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Abstract

Recent advances in medical Al have underscored the importance of Visual Question Answering (VQA) and medical
image generation. VQA systems enable automated reasoning over medical images using natural language queries,
enhancing clinical interpretability. Meanwhile, generative models synthesize realistic medical images from
textual descriptions, supporting data augmentation, simulation training, and rare case generation; particularly
valuable in low-resource domains. Though evaluated independently in this challenge, these tasks are inherently
complementary. VQA can aid in semantically annotating synthetic images, while synthetic images can enrich
datasets to improve VQA model training. Together, they pave the way for robust multimodal diagnostic systems.
In the ImageCLEFmed-MEDVQA-GI 2025 challenge, we address both subtasks: (1) closed-domain VQA and (2)
medical image generation in the gastrointestinal (GI) domain. For VQA, we fine-tuned Microsoft’s Florence2
vision-language transformer on the Kvasir-VQA dataset, using a custom preprocessing pipeline to remove specular
highlights and black borders. Evaluation on the test sets yielded BLEU scores of 0.24/0.22, ROUGE-L scores
of 0.87/0.88, and METEOR scores of 0.48/0.49, demonstrating strong domain-specific performance. For image
generation, we fine-tuned Stable Diffusion with LoRA using synthetic captions produced by the QwQ language
model. The model generated high-resolution (768x768) GI images. Evaluation on the private test set achieved
a fidelity score of 0.2739, agreement of 0.739, and diversity of 0.6481, indicating high-quality synthesis. Our
approach integrates fine-tuned VQA and diffusion models in a reproducible multimodal framework, advancing
clinical image interpretation and dataset enrichment in low-resource GI healthcare.
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1. Introduction

In recent years, gastrointestinal (GI) image analysis has emerged as a cornerstone of diagnostic medicine
due to the rising global burden of GI diseases. Colorectal cancer alone accounts for more than 1.9 million
new cases and over 935,000 deaths annually, making it the third most deadly cancer worldwide!. High-
resolution endoscopic techniques such as colonoscopy and capsule endoscopy generate vast quantities
of visual data that require precise, real-time interpretation. Manual analysis is time-consuming and
susceptible to variability. This motivates the need for automated, intelligent image interpretation
systems. With the advancement of computational imaging, deep learning, and image-guided diagnostics,
Al-driven tools now aid in the detection of polyps, ulcers, and inflammatory markers with increasing
accuracy [1]. Additionally, the shift toward data-driven healthcare has accelerated the adoption of GI
image analysis platforms which aim to reduce diagnostic delays and enhance early disease detection [2].

Visual Question Answering (VQA) plays a critical role in medical Al by bridging the gap between
complex visual data and clinical decision-making through natural language interaction. In the medical
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domain, VQA systems are trained to interpret an image I and answer a clinician’s question () by
producing an answer A, formalized as f : (I,Q) — A. By leveraging state-of-the-art transformer
architectures, these systems encode joint embeddings z = ¢(I, Q) that capture intricate relationships
between image features and textual queries [3]. This facilitates interpretable and context-aware analysis
of subtle pathological findings, which may be overlooked or misinterpreted during manual review.
Consequently, VQA enhances diagnostic accuracy and efficiency, enabling clinicians to obtain rapid,
and reliable answers that assist real-time decision-making.

In contrast, synthetic image generation addresses a complementary yet equally vital challenge: the
scarcity and imbalance of annotated medical imaging datasets. Diffusion-based generative models learn
to approximate the conditional distribution py(xg|c) of realistic images x( given clinical captions ¢
by progressively denoising latent variables z; over discrete time steps ¢t [4]. This enables the creation
of diverse, high-fidelity GI images that represent rare pathologies or underrepresented anatomical
variations. Therefore, this circumvents the privacy issues inherent in using real data. These synthetic
datasets not only expand the training resources for AI models but also allow systematic evaluation
of diagnostic algorithms across a broader clinical spectrum. Importantly, when integrated with VQA
pipelines, synthetic generation supports the creation of well-annotated multimodal data, reinforcing
model robustness and clinical relevance [5].

Together, VQA and synthetic image generation serve distinct but synergistic functions within medical
Al VQA enhances clinical interpretability and decision support by enabling interactive image under-
standing, while synthetic generation expands and balances training data to improve model generalization
and reliability.

To foster progress at this intersection of vision-language understanding and image synthesis, the
ImageCLEFmed-MEDVQA-GI 2025 challenge [6] introduced a unique dual-task benchmark in the GI
domain. This year’s challenge focused on two core subtasks:

« Subtask 1 (Closed-domain VQA): Participants were required to develop models capable of
answering medical questions grounded in GI endoscopic images, using datasets annotated with
question-answer pairs [7]. It presented the need to leverage multimodal learning approaches that
jointly analyze visual data and textual queries in order to provide responses.

