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Abstract

In recent years, large language models (LLMs) have made significant progress in
natural language processing (NLP), with models like ChatGPT and GPT-4 achiev-
ing impressive capabilities in various linguistic tasks. However, training models
on such a large scale is challenging, and finding datasets that match the model’s
scale is often difficult. Fine-tuning and training models with fewer parameters
using novel methods have emerged as promising approaches to overcome these
challenges. One such model is MiniGPT-4, which achieves comparable vision-
language understanding to GPT-4 by leveraging novel pre-training models and
innovative training strategies. However, the model still faces some challenges in
image comprehension, particularly in artistic pictures. To address these limitations,
a novel multimodal model called ArtGPT-4 has been proposed. ArtGPT-4 was
trained on image-text pairs using a Tesla A100 device in just 2 hours, using only
about 200 GB of data. The model can depict images with an artistic flair and
generate visual code, including aesthetically pleasing HTML/CSS web pages. Fur-
thermore, the article proposes novel benchmarks for evaluating the performance of
vision-language models. In the subsequent evaluation methods, ArtGPT-4 scored
more than one point higher than MiniGPT-4 and was only 0.25 points lower than
GPT-4 on a five-point scale. Our code and pre-trained model are available at
https://minigpt-4.github.io/.
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1 Introduction

In recent times, the advancements made by large language models (LLMs) in the domains of natural
language processing have been truly remarkable [28, 4, 26, 11, 14]. The performance of each
task has demonstrated improvement with the increase in model size, simultaneously unlocking
novel capabilities [8]. These models can perform a variety of intricate linguistic tasks in a zero-
shot manner, thanks to their exceptional language capabilities. Large multimodal models, such as
M6 [22], LLaVA [24], and GPT-4 [27], have shown impressive capabilities in understanding the
vision-language. For instance, models like LLaVA and GPT-4 have shown the ability to capture
intricate details and comprehend the meaning of images, thereby producing diverse language outputs.

However, training a model on such a large scale presents a significant challenge to the experimental
device. And finding datasets that match the scale of large models like GPT-3, which utilizes up to 45
terabytes of text data, can be a daunting task. As a result, fine-tuning with existing pre-trained models
has emerged as a promising approach, as illustrated by ChatGPT’s use of GPT-3 for fine-tuning
according to Reinforcement Learning with Human Feedback (RLHF) [9]. Training a model with
fewer parameters using a novel training method is also a crucial approach like the Vicuna [7] and
Alpaca [34]. An example of this is the Alpaca model, which has only 7 billion parameters but
can achieve similar performance to the text-davinci-003 model, a GPT-3 variant with 175 billion
parameters, on the Self-Instruct evaluation suite for instruction-following [36].

The MiniGPT-4 model [42] achieves comparable vision-language understanding to GPT-4 by lever-
aging novel pre-training models and innovative training strategies. However, there are still some
challenges that need to be addressed. Firstly, the model’s ability to comprehend images still needs
improvement, as it struggles to capture all the details, particularly in artistic pictures. Secondly, there
is currently no well-defined metric for evaluating the model’s performance. Finally, it is worth noting
that the experimental setup employed four Tesla A100s, which is relatively high-end equipment.

We propose a novel solution to the limitations of MiniGPT-4 by introducing a new model called
ArtGPT-4. ArtGPT-4 incorporated tailored linear layers and their corresponding activation functions
into Vicuna, in conjunction with activating specific training parameters. Our modifications were
designed to optimize the model’s performance and enable it to effectively address the unique chal-
lenges posed by vision-language tasks. ArtGPT-4 was trained on a Tesla A100 device in just 2 hours,
using only about 200 GB of image-text pairs. ArtGPT-4 can depict images with a more artistic flair
and generate visual code, including aesthetically pleasing HTML/CSS web pages. In a subsequent
evaluation method, it was shown that ArtGPT-4 outperformed the original MiniGPT-4 model in terms
of image understanding.

Our contribution is as follows:

* We are the first to utilize efficient fine-tuning for cross-visual and linguistic domain models,
and have achieved impressive results.

* We propose a novel multimodal model called ArtGPT-4 based on MiniGPT-4, and it performs
better than MiniGPT-4.

