

• One of backbone for experiment
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Results

• Ablation
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