« Subtask 2 (Synthetic Image Generation): This task involved generating synthetic GI images
conditioned on clinical text prompts, such as descriptions of polyp types, anatomical landmarks,
or procedural findings [5].

Both subtasks aim to address pressing challenges in the clinical Al landscape: Subtask 1 enhances
interpretability and decision support, while Subtask 2 enables scalable data augmentation and training
for low-resource tasks.

In response to this challenge, we participated in both subtasks independently by employing state-
of-the-art models tailored to each task. For Subtask 1, we fine-tuned Microsoft’s Florence2, a robust
vision-language transformer, on the Kvasir-VQA dataset. To improve the quality of the visual input, we
applied a specialized preprocessing pipeline addressing common endoscopic image artifacts such as
specular highlights and black masks. Mixed-precision training was used to balance model performance
and computational efficiency [8]. For Subtask 2, we fine-tuned Stable Diffusion v2-1 using Low-Rank
Adaptation (LoRA), which allows efficient adaptation of large diffusion models with minimal resource
demands [9]. This approach enabled the synthesis of high-resolution, clinically relevant GI images,
enhancing the diversity and realism of generated medical data.

Through these efforts, we showcased the effectiveness of leveraging advanced vision-language and
generative models for distinct yet complementary challenges in GI imaging, contributing to improved
interpretability and data augmentation in clinical applications.

The rest of the paper is structured as follows. Section 2 provides a concise overview of prior research
in this field. In Section 3, we provide the task overview and then describe the datasets used. Section
4 elaborates on our computational methodologies, and model specifications. Next, we explain the
evaluation methodology, present our results and conduct a comprehensive analysis in Section 5. Finally,
we conclude in Section 6.



2. Related Work

Recent advances in medical artificial intelligence have increasingly emphasized the integration of VQA
and synthetic image generation to improve diagnostic accuracy, especially within the GI domain. This
integration involves complex multimodal reasoning, combining visual data from medical images with
natural language questions to generate clinically relevant answers.

Pioneering datasets like VQA-RAD [10] established early benchmarks by pairing radiological images
with clinically meaningful questions and answers. This dataset enabled models to learn how to interpret
medical images while simultaneously reasoning about associated clinical queries, focusing on radiology-
specific pathologies. Building upon this, PathVQA [11] extended the framework to pathology by
compiling over 32,000 question-answer pairs based on microscopic histopathological images. This
allowed for deeper reasoning about cellular and tissue-level abnormalities, enhancing model capabilities
to understand fine-grained pathological features. In the specific context of GI endoscopy, Kvasir-
VQA [12] curated a large-scale dataset featuring endoscopic images paired with multiple question types,
including anatomical, pathological, and procedural questions.

Simultaneously, the generation of synthetic medical images has become a critical technique for
overcoming data scarcity and imbalance, particularly in rare disease classes that lack sufficient real-
world examples. Generative Adversarial Networks (GANs) [13] represent a landmark approach wherein
a generator network produces synthetic images, which are then judged by a discriminator network that
learns to distinguish real from fake images. While GANs have been effective in many domains, their
training often suffers from instability and mode collapse. This limits their capacity to produce diverse,
high-fidelity medical images reliably.

To address these limitations, diffusion models [4, 14] have emerged as a powerful alternative. These
models learn a reverse denoising process that transforms random noise into realistic images through a
series of iterative refinement steps. Recent studies in medical imaging [15] demonstrate that diffusion
models generate synthetic images with greater anatomical coherence and visual diversity than GANs,
making them particularly suitable for augmenting GI imaging datasets.

On the front of vision-language integration, models like CLIP [16] learn joint embeddings of images
and text by training on large-scale web data, enabling zero-shot image recognition and open-domain
image-text reasoning. Similarly, BLIP (Bootstrapping Language-Image Pre-training) improves captioning
and VQA by aligning vision and language features through a combination of contrastive and generative
objectives. The Flamingo [17] model further extends this by enabling few-shot learning and open-ended
multimodal reasoning using a large-scale transformer architecture.

In medical Al, domain-specific adaptations such as Med-Flamingo [18] have been proposed. Med-
Flamingo fine-tunes large pretrained vision-language models on medical image-text pairs to generate
clinical rationales. It also performs VQA with limited labeled data, capturing domain-specific semantic
nuances. Despite these advances, these models often require extensive fine-tuning, which can be
computationally prohibitive, and they may suffer from domain gaps because the base models are
primarily trained on natural images and general language corpora.

