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Fig. 4: Network architecture of our LLaVA-Grounding for supporting visual prompts.
Snow flake denotes the part is frozen and fire denotes the part is trainable.

A More details about visual prompt

We support visual prompts such as clicks, boxes and scribbles with low training
cost by only train the visual prompt encoder to align prompt features to the
language space.

Training. We add the support of visual prompt seamlessly to the trained
grounded visual chat model. We use a pretrained Semantic-SAM model as the
prompt encoder. As shown in Fig. 4, a visual prompt will be encode as a prompt
feature by prompt encoder and map to the language space with a projection layer.
There is a special token ⟨obj⟩ in the text instruction, whose input embedding will
be replaced by the visual prompt feature. To avoid any influence on the existing
model, we propose to fix the other part of the model and only tune the prompt
encoder and the projection layer of the prompt encoder.

Data. As demonstrated in Section 2.2, we created 150K grounded visual chat
data with GPT4 to match none phrases in answers with GT instances. The data
for visual prompts is annotated in the same way as the grounded visual chat
data. As shown in the first blocks of Fig. 2, we simply change the sentence in
Context 2 to questions and GPT4 can help to match entities in the question with
GT instances. Then, we can sample various types of visual prompts based on the
GT instances. An example data is as follows. Assume the input image is that in
Fig. 4 and the original question is Q: What is the man doing?. With the help of
GPT4, “the man" is matched to the red box in the image. Then we change the
text prompt to Q: What is the object ⟨obj⟩ doing?. ⟨obj⟩ is a place holder. Its
input embedding will be replaced by the prompt embedding of “the man". We
labeled a part of 150K LLaVA instruction tuning data to visual prompt data.
The data has high-quality visual chat because it is generated by GPT4.

However, it is not good at distinguishing different instances in the image
because it usually talks about a few main objects for each image. For many
images, the data only contain discussions about one instance. This is not good
for the model to distinguish between different instances. Therefore, we include
RefCOCO to train visual prompt encoder for distinguishing instances. RefCOCO
has several instance, text pairs denoted as (I, T ) for each image. We convert
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them as visual chat data with the following template: Q:Please describe the object
⟨obj⟩ briefly. A: T where T is the referring text.

B Implementation details

stage1 stage2

lrllm 0.0 2e− 5
lrgd 1e− 4 1e− 4
bslang 32 128
bsgd 32 64
warm up ratio 0.03 0.03
weight decay 0.0 0.0
bf16 ✓ ✓
tf32 ✓ ✓
grad accumulate 2 1
nsteps 10000 8000

Table 11: The hyper-parmeters for stage1 and stage2.

We provide more details of our experiment configuration for reproducing our
method. We provide hyper-parameters for both stage1 and stage2 in Table 11.

– "Please segment ⟨phrase⟩."
– "Can you segment ⟨phrase⟩?"
– "Please provide the boxes and masks for ⟨phrase⟩."
– "We need the boxes and masks for ⟨phrase⟩, please."
– "Ensure that the boxes and masks for ⟨phrase⟩ are provided."
– "Include the boxes and masks for ⟨phrase⟩ in your submission."
– "Don’t forget to attach the boxes and masks for ⟨phrase⟩."
– "It’s important to have the boxes and masks for ⟨phrase⟩."
– "Please remember to include ⟨phrase⟩’s boxes and masks."
– "The request is for the boxes and masks related to ⟨phrase⟩."
– "Kindly submit the boxes and masks corresponding to ⟨phrase⟩."

Table 12: The list of instruction templates for referring expression tasks. ⟨phrase⟩
denotes the referring expression.
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– "Describe the image concisely."
– "Provide a brief description of the given image."
– "Offer a succinct explanation of the picture presented."
– "Summarize the visual content of the image."
– "Give a short and clear explanation of the subsequent image."
– "Share a concise interpretation of the image provided."
– "Present a compact description of the photo’s key features."
– "Relay a brief, clear account of the picture shown."
– "Render a clear and concise summary of the photo."
– "Write a terse but informative summary of the picture."
– "Create a compact narrative representing the image presented."

Table 13: The list of instructions for brief image description.

– "with grounding"
– "with boxes and masks"
– "Please also provide the boxes and masks for the noun phrases in the

response."
– "Kindly ensure that the response includes the relevant boxes and masks

for each noun phrase."
– "Additionally, include the boxes and masks that match each noun phrase

in the response."
– "Please provide the boxes and masks that correspond to every noun phrase

in your response."
– "It’s important to have the boxes and masks that align with each noun

phrase in the response."
– "Make sure to include the appropriate boxes and masks for each noun

phrase in your response."
– "In your response, include the boxes and masks that pertain to each noun

phrase."
– "Also, supply the boxes and masks that are linked to each noun phrase in

the response."
– "Additionally, please furnish the boxes and masks that correspond to each

noun phrase in the response."
– "Don’t forget to provide the boxes and masks associated with each noun

phrase in your response."
– "Ensure that each noun phrase in the response has its respective boxes

and masks."

Table 14: The list of suffixes of the instructions for grounding caption.



4 H. Zhang, H .Li, et al.

– "Could you offer a concise description of the object ⟨obj⟩ ?"
– "Please give a short summary of the object ⟨obj⟩ .",
– "Kindly provide a succinct description of the object ⟨obj⟩ ."
– "I’d appreciate a brief overview of the object ⟨obj⟩ ."
– "Could you summarize the object ⟨obj⟩ in a few words?"
– "Please provide a brief explanation of the object ⟨obj⟩ ."
– "I’d like a quick description of the object ⟨obj⟩ , please."
– "Could you quickly describe the object ⟨obj⟩ ?"
– "Please offer a condensed description of the object ⟨obj⟩ ."
– "Can you briefly characterize the object ⟨obj⟩ ?"
– "Kindly provide a brief description of the object ⟨obj⟩ ."
– "Would you mind giving a brief account of the object ⟨obj⟩ ?"
– "Can you sketch a short description of the object ⟨obj⟩ ?"
– "Please deliver a terse description of the object ⟨obj⟩ ."

