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Supplementary Material

Create a small wooden market stall draped with tattered cloth awnings,
displaying rows of colorful, ripe fruits like apples, oranges, and grapes
stacked in rustic wooden crates. Include a small hand-painted sign
hanging crookedly from the stall’s edge, with faded lettering barely legible.
Add a wooden stool in front of the counter

l

An old woman

A rogue assassin
wearing  heavy
steel armor with
noticeable dents
and scratches.

(Create a charming village house with walls made of timber antD

plaster, featuring a thatched roof with a slight sag from years of
use. The front of the house has a small wooden porch with a
couple of uneven steps leading to a stout wooden door
reinforced with iron brackets. Include two shuttered windows on
either side of the door, one slightly open, revealing a warm glow
from within. Surround the house with a dirt path, a small garden

Qilled with vegetables, and a wooden fence that's partially brokenJ

(Generate a rugged cobblestone path\
with uneven stones weathered by
time, surrounded by patches of moss
and tiny cracks filled with dirt. Place
small puddles. Add a subtle gradient

of dampness near the edges of the

path, blending into dark, compacted
soil. Ensure the ground looks realistic,
evoking a sense of a well-trodden,

stones, with moss growing in the crevices. A sturdy wooden frame arches over the
well, holding a thick rope tied to a wooden bucket. The rope is slightly frayed, and
the bucket has a few cracks, showing signs of long-term use. Surround the well

with a small, muddy clearing.

Design a rustic stone well. The well is circular, built from uneven, weathered gra]

mysterious alleyway or forest trail. )

\_

Figure 1. An example use case of MARVEL-FX3D, demonstrating how multiple prompts can be combined to create a detailed and complex
3D scene, with each prompt contributing specific elements such as characters, structures, and environmental details (Zoom in for details).

This supplementary material provides additional details and
results to support the main paper. Section | outlines the
captioning process, including dataset preparation and im-
plementation specifics. Sections 2 and 3 delve deeper into
MARVEL annotations and MARVEL-FX3D results, offer-
ing more examples, discussions, and insights into their ap-
plications and limitations.

1. Additional Details on Captioning Process

1.1. Dataset Preparation

Objaverse: Objaverse' [7] contains 798,759 3D assets,
with metadata (e.g., name, tags, description) available
for ~93% samples after filtering. From ObjaverseXL [6],
we rendered 8,031, 637 assets, of which ~3.7M included
metadata. After filtering, around 3M samples are retained
as valid metadata.

ShapeNet: For the ShapeNet dataset, which contains
52,472 samples, we use the ShapeNet taxonomy as its meta-

lhttps://objaverse.allenai.orq/objaversefl.O

data (e.g., airplane, bowl, cap, clock, etc.).

Pix3D: For the Pix3D?[21] dataset, which contains 374
samples, we use the associated category tag as its metadata
(e.g., bed, table, desk, chair, etc.).

OmniObject3D: The Omni-Object—3D3 [22] dataset, which
contains 5,878 samples, we use the folder names (e.g., bed,
table, desk, chair, etc.) as our metadata.

Toys4K: For the Toys4K*[20] dataset, which contains
4,000 samples, we use the folder names (e.g., car, airplane,
train, robot, etc.) as our metadata.

GSO: The GSO (Google Scanned Objects)5[8] dataset,
which contains 1,030 samples, we use the folder names
(e.g., lamp, sofa, vase, refrigerator, etc.) as our metadata.
ABO: The ABO (Amazon Berkeley Objects)®[5] dataset,

Zhttp://pix3d.csail.mit.edu/

3https://omniobject3d.github.io/

4https://github.com/rehg-lab/lowshot-shapebias/
tree/main/toys4k

Shttps://goo.gle/scanned-objects

6https://amazonfberkeleyfobjects.s3.amazonaws.
com/index.html
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which contains 7,953 samples, provides metadata through
listings information. Since these listings are multilingual,
we first use the n11b-200" model to translate the listings
to English. The translated English listings are then used as
our metadata.

1.2. Implementation Details

For human metadata filtering, we use the Mistral-Nemo-
Instruct-2407 model with a temperature of 0.3 and a top-p
value of 0.95. For dense description generation, we employ
InternVL2-40B, configured with a temperature of 0.70, a
top-p value of 0.95, and a repetition penalty of 1.10, with
multinomial sampling enabled. For multi-level visual elab-
oration, we utilize Qwen2.5-72B with 8-bit quantization, a
temperature of 0.70, a top-p value of 0.80, and a repetition
penalty of 1.05. Finally, the Qwen2.5-14B model, used for
the ethical filtering stage, is configured with a temperature
of 0 and a top-p value of 0.90.

For human evaluations in our paper, we developed a Gra-
dio app to compare our captions with those from baseline
datasets, including Cap3D, 3DTopia, and Kabra, as well as
to evaluate FX3D results against text-to-3D baselines. The
evaluations were conducted by a panel of 5 human experts.

1.3. Compute and GPU Hours

MARVEL’s annotation pipeline utilizes one NVIDIA
H100-80GB GPU, one RTX-4090 GPU, and one RTX-
A6000 GPU, achieving a throughput of approximately
24,000 samples per day. Annotating the entire Objaverse
dataset (800,000 samples) would thus require about 33
days, incurring an estimated total computational cost of
approximately $2,700-$3,000, based on publicly available
GPU pricing®.

For comparison, sequential human annotation has a con-
siderably lower throughput (1,400 samples/day) and higher
cost ($87.18 per 1,000 annotations), resulting in ap-
proximately 572 days (about 1.57 years) and a total
cost of roughly $69,744 for annotating the complete
Objaverse dataset. In contrast, the automated Cap3D
pipeline—leveraging BLIP2, CLIP, and GPT-4 models
on cloud-hosted NVIDIA A40 GPUs—achieves signifi-
cantly higher throughput (65,000 samples/day) at a lower
cost ($8.35 per 1k annotations), requiring only about 13
days and totaling approximately $6,680 for the entire
dataset [16].

Our pipeline annotates the Objaverse dataset at approxi-
mately half the total cost of Cap3D, although with a lower
throughput (33 days vs. Cap3D’s 13 days). Both auto-
mated methods substantially outperform sequential human
annotation in terms of speed and cost. Importantly, our

7https : / / huggingface . co/ facebook / nllb - 200 -
distilled-600M
8https://tinyurl.com/gpu-usage-pricing (Original)

pipeline delivers annotations of significantly higher quality
compared to Cap3D, making it particularly advantageous
when balancing annotation quality and cost efficiency. All
comparisons assume sequential (non-parallelized) process-
ing; parallelization would further reduce annotation time for
all methods.

Method Throughput Total Days Cost per 1k Total Cost
(samples/day)  (800k samples) annotations  (800k samples)
Human 1,400 572 $87.18 $69,744
Cap3D 65,000 13 $8.35 $6,680
MARVEL 24,000 33 $3.38-$3.75  $2,700-$3,000

Table 1. Comparison of annotation pipelines based on through-
put, annotation time, and cost for annotating the Objaverse dataset
(800k samples). All estimates assume sequential annotation with-
out parallelization.

2. Additional details on MARVEL annotations
2.1. More Results on Effects of Human Metadata

Figure 2 showcases examples where human-provided meta-
data from source datasets reduce VLM hallucination and
enhances annotations with domain-specific information. To
generate captions using InternVL2 [3, 4] and GPT-4 [18],
we input the same multi-view images used for MARVEL
annotations, instructing them to produce concise descrip-
tions that include names, shapes, textures, colors, and con-
textual environments.

Examples 1, 2, and 3 demonstrate how the inclusion of sim-
ple metadata (e.g. “La Cava Window”, “Mount St. He-
lens”) significantly reduces VLM hallucination, resulting in
more accurate captions. Example 4 illustrates how metadata
can support the generation of highly domain-specific infor-
mation (e.g. “alpha-helices and beta sheets”, “N-terminus,
middle, and C-terminus”).

2.2. More 3D Captioning Results

We provide more qualitative comparisons of annotations,

highlighting differences between the baseline [12, 14, 16]

and our proposed MARVEL-40M+ dataset. For consis-

tency, we used only Level 4 annotations, as their length

closely matches that of the baselines. To improve clarity,

we further categorized examples into distinct domains.

* Figure 4 showcases 3D models of automotive designs
(e.g., cars, planes) and CAD models.

* Figure 5 features iconic characters from anime, movies,
and video games.

* Figure 6 illustrates biological elements such as animals,
plants, and molecules.

* Figure 7 includes diverse items ranging from everyday
objects, essentials, food to luxury items.

* Figures 8 and 9 depict historical artifacts (e.g., stat-
ues, memorials) and various scenes (e.g. digital elevation
maps, realistic and animated scenes) respectively.
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@— Hallucination Reduction —@

Name: Lla Cava
Window

Description:  La
Cava Window
section

InternVI2: The 3D model depicts a detailed book with a
textured cover, showcasing an open window with stained
glass and a brick wall

GPT-4: 3D model shows rustic arched stained glass window,
fextured walls, ribbed paneling, and wooden floor featuring 'La
Casa Restaurant' text.