* We propose a novel benchmarks for multimodal vision-language understanding models.
This proposed benchmarks can serve as a more comprehensive criterion for evaluating the
performance of vision-language models.

* We have made all the code and training layer parameters in this article available as open
source.

2 Related Work

Language Models: Early language models such as BERT [12], GPT [30], GPT-2 [31],
RoBERT [25], ELECTRA [10] and XLNet [38] have tended to place greater emphasis on natu-
ral language understanding tasks in the field of natural language processing, including language
inference, text classification, and named entity recognition. These models leverage large-scale unsu-
pervised pre-training to acquire rich linguistic knowledge and patterns and have achieved impressive
performance across a range of NLP tasks. In recent years, the emergence of large-scale language
models like T5 [32], GPT-3 [4], and LLaMA [11] has yielded impressive results in natural language



generation tasks, including chatbots, text generation, and summarization. These models have proven
highly effective at producing coherent and contextually relevant language, paving the way for a range
of innovative new applications in natural language processing. Furthermore, in order to improve the
usability of these large models for humans and enhance their ability to understand natural language
commands, researchers have applied Reinforcement Learning with Human Feedback (RLHF) [9].
This approach has yielded impressive results, with models such as ChatGPT [26] and GPT-4 [27]
demonstrating outstanding performance. By leveraging the insights and feedback of human users,
these models have become more accurate, efficient, and responsive, opening up new possibilities for
natural language processing applications.
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Figure 1: Model structure and training process of MiniGPT-4 and Vicuna models

Vision-Language Model: Recently, some researchers [5, 1, 35] are exploring models with broader
capabilities beyond a single domain, such as enabling language models to understand images. For
instance, GPT-4 leverages a vast amount of image-text data to enhance its power not only for linguistic
tasks but also for image comprehension, allowing it to describe images using language. Remarkably,
MiniGPT-4 can equip the Vicuna model with image understanding abilities by employing only a
ViT [13], Q-Former [41], and a linear layer as shown in Figure 1(a). There also exist some efficient
training methods for multimodal models, like BLIP-2 [20], which proposes a generic and efficient
pre-training strategy for vision-language tasks. It utilizes off-the-shelf frozen pre-trained image
encoders and large language models, along with a lightweight Q-Former to bridge the modality gap.

Efficient Fine-tuning: Efficient fine-tuning strategies can enhance the performance of large lan-
guage models (LLMs) on specific tasks. For instance, the LoRA [18] method utilizes low-rank
projection of model weights to adapt large language models to new domains with limited training
data. For example, Vicuna and Alpaca models based on the LLaMA model utilizing the LoRA
method with ChatGPT dialogue data have demonstrated impressive performance. Parameter-efficient
fine-tuning methods [17, 40, 21, 15, 29] are also a promising approach in the field of NLP, with the
goal of reducing the number of learning parameters and computational resources required to adapt to
downstream tasks while achieving comparable results to full fine-tuning. There has also been recent
work in the field of computer vision on efficient learning, such as the work by Jia et al. [19], Bahng
et al. [3], and Chen et al. [6] on visual adaptation using methods similar to those used in NLP. It is
worth noting, however, that these works are based on the same modality (such as text to text, image
to image, video to video), or the same domain [37] (such as visual image to visual video).

Benchmark for Vision-Language Tasks: To improve the evaluation metrics for multimodal
models, several works have proposed new benchmark tests and datasets [23, 39, 2]. These datasets
have limitations such as a lack of diversity in image types, a bias towards certain cultural references,
and limited size. While they provide a useful benchmark for evaluating vision-language models, it’s
important to keep in mind their potential limitations. By tackling these challenges, we leverage the
conference paper review process and the exceptional multimodal model GPT-4 to establish a novel
benchmark for evaluating multimodal models.

3 ArtGPT-4

In this section, we will provide a brief overview of MiniGPT-4 and its baseline model (Section 3.1).
Next, we will detail the Image Adapter (Section 3.2), and the training of ArtGPT-4 (Section 3.3),
illustrating how we use the Adapter layer to construct visual-verbal multimodal models step-by-step.