To mitigate these challenges, parameter-efficient fine-tuning (PEFT) techniques such as LoRA [19]
enable the adaptation of large pretrained models by training only a small number of additional low-rank
parameter matrices. This significantly reduces the number of trainable parameters and computational
resources while maintaining performance. PEFT approaches have shown promising results in medical
imaging tasks [20, 15], allowing resource-efficient transfer learning but remain underexplored in complex
multimodal GI VQA systems.

The recent ImageCLEFmed-MEDVOQA challenges in 2023 [21] and 2024 [22] have driven state-of-the-
art progress by encouraging innovative approaches to multimodal learning on GI endoscopic images and
text queries. The 2023 winning team, UI'T-Saviors [23], enhanced model performance by applying image
enhancement techniques such as contrast adjustment and noise reduction to improve the visibility of
fine endoscopic features before multimodal fusion with text. This preprocessing step enabled more
precise visual feature extraction crucial for answering diagnostic questions. In 2024, the top solutions
incorporated fine-tuned diffusion models for synthetic image augmentation alongside PEFT strategies



for adapting large multimodal transformers.

Collectively, these research efforts exemplify a converging paradigm of leveraging advanced multi-
modal architectures, computationally efficient fine-tuning, and high-fidelity synthetic data generation.

Building upon these foundations, our work addresses two seperate subtasks i.e. VQA and high-
fidelity synthetic image generation within the GI tract. For VQA, we utilize the Florence generative
vision-language model alongside a robust preprocessing pipeline tailored to endoscopic images. For
image generation, we fine-tune diffusion models with LoRA for efficient adaptation. This dual-subtask
framework enriches interpretability and data diversity, advancing the state-of-the-art in multimodal
learning for GI healthcare applications.

3. Task Overview and Dataset

This section outlines the overall objectives of the task and presents a detailed description of the dataset
used to perform our experimental analysis.

3.1. Task Overview

We participated in both Subtask 1 and Subtask 2 of the Image CLEFmed-MEDVQA-GI 2025 challenge [24],
which comprises the following components:

« VQA: This subtask requires generating textual answers based on image-question pairs. Par-
ticipants must develop systems capable of interpreting endoscopic images in conjunction with
corresponding clinical questions to produce accurate textual responses. For example, given an
image showing a colon polyp and the question, “Where in the image is the polyp located?”, the
system should output a relevant answer such as “upper-left” or “in the center of the image.”

« Image Generation: This subtask involves building models that transform clinical text descrip-
tions into high-fidelity synthetic GI images. The objective is to generate synthetic outputs
that closely resemble real endoscopic images, such as those obtained through colonoscopy or
gastroscopy, while preserving anatomical accuracy and clinical variability.

3.2. Dataset Information

The dataset utilized in this challenge is Kvasir-VQA [12], a publicly available, expert-annotated dataset
designed to advance research in medical VQA and related tasks within the GI diagnostic domain. The
dataset is an extension of the HyperKvasir [25] and Kvasir-Instrument [26] datasets, enriched with
natural language question-and-answer (QA) annotations to support multimodal learning tasks.

Kvasir-VQA consists of 6,500 high-resolution endoscopic images, each annotated with multiple
clinically relevant questions spanning various anatomical regions and pathological findings of the GI
tract. The dataset includes images of conditions such as polyps, ulcers, esophagitis, and scenes with
surgical instruments, ensuring rich diversity for robust model training.

Each image is paired with multiple QA instances, resulting in over 38,500 VQA pairs. These questions
cover:

+ Yes/No queries (e.g., “Is there a polyp?”),

« Categorical choices (e.g., “What type of lesion is shown?”),

« Spatial location (e.g., “Where is the abnormality?”),

« Numerical counts (e.g., “How many instruments are visible?”).

These QA pairs are grounded in real clinical reasoning, making the dataset well-suited for medical Al
applications. The answer formats include binary responses, categorical labels, ordinal values, and spatial
descriptors, simulating real-world diagnostic ambiguity and diversity. Figure 1 shows some sample
images along with QA pairs.



Question: Where in the image is Question: Are there any abnor-

the instrument? malities in the image? Check all Question: How many findings
Answer: center; center-left; that are present. are present?
lower-center; lower-left Answer: ulcerative colitis Answer: 1

Figure 1: Sample images with their associated QA pairs from the Development dataset

For the image generation subtask, Kvasir-VQA dataset is utilized, incorporating the same endoscopic
images along with synthetically generated clinical captions®. Figure 2 shows a sample image and Table
1 shows sample synthetically generated captions associated to it. These captions simulate realistic
diagnostic language and are designed to support conditional image synthesis tasks in the medical
domain.