Hallucination Reduction +
Domain Specific Information

— —e

Name: Mount St.
Helens,
Washington State,
UsA

Description:

InternVI2: The 3D model is of Mount Fuji. It is a majestic, snow-capped
volcano with a conical shape. The color varies from white at the summit to
green and brown lower down, showcasing its natural texture and rugged terrain.

GPT-4: This 3D model of Mount St. Helens showcases its iconic conical
shape, snow-dusted summit, and rugged terrain. The green vegetation
contrasts with eroded volcanic ridges, detailed lava flows, and a prominent
crater, capturing the volcano's dramatic and dynamic landscape.

Hallucination Reduction +
Domain Specific Information

Name: Knightmare
Deathstroke
Description: Joe

Manganiello's portrayal of
Deathstroke - Knightmare
version.

' 4

InternVI2: This 3D model, "Sword Warrior,” is monochromatic with

black, gray, and brown accents. It has a smooth, polished texture,
wears detailed armor, and is equipped with a sword.

GPT-4: The model represents a futuristic warrior clad i a black and
beige armored suit with metallic accents. It features angular, sharp
textures, a muscular humanoid shape, a tactical sword, and a
holstered weapon, evoking a sleek, battle-ready appearance.

@— Domain Specific Information —@

Name:  Human  Salivary
Amylase Molecular Structure

Description: Molecular structure
of human salivary alpha-
amylase. Salivary alpha-amylase
is a major component of human - -
saliv. It plays a role in the initial Sy T 1/ £
digestion of starch. The salivary ’ 1
amylase folds into a multidomain g 3 X
structure  consisting of three * ot
domains, A, Band C.

InternVI2: The 3D model is a complex, intertwined structure
fesembling a molecular or protein model, with detailed, curving
pathways and loops.

GPT-4: A 3D model of a beige-colored protein structure, featuring
intricate, smooth-textured helices and loops with a tangled, organic
design.

MARVEL: A window with a dark wood frame and colorful
Stained-glass panels, surrounded by brick and painted plaster
walls. A wooden mat with "La Cava Restaurant” text and
decorative el is in front. White wail da
wooden baseboard below, a smooth ceiling above ...

MARVEL: Mount St. Helens is a conical volcano with a wide, bowl-shaped
crater at the summit. The slopes are steep,with rocky and granular surfaces.
The south side is steeper than the north. Vegetation covers the lower slopes,
and there are smooth, reflective lakes nearby.

MARVEL: Deathstroke in his Knightmare outfit, muscular and armored,
With white hair and an eyepatch. One hand holds a sword. Dark gray,
black, and brown colors with a low-poly aesthetic.

MARVEL: The 3D model s of Human Salivary Amylase, a protein with
three main parts: N-terminus, middle, and C-terminus. It has a
compact core with alpha-helices and beta-sheets. The surface is
smooth, and color highlights (red, green, blue) show different residues.

Figure 2. Effect of including human metadata, highlighting improvements in descriptive accuracy and contextual relevance compared to
outputs generated without metadata, even when using state-of-the-art models like GPT-4 [18] and InternVL2 [3]. Metadata inclusion helps

reduce hallucinations and enhances domain-specific understanding.

@®—— Counting Mistake ——® @®——— Object Misidentification ———® @®——— Ambiguous Views ———@
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MARVEL -- The Vulcan Statue is a 3D model of a Roman god
holding a hammer and an anvil, standing on a pedestal with
steps. The figure has a dynamic posture, dressed in traditional
Roman attire. The statue is made from cast iron, with a smooth,
rugged texture and a monochromatic finish.

MARVEL -- A cartoon hornbill with a large head,
orange beak, light blue body, and yellow legs.
The tail has two blue feathers with white tips.

o
iJ: .
4

MARVEL -- The 3D model includes two thin metal pins and a
trading card in a clear, rectangular protective slab. The pins are
sharp and have a broader top. The slab has a metallic label with
a Boston Celtics logo and player details. The colors are green,
black, silver, and white.

Figure 3. Failure cases of the MARVEL annotation pipeline. From left to right, the examples illustrate errors such as counting mistakes,

object misidentification, and challenges with ambiguous views.

As illustrated in the figures, MARVEL annotations offer
more precise and domain-specific descriptions, leveraging
accurate nomenclature and contextual terminology, surpass-
ing the quality of the baseline datasets.

2.3. More Multi-Level Examples

We present additional qualitative results showcasing our
multi-level annotations across all seven datasets [2, 5, 7,
8, 20-22], with two examples per dataset - Objaverse
(Figure 10), OmniObject3D (Figure 11), ShapeNet (Fig-
ure 12), Toysdk (Figure 13), ABO (Figure 14) and GSO
(Figure 15).

2.4. More on Simple and Textureless Models

Our annotation pipeline is robust and adaptable, effec-
tively handling both simple and texture-less models by
dynamically adjusting its descriptive verbosity. As illus-
trated in Figure 17, the pipeline generates concise yet ac-
curate annotations for texture-less models—such as the
smooth, monochromatic humanoid figure and the symmet-

rical lemon head with sunglasses—by emphasizing their ge-
ometric precision and structural symmetry. Additionally,
for simpler models like the low-poly tree with geometric
leaves and the realistically textured orange, the pipeline
adeptly captures essential details, highlighting subtle irreg-
ularities and primary shape characteristics. This flexibility
ensures consistent annotation quality across diverse model-
ing scenarios.

2.5. Need for Multi-Level-Structure

Hierarchical structures are essential in Al. Examples in-
clude multi-resolution models in computer vision, such
as feature pyramids, and hierarchical embeddings in NLP,
such as document summarization. In 3D modeling,
ShapeNet uses a hierarchical taxonomy [2] to improve
adaptability across tasks. MARVEL similarly adopts a hier-
archical design, ensuring task-specific granularity. By using
a predefined hierarchy, MARVEL eliminates the need for
repeated prompting. This reduces latency, computational
costs, and inconsistencies associated with dynamically ad-



justing verbosity. Such dynamic adjustments would require
multiple inference steps and additional processing, making
them impractical for large-scale pipelines—even for future
LLMs/VLMs. Additionally, dynamic generation introduces
risks like semantic drift, information loss, and verbosity
imbalance, decreasing annotation reliability. Our ablation
study (Section 4.3B and Table 5) confirms that MARVEL’s
structured verbosity effectively maintains essential details.
It optimizes verbosity levels according to task requirements,
as validated by cosine similarity and compression ratio.

2.6. Failure Cases

Figure 3 presents examples of the failure cases discussed
in Section 5 of the main paper, illustrating the challenges
associated with using pretrained VLMs to generate dense
descriptions of 3D models.

2.7. More on MTLD Scores

The MTLD (Measure of Textual Lexical Diversity) algo-
rithm quantifies vocabulary diversity by segmenting a text
whenever the Type-Token Ratio (TTR)—the ratio of unique
words to total words—drops below a fixed threshold (com-
monly 0.72). Tt processes the text both forwards and in
reverse to reduce positional bias, and calculates the final
MTLD score as the total number of words divided by the
number of segments (called factors). A low MTLD score
indicates a repetitive vocabulary and low lexical diversity,
while a high score reflects a rich and varied vocabulary. For
instance, the repetitive string "hello hello hello
hello hello hello" results in a low MTLD score of
approximately 2.02, due to the lack of word variation. In
contrast, the diverse sentence "the quick brown fox
jumps over the lazy dog" yields a high MTLD
score of around 22.68, as it contains many unique words.
The pseudo-code for the algorithm is given in Algorithm |
as seen in [17].

3. Additional results of MARVEL-FX3D

3.1. More Implementation Details

As discussed in the main paper, MARVEL-FX3D is a two-
stage pipeline. In the first stage, Stable Diffusion 3.5 [1, 9]
is fine-tuned. During each epoch, one annotation is sampled
from five levels and paired with a randomly selected multi-
view image for MSE loss calculation. During inference,
CFG [11] is set to 7.5, and 30 steps are used to balance
speed and output diversity.

3.2. Baseline Adaptation

We use the official implementations and pretrained mod-
els for Shap-E [13] and Luciddreamer [15], training the
latter for 3k steps. Dreamfusion [19] and HIFA [23] are

Algorithm 1 MTLD Score [17]

1: function MTLD(text, min = 10)

2 forward < MTLDPROCESS(text, min)

3 reverse < MTLDPROCESS(Reverse_text, min)
4 return (forward + reverse)/2

5: end function
6
7
8
9

: function MTLDPROCESS(text, min)

factor <0
factor_lengths < 0
start <0
10: for = < 0 to length(text) — 1 do
11: segment + text[start : x + 1]
12: if z + 1 = length(text) then
13: partial < W
14: factor < factor + partial
15: factor_lengths < factor_lengths +
length(segment)
16: else if TTR(segment) < 0.72 and
length(segment) > min then
17: factor < factor + 1
18: factor_lengths <  factor_lengths +
length(segment)
19: start <~ x +1
20: end if
21: end for
22: return Lactor-lengths

. factor
23: end function

trained using the open-source threestudio [10] implementa-
tion, with 10,000 and 24,000 steps, respectively, under de-
fault settings.

3.3. More Text-to-3D Results

Figures 18 and 19 showcase visual results of TT3D gener-
ation on unseen prompts. Using GPT-4 [18], we generated
10 random prompts focused on shape and scene descrip-
tions. As demonstrated, MARVEL-FX3D produces higher-
fidelity 3D models from text prompts compared to the base-
line methods.