3.1 MiniGPT-4

MiniGPT-4 is a model that aims to combine visual information from a trained vision encoder with
an advanced large language model (LLM) to perform a wide range of complex linguistic tasks.
The model uses the Vicuna language decoder, which is constructed upon LLaMA, and a visual
encoder consisting of a ViT backbone coupled with a pre-trained Q-Former as shown in Figure 1.
MiniGPT-4 is trained in two stages: pretraining on a large collection of aligned image-text pairs
to acquire vision-language knowledge, and fine-tuning on a smaller but high-quality image-text
dataset with a designed conversational template to enhance the model’s generation reliability and
usability. During the initial pretraining stage, MiniGPT-4 acquires vision-language knowledge
from a large dataset of aligned image-text pairs. However, it may still struggle with generating
coherent and human-friendly responses, similar to ChatGPT before its fine-tuning and reinforcement
learning stage. The second stage alignment process is essential to enhance the model’s naturalness in
generated language. A carefully curated image-text dataset is used to fine-tune the MiniGPT-4 and
post-processing is employed to refine the generated descriptions, resulting in approximately 3,500
high-quality image-text pairs for the alignment process.
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Figure 2: Transformer block of Vicuna with image adapter
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3.2 Image Adapter

While MiniGPT-4 has demonstrated impressive image understanding capabilities, it still falls short in
comprehending all the image content, particularly in cases where the image contains artistic coloration.
We draw inspiration from two sources: the Parameter-efficient fine-tuning technique [17] in NLP
and the training of AIM models (image-to-video) [37]. As depicted in Figure 2 and Equation (1),
we incorporated an image adapter layer into the MiniGPT-4’s original Vicuna model to enhance its
ability to comprehend images.

Y = Lineara(GELU (Linear: (X))) + X (1
where Linear, and Linears denote the Linear down (hidden size to ihidden size) and Linear
up (ihidden size to hidden size) layers in the graph, respectively, GELU represents the activation
function [16], X represents the data calculated after the Multi-Headed Attention (MHA) mechanism,
and Y represents the data after the image adapter layer and Y represents the output data after the
image adapter layer.

Furthermore, in the training process of ArtGPT-4, the parameters of the RMS Norm layer in front of
the MLP are also enabled. This is done to regulate the output of data from the image adapter layer,
preventing it from causing gradient explosion and making it difficult to update the model parameters.

To further enhance the Vicuna model’s understanding of image information, we also activated the
RMS Norm training parameters in the base layer (N=1,3,5,...) of the Transformer block of Vicuna.
As we think it’s not ideal to directly input image information into the original Text MHA layer, we
named the MHA layer with the activated training parameters as Image MHA, to distinguish it from
the original Text MHA.



3.3 Training

Our goal remains to enable Language Models to comprehend visual information using pre-trained
models. We still follow the parameters of the original MiniGPT-4, and its training steps. Only we use
different training data.

Training Data: We use Laion-aesthetic from the LAION-5B [33] dataset, which amounts to
approximately 200GB for the first 302 tar files. Laion-aesthetic is a large-scale dataset of images
used primarily for training models to evaluate image aesthetics. The dataset includes over 500,000
images sourced from Flickr, each of which has been manually rated for aesthetic quality and affective
polarity. Aesthetic quality is rated on a scale from 1 to 10, while affective polarity is rated as positive,
neutral, or negative. In addition to image ratings, the dataset also includes metadata such as EXIF
information, image tags, and image descriptions.

The First Training Processes: We trained our model using the following hyperparameters: a linear
warmup cosine learning rate scheduler with an initial learning rate of le-7, the minimum learning
rate of 8e-7, and a warmup learning rate of le-8. The weight decay was set to 0.05, and the maximum
number of training epochs was 2. We used a batch size of 32 for both training and evaluation, with
4 workers. The warmup steps were set to 5000, and there were 5000 iterations per epoch. We only
trained on a Tesla A100 for less than 2 hours.

The Second Training Processes: We fine-tuned the ArtGPT-4 using a set of MiniGPT-4’s image-
text pairs. We employed the same template containing a prompt with a randomly sampled instruction,
which allowed our model to generate more natural and reliable responses. We only trained on a Tesla
A100 for less than 10 minutes.