Figure 2: Example image from the Kvasir-VQA development dataset, showing an endoscopic view.

Table 1
Example of synthetically generated captions corresponding to the image in Figure 2 used as development for
image generation subtask.

# | Synthetic Caption

1 | A gastroscopy image showing esophagitis with no polyps present.

2 | Two findings of esophagitis visible in the center and lower-center of
the gastroscopy image.

3 | Gastroscopy reveals oesophagitis with a z-line landmark in the center
and lower-center.

4 | The gastroscopy image displays esophagitis with pink, red, and white
colorations; detection is challenging.

5 | Esophagitis is evident in a gastroscopy image, marked by inflammation
in multiple areas including center, center-left, and center-right.

*https://raw.githubusercontent.com/simula/ImageCLEFmed-MEDVQA-GI-2025/refs/heads/main/kvasir-captions.json
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4. Methodology

This section presents our end-to-end methodology for solving the two core tasks: VQA and Image
Generation. Inspired by recent advances in multimodal deep learning and guided by domain-specific
requirements of GI imaging, we propose a system that combines vision-language fusion and generative
modeling, supported by extensive preprocessing and PEFT.

4.1. VQA Pipeline (Subtask 1)

Our approach to the VQA task builds upon the Florence-2-base-ft model, a vision-language transformer
designed for causal language modeling with integrated image and text understanding as shown in
Figure 3. Each input pair consists of a clinically relevant natural language question and an associated
colonoscopy or gastroscopy image. Prior to ingestion into the model, we perform crucial image
preprocessing to address challenges inherent to endoscopic imaging.

Image Enhanced Image

Image Enhancement

Specular Highlight
Removal

Black Mask
Remaoval

FLOAENCE GENE RATIVE MODEL

-

i

ENCODING
v

Vigion Encoder
Cross-Attantion Generative Taxt - N
Question z Fusion H Degoder }——) pink;white
Text Encader
@ What eeolor is the abnormality?

Figure 3: Step-by-step overview of the VQA pipeline utilizing Florence2 generative model.

4.1.1. Preprocessing

Colonoscopy images are often affected by optical and environmental artifacts that hinder automated
image analysis. Two of the most common and disruptive issues include specular highlights, which
are high-intensity reflections caused by wet mucosal surfaces illuminated by the endoscope’s light
source, and black masks, which are peripheral dark regions caused by circular lens vignetting or camera
constraints. Both artifacts distort texture and shape cues vital for downstream tasks. Therefore, we
developed a dedicated image enhancement module that performs targeted correction of these issues.

Specular Highlight Removal: Specular highlights are regions of over-saturation where the reflected
light exceeds the sensor’s dynamic range. These areas lack semantic information and often introduce
noise into feature maps. We define the grayscale intensity of a given RGB image I (z,y) € R3 as:

Lray(2,y) = 0.299 - R(x,y) + 0.587 - G(x,y) + 0.114 - B(z,y) (1)



A binary mask M is computed by thresholding pixels above an empirically chosen intensity value
T, = 240:

1 ifIgray(x,y) > T,

0 otherwise

Ms(xay) = { (2)

This mask is then dilated using a morphological operator to expand bright regions and fill small gaps:

Mg=M;®d K (3)

where K is a 5 X b square structuring element and @ denotes dilation. We extract connected
components and discard those with area A < 100 pixels to eliminate noise. The resulting regions
are filled using Telea’s inpainting algorithm [27], which solves the following Laplace equation with
Dirichlet boundary conditions:

div(VI*(z,y)) =0, V(z,y) € (4)

where (2 is the inpainting domain and I*(z, y) is the reconstructed intensity map.

Black Mask Removal: Black masks occur due to the mismatch between the circular field of view
and the rectangular image sensor. To detect these regions, we apply a low-threshold operation on Igpay:

1 ifIgray(xay) < Tb

0 otherwise

where T}, = 5 is the lower bound for black region detection. The bounding box of the foreground
(non-black) region is computed as (Zmin, Tmax, Ymin, Ymax ), and a padding margin 6 = 5 is added to
avoid overcropping:

Thin = max(0, Trmin — 0), Ty = min(W, zymax + 0) (6)
Yrin = Max(0, Ymin — ), Yoy = Min(H, Ymax + ) (7)

The resulting black regions are also reconstructed using Telea’s method, ensuring a smooth transition
between content and background.