4. Discussion on Application of MARVEL

The MARVEL-40M+ dataset, with its scale and diversity,
serves as a powerful resource for text-to-3D tasks such as
reconstruction, multi-view consistency, and compositional
scene generation. A notable real-world use case, illustrated
in Figure 1, demonstrates how MARVEL-FX3D which is
trained on MARVEL dataset enables rapid prototyping of
diverse 3D objects from complex, fine-grained or simple
text prompts. This capability facilitates the creation of intri-
cate scenes, making it particularly valuable for applications
in gaming, AR, and VR.



Cap3D -- Air

Cap3D - RAF 7, Cap3D - Cap3D-- a Force One flying i |
Spitfire 1l biplane in & / Yellow sports e t:erii ° ne flying in
orange and white car toy model i
pi 3DTopia -- 3DTopia-- Asleekand (e
EoTopia - A smal 3DTop A small  black Bt e
i lined - hatchback car with Boeing 747 commercial
Strea"ﬁ . lane with (No Captions) a red roof, jetliner with a long
pmped < pd I :.I!( compact and sleek fuselage, two wings,
g lre ;n y "2 < design, suitable for and a tall, flying in the
Bt deme'l anf city driving and air. It has a distinctive
Irll,;nc‘a'e o Sll 5 parking in tight shape, pointed nose,
firi::lrf aircfa?pe - spaces. wide curved tail, and
Kabra - a multiple engines.
yellow car
Kabra - aredand &= - " UR 110 STATES OF AMERIUA -
airplane flying in the air = _f:'b'a ablack Kabra -~ an airplane &

flyingin the air

MARVEL -- The Dragon Rapide is a biplane ... rectangular
fuselage and two sets of rectangular wings connected by

struts ... twin-engine setup with propellers and a cockpit with
windows ... gray with orange accents on the wings, nose, and
tail. Roundels with red, white, and blue concentric circles ... on
the wings and fuselage. The landing gear is sturdy and metallic.

MARVEL -- The 1948 Ferrari 166 MM Barchetta is a
classic yellow roadster with a sleek, low profile. It has
four black wheels with chrome hubcaps, two round
headlights, and a prominent vertical grille. Inside, there
are two brown leather seats and a red steering wheel.

MARVEL -- Air Force One is a large, white Boeing 747 with a
hump at the front, four engines, and a tall tail fin. It has blue
trim and the United States flag on the tail The text
“UNITED STATES OF AMERICA” is on the side. It looks
official and detailed.

MARVEL -- The Peugeot 107 Buba is a small, rounded
car with a modern look. It is primarily black with silver
or chrome wheels. Key features include headlights,
taillights, side mirrors, and a license plate.

Cap3D -- a white

Cap3D -- a green lathe
Valve resembling

Cap3D -~ Model of
machine with a light on

a vintage jet airliner

Cap3D — a large-
tired, orange tractor.

with red, white, and asteering wheel. top.
blue livery, featuring
the logo BEA on its
3DTopia - A well- fuselage and Trident "
maintained yellow and near the nose. 3DTopia -~ 3DTopi: lala - A gee"l
green John Deere rectangular meta
tractor, used  for (No Captions) rbnachlne, wnz vagplljs
agricultural tasks. It has dutfcmsd . and |az
a distinctive shape with lesigned for sewing an«
a large round body, 3DTopia -~ crafting It is a functional
smaller rectangular cab, and  practical  tool,
and wheels. It is sitting (No Captions) durable and sturdy, used
on a dirt field with a in a wor!(shop or
trailer attached to it. industrial setting.
Kabra -- a green
- 5 Kabra -- irplal ——= 95
Kabra -- a tractor Wﬂrgai" t:: aailrrp " Kabra - a machine with alamp
sitting on top of a dirt Steering wheel ontop of it
- ]

MARVEL -- The lathe machine has a rectangular base with
cooling vents, a spindle/chuck area for holding and rotating
workpieces, a headstock for controlling the spindle, a
tailstock for holding tools, a tool holder that moves along the
bed, and an adjustable lamp for lighting. It is symmetrical and
has a bulky, metallic body painted green.

MARVEL --The Keystone 6" Knife Gate Valve is a
Cylindrical industrial valve with a rectangular gearbox and
a handwheel for manual operation. It has symmetrical
bolt holes and is made of smooth, gray metal. Used for
controlling fluid flow in harsh conditions.

MARVEL -- The Trident aircraft has a long, narrow body with
swept-back wings and a tail fin. It has smooth surfaces and red
accents on the wings and tail. A red "BEA" logo is on the side,
and the tail features a blue background with a red Union Jack
flag. Red and white stripes are on the rear.

MARVEL -- A robust, boxy Ford tractor with large rear
wheels, small front wheels, and an orange color. It has
a metallic body, an operator's seat, and a roll bar.
Suitable for agricultural or maintenance tasks.

Kabra --a black and
gray car Kabra -- a race track with
two cars on it

Kabra - a black steering

Kabra - agray and
k
wheel

black car

—_—
MARVEL -- The Tesla Cybertruck is a futuristic truck
with sharp edges and a flat, rectangular body. It has a

low front and higher rear, with a large open bed. The
truck is mainly silver/grey with a smooth, metallic

Cap3D -- a futuristic Cap3D -- Carbon fiber %;:Lcl::anz[:‘;:eg:fllw i =5 e Cap3D -- a small,
black and white | ) racing steering wheel with e IR Wﬁ% futuristic
Lamborghini integrated multifunctional gcar Chanke @ R
Aventador RS sports display, various control ‘ 1 wheels.
car. y 1 knobs, and buttons. 3DTopia - A detailed and L
‘ ‘ realistic miniature race car T
track made of plastic, with a
green color scheme featuring
0 a red and white checkered
3DTopi 3DTopia - A black pattern. The track has a :
‘Vl'"dﬁ“’l Bl d‘”hee" starting line, curves, turns, 3DTopia -~
5 typically  covere in ] i ie 0
o Captor ( I P g et ocaptn
the direction and speed sigh - "No Drinking and
. b, ofavehicle. Driving”

MARVEL -- The 3D model shows a Formula 1 race scene
with two cars, one red and one black, on a racetrack ... has
i i ... A catch fence with metal
large green signs ... "ROLEX"
and "Heineken." Smaller ... Pirelli logo. A digital
camera tripod is behind the fence ... The Ferrari car is red
with black accents, and the Red Bull car is black with

MARVEL -- The Lamborghini Terzo Millennio is a futuristic
sports car with a wide, aerodynamic body, sharp angles, and
pronounced wheel arches. It has a sleek windshield, angular
headlights, and is primarily white/gray with black and red
accents. The car features large air intakes on the hood and a
sloping roof, with horizontal LED taillights and an integrated

MARVEL -- A Ferrari SF70H Steering Wheel from
2017, circular with ergonomic grips, a central display
screen, and various buttons and dials. It has a main
lever at the bottom and is made of carbon fiber with
color-coded buttons.

spoiler at the rear. yellow and red details. texture and glossy finish.
Cap3D -- Black and > Cap3D--a Cap3D -- a stainless
™ et Cap3D - A red White and blue steel watch with a silver
model . and rusty moped speed boat. diamond bracelet.
with white
accents. I o 3DTopla — A uni
. opia -- A white opia -- A unique
3DTopia -- A sleek and and blue sleek and and intricate  silver
rv_\odem black . and streamlined bracelet with a curved
silver Harley Da_vudson sailboat  with a shape, cut-out
motorcycle  with a — ! pointed  bow, section, and a twisted
qustur;quve . clietsug:, OpI i curved stem, and orintertwined
including a fuel tank, ttern.
handlebars, and a (No Captions) :Leiradbel;body‘ G pattern
single seat. recreational or
leisure use.
[ . Kabra -- a black watch
Kabra -- ablack Kabra -- ared Kabra - a boat without a band
motorcycle scooter Tloating in the air

MARVEL -- The Harley Davidson XR1200x is a black
motorcycle with a sturdy frame, V-twin engine, and
dual exhaust pipes. It has a black leather seat, raised
handlebars, and a round headlight. The bike is
streamlined and aggressive-looking, with disc brakes
and visible suspension.

MARVEL -- The 3D model is a vintage red Vespa scooter with a
[ong, cylindrical body, a black seat, and two round

rearview mirrors. It has a central front headlamp, worn side
panels, and silver-rimmed wheels with tread marks. The

rear fender partially covers the rear wheel, and the exhaust pipe
curves up near the rear.

MARVEL -- The 3D model is a Rolex Submariner watch with
Fround case, fluted bezel, and Oyster bracelet. It features
Mercedes hands and a black dial with white or luminous
accents, The bezel has white markings for diving,

MARVEL -- A small, streamlined yacht with a smooth,
glossy hull, cushioned seating, and a helm station. It has
a wood-paneled cabin, stainless steel railings, and blue
accents. Highly reflective exterior.

