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Introduction- data curation for VLMs

problems:
1. web crawled data is noisy
2. synthetic data from commercial VLM exists hallucination

We have a lot of existing 
vision expert models to help 
collect more details!

figure credit: DenseFusion-1M



Our approach - leveraging panoptic segmentation 
models to collect comprehensive description

Contributions:
1) Leverage SoTA panoptic segmentation model to 

tag  image and limited human effort to deliver 
hallucination free dataset

2) Perception information and image-text data 
enable novel pretraining on vision and language 
alignment.

3) High-quality instruction dataset enabling novel 
task and improve existing task

Panoptic segmentation= instance + semantic 
segmentation

1) instance segmentation: segmenting objects with 
counting

2) semantic segmentation: segment background 
stuffs without counting 



Introduction
COCO: Cozy living room with couches, coffee table, warm decor, natural light, and potted 
plants.
GPT-4V:  The image showcases a warm and inviting living room with cozy furniture and thoughtful 
decor. Two couches, one with a patterned throw and the other with vibrant pillows, are positioned 
around a wooden coffee table holding decorative items. A black cat is sleeping on the right couch, 
adding life to the scene. A neutral-toned geometric rug ties the furniture together, while warm red 
and orange walls adorned with framed artwork enhance the cozy atmosphere. Large windows let in 
natural light, with potted plants on the windowsills adding a refreshing touch. Shelves in the 
background display books and decor, completing the harmonious space.

COCONut-PanCap: The image features a cozy and well-decorated living room. At the center of the room, <4:a 
wooden coffee table equipped with glasses> holds various items, including <10:a remote control>, <13: a knife> on 
the plates, and <16:a square small book>. On the left, The seating arrangement includes <14:a patterned couch 
with colorful cushions and blanket> and <15:another neutral-toned couch with vibrant throw pillows> , providing 
balance to the layout.  The rug with colorful patters brings more warm atmosphere to the sitting area. Behind the 
couch, <20:A chair in the back> complements the seating options. Adding warmth to the room, <8:a black cat> rests 
comfortably on the couch. Behind the sitting area, there is <5:a 4-layer wall-mounted wooden shelf> with 
additional decorative items, including <11,12: vases> and other decorative items, enhancing the cozy and inviting 
atmosphere. Closed to the shelf, there are several <9,19,22:potted plants with green leaves > are placed throughout 
the room, adding a touch of greenery.  <2:The wall painted in warm tones>, create a cozy atmosphere and are 
adorned with framed artwork and decorations.  <0: The floor is neutral-toned>, supporting the entire setup. The 
<3:ceiling painted white>, contrasts subtly with the walls and reflects the natural light entering the room through 
<6:the large windows>.
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hallucination

missing details for salient object
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Dataset construction – annotation pipeline
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Dataset construction – annotation pipeline



Dataset construction – prompt template



Dataset construction – prompt template



Dataset construction – prompt template



# masks/image

# words/image



Introduction



Question

1. How is the data useful in the VLM training? pre-training? instruction 
tuning?

2. How can the data motivate the design of architecture modeling?



Mask-pooled LLaVA pretraining 
novel pretraining



Mask-pooled LLaVA pretraining 
novel pretraining



High-quality instruction data boost 
performance

synthetic data

same data amount

human refined



Various VLM understanding tasks facilitate by 
instruction data



Various VLM understanding tasks facilitate by data



Various VLM understanding tasks facilitate by data



VQA:
Downstream Task

Referring Segmentation:
USER: How many kinds of 
vegetables ?

ASSISTANT: There are 
broccoli, carrot ….  

USER: Can you segment the 
cat which is on the toilet? 
ASSISTANT: It is <SEG>.

Various VLM understanding tasks facilitate by data



Panoptic segmentation Grounded Caption - 
PGC (novel task)

image

Please provide a detailed description 
of the image and segment each part. 

text prompt

vision 
backbone
❄ 

multi-modal 
LLM❄ LoRA

��

The images depicts <p:a running 
dog[SEG_t]> …. on <p:the grass [SEG_s]>

panoptic mask 
decoder��

prediction

🔥: 
trainable
❄: frozen



Experimental results – PGC (novel task)



Thank!



Data gain: text-to-image generation



Data gain: VQA

adding more human-annotated detailed caption



Better dense understanding for VLM: referring 
segmetation



Undergoing project

1. leverage perception data in video generation
2. building multi-modal CoT data for improving reasoning ability to 

image generation



1.Perception data to improve video 
generation

Method Subject 
consisitency

Background 
consisitency

Dynamic 
degree

Motion 
smoothness

RGB 
finetuning

 0.958 0.959 0.39 99.47

w/ depth 
prediction

0.967 0.956 0.67 99.11

w/ flow 
prediction

0.965 0.954 0.71 99.56

w/ depth and 
flow

 0.953 0.954 0.85 99.38



1. Perception data to improve image to video 
generation
prompt: grab a pen and put it into a bowl.

https://docs.google.com/file/d/1GBhUBp8p860hYN-IGJiBbpEhv-NfXBTv/preview
https://docs.google.com/file/d/12L2WE2Sp8iKVXh6tVu82NdnriNv4Bo21/preview


2. Build CoT data to help improve image 
generation

figure credit: compositional CoT (CCoT)

Leverage panoptic segmentation to 
create CCoT data

extend simple prompt with CCoT

extended prompt 

text-to-image generation
image-to-text understanding



Panoptic Scene Graph Evaluation

Follow the OpenPSG[1] evaluation setting to report the recall rate, when 
calculate the recall
Evaluation set: 1000 selected long and complex scene text prompts (COCO images)

OpenPSG, ECCV2024

Method R@10 R@15 R@20 FID 

SD3: Caption only 31.4 41.7 46.8 23.4

SD3: Caption->SG->SG 
text

35.6 47.8 51.9 19.5

SDXL + Long-CLIP (no 
finetuning)

21.7 32.5 37.8 35.7

https://github.com/Jingkang50/OpenPSG/tree/main