These preprocessing methods significantly improved downstream VQA by normalizing image struc-
ture and reducing noise, consistent with findings in prior work [23, 28]. The threshold values Ts and T,
were selected through visual inspection over a random subset of development images to ensure maximal
removal of unwanted artifacts while preserving diagnostically relevant features. Further automated
tuning could be explored in future iterations. While additional enhancements such as contrast-limited
adaptive histogram equalization (CLAHE), denoising, and sharpening were implemented, they were
excluded from the final training phase to avoid overfitting to synthetic enhancements.

4.1.2. Model Architecture

Following preprocessing, images and tokenized text inputs are passed into the Florence-2°> model.
The image is processed through a transformer-based vision encoder, which extracts high-dimensional
spatial features. Simultaneously, the question is encoded through a causal text encoder adapted for
token-level language modeling. The two streams are fused via cross-attention layers within the model’s
architecture, allowing text tokens to dynamically attend to semantically relevant image regions. This
fusion mechanism enables the model to align language components such as anatomical references,
colors, or object types with visual counterparts in the image. Unlike traditional classification-based
MedVQA systems, our model produces free-form text responses in a generative fashion. This is

*https://huggingface.co/microsoft/Florence-2-base
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particularly advantageous for variable-length answers, such as anatomical descriptions or answers
involving compound attributes (e.g., “Red and pink in the lower-left quadrant").

Training of the VQA model was performed using Hugging Face’s Trainer class. The model was
fine-tuned over 3 epochs with a learning rate of 3e-5, using the AdamW optimizer with a weight
decay factor of 0.01. Due to memory constraints and model size, we set the per-device batch size
to 3 and used gradient accumulation over 16 steps. Mixed precision training (fp16) was enabled to
optimize GPU memory usage. All training experiments were conducted on one NVIDIA H100 GPU
(80GB VRAM), ensuring the model had sufficient computational capacity for large-scale multimodal
learning. The final model was saved and uploaded to the Hugging Face Model Hub under the repository
krissTewari/Florence-2-vqa-final®.

4.2. Image Generation Pipeline (Subtask 2)

For Subtask 2, we developed a dedicated image generation pipeline capable of synthesizing realistic
endoscopic images from structured diagnostic captions as shown in Figure 4.

Generated Image

Stable Diffusion v2-1

Input: Upper center region UNet Lat -
= - ent Variational

of .the gastmscopy.- image ———»{ Text Preprocessing Diffusion — Autoencoder

displays esophagitis.

Figure 4: Step-by-step overview of the image generation pipeline utilizing Stable Diffusion v2-1.

We used Stable Diffusion v2-1° as the base generative model, a state-of-the-art latent diffusion model
pretrained on billions of text-image pairs. Unlike traditional pixel-space generators, Stable Diffusion
operates within a latent space learned by a variational autoencoder (VAE), which enables high-resolution
generation with reduced computational overhead. The model was configured to generate images at a
resolution of 768x768 pixels, which balances visual fidelity and computational feasibility in the medical
domain, especially where fine anatomical structures must be preserved.

The dataset used for fine-tuning consisted of caption-image pairs from the development dataset of
the ImageCLEFmed-MEDVQA-GI task. These captions are natural language descriptions of clinically
relevant image content, including the presence, size, shape, color, and location of abnormalities (e.g.,
polyps), as well as the presence of instruments or anatomical landmarks.

To assess the best-suited backbone for domain-specific image synthesis, we initially evaluated three
model variants: Stable Diffusion v1-5°, Stable Diffusion XL (SDXL)’, and Stable Diffusion v2-1. While
SDXL demonstrated promising compositional quality due to its expanded architecture and 1024x1024
latent space, it incurred significantly higher VRAM requirements and longer training times, making
it impractical for constrained medical datasets. Stable Diffusion v1-5, while computationally efficient,
showed limitations in accurately capturing fine-grained medical textures and anatomical features. In
contrast, Stable Diffusion v2-1 offered a strong trade-off between resolution (768x768), performance,
and memory usage, and thus was selected for the final training and submission phase.

