Compositional Text-to-Image Generation Via Region-aware
Bimodal Direct Preference Optimization

Supplementary Material

In this supplementary, we provide additional details and
results as follows:

* In Section 1, we provide the full results of the ablation
study on SDXL based models.

* In Section 2, we provide more details about our data con-
struction process, including the composition of collected
captions from various sources and the prompts used in
various stages.

* In Section 3, we provide more visualization results of our
B1CoMmP dataset and our BIDPO method.

1. Ablation Study Details.

The full results of the ablation study on SDXL based models
are shown in Table 1, Table 2 and Table 3.

2. Data Construction Details

Caption Collection. Table 4 shows the number of captions
collected from each source.

LLM Prompt for Dimension Parsing. Our dimension
parsing prompt is shown in Listing 1. We use DeepSeek-V3
[2] as our LLM to parse the captions.

Listing 1. prompt for dimension parsing

# Task Description

Given a sentence, analyze its content and
— determine which of the following
<~ dimensions it primarily describes:

- color: describes colors (e.g., "red", "
— yellow", "dark blue")

— shape: describes geometric forms or
— outlines (e.g., "round", "triangular
— ", "curved")

- texture: describes textures (e.g., "
— smooth", "rough") or materials (e.g.,
— "a plastic chair", "a glass window")

- spatial: describes spatial relationships
— or positions (e.g., "on the table", "
< next to", "inside", "beneath")

- non-spatial: describes actions/events
— without spatial focus (e.g., "chasing
— ", "biting")

— numeracy: describes quantities or numbers
~— (e.g., "three apples", "four", "two

(_) ")
— others: when none of the above categories
— apply

# Priority Rules

If multiple dimensions are present, select
— according to this priority:

1. spatial and non-spatial have highest
< priority (equal)

2. numeracy comes next

3. color, shape and texture have equal
< priority (lower than above)

4. others is always lowest priority

# Output Format

Provide your analysis in exact JSON format
— as shown below. Only include the JSON
<~ object in your response.

{{

"dimension": "selected_dimension"

b}

# Examples
Input: "The cube is on the shelf"
Output: {{ "dimension": "spatial" }}

Input: "Five rough textured stones"
Output: {{ "dimension": "numeracy" }}

Input: "The soft yellow pillow"
Output: {{ "dimension": "color" }}

# Input
The input sentence is: {positive_caption}

# Output
For this sentence, the dimension is:

LLM Prompt for Object List Parsing. We use the prompt
shown in Listing 2 to parse the object list from captions. We
use DeepSeek-R1 [3] as our LLM to parse the captions.

Listing 2. prompt for object list parsing

You are an expert in parsing textual
sentences. Given a text that
describing an image, you task is to
identify and extract the main
entities in the image.

RSN

# Requirements

- You should only put the main entities
— that are visually visible in the
— image.

— Make sure the entities you identify are
— concrete objects, not abstract




Table 1. Ablation Study on T2I-CompBench [8].

Model Attribute Binding Object Relationship Numeracy
Color Shape Texture Spatial Non-Spatial
SDXL 58.90 46.90 53.13 21.23 31.20 50.08
SDXL-SFT 58.67 46.65 52.21 21.13 31.28 50.08
SDXL-ImageDPO 67.39 53.12 59.42 234 30.82 39.34
SDXL-TextDPO 2332  16.22 14.62 0.26 20.3 6.13
SDXL-BIDPO w/o region-level guidance 77.04 57.43  68.89 23.19 32.19 59.83
SDXL-BIDPO w/ region-level guidance ~ 79.35 6047  71.36 23.41 32.29 59.33
Table 2. Ablation Study on GenEval [5].