4 Quality Comparison
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The overall effects one of tranquility and beauty, with the natural
landscape depicted in a way that emphasizes its rugged, wild beauty.
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Figure 3: Description of traditional Chinese painting

Image Description: Both MiniGPT-4 and ArtGPT-4 provide detailed descriptions of the images
they are given as shown in Figure 3, describing a traditional Chinese ink painting of a landscape
scene. First, ArtGPT-4 provides more detailed and specific information about the subject matter of the
painting, including details about the rocks, trees, and grasses depicted in the image. Second, ArtGPT-4
makes use of more specialized language to describe the painting, including terms such as "Chinese
calligraphy brushstrokes" and "shading and texture of the rocks." This indicates a greater level of



expertise and familiarity with the subject matter, which can help to lend credibility and authority to
the description. Finally, ArtGPT-4 uses language that emphasizes the emotional and aesthetic impact
of the painting, describing it as having a "tranquil” and "beautiful”" effect that emphasizes the rugged,
wild beauty of the natural landscape. This suggests that ArtGPT-4 is better able to understand and
convey the emotional and aesthetic impact of visual art, which could be particularly useful in fields
such as art criticism or curation.
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Figure 4: Appreciation of judgments about aesthetics

Aesthetics: Both MiniGPT-4 and ArtGPT-4 recognized the artistic qualities of the image as shown
in Figure 4, but ArtGPT-4’s response is more detailed and descriptive. ArtGPT-4 not only describes the
image but also provides an interpretation of it, highlighting the beauty in decay and evoking emotions
such as sadness, loneliness, and desolation. In addition, ArtGPT-4 provides a more technical analysis
of the image, discussing the composition, lighting, color palette, and tonal range. These details
demonstrate a deeper understanding of the elements of visual arts and photography. Overall, ArtGPT-
4’s response is more nuanced and insightful, showcasing its superior capacity for understanding and
analyzing art.

Better-looking Websites: ArtGPT-4’s response includes an image that serves as a visual representa-
tion of the joke website as shown in Figure 5. The use of the image adds an extra layer of creativity to
the website and can help to attract visitors. Additionally, the CSS styling used in ArtGPT-4’s response
is more comprehensive, providing more visual appeal to the website. In comparison, MiniGPT-4’s
response uses a more basic CSS styling and does not include an image. The website still looks func-
tional and readable, but it lacks the same level of visual interest that ArtGPT-4’s response provides.
Overall, ArtGPT-4’s response demonstrates a more sophisticated understanding of web design and
has more visual appeal than MiniGPT-4’s response.

5 Evaluation Benchmarks

Similar to how the TOEFL and IELTS tests are used to measure English language proficiency, we
were enthusiastic about establishing a reliable standard for evaluating the ability to comprehend
multimodal images. We implemented four scoring criteria and a five-point scoring scale to evaluate
the model’s capacity for comprehending images.

Image Depiction Capability (IDC): We selected 10 various types of graphs, such as paintings,
photographs, Al-generated images, etc., for the model to provide descriptions for. Each image is
scored according to the following criteria:
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Figure 5: About the generation of better-looking websites



* 0: No image description capability

* 1: Description does not match real image representation

 2: Partial image description

* 3: Complete image description without appreciation information
* 4: Complete image description at the human level of appreciation

* 5: Complete image description surpassing the human level of appreciation, such as an artist.

Image Sentiment Analysis Capability (ISAC): We chose 10 images of individuals and instructed
the participants to "Analyze the emotions expressed by the individuals in the images as well as the
emotions felt by the viewer observing them." Each image is scored according to the following criteria:

* 0: Can’t describe the feelings about the picture

* 1: Can describe the relevant emotion but no logical proof (e.g.: the picture is seen... So
people will have a kind of... emotion)

 2: Can describe the relevant emotion and justify it. But the description is not perfect

3: The individuals in the images or the viewer’s emotions can be described perfectly and
justified.

* 4: Can describe all the emotions as an ordinary person and justify them.

* 5: Can describe all emotions perfectly and justifiably and full of art.

Image Content Recognition Capability (ICRC): We selected 5 images with a variety of objects
and scenes, such as animals, landscapes, and household items, for the model to recognize and label.
Each image is scored according to the following criteria:

* 0: No image content recognition capability
* 1: Some objects/scenes are recognized but with significant errors or omissions

* 2: Most objects/scenes are recognized with some errors or omissions

* 3: All objects/scenes are recognized with few errors or omissions

4: All objects/scenes are recognized with high accuracy and speed, comparable to a human
observer

5: All objects/scenes are recognized with high accuracy, speed, and contextual understanding,
surpassing the performance of a human observer.

