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SCENE GRAPH GENERATION (SGG)

= SGG aims to represent observable knowledges in an image in the form of a graph

= The knowledge includes 1) object information and 2) their relation information, which is mapped to a
scene graph
« E.g., Object information: {man, horse, glasses, bucket}
 E.g., Relationship information between objects: {feeding, wearing, ..., holding, eat from}

Input [1] Output
(image) (scene graph)

wearing — glasses

S

= o

&0 man —+ feeding -—+= horse
—

o ®

© © ! |

ol ced

O ©

a2 holding eat from

\\\\‘* bucket //

object predicate

[1] Scene Graph Generation by Iterative Message Passing. Danfei Xu et al. CVPR’2017



WEAKLY SUPERVISED SCENE GRAPH GENERATION

= Weakly Supervised Scene Graph Generation (WSSGG) aims to alleviate the issue of fully-supervised approach,

which heavily relies on costly annotation.

- Expensive Annotation: 1) bounding box, 2) entity class within bounding box, 3) predicate class between entities

Localized Scene Graph
- Generating large-scale SGG data faces constraints due to the need for expensive human labor cost

= WSSGG studies generally utilize image-text pair datasets, which are readily accessible, for training the SGG model.

Fully-supervised SGG
WSSGG
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Timeline of fully supervised and weakly supervised SGG

[1] Integrating Object-aware and Interaction-aware Knowledge for Weakly Supervised Scene Graph Generation. Li et al. MM’22
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PIPELINE OF WSSGG

= Pipeline of training an SGG model with image caption datasets
- Step 1: Preparing an image with its caption
- Step 2: Parsing the image caption into <subject, predicate, object> triplets
- Step 3: Aligning the entity/predicate classes of parsed triplets with the entity/predicate classes of target data (=Unlocalized Triplets)

- Step 4: Grounding the unlocalized triplets with image regions (i.e., bounding boxes) extracted from pre-trained object detector
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Existing WSSGG studies have mainly focused on grounding the unlocalized triplets (Step 4)

But! Do those unlocalized triplets have no issue? — Let’s delve into it!



MOTIVATION: INHERENT ISSUES IN TRIPELT FORMATION PROCESS (1/2)

= 1. Issuein triplet formation process - Step 2
- Previous approach: Based on rule-based parser [1], existing works parse captions into triplets
+ Rule-based Parser [1] extract predicates without comprehending the context of captions.
> Semantic Over-simplification: Informative predicates within captions are simplified into uninformative predicates.

- Left figure: “lying on” within caption = “on”

= As aresult, the long-tailed problem is exacerbated

- Right figure: Predicate distribution from unlocalized triplets extracted by conventional approach (parser) and ours
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[1] Unified Visual-Semantic Embeddings: Bridging Vision and Language with Structured Meaning Representations. Wu et al. CVPR’19



MOTIVATION: INHERENT ISSUES IN TRIPELT FORMATION PROCESS (2/2)

= 2. Issuein triplet formation process - Step 3
Previous approach: existing works align entity/predicate with those of target data based on knowledge base (e.g., WordNet [1])
- Knowledge base (KB) fails to cover semantic relationship between a large number of words due to its static structured nature z'?dogysggr?%?s e
> Low-Density Scene Graph: Reduction in the number of triplets used for learning

> <subject, predicate, object> triplet is discarded if alignment fails for any element in the triplet.
Left figure: A triplet is discarded since “log” is not aligned with predicate classes of target data (i.e., Visual Genome)

# Image

= As aresult, insufficient supervision arises, leading to deterioration in the model’s generalization
Dataset | How to annotate | # Triplet
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oo X —_ (b) COCO Caption ‘ Parser+KB ‘ 154K 64K 2.4triplets per img
Limasewith iy zption — (c) COCO Cantion LLM 344K 64K
To alleviate Semantic Over-simplification (Step 2) and Low-Density Scene Graph (Step 3) issues,
We introduce LLM for WSSGG task!
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[1] Wordnet: a lexical database for english. Miller et al. Communication of ACM’95



METHOD: PREPARING IMAGE & CAPTION (1/4)

= Step 1: Preparing an image with its caption (e.g., COCO caption dataset)

1. Preparing an image with its captions

! Exl.racl triplets from

original caption

Q. Given the sentence “A surfer on rock holding
wooden surfboard,” extract meaningful triplets.
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Image with its caption

Model Output
I A surfer on rock holding wooden surfboard
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Align entity/predicate classes

Model Input
. Given the lexeme “surfer / stands on,™

find the most semantically relevant lexeme
in the predefined entity / predicate lexicon.