Model Single Obj. Two Obj. Counting Colors Position Color Attri. Overall
SDXL 0.95 0.68 0.42 0.85 0.11 0.19 0.53
SDXL-SFT 0.95 0.68 0.37 0.85 0.09 0.20 0.52
SDXL-ImageDPO 0.99 0.78 0.15 0.89 0.14 0.23 0.53
SDXL-TextDPO 0.13 0.01 0.01 0.11 0.01 0.02 0.04
SDXL-BIDPO w/o region-level guidance 1.00 0.83 0.52 0.90 0.16 0.23 0.61
SDXL-BIDPO w/ region-level guidance 1.00 0.87 0.56 0.90 0.17 0.23 0.62

— concepts; objects like ’living room’
< or ’'wind’ should not be identified.
- Make sure these entity objects can be
— detected by an object detector.
— Only output the entities themselves,
— without their adjectives or
— descriptions; for example, output ’
— dog’ instead of ’'white dog’.

# Output format
Orgainize the identified main objects in
— the scene into a Jjson dict like this:
{{
"object_list": ["object 1", "object 2",
—  ...]
}}
# Input
For the sentence: {caption}, please
<~ identify the main visible objects.

Image Describing Details. Before we prompt the VLM to
do the describing tasks, we restrict the image to follow the
following rules: 1) with dimension ”color”, ’shape”, or “tex-
ture”, the image should contain one or two objects 2) with
dimension “’spatial” or “non-spatial”, the image should con-
tain exactly two objects. 3) no repeated classes in the image;
each object must belong to a unique class. We use spe-
cific prompts for different dimensions. Examples of “color”
and “spatial” dimension are shown in Listing 3 and Listing

4. The prompts for “shape”, “texture”, and “non-spatial”
dimensions are similar to the “color” and “spatial” ones,

respectively. We use Qwen2.5-VL-72B-Instruct [1] as our
VLM to describe the images.

Listing 3. prompt for VLM describing, with dimension “color”

S

{

# Task explanation
Given an image with clearly marked regions-—

— of-interest

Output Requirements:

(each region is indicated
<~ Dby a numerical ID and contour lines)
— , please:
Identify all visible regions-of-interest
<~ Dby their numerical IDs
For each region,
— predominant color of the object
<~ contained within it
Describe colors using standard web color
— names (e.g.
— royalblue")

Handle uncertainty cases appropriately

determine the

, "red",

Strict JSON format

For unclear cases:

— value

Sort results by region

— order

"color_predictions":

{

Output Example:

"region_id":

"color":

1,

"red"

use

[

"unknown"

"forestgreen", "

as color

ID in ascending




Table 3. Ablation Study on DPG-Bench [7].

Model Global Entity Attribute Relation Other Overall
SDXL 82.44 81.87 81.17 80.54 79.77 73.38
SDXL-SFT 82.68 81.94 79.52 81.02 81.03 73.23
SDXL-ImageDPO 79.13 83.19 82.76 83.39 82.49 75.70
SDXL-TextDPO 40.07 40.44 43.14 43.92 44.82 23.98
SDXL-BIDPO w/o region-level guidance 85.46 84.22 84.45 85.28 84.18 77.53
SDXL-BIDPO w/ region-level guidance 83.92 85.28 85.13 85.03 84.55 78.84
Dataset Number of Captions — scene)
— The target object’s position is
CONPAIR [6] 13,432 — described relative to the
ReasonGen-R1 [12] 23,470 <3 reference object
T2I-R1 [9] 7,223 — Use specific spatial descriptors (e.g
T2I-CompBench Training Set [8] 5,600 <~ ., "on the right of", "above", "
Total 49,725 = DEREACH)

3. Handle uncertainty cases appropriately
— when spatial relationships cannot be
— clearly determined

Table 4. Number of composition-related captions collected from
various sources.

# Output Requirements:
— Strict JSON format

b - For unclear spatial relationship: use "
{ < unknown"
n 3 3 n".
region_id": 2, - Always describe the target object’s
n "w. " n
color": "unknown <+ position relative to the reference
} — object
]
} Output Example:
{
# Special Instructions: "reference object id": l,
— Ignore background colors outside marked "target obgect id:' 2
pa— ga— . 4
=7 regions "spatial_prediction": "in front of",
- Focus on the dominant colors "notes": "object 2 is in front of object
- IDs and contour lines are only for <y 1m

— reference. DO NOT use them for color }
<~ analysis

For unknown cases:

Listing 4. prompt for VLM describing, with dimension “spatial” {

"spatial_prediction": "unknown"
# Task explanation }
Given an image with two clearly marked
— regions-of-interest (each region is # Special Instructions:
< indicated by a numerical ID and - Do not use unclear descriptions like "
<> contour lines), please: < next to", "beside", "near", "close to
1. Identify the two regions-of-interest by < ", etc
< their numerical IDs - IDs and contour lines are only for
2. Determine the precise spatial < reference. DO NOT use them for
— relationship between the two objects < spatial relationship analysis
<> contained within the two regions-of- - If neither object is clearly more salient
<> interest, where: < , default to using the lower ID as
— The reference object should be the <y reference

— visually more salient/dominant
<~ object (typically larger, more
<+ central, or more prominent in the VLM prompts for Region Information Differing. We




use specific prompt for each dimension to generate distinct
region information. Examples of “color’” and “spatial” di-
mension are shown in Listing 5 and Listing 6. The prompts
for “shape”, “texture”, and “non-spatial” dimensions are
similar to the “color” and “spatial” ones, respectively. We
use Qwen2.5-VL-72B-Instruct [1] as our VLM to generate
the distinct region information.

Listing 5. prompt for VLM differentiation, with dimension “color”

# Task Explanation

Here is an image with outlined regions (
<~ each region is indicated by a
— numerical ID and contour lines).

And here are the list of regions with their
<~ dominant colors for reference (
— format: {{"region_id": N, "color": "
5 color_name"}}):

{obj}

Now please propose a visually distinct
<~ color for each region that
<~ significantly differs from ALL
<~ provided dominant colors in the image
(SN

# Requirements:

1. For each region, suggest ONE color that
<~ contrasts distinctly with ALL
— dominant colors in the image

2. Consider human perceptual difference (
— avoid suggesting similar hues/
— brightness)

3. Prefer standard color names (e.g., "red
— ", "green")

4. Never suggest the same as any input
<~ dominant color

5. When multiple options exist, choose the
— highest-contrast alternative

# Output Format (strict JSON) :
{{
"output": [
{{"region_id": N,
< color_name"}},
. (other regions)

"different_color":

]
H}

# Examples:
Input Colors: [{{"region_id": 1,
< dominant_color": "red"}}, {{"
— region_id": 2, "dominant_color":
— blue"}}]
Output: {{
"output": [
{{"region_id": 1,
— yellow"}},

"different_color": "

{{"region_id": 2, "different_color": "
— black"}}
]

H}

Input Colors: [{{"region_id": 1, "
— dominant_color": "green"}}, {{"
— region_id": 2, "dominant_color":
— yellow"}}]
Output: {{
"output": [
{{"region_id": 1,
— magenta"}},
{{"region_id": 2, "different_color": "
— navy_blue"}}

"different_color": "

1
H}

Listing 6. prompt for VLM differentiation, with dimension “spa-
tial”

# Task Explanation

Here is an image with TWO outlined regions
— (each region is indicated by a
<~ numerical ID and contour lines).

And here is the spatial relationship
— between the two objects contained in
— the two regions:

object {object_id_1} is {spatial_relation}
— object {object_id_2}

Now please propose a geometrically distinct
— spatial relationship that
<~ significantly differs from the given
— relationship.

# Requirements:
1. Suggest ONE primary spatial relationship
<~ that contrasts maximally with the
— input relationship
2. Consider these transformation axes for
— differentiation:
a) Vertical inversion (above/below
— swap)
b) Horizontal inversion (left/right
— swap)
c) Dimensional shift (adjacent
— separated)
d) Topological change (inside
— outside)
3. Use standard spatial terms from this
— vocabulary:
[above, below, on the left of, on the
— right of, in front of, behind,
— ...]
4. The new relationship must be:
a) Physically plausible for the objects’
—» shapes/sizes




b) Perceptually distinct from original
c) Expressed as "object X [RELATION]
— object Y"
5. Include brief reasoning in "notes"

# Output Format (strict JSON) :
{{
"output": {{
"different_spatial_relation":
— relation_term",
"notes": "object [object_id_X] [
<~ RELATION] object [object_id_Y]"

b}
P}

# Examples:
Input: "object A is above object B"
Output: {{
"output": {{
"different_spatial_relation": "below",
"notes": "object A is below object B (