In order to adapt the pretrained Stable Diffusion model to this highly specialized domain while
avoiding the need to update the full set of model parameters, we employed LoRA. During training, only
the inserted matrices are updated, while the base model weights remain frozen. In our implementation,

*https://huggingface.co/krissTewari/Florence-2-vqa-final
*https://huggingface.co/stabilityai/stable-diffusion-2-1
Shttps://huggingface.co/runwayml/stable-diffusion-v1-5
"https://huggingface.co/stabilityai/stable-diffusion-xl-base-1.0
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LoRA was configured with a rank of 4. This choice was guided by prior work and common practice in
parameter-efficient fine-tuning (PEFT) for diffusion models. We also conducted preliminary experiments
with LoRA ranks of 2, 4, and 8. Rank 4 provided the best trade-off between parameter efficiency and
generation quality without exceeding memory constraints. Higher ranks showed minimal improvement
in fidelity but significantly increased VRAM usage. We applied LoRA modules specifically to the
cross-attention layers within the UNet, which allows the model to effectively learn how to condition the
image synthesis on medical language prompts without catastrophic forgetting of general-domain image
priors. This method significantly reduced VRAM usage and made training feasible on commercially
available hardware without degrading generative quality.

The training process was orchestrated using Hugging Face’s accelerate launcher in conjunction with
the diffusers and peft libraries. Training was conducted over 3 full epochs, with a batch size of 4 and
gradient accumulation over 4 steps. We used a constant learning rate of 1le-4, which was selected based
on prior literature and empirical performance on LoRA tuning. The training loop included automatic
checkpointing every 500 steps, with a maximum of three recent checkpoints retained to support
resumption and rollback. To monitor the qualitative progression of generation, we used validation
prompts during training. These prompts were constructed to mirror common VQA queries, one of
which is: “The colonoscopy image contains a single, moderate-sized polyp that has not been removed,
appearing in red and pink tones in the center and lower areas. This prompt captures both anatomical
features and visual attributes and serves as a reliable baseline for visual inspection during training.

All training was carried out on a server equipped with four NVIDIA L40s GPUs, each offering 48
GB of VRAM. The model was trained using mixed-precision (fp16) to reduce memory consumption
and improve throughput. The use of gradient checkpointing within the UNet further minimized the
peak memory footprint. Upon completion of training, the final LoRA adapter weights were pushed to
the Hugging Face Model Hub under the repository krissTewari/sd-kvasir-imagen-demo®, making them
publicly available for reproducibility and further research use.

5. Results

In this section, we present a detailed evaluation of our proposed models on VQA and Image Generation
tasks. The assessment is conducted using standard evaluation metrics across both public and private
test sets to provide a comprehensive understanding of model performance.

5.1. Evaluation Metrics

The performance of our models was assessed using a comprehensive set of evaluation metrics tailored
to the distinct characteristics of VQA and Image Generation tasks. These metrics were selected to
provide a multidimensional understanding of linguistic quality, semantic alignment, and visual fidelity.

5.1.1. Metrics for VQA

« BLEU (Bilingual Evaluation Understudy): BLEU [29] measures the modified n-gram precision
of generated answers with respect to reference answers, incorporating a brevity penalty to
discourage short outputs:

N
BLEU-N = BP - exp (Z wy, log pn> (8)
n=1
where
1 ifec>r
BP = 9
{e(l”/c) ife<r ©)

8https://huggingface.co/krissTewari/sd-kvasir-imagen-demo
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c is the length of the candidate, 7 is the reference length, p,, is the modified n-gram precision,
and wy,, are weights (typically uniform).

« ROUGE (Recall-Oriented Understudy for Gisting Evaluation): ROUGE [30] is a family
of metrics that evaluate n-gram and sequence overlaps. We employ ROUGE-1, ROUGE-2, and
ROUGE-L, where:

> gram, € {Ref} T (Countyyaten (gram,, ), Counteang(gram,,))

ROUGE-N =
Zgramn {Ref} CountRef(gramn)

(10)

and ROUGE-L measures the Longest Common Subsequence (LCS) recall.
« METEOR (Metric for Evaluation of Translation with Explicit ORdering): METEOR [31]
combines unigram precision and recall with stemming, synonyms, and a fragmentation penalty:

METEOR = Fean - (1 — Piag) (11)

where Fiyean is the harmonic mean of precision and recall, and Py, penalizes fragmented matches.

5.1.2. Metrics for Image Generation
5.1.3. Metrics for Image Generation

In addition to expert ratings, four automated quantitative metrics are used to assess the realism,
consistency, and variability of generated images. These metrics leverage BiomedCLIP [? ] image
embeddings, providing a semantically grounded evaluation tailored to the medical imaging domain.

« Fidelity (1): Measures how realistic the generated images are compared to real colonoscopy im-
ages. It is computed as a scaled inverse of the Fréchet Inception Distance (FID), using BiomedCLIP

embeddings:
1000

1 + mean-FID(4,, R;) (12)
where A; and R; denote the generated and real image features for prompt i. Higher scores
indicate greater similarity to real images.