Figure 4. Qualitative comparison of 3D annotations across baselines [12, 14, 16] and the proposed MARVEL-40M+ for automotive (cars,
planes, etc) and CAD models. MARVEL-40M+ provides more accurate and domain-specific annotations, compared to the baselines.
Incorrect captions are highlighted in red, while important captions are highlighted in green.



standing on a white
background, likely a toy
figurine from the animated
television show
"SpongeBob SquarePants.”

Cap3D -- a Cap3D - Cap3D -- Stylized character Cap3D -
samurai riding a sT;;%ﬁero inayellov: with large triangular head, P Wolvenne_ in
blue dragon with a ot ) G red tuft of hair, blue eyes, black  shirt and .
sword. e wearing a yellow and white pants, holding a =
striped shirt, blue shorts, and knife.
white shoes. ]
3DTopia -~ 3DTopia -~ A small o
figurine of a Dragon TR EBICE
() cBI::ract:r. :,‘ézﬁ:‘gerz sponge character with a red J A (No Captions) 7
white and yellow nose and a big smile, |
- y

costume, red cape,
and standing on a
white background.

Kabra -- aman
fighting a blue
dragon with a sword

Kabra-- amanina
superhero costume:
with a cape.

Kabra -- aman
with claws in his
hands

E:(S

Kabra -- (No Captions)

MARVEL -- The 3D model shows Saitama from "One
Punch Man,” a bald, muscular character in a yellow suit
with a white cape, black belt, red gloves, and red boots.
He stands in a dynamic, forward-leaning pose.

MARVEL -- The 3D model is of Phineas from "Phineas and Ferb."
Hehas a conical head, large blue eyes, a red tuft of hair, a yellow
striped shirt, blue shorts, and blue shoes with white laces. The
modelis smooth and cartoonish, with a simple cylindrical body

MARVEL -- Wolverine is a muscular, strong figure with
short, dark hair and a beard. He wears a light grey shirt
and black pants. His arms have three metal claws, and his
legs are slightly bent.

MARVEL -- The 3D model features Roronoa Zoro from One
Piece, holding three swords, with a blue dragon coiling
around him. A water splash surrounds them, adding intensity
to the dynamic scene.

Cap3D -- a soldier Cap3D -- agirl
wearing a gas ma;k, E_Ll?a:c)ter“de icte; Cap3D_-- Lightning [ Wi E areadliglfs
cloak, and suit. e P devil McQueen from Cars ina dress.

superhero in a suit s
3DTopia -- A with  black and 3DTopia — A red and ia -
detailed and realistic green elements. At oer:oy aar re;:mb?i:g 3DTopia
.flgunne”of a sold}er Lightning McQueen from (No Captions)
in mllltar\/ attire, the Disney Pixar movie
wearing a Cars, with a sleek and
camouflage jacket, a 3DTopia-- aerodynamic design, long
helmet, and holdfng = e pointed nose, curved body,
a weapon, standing (No Captions) and racing stripe down the
on a white middle.
background. Kabra -- a

~ S cartoon character

K:bar:' -g—aac an;aenand Kabra -- Kabra - l;ghtnir;‘g . - with dreadlocks
weari mcqueen from the movie
ahelmet (No Captions) car? and a dress

MARVEL -- The 3D model shows Ghost Jawbone from Call of
Duty Mobile. He wears a black helmet, a brownish-khaki cape,
a dark green shirt with a tattoo, an olive green vest with a red
pouch, olive green cargo pants, and dark combat boots. The
character stands upright with a flowing cape.

CanD --  Brown,
melting  wax-like
structure resembling
a drooping, curved
witch’s hat with a
textured, glossy
surface.

3DTopia -- A brown
cone-shaped wizard's
hat with a pointed top
and a unique shape,
covered in chocolate
coating.

€

Kabra -- a brown
witches hat

MARVEL -- The Sorting Hat is a tall, pointed wizard's hat
with a wide base. It has a fabric-like texture and is primarily
brown. It is used in the Harry Potter series to sort students
into their Hogwarts houses.

MARVEL -- War Machine has a heavily armored suit
with a white faceplate helmet, a chest emblem, and
jet thrusters on the backpack. It has weapons like a

machine gun and rocket launcher. The armor is
metallic, gray, and silver.

Cap3D -~ an lron
Man robot
holding  various
weapons,
including a knife,
gun, and sword.

3DTopia --A silver
and gray humanoid
robot with a metallic
body, standing on
one leg, holding a
weapon, and ready
for action on a white
background.

Kabra --

(No Caption)

MARVEL -- Rath is a strong, muscular alien with a tiger-
like appearance. He has a large, striped body, a white
underbelly, and sharp claws. His face has smooth,
animalistic features and glossy eyes.

e
o

MARVEL -- The Rustbucket is a modified RV with a boxy
shape, large cargo container on the roof, and heavy-duty
wheels. It has multiple windows, doors, and utility panels,
and is painted in light beige and brown with metallic green

MARVEL -- The 3D model is of Sid, a sloth from "Ice Age." He
has a bulky body, short legs, long arms, and a small, wrinkled

head. Sid stands upright with one arm raised, looking cheerful.
The model is covered in soft, shaggy fur and is colored orange.

Cap3D -- a
camper van with
luggage on top.

3DT°DEi“ == A yellow
and brown vintage-
style camper van
with a distinctive
design, including a
camper section on
top, parked on a
white background.

Kabra -- a cartoon
rv with a raft on top

and red highlights.
Cap3D -~ an
orange  cartoon

bear-dinosaur
hybrid with claws
and waving arms.

3DTopia --

(No Captions)

Kabra-- a
cartoon character
giving the peace
sign

MARVEL -- Lightning McQueen is a sleek, red racing car with a
long front, narrow middle, and large rear spoiler. It has yellow
and black flames, rugged tires, and the number "95" displayed
prominently.

Cap3D -- a stylized
character with
exaggerated head
shape, grey hair,
purple and  black %

clothing, and simple
facial features.

3DTopia -- A small
white boy wearing a
blue shirt, depicted

as a 3D rendering, e p |
standing on  his v

tiptoes with arms -l —
stretched out.

Kabra -- a cartoon “

character with white V!

hair

MARVEL -- A chibi-style 3D model of Killua from "Hunter x
Hunter." Large, rounded head with white, spiky hair, light
purple shirt with dark blue sleeves, grayish-purple shorts, and
purple shoes with white soles.

Cap3D --A pink
cartoon cat with a
horn, long tail,
cigarette, syringe,
bow and arrow,
and bling a
toy mouse.

3DTopia --
(No Caption)

Kabra -- a cartoon
pink panther sitting
down

e
A
3

S

MARVEL -- The Pink Panther is a smooth, pink, cartoon-
like character with a large head, expressive eyes, a small
nose, a wide mouth holding a cigarette, and whiskers. It
has a long neck, a compact body, four legs with black-
tipped paws, and a long, thin tail.

MARVEL -- Tia Dalma model with dark dreadlocks,
flowing dress with earthy patterns, and a silver

CaESD -- ablue
and yellow fish
with a large head,
big yellow eyes,
and a cute,
colorful creature-
like appearance.

3DTopia -
(No Captions)

Kabra -- a blue and
black cartoon fish.

pendant necklace.
Ve
\\ -

MARVEL -- Baby Dory is a 3D model with a curved, oval
body, a large round head, big pink-eyed circles, a small
mouth, a yellow tail fin, and small yellow pectoral fins.
The body is light blue with darker blue patterns.

4

MARVEL -- Pluto is a blocky, rectangular 3D character with a
round head, black floppy ears, and a red tongue. It has a black
oval nose, short stubby legs, a long thin black tail, and a green
collar. The model is smooth and low-poly,with bright orange,
black, red, and green colors.

Cap3D -- Goofy yellow
cartoon dog with a
green collar

3DTopia --
(No Caption)

Kabra -- a cartoon dog
with a green collar

Figure 5. Qualitative comparison of 3D annotations across baselines [12, 14, 16] and the proposed MARVEL-40M+ for popular anime,
movie, and cartoon characters. MARVEL-40M+ provides more accurate and domain-specific annotations, compared to the baselines.
Incorrect captions are highlighted in red, while important captions are highlighted in green.