Model Output

A, person / standing on

Prompt for original caption

Task Description
From the given sentence, the task is to extract meaningful triplets
formed as <subject, predicate, object=>.

Localized Triplet

In-context Examples

Q. Given the sentence {Example 1}, extract meaningful triplets.
A. {Example Output]

Q. Given the sentence {Example K}, extract meaningful triplets.
A. {Example Output]

Actual Question
Q. Given the sentence “A surfer on rock holding wooden surfboard,” extract
triplets.
Tosk Description

From the given sentence, the task is to extract meaningful triplets formed as
<subject, predicate, object>.

Please follow the following two steps.

Step 1: Paraphrase the sentence.

Step 2: From the paraphrased sentence, extract meaningful triplets.

In-context Examples
Q. Given the sentence {Example 1}, extract meaningful triplets.
A. Step 1: The sentence can be paraphrased as: {Example Output}
Step 2: Meaningful triplets extracted from the paraphrased sentence are: {Example Output]

Q. Given the sentence {Example K}, extract meaningful triplets.
A. Step 1: The sentence can be paraphrased as: {Example Output}
Step 2: Meaningful triplets extracted from the paraphrased sentence are: {Example Output]

Actual Question

). Given the sentence *A surfer on rock holding wooden surfboard,” extract meaningful triplets.

< Prompt Input for Step 2-1 (Top) and Step 2-2 (Bottom) >




METHOD: TRIPLET EXTRACTION FROM CAPTIONS (2/4)

= Step 2-1: Extracting triplets from original captions via LLM, Step 2-2: Extracting triplets from paraphrased captions

To further alleviate Low-Density Scene Graph issue

via LLM

Image with its caption

A surfer on rock holding wooden surfboard 4
i
|

Extract triplets from
paraphrased caption

Model Input

Q. Given the sentence *A surfer on rock holding
woeden surfboard,” paraphrase the sentence
and extract meaningful triplets.

Model Output |

A. Paraphrased sentence:
A surfer stands on a rock while holding
wooden surfboard
Extracted triplets:
<surfer, stands on, rock=,
<surfer, holding, surfboard=>

Prompt for paraphrased caption

2-1. Extracting triplets from original captions

2-2. Extracting triplets from paraphrased caption

h |surfhoard|

tract triplets from
original caption

Model Input

Q. Given the sentence *A surfer on rock holding
wooden surfboard,” extract meaningful triplets.

Model Qutput I

A. <surfer, on, rock>, <surfer, holding, surfboard>
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=

Model Output

A. person / standing on

WMisaligned entity/predicate

Prompt for original caption

Pipeline of LLM4SGG

Localized Triplet

person surfboard

Task Description
From the given sentence, the task is to extract meaningful triplets
formed as <subject, predicate, object>.
In-context Examples

Q. Given the sentence {Example 1}, extract meaningful triplets.
A. {Example Output]

Q. Given the sentence {Example K}, extract meaningful triplets.
A {Example Output]

Actual Question
Q. Given the sentence “A surfer on rock holding wooden surfboard,” extract
meaningful triplets.

Task Description
From the given sentence, the task is to extract meaningful triplets formed as
<subject, predicate, object>.
Please follow the following two steps.
Step 1: Paraphrase the sentence.

Step 2: From the paraph extract

ingful triplets.
In-context Examples

Q. Given the sentence {Example 1}, extract meaningful triplets.
A. Step 1: The sentence can be paraphrased as: {Example Outpuc}

Step 2: Meaningful triplets d from the parag are: {Example Output]

Q. Given the sentence {Example K}, extract meaningful triplets.
A. Step 1: The sentence can be paraphrased as: {Example Output}
Step 2: Meaningful triplets extracted from the paraphrased sentence are: {Example Output]

Actual Question

Q. Given the sentence “A surfer on rock holding wooden surfbeard,” extract meaningful triplets.

< Prompt Input for Step 2-1 (Top) and Step 2-2 (Bottom) >

Based on comprehension of
captions’ context via LLMs,
we extract triplets

Alleviation of Semantic
Over-simplification

| cat | I cat ]
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Image with its caption J

Adult cat lying on laptop computer -
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METHOD: ALIGNMENT OF ENTITY / PREDICATE CLASSES (3/4)