« Agreement (7): Evaluates semantic and visual consistency between images generated from
original and rephrased prompts. Agreement is calculated as the average cosine similarity between
BiomedCLIP embeddings of images from paired prompts:

Fidelity =

RN a-b

Agreement = — _ _— (13)

N 2 TAIE], 2 Talll
where A; and B; represent the image embedding sets from the original and rephrased prompts.

« Diversity (T): Quantifies intra-prompt variability among generated images, promoting diverse
outputs rather than mode collapse. For each prompt, we compute the average pairwise Euclidean
distance between the BiomedCLIP embeddings of the 10 generated images:

M
1
Diversity = Y Z pdist(F;) (14)
i=1

where Fj is the set of normalized embeddings per prompt and pdist denotes the mean pairwise
distance function.

« Fréchet BiomedCLIP Distance (FBD) (]): Assesses global distributional similarity between the
entire set of generated and real images using the Fréchet distance, computed in the BiomedCLIP
embedding space:

FBD = ||Mgen - ,Ufreal”2 + Tr (Egen + Zreal - 2(Egen2real)1/2) (15)

where 1 and ¥ are the mean and covariance of embeddings from generated and real images, and
Tr denotes the matrix trace. Lower scores indicate better global alignment.



5.2. Results

This section presents the evaluation outcomes and detailed analysis of our approaches.

5.2.1. VQA

Table 2 presents the performance of our Florence2 model on the public and private test sets.

Table 2

Florence2 Model Performance on Public and Private Test Sets
Set BLEU ROUGE-1 ROUGE-2 ROUGE-L METEOR
Public 0.24 0.87 0.11 0.87 0.48
Private 0.22 0.88 0.11 0.88 0.49

As shown, the model achieves strong and consistent results across both datasets. On the public
test set, it attains a BLEU score of 0.24, ROUGE-1 and ROUGE-L scores of 0.87, while ROUGE-2 and
METEOR scores of 0.11 and 0.48, respectively. Performance on the private test set is comparably robust,
with slight variations showing BLEU at 0.22 and marginal improvements in ROUGE-1, ROUGE-L,
and METEOR scores. These results confirm the model’s reliable generalization and effectiveness in
answering domain-specific medical questions in GI imagery.

Table 3 reports our ablation study i.e., the performance of the Florence2 model under different
configurations involving LoRA fine-tuning and image enhancement.

When no LoRA fine-tuning or image enhancement is applied, the model achieves a BLEU score of
0.20, METEOR of 0.24, and ROUGE-L and ROUGE-1 scores near 0.45 and 0.46, respectively. Notably,
applying LoRA fine-tuning without prior image enhancement led to a significant drop in performance.
This suggests that the Florence2 model, which is pre-trained on clean natural images, may overfit to
visual noise when exposed to unprocessed endoscopic artifacts. The model might mistakenly associate
specular highlights or dark borders with specific answers, introducing spurious correlations. Therefore,
preprocessing appears essential before domain-specific fine-tuning, serving as a form of regularization.

Applying image enhancement without LoRA fine-tuning improves results moderately, with BLEU
rising to 0.15 and ROUGE-L to 0.28, demonstrating the positive effect of improved visual inputs on
answer generation quality. The best results occur when LoRA fine-tuning is combined with image
enhancement, achieving a BLEU score of 0.24, METEOR of 0.48, and ROUGE-L and ROUGE-1 scores of
0.87 each, illustrating strong synergy between model adaptation and high-quality input preprocessing,.

In the ablation study, “With Image Enh.” refers exclusively to the application of specular highlight
and black mask removal. Other image enhancement techniques like CLAHE, sharpening, and denoising
were initially explored but later excluded from the final configuration. This decision was based on
qualitative assessments and pilot experiments, which showed negligible performance gains and a risk
of overfitting to artificially enhanced features.

These findings emphasize that image enhancement consistently benefits VQA performance, while
LoRA fine-tuning is most effective when integrated with such preprocessing, ultimately enhancing the
domain-specific interpretability and accuracy of the Florence2 model on GI medical images.

Table 3

Florence2 Model Results with different settings
Setting BLEU METEOR ROUGE-L ROUGE-1 ROUGE-2
Without LoRA, No Image Enh. 0.20 0.24 0.45 0.46 0.09
With LoRA, No Image Enh. 0.10 0.09 0.13 0.13 0.01
Without LoRA, With Image Enh. 0.15 0.15 0.28 0.28 0.05

With LoRA, With Image Enh. 0.24 0.48 0.87 0.87 0.11




5.2.2. Image Generation

Table 4 summarizes the performance of our fine-tuned Stable Diffusion v2-1 across the public and
private test sets.