Cap3D -- Colorful
parrot

3DTopia -- A
detailed and realistic
representation of a
small, vibrant parrot
with red, blue, and
yellow feathers. It

is perched on a
branch with spread

CaEBD == A small Cap3D -- A Cap3D --  an anteater,
ird perched on a ;ﬁm a fish with meerkat, and zebra.
branch. a textured body, a

prominent red cap, i

and delicate, 0

) . ) - 3DTopia -- A small, brown

M - A small translucent fins. y - v animaE possibly a fox or a
bgrdc;:'e';h a l°:r§ beal; . dog, with a long, slender
:looden branch, 3DTopia -- A white body, a bushy tail, and
displaying  detailed Sl e e i & :‘tandlng‘on |';s hind legs. It
and lifelike feather unique shape, long Q‘ sl poiedSeuiandla

pattens and body curved body, small playful ~ or  curious

OIS G, head, and a red cap o EREEE,
swimming in the
Kabra -- a colorful water. Kabra -
parrot Kabra -- a black bird -
perched on a branch (No Caption)
MARVEL -- The 3D model of the parrot has a streamlined body, Kabra --
a robust head with a pronounced beak and large, black eyes, (No Caption)

large curved wings, and long, tapered tail feathers. It is richly ~ MARVEL -- The Hairy Woodpecker is a compact,
colored, with a red head, white beak, colorful chest, blue and  elongated bird with a stout beak, broad wings, and a . 1 ted, st lined bod ded it, and a |
yellow wings, and red and blue tail feathers. The legs are rough,  fan-like tail. It has earthy colors, a lighter gray chest, and m‘ == A 3D model O_f a Redcap Oranda go'.d fish ;::5:,2}15 I;ehaarg [Iir;.t br%vrr: :urrovl;::hza's;;ub,r:;n :n(i,:egs‘
and the claws are hard and pointed. The background is black,  a reddish patch behind the eyes. The bird is perched on  ith @ rounded body, bright red cap, and delicate, > 2065 P/ of 87 PO (LAY 220 e) 2 =
and the parrot is shown from multiple angles. abrown branch. ity i s e aitmElin £ & -

MARVEL -- The 3D model is a mongoose with an

Cap3D -- a black _ Cap3D --acrab = N
bird,  possibly an = Cap3D) dinosauar with two legs and EE%:;—Z‘ dw':teshark in
eagle, perchediion with its mouth open. claws:

various surfaces

o Ao 3DTopia -~ A detailed
table, board, block, 3DTopia -- etaile
and cardboard box. L ——— 3DTopia - DTopia — A and realistic 3D model

brown  crab-like of a gray and white shark

A detailed and realistic object with a round

P ' 3D model of a bod ltiple
3DTopia --A detailed Y (raltlie]el
and realistic blue parrot Velociraptor, a small legs, and claws on

sculpture with spread agile predator with a its:  front legs,

wings, perched on a
wooden surface.

Kabra -- a statue of a

slender body, long
tail, and sharp claws.

Kabra -- (No Captions)

positioned in a
relaxed manner.

visible dorsal and tail
fins.

Kabra -- a crab

swimming in the water. ‘

It has a long, pointed

snout, sharp teeth, and a

sleek and streamlined

body. The shark also has E

bird on a table Kabra -- a black shark

MARVEL -- The 3D model is a Dodo bird with a stout,
rotund body, large hooked beak, and stubby wings. It
has robust, yellowish legs and a plump, non-
aerodynamic form. The texture is rough and fibrous,
and the colors are mainly brown and grey.

MARVEL -- The Spi is a large, el |
dinosaur with a long, narrow head, strong hind legs, and a
prominent sail on its back. It has a rough, scaly skin and a
muted gray color.

MARVEL -- The Hammerhead Shark has a unique hammer-
shaped head, a slender body, and a strong tail with a caudal
fin. It has a prominent dorsal fin and smaller pectoral fins. The
model is smooth and dark gray.

MARVEL -- A 3D model of a crab with a rounded
body, broad shell, and eight legs, including two large
claws. It has short antennae and a reddish-brown
color with realistic shading and highlights.

Cap3D --
e w Cap3D - blue Cap3D--  white Cap3D ~  a
sandy island flowers in a glass lotus flowers in a white pepper.

. vase. vase.
ls'fD.ll'-l?Bh ta'l; Z 3DTopia -- A fresh
slleenldi'r alm :rr;e { 3DTopia -- A and ripe green bell
with a sir’wj le trunk, & transparent 3DTopia -- pepper with a round
& faﬁ-sha ] cylindrical  vase —_— shape, slightly
crown of leases with a  flat (No Captions) flattened top and

bottom and
curved top, filled
with blue and

bottom, vibrant
coloring, and a
small opening at

and a few
branches
extending  from

ink flowers. the top.
the top, placed on B Kabra -- a plant P
asandy beach. with yellow flowers
S Kabra -- a vase and green leaves. Kabra -- a green
Kabra - a palm filled with purple pepper. ¢
tree sitting on top flowers
of a sandy beach.

MARVEL -- A 3D model of a Marsh Marigold with yellow MARVEL -- The bell pepper is a smooth, teardrop-
flowers and green, heart-shaped leaves. The flowers shaped m<?del with three lobes, a short stem, and a
have five petals and a center with stamens. Slender ~ color gradient from green to red/orange. It has a
stems support the leaves and flowers. The model is glossy, slightly waxy surface with minor
bright and simple. imperfections.

MARVEL -- A clear glass jar with a floral arangement
of hydrangeas, daisies, and lily of the valley in pastel
colors. The jar is glossy, and the flowers are matte.

MARVEL -- A tall, slender coconut tree with curved trunk,
large green leaves forming a canopy, and coconuts at the
base, standing on a sandy platform.

Cap3D -- a purple

Bowl filed  with Cap3D - a green Cap3D - Purple &b = ¢ el
colorful candy ans purple and white e PP
resembling an kidney with a molecule with two P :
animal cell. cane, frog, pipe, attached spheres
leaf, intestine,
3DTopia -- A light and flower. 3DTopia -
purple curved bowl or
dish with a flat bottom (No Caption) .
and a raised rim, filled _ v
with various food items 3DTopia -- 3DTopi [
including fruits,
vegetables, and other (No Captions) . (No Caption)
ingredients.
Kabra -- a molecular
Kabra -- a purple Kabra - a structure
Kabra - acell and green f,’bjfct molecular structure
MARVEL -- The 3D model is a eukaryotic cell, shaped like an
ellipsoid ... purple cell membrane, a pink/red nucleus with a MARVEL -- The 3D model shows the aorta and two MARVEL -- A 3D model of a water molecule (H20) MARVEL -- Vitamin B2 (Riboflavin) is a complex

with a central purple oxygen atom and two smaller
white hydrogen atoms, connected by white sticks.
with red accents. The atoms form a trigonal planar
shape with a bond angle of about 104.5 degrees.

yellow core ... The ic reticulum (ER) is the
nucleus, with rough ER (greenish-yellow with dots) and smooth
ER (green). The Golgi apparatus, orange/yellow, is a stack of
pouches. Mitochondria are red and sausage-shaped, and
lysosomes are smaller vesicles in yellow and reddish-brown. ...

molecule with a central ring system and extending side
chains. It has an elongated, irregular shape and uses color
coding to differentiate atoms: carbon (grey/black),
oxygen (red), nitrogen (blue), and hydrogen (white/grey).

kidneys. The aorta is a long, curved tube, and the
kidneys are oval shapes on either side. The aorta is
purple, the left kidney is green, and the right kidney is
teal.

Figure 6. Qualitative comparison of 3D annotations across baselines [12, 14, 16] and the proposed MARVEL-40M+ for biological objects,
including animals, plants, and molecular models. MARVEL-40M+ provides more accurate and domain-specific annotations, compared to
the baselines. Incorrect captions are highlighted in red, while important captions are highlighted in green.



Cas! - sushi rolls
and chicken skewers
on a wooden cutting
board.

3DTopia -- A
wooden plate with a
visually  appealing
amangement  of
various sushi rolls,
including avocado,
placed neatly on it.

Kabra -- three sushi
rolls on a wooden
tray

MARVEL -- Three pieces of salmon nigiri sushi on a wooden

board, with a small bowl of soy sauce. The sushi has oval

rice balls topped with pink salmon, green and red garnishes.

The wooden board has rounded edges, and the soy sauce

bowlis circular and matte. A small green spot is on the board.

Cap3D -- Triangular
prism-shaped
chocolate bar
package with the
brand logo and
mountain  graphic
design.

3DTopia -~
(No Caption)

Kabra -- a toblerone
candy bar

MARVEL -- A Toblerone chocolate bar box, long and narrow
with a tapered end, featuring Swiss mountains and a bear.

Smooth paperboard, white with red and gold accents.

Cap3D - H&M
S-FLopping bag with
the word hm’on it

3DTopia -- A white
rectangular
shopping bag with a
flat bottom, open
top, and a red H&M
logo. It has a handle
for easy carrying
and appears to be
empty.

Kabra - a gray
shopping bag with
red letters on it

bold red on one side. It has a flat base and two handles,
and is primarily light gray.

Ca§3D - a yellow
an( black
screwdriver.

3DTopia -~

(No Caption)

Kabra -- a black and
yellow stanley knife

MARVEL -- A utility knife with a curved, rubberized handle, a
rectangular blade compartment, and a flat safety lock. The
handle is black with yellow accents and a white "STANLEY"

logo. The blade compartment has a metallic texture.

#M»—J

MARVEL -- A rectangular shopping bag with the H&M logo in

Cap3D -- two
bananas with a
banana peel.

3DTopia -- A
letaile and
realistic

representation of a
yellow,  curved
banana, sitting on
a white
background.

Kabra -- a bunch of “
bananas

MARVEL -- A bunch of three ripe bananas connected
by a thick, brown stem and supported by a white
circular base plate. The bananas are slightly curved
and have a realistic skin texture with dark spots. The
stem s rough and woody, and the base plate is smooth

and reflective.
N~ 7
il

MARVEL -- A 3D model of a Lindt Gold Chocolate
Bunny, sitting with a shiny gold wrapper, red ribbon,
and white waxed paper at the bottom. The colors are
gold, red, and brown.

Cap3D - arabbit
with a red collar,
resembling a
chocolate Easter
bunny.

3DTopia --

(No Caption)

Kabra = a
chocolate  bunny
with a red ribbon
around its...