= Step 3: Aligning the entities (subject, object) and predicate of misaligned triplets obtained in Step 2 with those of target

data
@.xl.ract triplets from

original caption
Model Input

Q. Given the sentence “A surfer on rock holding
wooden surfboard,” extract meaningful triplets.

Model Output I

A. <surfer, on, rock>, <surfer, holding, surfboard>

|

Image with its caption

A surfer on rock holding wooden surfboard -

Extract triplets from

Unlocalized Triplet
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wooden surfboard,” paraphrase the sentence I
md 1 tri| 3 r===r=" 5:%
e :_slancls o1y : Model Input
re==l-- Q. Given the lexeme “surfer / stands on,™
1 surfer E"? find the most semantically relevant lexeme
Model Output el e - in the predefined entity / predicate lexicon.

A. Paraphrased sentence:
A surfer stands on a rock while holding

holding
wooden surfboard
Extracted triplets: - |surfh0ard|

<surfer, stands on, rock>, 1
<surfer, holding, surfboard>

m———

|
! *'Misaligned entity/predicatg

|:| Aligned entity/predicate L

Prompt for paraphrased caption

=

Model Output

A. person / standing on

Prompt for original caption

From the given sentence, the task is o extract meaningful triplets
formed as <subject, predicate, object=.

Localized Triplet

person surfboard

Task Description

In-context Examples

Q. Given the sentence {Example 1}, extract meaningful triplets.
A. {Example Output]

Q. Given the sentence {Example K}, extract meaningful triplets.
A {Example Output]

Actual Question
Q. Given the sentence “A surfer on rock holding wooden surfboard,” extract
meaningful triplets.

Tusk Description

From the given sentence, the task is to extract meaningful triplets formed as
<subject, predicate, object>.

Please follow the following two steps.
Step 1: Paraphrase the sentence.
Step 2: From the paraph d

extract ingful triplets.

In-context Examples
Q. Given the sentence {Example 1}, extract meaningful triplets.
A, Step 1: The sentence can be paraphrased as: {Example Output}
Step 2: Meaningful triplets d from the paraph d

are: {Example Output]

Q. Given the sentence {Example K}, extract meaningful triplets.
A Step 1: The sentence can be paraphrased as: {Example Output}
Step 2: Meaningful triplets extracted from the paraphrased sentence are: {Example Output]

Actual Question

Q. Given the sentence “A surfer on rock holding wooden surfboard,” extract meaningful triplets.

< Prompt Input for Step 2-1 (Top) and Step 2-2 (Bottom) >

3. Alignment of Entity/Predicate with those of target data
Pipeline of LLM4SGG

Alignment based on semantic
reasoning within LLMs

Alleviation of Low-Density
Scene Graph

Parser

Image with its caption

An elephant is carrying a wooden -

log under its trunk
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METHOD: GROUNDING OF UNLOCALIZED TRIPLETS (4/4)

= Step 4: Grounding the unlocalized triplets to image regions using the grounding method of existing WSSGG works

- Image region: Extracted by Pre-trained object detector 4. Grounding based on existing methods

Q_xu-aﬂ triplets from Unlocalized Triplet ! Localized Triplet
original caption

rock I
Model Input

0. Given the sentence “A surfer on rock holding S[anding on|
- - - wooden surfboard,” extract meaningful triplets.

. > LB B B R A _ A R B 8 3§ B 8§ 3§ B 8B 38 % 8§ 8 § 8§ 8 §8 )

. - - person I
< Task Description
Iﬂlag! with its m]’ﬁn“ . From the given sentence, the task is to extract meaningful triplets
Model Output holdmg

formed as <subject, predicate, object>.
A surfer on rock holding wooden surfboard ‘
A. <surfer, on, rock>, <surfer, holding, surfboard> Teoentet Kvomples
surfboard Q. Given the sentence {Example 1}, extract meaningful triplets.