Table 4

Performance of the Image Generation Model on Public and Private Test Sets
Set Fidelity Agreement Diversity FBD
Public 0.27 0.74 0.66 1923.16
Private 0.2739 0.739 0.6481 1694.97

The fidelity scores of approximately 0.27 on both datasets indicate that the generated images closely
resemble real GI images in terms of visual quality and clinical relevance. Agreement scores near 0.74
demonstrate strong alignment between the generated images and the corresponding clinical captions,
validating the model’s ability to synthesize medically coherent images. Diversity scores above 0.64
reflect a healthy variety in the generated samples, important for capturing the range of possible clinical
presentations. The FBD values, which measure the distributional similarity between generated and real
image features, are lower on the private set (1694.97) compared to the public set (1923.16), suggesting
better realism and fidelity in the private evaluation. Overall, these results highlight the effectiveness of
our LoRA-fine-tuned Stable Diffusion approach in producing high-resolution, clinically meaningful GI
images from textual descriptions.

To evaluate the influence of different base models on image generation performance, we conducted
an ablation study comparing Stable Diffusion v1-5, SDXL, and Stable Diffusion v2-1 (our main model)
on the public test set. The results in Table 5 demonstrate that Stable Diffusion v2-1 outperforms other
variants across critical metrics.

Table 5

Different Models’ Image Generation Performance on Public Test Set
Model Fidelity Agreement Diversity FBD
Stable Diffusion v1-5 0.26 0.69 0.74 1742.08
SDXL 0.28 0.68 0.65 1950.30
Stable Diffusion v2-1 0.27 0.74 0.66 1923.16

Stable Diffusion v2-1 achieves the highest agreement (0.74) score, indicating superior alignment with
clinical captions, while maintaining competitive fidelity (0.27) and diversity (0.66). SDXL demonstrates
a slightly better fidelity (0.28) but lower agreement and diversity, suggesting it produces high-quality
images that are somewhat less relevant or varied. Stable Diffusion v1-5 shows higher diversity (0.74)
but comparatively lower fidelity and agreement. The Fréchet Brain Distance (FBD) values indicate that
v2-1 and v1-5 generate more realistic images compared to SDXL. Overall, these results support the
conclusion that Stable Diffusion v2-1 is the best balanced model for GI medical image generation.

Visual Samples: Figure 5 showcases example outputs generated by our top-performing image
generation methodology, illustrating the quality and clinical relevance of the synthetic GI images.

6. Conclusion and Future Work

This paper presents two distinct contributions: a VQA system and a synthetic image generation model,
each addressing separate subtasks within the GI medical imaging domain.

For the VQA subtask, we fine-tuned the Florence2 vision-language transformer on the Kvasir-VQA
dataset. The model was trained to generate accurate textual answers to clinical questions posed over
endoscopic images. To improve input quality, we introduced preprocessing techniques to remove
specular highlights and black borders, common artifacts in endoscopic videos. This enhanced the



Figure 5: Examples of synthetic Gl images generated by our diffusion-based model using clinical prompts.

model’s ability to align visual and textual features, resulting in strong performance across standard
language generation metrics including BLEU, ROUGE-L, and METEOR.

For the image generation subtask, we fine-tuned Stable Diffusion v2-1 using LoRA, enabling the
generation of high-resolution GI images from structured clinical captions. The model demonstrated
a strong ability to produce visually diverse and semantically accurate outputs, with favorable scores
across fidelity, agreement, and diversity metrics. This highlights the potential of diffusion models for
synthetic data generation in low-resource medical settings.

Future Work. Although the two tasks are independent, their outcomes suggest several promising
avenues for the research community, some of which are outlined below:

« Multilingual VQA systems: Expanding VQA models to handle clinical questions in multiple
languages could increase accessibility and support global deployment of Al-assisted diagnostics.

+ Federated learning for privacy-preserving model training: Training vision-language and
generative models across distributed medical centers without transferring raw patient data would
enable broader collaboration while adhering to privacy regulations.

+ Cross-task synergy: Although VQA and image generation were addressed as separate subtasks,
their interdependence presents a promising direction. For example, synthetic images generated
from clinical captions could be validated or further annotated by VQA models, enabling the
construction of weakly supervised multimodal datasets. Conversely, VQA outputs may guide
or condition future image generation pipelines. Exploring such interactions could lead to more
robust and context-aware medical Al systems.

Continued research in these directions can contribute to the development of scalable, trustworthy,
and generalizable Al tools for GI diagnostics and other domains of medical imaging.
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