Cap3D -- Puffy
jacketwith

monogram pattern,
featuring a zippered 5
frontand elastic

cuffs and hem.

MARVEL — The Louis Vuitton Puffer Jacket is a
rectangular, quilted jacket with a high collar and two
sleeves, It is light beige with dark brown logos and is
made of lightweight material for outdoor use.

3DTopia -- A
Brown teddy bear
with a soft, plush
texture,  cuddly
appearance, and
round shape.

Kabra_-- a jacket
with a pattern on it

Cap3D -- iPhone X,
iPhone 11 Pro, and
iPhone XS Max -
royalty-free.

(No Caption)

Kabra -- the back
of an apple iphone

MARVEL -- The iPhone 13 is a rectangular smartphone
with a large, smooth screen and a matte back. It has a
diagonal ~ dual-camera setup and buttons on the
sides. The phone is in a neutral metallic color.

Cap3D -- Indonesian
instant Mi Goreng noodles

with an egg on the

package.

3DTopia -~ A rectangular
white package made of

cardboard or similar material,
with a folded appearance,
likely used for packaging food
items, specifically a pack of
noodles.

Kabra -- the back of a
package of instant noodles

MARVEL -- The Indomie Instant Noodles package is a
rectangular box with rounded corners, featuring the brand
logo "Indomie” an image of cooked noodles, and cooking
instructions. It is smooth and glossy, mainly in white, green,

yellow, red, and blue.

Cap3D --a blue and green
star-shaped object with a

hole, featuring sword and

knife elements.

3DTo¥ia - A visually
appealing and eye-catching

metallic star-shaped object, 3DTopia -
made of wood and metal, with =
a sharp and pointed tip, a (No Caption)

circular base, and multiple
points  radiating  outwards
from the center.

Kabra -- afive pointed star
with a hole in the middle

MARVEL -- A four-pointed throwing star with sharp,
curved tips and a central hole. The surface is rough and
dark blue, with a thin red line.

Kabra -- acan of
coke and a can of
sprite

Cap3D - a birthday
cake with a candle.

3DTopia --
(No Caption)

Kabra -- a chocolate
cake with a single
candle oniit

MARVEL -- A chocolate birthday cake with a single lit
candle and the text "Felicidades Dani." The cake is
circular, topped with cream frosting and sprinkles, and a
white candle with a small flame.

Cap3D -- two
Coca Cola cans.

MARVEL -- Two soda cans, one red Coca-Cola standing
upright and one green-to-blue Sprite lying on its side,
partially overlapping. Both have smooth, glossy finishes and

metallic pull tabs.

Cap3D -- A gy
sports shoe with
distinct brand logo,
white laces, and
padded collar.

3DTop
(No Caption)

Kabra -- a grey new
balance shoe

MARVEL -- A pair of New Balance sneakers with a low-top
Jesign, made of suede-like material with white laces and a
beige "N" logo on the side. The shoe has a cushioned white
tongue and a light gray foam midsole for comfort, with a
rubber outsole for traction.

Cap3D -- a blue and
white computer, blue and
yellow laser printer, Sony
tape  recorder,  blue
cassette player, and
Nintendo DSi.

3DTopia - A small,
rectangular blue box with a
hinged lid, designed to hold
and store various items.

Kabra -- a sony walkman

MARVEL -- The Sony Walkman TPS-L2 is a small,
portable cassette player with a rectangular shape and
rounded edges. It has a display window, control buttons,
and a cassette slot. The device is light blue with white
sides and orange accents. Colorful stickers with cartoon
characters add a playful look.

Kabra -- a black
object

Cap3D -- Nivea tube

containing

toothpaste,  hand
cream, facial
cleanser, and SPF

50 body lotion.

3DTopia - A
el white and
blue Nivea cream -
tube with a label,
standing upright.

‘ éf
Kabra -- a bottle of g

nivea hand cream

MARVEL -- A 3D model of a Nivea hand cream
tube, cylindrical with a narrow top, smooth
plastic, white with blue and red accents, and a
glossy logo.

Cap3D = a
Samsung  coffee
machine, black
washing  machine,
water dispenser,
and small printer.

3DTopia -~

(No Caption)

MARVEL -- The Siemens Coffee Machine is a sleek,
rectangular device with a bean hopper on top, a control
panel below, a transparent water tank on the left, and a
metallic drip tray at the bottom. It is mostly black with a
transparent tank and a silver tray.

Figure 7. Qualitative comparison of 3D annotations across baselines [12, 14, 16] and the proposed MARVEL-40M+ for diverse items
including daily objects, essentials. MARVEL-40M+ provides more accurate and domain-specific annotations, compared to the baselines.
Incorrect captions are highlighted in red, while important captions are highlighted in green.



_ Cap3D - Brown 3D - a small white Cap3D -- a monument
:T“i%’ e reclining figure %aaerﬁe_stone fountain Surrounded by plants,
building, a sculpture with rough with a statue, turrets, trees, and grass in a

floating boat, and textures on a rustic and a window. park setting.

amilitary tank wooden plank base.
3DTopia -- A ftall,
o A Tectangular stone
; o - te )

3DTopia - A lfelike et whi monument  with  a
3DTopia. Wooden sculpture of a GECRIR (G pointed top and wider

fountain or basin, with
intricate carvings and
decorations, used for
outdoor landscaping or

base, situated on a
grassy area surrounded
by trees and greenery.
It appears to be a

person lying in a bed,
intricately carved and
realistically detailed.

(No Captions)

as a focal point in a o o
Kabra -- a statue of a garden or park. commemorative

Kabra-- a person laying on a structure,

ruined building bed,

Kabra -- a statue

Kabra-- astatue

MARVEL — A 3D model of an Old Kingdom Period mummy
MARVEL -~ The Fountain of Peirene is an ancient  from Abydos, lying in a fetal position inside a rectangular

Roman structure with a central pool, stone steps, and  wooden sarcophagus. The mummy is wrapped in linen MARVEL -- The "Pilar Puert del Perdon” is a MARVEL -- The Spomenik na Grdelici is a World War I
uneven walls. It has an arched entrance and is made of ~ bandages, and the head is covered separately. The sarcophagus decorative water fountain with a rectangular basin, memorial with two tall stone slabs, one taller than the other.
weathered limestone with a rough texture. Located i has a smooth wooden texture. The colors are earthy tones like intricate carvings, and three spires. Its attached toa It its on a flat stone platform surrounded by grass and small
Corinth, it reflects the historical importance of the site. browns and tans. building and made of rough stone and white marble. shrubs. The designis simple and somber.

Cap3D Cap3D -- marble Cap3D --a cloaked man's
BT o e bustof a Roman bust \ resemblingan
winged  horse, emperonwithilong )Y Egyptian statue.
equipped with a air. o
sword and shield.

3DTopia - A realistic and p

3DTopia -- felike bust of a man, 3DToy A detai

3DTopia likely made of stone or e clay
e (No Caption) marble, with a serious sculpture of a woman's
(No Caption) expression, detailed and head with intricate

features and facial

expressive face, displayed
tal. details.

on'a pedest

Kabra -- a person

Kabra - a bust of a
tiding a horse with

man
wings Kabra -- a bust of a man Kabra -- a statue of a

woman 's head
MARVEL -- The 3D model shows Perseus, a human figure in
ancient Greek armor, riding a white winged horse named MARVEL -- A bust of Alexander the Great with detailed MARVEL -- The 3D model is a bust of William MARVEL -- A 3D model of a terracotta warrior head with
Pegasus. They appear to be flying, with Perseus holding a  facial features, wavy hair, and a draped garment. Shakespeare, featuring a detailed face, beard, and realistic face, tight bun of hair, and a band around the
sword and shield. The horse has smooth white fur and Smooth, polished surface, light beige color. draped fabric with lace details. The base is cylindrical, forehead. The texture is rough and the color is dark,

feathered wings. and the skin and fabric have natural colors. earthen brown. Suitable for historical displays.

Figure 8. Qualitative comparison of 3D annotations across baselines [12, 14, 16] and the proposed MARVEL-40M+ for historical elements
including statues, places, memorials, etc. Incorrect captions are highlighted in red, while important captions are highlighted in green.

) Cap3D -- a small castle

G Gatiellivie ShanTSland with a h Cap3D - amountain :
Tory Chateau vith slate e o e . Gy =
blue mansard roofs and e g andatlamingoina
prominent  chimneys, g pond, with a colorful
set on a landscaped plot . :;:tzw bird flying
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Figure 9. Qualitative comparison of 3D annotations across baselines [12, 14, 16] and the proposed MARVEL-40M+ for diverse scenes
including digital elevation maps, places, realistic or animated scenes. Incorrect captions are in red, while important captions are in green.



Blue hair, red eyes, anime style, blue-to-white hoodie, black
shorts, knee-high socks, multicolored sneakers, neutral
expression, smooth skin, matte hoodie, shiny shoes.

NEARCHAN is a 3D anime character with blue hair, red eyes, a
blue-to-white hoodie, black shorts, and multicolored sneakers.

3

NEARCHAN is a 3D model of an anime-style character with blue, h-(
short hair and large red eyes. She wears a blue-to-white hoodie

with a hood, black shorts, and knee-high socks with blue cuffs.