— vertical inversion)"
+}
H}

Input: "object X is inside object Y"

Output: {{
"output": {{
"different_spatial_relation": "outside
(—> "I
"notes": "object X is outside object Y

— (topological complement)"
+}
}}

Input: "object 1 is adjacent to object 2"
Output: {{
"output": {{
"different_spatial_relation":
— separated",
"notes": "object 1 is separated from
— object 2 (proximity reversal)"

"

H}
H}

VLM prompt for VQA-based filtering. We use the prompt
shown in Listing 7 to filter out low-quality samples. We use
Qwen2.5-VL-72B-Instruct [1] as our VLM to perform the
filtering.

Listing 7. prompt for VLM VQA-based filtering

You are given an image with several regions
<~ of interest (ROIs). Each ROI is
<~ highlighted in the image with contour
<~ lines and labeled with a unique
— numerical ID.

You are also given a list of questions.

— Each question refers to one or more
— ROIs. Here are the questions:
{questions}

Your task:

1. For each question, evaluate whether the
— statement is correct with respect to
<~ the corresponding region(s) .

2. Provide a confidence score between 0 and
~— 1 (‘answer‘) indicating how strongly
<~ you agree with the statement (1 =
— completely true, 0 = completely false
— ).

3. Provide a short explanation (‘reason®)

— describing why you assigned this
<~ score.

The output format must strictly follow this
<~ JSON structure:

AURURY

[

json

{{
"question_id": <int>,
"answer": <float between 0 and 1>,
"reason": "<string explanation>"

*+Example: x*

Input image: contains region 1 (a yellow
— lemon) and region 2 (a red apple).

Questions:

AN

[

json

{{"question_id": 0, "question": "Does
<~ region 1 mark a yellow lemon?"}},

{{"question_id": 1,
— region 2 mark a blue apple?"}}

"question": "Does

Expected output:

‘Y'json
[
{{"question_id": 0, "answer": 0.99, "
— reason": "Region 1 does mark a
— yellow lemon."}},
{{"question_id": 1, "answer": 0.01, "
<~ reason": "The apple in region 2 is
— actually red."}}




3. More Visualization Results.

We provide more visualization results of our BICOMP
dataset and our BIDPO method in Figure 1, Figure 2, Fig-
ure 3, Figure 4 and Figure 5.



A beige cat and a gray carpet

Action

A glass cup and a cotton pants A cotton cup and a cotton pants A child is decorating a cake A child is eating a cake

Numeracy

the pig is directly in front of the wallet Three basketballs and one pencil One basketballs and one pencil

the pig is directly behind the wallet

Figure 1. Samples of each dimension in our BICOMP dataset. For each group, the left image is generated from the original caption, and
the right image is generated from the edited caption.

Color
A red bird and a forestgreen banana A cyan bird and a forestgreen banana
Texture Action
A plastic pipe A wooden pipe A woman is touching a penguin A woman is feeding a penguin
Spatial

shark is above the tape measure shark is below the tape measure One clock and three dog One clock and one dog

Figure 2. Samples of each dimension in our BICOMP dataset. For each group, the left image is generated from the original caption, and
the right image is generated from the edited caption.



IterComp BIDPO(Ours)
= = —— ]

Numeracy: three stools and three bears

Figure 3. Visualization of text-to-image generation results. From left to right are Stable Diffusion 3 [4], IterComp [1 1], Stable Diffusion
XL [10], and Stable Diffusion XL finetuned with our proposed BIDPO.



SD15 SD15-BIDPO SD15 SD15-BIDPO

a triangular slice of bread and a rectangular bread a blue backpack and a brown sheep
basket

Figure 4. Visualization of text-to-image generation results of Stable Diffusion 1.5. We compare Stable Diffusion 1.5 finetuned with our
proposed BIDPO with the original Stable Diffusion 1.5.



SDXL SDXL-SFT SDXL-ImageDPO SDXL-BIDPO SDXL-BIDPO-region

A dog is running after a frisbee in the park

Figure 5. Visualization of text-to-image generation results of Stable Diffusion XL.
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