Multi-round Dialogue Image Understanding Capability (MDIUC): We randomly select 2
images and conduct five rounds of dialogue with the model for each image to assess its multi-round
image understanding capability. Each image-dialogue pair is scored according to the following
criteria:

* 0: No image understanding capability in the dialogue
* 1: Partial image understanding, but unable to carry on the dialogue smoothly

* 2: Able to understand the image to some extent and carry on the dialogue with some
coherence, but lacks understanding of some key points

* 3: Can understand the image and carry on the dialogue smoothly, but with some minor
misunderstandings or mistakes

* 4: Can understand the image and carry on the dialogue smoothly, with accurate understanding
and good coherence

* 5: Can understand the image and carry on the dialogue smoothly, with accurate understand-
ing, good coherence, and creative responses.

We incorporated these scoring criteria into the state-of-the-art GPT-4 model to establish a comprehen-
sive multimodal model evaluation system.



6 Evaluation

We separately scored each response based on the benchmarks presented in Section 5 for GPT-4,
MiniGPT-4, and ArtGPT-4. Due to space limitations, we could not include the responses in the
text. However, the responses generated by MiniGPT-4 and ArtGPT-4 can be found on GitHub at
www.github.com as open-source code.

Table 1: IDC benchmarks based on GPT-4 scores.

Items 1 2 3 4 5 6 7 8 9 10 Average
GPT-4(criterion) 4 4 4 4 4 3 4 5 4 5 4.1
MiniGPT-4 2 3 3 1 2 2 4 3 3 3 2.6
ArtGPT-4Ours) 4 4 3 4 4 3 4 5 3 4 3.8

Table 2: ISAC benchmarks based on GPT-4 scores.

Items 1 2 3 4 5 6 7 8 9 10 Average
GPT-4(criterion) 3 4 3 3 3 3 3 3 3 3 3.1
MiniGPT-4 2 3 2 3 2 2 2 2 3 2 2.3
ArtGPT-4QOurs) 3 3 1 3 3 3 3 3 3 3 2.8

Table 3: ISAC and MDIUC benchmarks based on GPT-4 scores.

Benchmark ICRC MDIUC
Items 1 2 3 4 5 Average 1 2 Average
GPT-4(criterion) 3 3 3 3 3 3 4 4 4
MiniGPT-4 1 2 2 2 2 1.8 3 2 2.5
ArtGPT-4Ours) 3 4 2 3 3 3 4 4 4

According to Table 1, Table 2, and Table 3 show, based on the four scoring criteria, ArtGPT-4’s
image comprehension ability is significantly superior to that of the original MiniGPT-4 and even
approaches that of GPT-4. ArtGPT-4 outperformed MiniGPT-4 in all four benchmark tests, with
each test weighted at 25 percent. ArtGPT-4 scored 3.4 points while MiniGPT-4 scored 2.35 points,
indicating a difference of more than 1 point on a 5-point scale. Notably, ArtGPT-4’s final score of
3.4 was only 0.15 points below that of GPT-4. Additionally, the number of Vicuna model counts in
ArtGPT-4’s language model (13 billion) was significantly lower than that of GPT-4 (>175 billion).

7 Conclusion and Future Work

Our ArtGPT-4 model demonstrates significant progress in the field of vision-language understanding,
showing superior performance to its predecessor, MiniGPT-4. Our proposed modifications, including
tailored linear layers and activation functions, have optimized the model’s performance and addressed
the unique challenges posed by vision-language tasks. Additionally, we have introduced a novel
benchmarks for evaluating the performance of vision-language models, which provides a more
comprehensive criterion for assessing these models. Our model was trained in just 2 hours, using
arelatively small dataset, and can generate visually appealing HTML/CSS web pages, making it a
promising tool for designers and content creators.

While we have successfully addressed many challenges, there remain a couple of issues. First, our
training dataset is limited, particularly in the second phase where we utilize the original MiniGPT-4
dataset. Secondly, our benchmarks only evaluates image understanding in the English language and
does not account for other languages.
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