Her hands are open, and she has multicolored sneakers.

NEARCHAN is a 3D model of an anime-style character with a large head and exaggerated proportions. She has blue)
short bob cut hair and large, red eyes. Her torso is covered in a hoodie that transitions from blue at the top to white at the
bottom, with a hood resting on her head. Her arms extend downward, with hands slightly away from the body and|
fingers spread. She wears black shorts and knee-high socks with blue cuffs. Her feet are in multicolored sneakers. The skin

is smooth, the hoodie is matte, and the shoes are shiny.
y

EARCHAN is a 3D model of an anime-style character with a humanoid form and exaggerated proportions. Her head ﬂ
larger than her body, featuring blue, short bob cut hair with straight bangs. Her anime-styled head includes large, red
eyes and a neutral expression. The neck is slim, connecting to a torso clad in a hoodie jacket that transitions from blue at
the top to white at the bottom. The hood rests on her head, adding to the casual look. Her upper torso is light blue, while
the lower torso is white with no distinct patterns. The arms extend downward from the shoulders, with hands positioned|
slightly away from the body, fingers spread out in an open gesture. She wears black shorts over knee-high socks, with
blue cuffs and black fabric above. Her feet are adorned with multicolored sneakers featuring blue, pink, and light green.
The skin is smooth and slightly glossy, the hoodie has a matte finish, and the shoes have a shiny appearance.

v

Elongated body, striped abdomen, semi-transparent wings, # 7
red eyes, thin legs, yellow stinger, metallic sheen. . i /

A 3D wasp with a long, striped body, large transparent
wings, thin dark legs, and a yellow stinger.

he 3D model is a wasp with a long, striped abdomen, small
head, and thorax. It has large, see-through wings with vein
patterns, thin, dark legs, and a yellow stinger at the end of
the abdomen. The head features red eyes, and the body|
has a smooth texture with a metallic sheen on the legs.

he 3D model represents a stylized wasp with an elongated body divided into a head, thorax, and abdomen. The hea
and thorax are small and dark brown, with the head featuring red eyes. The abdomen is long and striped with dark
brown and tan, tapering at the end. Large, semi-transparent wings with visible veins extend from the thorax, and the
legs are thin and dark with a metallic sheen. A pointed yellow stinger is located at the tip of the abdomen.

he 3D model of a wasp features an elongated body divided into three main sections: head, thorax, and abdomen. The)
head is small with smooth, dark brown surfaces and red eyes. The thorax, similarly smooth and dark brown, supports
two pairs of semi-transparent wings with intricate veining patterns. The abdomen is long and slender, tapering at the|
end with a slight upward curve, and is marked by alternating dark brown and tan stripes, creating a segmented
appearance. The wings are large relative to the body, reflecting light differently and adding depth. The legs are thin,
jointed, and have a dark metallic sheen, while the stinger at the end of the abdomen is pointed and yellow, contrasting|
sharply against the darker segments.

Figure 10. Multi-level annotation examples of MARVEL for the Objaverse [7] dataset. Words corresponding to Object and Components
are highlighted in violet, Shape and Geometry in green, Texture and Materials in orange, Colors in blue, and Contextual Environment
in purple. From top to bottom, we go from level-5 (Concise Tags) captions to level-1 (Comprehensive Description) captions.



Tennis paddle. circular or oval blade, smooth and glossy surface, dark brown
handle, matte finish, gradient brown hues, "TABLE TENNIS MATCH" text, cat's
face illustration, slight edge curvature.

A table tennis paddle with a smooth, brown blade featuring a cat’s face and the
text "TABLE TENNIS MATCH" and a dark brown, matte handle.

(The 3D modelis a table tennis paddle with a circular or oval blade and a handle.
The blade is smooth and glossy, with a gradient of brown hues, darker at the
edges and lighter in the center. The text "TABLE TENNIS MATCH" is in white with
a blue shadow, and there's a cat's face illustration in orange and white. The
“andle is dark brown and matte.

The 3D model is a table tennis paddle with a blade and a handle. The blade is circular or oval, slightly curved at the edges for better)
control. The blade has a smooth, glossy surface, contrasting with the matte handle. The blade features a gradient of brown hues, with
darker edges and lighter centers. The text "TABLE TENNIS MATCH" is prominently displayed in white with a blue shadow, and there's a|

central illustration of a cat’s face in orange and white. The handle is dark brown.
\. 7

he 3D model represents a table tennis paddle, consisting of a blade and a handle. The blade is circular or oval, with a symmetrical design|
and a slight curvature at the edges, enhancing maneuverability. The proportions ensure a wide striking surface. The blade is smooth and

glossy, likely made of high-quality wood laminate, while the handle has a matte finish, indicating a grip material over a wooden core. The|
blade features a gradient of brown hues, darker at the edges and lighter towards the center. The text "TABLE TENNIS MATCH" is displayed
in white uppercase letters with a blue shadow, adding a 3D effect. An illustration of a cat's face, using orange and white, is centrally
located. The handle is uniformly dark brown, matching the blade's darker edges.

The ceramic bowl is round with a wide opening that tapers down to a smaller base. It has a smooth, glossy finish and is primarily white, A
central strawberry design in red and green is featured at the bottom, with scattered colorful dots. The rim is outlined with a thin orange
border.

Round shape, wide opening, tapered base, glossy
finish, white base color, central strawberry design,
scattered colorful dots, thin orange rim.

A round ceramic bowl with a wide opening, glossy
white surface, central strawberry design, and
colorful dots. The rim has a thin orange border.

The ceramic bowl has a smooth, symmetrical shape with a wide circular opening that narrows towards the base. Both the interior and
exterior follow a gentle conical curve, creating a balanced form. The bowl is made of ceramic or porcelain and has a glossy, reflective finish.
The base color is white, with a central strawberry design in red and green, and scattered decorative dots in orange, green, and yellow. The
rim is accented with a thin orange border.

The ceramic bowl features a , symmetrical shape with a wide circular opening that tapers down to a narrower base. The interior is|
conically shaped, transitioning smoothly from the rim to the base. The exterior mirrors this curvature, creating a balanced and harmonious|
Jform. The bowl is made of ceramic or porcelain, with a glossy finish that reflects light, giving it a smooth, polished appearance. The base
color is white, serving as a neutral backdrop for the decorative elements. A central strawberry design, rendered in red and green, is|
prominently featured at the bottom, surrounded by scattered dots and splashes in orange, green, and yellow, adding a playful touch. The
rim is highlighted with a thin orange border, framing the bowl elegantly.

Figure 11. Multi-level annotation examples of MARVEL for the Omni-Object [22] dataset. Words corresponding to Object and Com-
ponents are highlighted in violet, Shape and Geometry in green, Texture and Materials in orange, Colors in blue, and Contextual
Environment in purple. From top to bottom, we go from level-5 (Concise Tags) captions to level-1 (Comprehensive Description) captions.



Biplane, stacked wings, circular insignias, elongated
fuselage, propeller, landing gear, horizontal tailplane,
vertical stabilizers, green body, blue and red markings,
silver engine.

A classic biplane with two sets of wings, a long cylindrical body, and a propeller at the front. It has
blue and red wing insignias, two small wheels, and a silver engine.

The 3D model is a biplane with two sets of wings stacked on top of each other. The fuselage is long and cylindrical, narrowing at the back,
with a propeller at the front. The wings have blue circular insignias with red dots. The landing gear consists of two small wheels under the;
fuselage. The control surfaces include a horizontal tailplane and vertical stabilizers at the rear. The plane is mainly green, with blue and
red wing markings and a silver engine and propeller.

The 3D model is a biplane with a traditional layout. It features two sets of horizontally stacked wings, each adorned with circular blue|
insignias and red dots. The fuselage is elongated and cylindrical, tapering towards the rear, with a cylindrical engine and propeller at the
Jfront. The landing gear includes two small wheels at the bottom center of the fuselage. Control surfaces consist of a horizontal tailplane
and vertical stabilizers at the rear. Struts and braces provide structural support between the upper and lower wings. The aircraft is primarily
green, with blue and red wing insignias and a silver engine and propeller.

The 3D model represents a classic biplane with a detailed and symmetrical design. The main wings are horizontally stacked in a biplane|
configuration, each featuring circular blue insignias with red dots at their centers. The fuselage is elongated and cylindrical, tapering slightly
towards the rear, with a cylindrical engine mounted on top and a prominent propeller at the front. The landing gear consists of two small]
wheels positioned near the bottom center of the fuselage. The control surfaces include a horizontal tailplane and vertical stabilizers at the
rear. Struts and braces connect the upper and lower wings for structural support. The wings are rectangular with rounded tips, and the
fuselage and engine housing exhibit a semi-matte finish, simulating lightweight materials like aluminum or wood. The engine and
propeller blades have a metallic, slightly glossy appearance. The primary color of the aircraft is green, with blue and red accents on the
wing insignias and silver for the engine and propeller.

Hammock, fabric body, wooden spreader bars, black pillow, vibrant colors, woven
pattern, ropes, hooks, outdoor use, rectangular form, bilateral symmetry.

A colorful hammock with wooden spreader bars, a black pillow, and ropes for
hanging. Suitable for outdoor relaxation.