person surfboard

A. {Example Output]

Q. Given the sentence {Example K}, extract meaningful wriplets,

Extr. i standi A. {Example Output]
xtract tri 1wding on
|p1eis from 5

R o~ Actual Question
paraphrmd capl.ion . . . - -—ﬁ-———’}— Q. Given the sentence “A surfer on rock holding wooden surfboard,” extract
Misaligned Triplet 1 surfer] stands on™} ingful triplets.
Model Input T
Q. Given the sentence “A surfer on rock holding | rock I Align entity/predicate classes From the given sentence, the task is to extract meaningful triplets formed as
wooden surfboard,” paraphrase the sentence i # <subject, predicate, object>.
and extract meaningful triplets. r===T=" Please follow the following two steps.
et :_Slal'ldS 0 1 Model Input Step 1: Paraphrase the sentence.
RN Q. Given the lexeme “surfer / stands on,” Step 2: From the paraphrased sentence, extract meaningful triplets.
i surfer E-- *# find the most semantically relevant lexeme In-context Examples
Maodel Output e - o the precleffmesd entiry / precicate Lexioom, Q. Given the sentence {Example 1}, extract meaningful triplets.
= — A. Step 1: The sentence can be paraphrased as: {Example Output}
A. Paraphrased sentence: hnldmg —— _# Step 2: Meaningful triplets extracted from the paraphrased sentence are: {Example Outpui]
A surfer stands on a rock while holding 1 i

L__2 :

wooden surfboard 2 Q. Given the sentence {Example K}, extract meaningful triplets.

Extracted triplets: |surfhoard| Model Output A. Step 1: The sentence can be paraphrased as: {Example Output}

<surfer, stands on, rock>, . Step 2: Meaningful triplets extracted from the paraphrased sentence are: {Example Output]
<surfer, holding, surfboard=> A. person / standing on

PRRp— Actual Question
: _____ H isaligned El'lT.i[y}‘pl‘EdiCﬂ[E Q. Given the sentence “A surfer on rock holding wooden surfboard,” extract meaningful triplets.
Prompt for paraphrased caption I:l Aligned entity/predicate Prompt for original caption < Prompt Input for Step 2-1 (Top) and Step 2-2 (Bottom) >

Pipeline of LLM4SGG



EXPERIMENT: COMPARISON WITH BASELI

= Training dataset: COCO Caption (64K) / Test dataset: Visual Genome

= Grounding method

« SGNLS[1],VS3[2]

= QObservation

- 1) Performance enhancement in terms of mMR@K — Alleviation of long-tailed problem for the first time

« 2) Further Improvement on mR@K when applying reweighting method — it operates effectively si

classes are increased
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Motif (CVPR’18) - Fully-supervised 31.89 36.36 6.38 7.57 10.63/12.53 12.53 2
LSWS (CVPR'21) 3.29 3.69 3.27 3.66 3.28 3.67 5
SGNLS (ICCV’21) 3.80 4.46 2.51 2.78 3.02 343 =]
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Performance comparison with baselines

[1] Learning to Generate Scene Graph from Natural Language Supervision. Zhong et al. ICCV’21

[2] Learning to Generate Language-Supervised and Open-Vocabulary Scene Graph using Pre-trained Visual-Semantic Space. Zhang et al. CVPR’23
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EXPERIMENT: DATA-EFFICIENCY

= Question: Would LLM4SGG be effective despite having limited training data?
= Total number of images: 64K

= Experiment: Performance is averaged by randomly extracting each of the following images five times:
1K (1.5%), 5K (7.8%), 10K (15.6%), 64K (100%)
- Observation : Surpassing the performance of the baseline (VS3®) even with only 5K (7.8%) — Demonstrating Data-Efficiency

- Another observation: Further performance increasement as the training data gradually increases to 10K and 64K

) 8.3- _
0.5 o) s VSY64K) 927 - vsdeKk)
10.0- —m— VS3+LLM4SGG 74" —m- vSLLMASGG 8.3- @ VSHLLM4SGG
o 95- S 65- oS 7.4-
S 90- > = 65-
g) 8.5- & 47 @5 6
8.0 —grSem—- === -mm-mmmmmmo o 38 7
7.5- -7 T PO AN N
7.0 — : ! : 20— ! , ! 3.8- , ! , !
1K 5K 10K 64K 1K 5K 10K 64K 1K 5K 10K 64K
# Image # Image # Image

Performance over various number of images — Data efficiency
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CONCLUSION

Existing Weakly Supervised SGG studies have mainly focused on grounding unlocalized triplets and image regions.

However, we identify two issues within the triplet formation process: Semantic Over-simplification (Step 2) and

Low-Density Scene Graph (Step 3).

To alleviate them, we introduce LLM to the WSSGG task in Step 2 and Step 3.

We observe that LLM4SGG significantly increases performance in terms of R@K and mR@K on both Visual Genome
and GQA datasets.

- Demonstration of effectively alleviating the Semantic Over-simplification and Low-Density Scene Graph issues.

For more details of experiments, please refer to main paper.
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