Table 15: The list of instructions for region caption data.

C Instruction lists for different data format.

In this section, we give instruction lists used to construct instruction following
data from different formats of data.

D More visualizations

Table 16 and 17 shows more comparison of LLaVA-G and other grounding LMMs
in grounded description. There are also visualization of various functionalities of
our model as listed below.

1. Visual Chat with Visual Prompts (Table 18): Our model demonstrates its
capability to engage in visual chat using visual prompts such as boxes or
clicks.

2. Support for Marks as Visual Prompts (Table 19): After fine-tuning with mark
data, our model effectively supports marks as visual prompts.

3. Debugging and Hallucination Removal (Table 20): Our model exhibits a
potential for assisting in debugging by allowing users to identify and correct
errors. In this example, the initial output contains hallucination ("two small
birds" grounded to the woman’s mouth), which the user detects through
grounding and subsequently instructs the model to rectify.
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Grounded description example 2:

User Describe the following image with grounding.
LLaVA-G The image features a fantasy scene with a woman and a man

standing close together, riding on the back of horses. The
woman is on the left side of the image, and the man is on the
right side. Both individuals appear to be enjoying their time
on horseback, surrounded by a visually appealing fantasy
setting. In the background, there are two dragons, one on the
left side and the other on the right side of the image. The
dragons are situated near the top, adding a sense of depth
and intrigue to the scene.

User Can you provide a description of the image and include the
coordinates [[x0,y0,x1,y1]] for each mentioned object?

CogVLM-
Grounding

A man and a woman, both dressed in armor, are riding horses.

User Provide a comprehensive description of the image <image>
and specify the positions of any mentioned objects in square
brackets.

Shikra A woman with blond-hair sitting on a white horse with a
man standing next to her.

User [grounding] Describe the scene in detail.
MiniGPT
v2

A woman in blue is riding a white horse ,a man in black is
walking towards the horse , and a dragon is in the background

Table 16: An example of grounded detailed descriptions generated by LLaVA-G and
other LMMs. We use the best prompt recommended by the paper for each model.
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Grounded description example 3:

User Describe the following image with grounding.
LLaVA-G The image features a dining table with three pizzas on sepa-

rate open boxes placed in the center. The pizzas have various
toppings, making them visually appealing. In addition to the
pizzas, there are two bowls on the table, one located near
the top left corner and the other at the top right. The table
appears to be set for a meal, with the pizzas and bowls ready
for guests to enjoy.

User Can you provide a description of the image and include the
coordinates [[x0,y0,x1,y1]] for each mentioned object?

CogVLM-
Grounding

Three pizzas in a box.

User Provide a comprehensive description of the image <image>
and specify the positions of any mentioned objects in square
brackets.

Shikra Three pizzas in pizza boxes with various toppings.

User [grounding] Describe the scene in detail.
MiniGPT
v2

Three pizza boxes with pizzas and toppings on them

Table 17: An example of grounded detailed descriptions generated by LLaVA-G and
other LMMs. We use the best prompt recommended by the paper for each model.
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Visual prompt example:

User What is the object ⟨obj⟩ doing and why?
LLaVA-G The cat is sitting in front of a laptop computer, likely curious about

the content displayed on the screen. Cats are naturally inquisitive
animals, and they are often attracted to anything that seems new,
interesting, or engaging. The movement or visual elements on the
laptop screen might have caught the cat’s attention, prompting it
to sit and observe the screen. It could be merely a passing curiosity
or the start of an interest in technology or screen time that the cat
may develop further in the future.

User What is the object ⟨obj⟩ used for?
LLaVA-G The laptop computer screen is used for various purposes, such as

working, studying, entertainment, and communication. In this par-
ticular image, the laptop appears to have a Word document or a
web page open, which suggests that the user might be working on a
document, browsing the internet, or using the computer for other
tasks.

Table 18: An example of visual chat based on visual prompts where ⟨obj⟩ denotes
the positions in the user instruction to insert the visual prompt features.

Example of marks as prompts:

User What do you think is going on in this snapshot with grounding?

LLaVA-G In the snapshot, a little girl <2> is sitting on a rug with a guitar-shaped
toy <1> in her hands. She appears to be playing or interacting with
the toy guitar, which suggests that she might be interested in music
or is simply having fun with her toy. This scene could indicate that
the child is exposed to musical instruments or enjoys imitating the
sounds she hears. It is also possible that the toy guitar is a part of
her imaginative play, where she creates different scenarios and engages
with her surroundings.

Table 19: An example of visual chat based on marks.
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Example of reduce hallucination:

User What do you see happening in this image with grounding?
LLaVA-G The image features a young woman standing in a field, surrounded

by tall grass. She is holding a string or a ribbon in her hand, which
seems to be attached to a bird . The bird is flying in the sky, with its
position slightly to the right and above the woman. In addition to the
woman and the bird, there are two small birds in the scene. One is
located in the middle of the scene, close to the woman, while the other
is slightly above the first bird. The scene has a peaceful, nature-oriented
atmosphere.

User There are actually no small birds, so please describe the scene again
with grounding.

LLaVA-G In the image, there is a young woman standing in a field of tall grass.
She holds a string or a ribbon, which is connected to a bird . The bird
is flying in the sky, towards the right and slightly above the woman.
The scene portrays a sense of wonder and tranquility as the woman
interacts with the bird and enjoys the company of nature.

Table 20: An example to show the potential of LLaVA-G to reduce hallucination.