The 3D model is a hammock with a colorful fabric body, two wooden spreader bars, and a black pillow. The fabric is an elongated
rectangle that curves slightly and features vibrant patterns. The spreader bars keep the hammock open and rigid. The pillow, attached at
one end, is soft and comfortable. Ropes and hooks are provided for hanging the hammock. The spreader bars are wood-colored, and the|
lpillow is brownish-yellow. It is designed for outdoor use.

The 3D model is a hammock with a main fabric body, two wooden spreader bars, and a black pillow. The fabric is an elongated rectangle
that curves slightly, with a woven pattern and vibrant colors including red, yellow, pink, and green. The spreader bars maintain the|
rectangular form and provide rigidity. The pillow, attached at one end, adds comfort. Ropes and hooks are included for secure suspension.|
The spreader bars are a natural wood color, and the pillow is brownish-yellow. The design is suitable for outdoor settings.

The 3D model represents a hammock with a main fabric body, two wooden spreader bars, and a black pillow. The fabric is an elongated
rectangle that curves slightly, with a woven pattern suggesting a synthetic blend. The spreader bars, attached at the ends, maintain the|
rectangular form and provide rigidity. The hammock exhibits bilateral symmetry along its central axis, with open ends revealing the inner|
Jfabric and attachment points. The pillow, attached at one end, has a plush texture. Ropes and hooks are included for suspension, likely|
made of nylon or polyester. The fabric features vibrant red, yellow, pink, and green patterns, with the spreader bars in a natural wood
color and the pillow in a brownish-yellow hue. The design is versatile for outdoor use, such as patios, gardens, or camping.

Figure 12. Multi-level annotation examples of MARVEL for the ShapeNet [2] dataset. Words corresponding to Object and Components
are highlighted in violet, Shape and Geometry in green, Texture and Materials in orange, Colors in blue, and Contextual Environment
in purple. From top to bottom, we go from level-5 (Concise Tags) captions to level-1 (Comprehensive Description) captions.



Triceratops, large head, eye horns, nasal horn, frill with spikes,
robust body, strong legs, long tapering tail, rough scaly skin, green
body, lighter horns.

The 3D model is a Triceratops, a large dinosaur with a big head,
two eye horns, a nasal horn, and a frill with spikes. It has a robust
body, strong legs, and a long, tapering tail. The skin is rough and
Iscaly, with a green body and lighter horns.

The 3D model is a Triceratops, known for its large head with two eye horns and a big nasal horn, and a frill with spikes. The body is robust and
supported by strong legs. The tail is long and tapers. The skin is rough and scaly, with a green body and lighter horns. This model captures the|
essential features of a Triceratops, making it suitable for both educational and creative projects.

The 3D model is a Triceratops, featuring a large head with two eye horns and a prominent nasal horn, set against a frill with spikes. The body is
robust and tapers into a shorter tail. Strong, sturdy legs support the heavy frame. The skin is rough and scaly, with raised bumps along the back. The
horns and frill are smooth and slightly glossy, contrasting with the green body and lighter horns.

The 3D model represents a Triceratops, a large ornithopod dinosaur. The head features two prominent horns above the eyes and a larger nasal
horn, with a frill at the back adorned with spikes. The body is bulky and robust, transitioning into powerful hindquarters and a relatively short but
thick neck. The tail is long and tapers backward, providing balance. The skin texture is rough and scaly, with raised bumps along the back, suggesting{
osteoderms. The horns and frill have a smooth, slightly glossy surface, possibly covered with keratinous material. The main body color is
predominantly green with darker patches, while the horns and frill are a lighter, almost white shade.

Pug, traffic cone hat, round body, folded ears, small round eyes,
flat snout, short sturdy legs, curled tail, bright yellow, brown eyes,
matte texture, yellow and white stripes.

A pug dog with a round body and a traffic cone hat. The pug has
folded ears, small round eyes, and a flat snout. The hat is yellow,
with white stripes. The body is bright yellow with brown eyes and
nose. The texture is matte.

The 3D model is a pug dog wearing a traffic cone hat. The pug has a|
round, short body with a broad face and folded ears. Its eyes are
small and round, and the snout is flat and large. The legs are short
and sturdy, and the tail is small and curled. The traffic cone hat is
yellow with white stripes and fits around the pug’s head. The pug’s
body is mostly bright yellow, with brown areas for the eyes and
nose. The texture is matte, and the model is simple.

The 3D model depicts a pug dog wearing a traffic cone hat. The pug has a rounded, short-statured body with a broad face and compact build. Its
ears are folded downward, and the eyes are small and round, positioned slightly above mid-face level. The snout is flat and large, typical of pugs.
The legs are short and sturdy, and the tail is small and curled up over the back. The traffic cone hat is conical with alternating yellow and white
stripes, fitting around the pug’s head. The pug's body is primarily bright yellow, with brownish areas for the eyes and nose. The texture is matte, and|
the modelis in a low poly style.

The 3D model represents a pug dog adorned with a traffic cone hat. The pug's body is rounded and short-statured, with a broad face and compact
build. The ears are folded downward, close to the sides of the face. The eyes are small and round, positioned slightly above mid-face level, with a
|clossy appearance, possibly indicating a glass or polished plastic material. The snout is flat and large, characteristic of pugs. The legs are short and
sturdy, supporting the round body, while the tail is small and curled up over the back. The traffic cone hat is conical, featuring alternating yellow
and white stripes, with a circular base that fits snugly around the pug’s head. The pug's body is a uniform bright yellow, with brownish areas for the
eyes, nose, and some parts of the face. The texture of the pug and the cone hat is matte, with no shiny highlights or reflections. The model is|
designed in a low poly style, with subtle geometric facets.

Figure 13. Multi-level annotation examples of MARVEL for the Toys4K dataset. Words corresponding to Object and Components are
highlighted in violet, Shape and Geometry in green, Texture and Materials in orange, Colors in blue, and Contextual Environment in
purple. From top to bottom, we go from level-5 (Concise Tags) captions to level-1 (Comprehensive Description) captions.



Blue ceramic cup, embossed flower patterns,

tapered shape, smooth interior, deep blue .

color, lighter interior, gradient effect, - -
symmetrical design, stable base.

A blue ceramic cup with embossed flower
patterns on the outside and a smooth
interior. It tapers from a wide top to a narrow
base and is primarily deep blue with a lighter
interior.

The 3D model is a blue ceramic cup with flower patterns. It has a standard cup shape, tapering slightly from a wide top to a narrow
base. The exterior is textured with embossed flowers, while the interior and base are smooth. The cup is primarily deep blue, with a|
lighter shade inside. The flowers have a subtle gradient effect.

The 3D model s a blue ceramic cup with a flower pattern. It has a standard cup shape, slightly tapering from a wide opening at the top
to a narrower base at the bottom. The exterior features embossed flower patterns, evenly distributed around the cylindrical body,
creating a textured look. The interior and base are smooth, making it easy to clean and stable on surfaces. The primary color is deep)
blue, with a lighter shade inside. The flower patterns have a subtle gradient effect, with darker centers and lighter petals.

The 3D model represents a blue ceramic cup with a flower pattern. The cup has a standard shape, slightly tapering from a wider
opening at the top to a narrower base at the bottom, ensuring stability. The geometry is symmetrical along its vertical axis, with equal
proportions on all sides. The exterior surface features multiple embossed flower patterns, evenly distributed around the cylindricall
body. Each pattern consists of concentric petals radiating outward from a central point, resembling a sunflower. The texture of the|
exterior is raised, providing a tactile quality. The interior and base surfaces are smooth, facilitating easy cleaning and enhancing|
stability. The primary color is deep blue, with a lighter shade of blue or off-white on the interior. The flower patterns have a subtle|
gradient effect, with darker centers and lighter petals, creating a harmonious visual contrast.

Ergonomic seat, high backrest, headrest, 1
horizontal armrests, five-spoke base, caster i ‘!
wheels, smooth white upholstery, gray metal
accents, minimalistic design.

Modern office chair with a curved seat, high
backrest, and horizontal armrests. Five-spoke
base with wheels. Smooth white upholstery,
gray metal accents. Clean, minimalist design.

The office chair has a comfortable, slightly curved seat and a high, curved backrest with a headrest. Armrests are horizontal with slight
upward curves. The base has five spokes with wheels. The chair is covered in smooth, white leather-like material with gray metal
accents. It has a clean, modern look.

The office chair has an ergonomic design with a slightly curved, rectangular seat that tapers at the front. The high backrest curves
gently and includes a headrest. Armrests are positioned mid-width and extend horizontally with slight upward curves. The base|
features five spokes with caster wheels. The chair is upholstered in a smooth, white leather-like material, with gray accents on the
metal parts. The design is clean and minimalistic, ideal for modern offices.

The modern office chair features an ergonomic design with a slightly curved, rectangular seat that tapers at the front for leg comfort.
The high backrest provides substantial lumbar support and gently curves from top to bottom, integrating a headrest. Armrests,
Jpositioned near the midpoint of the backrest width, extend horizontally with slight upward curves for optimal forearm rest andj
shoulder alignment. The base consists of five spokes converging into a central hub, each ending in a caster wheel for mobility. The|
chair is upholstered in a smooth, leather-like material, predominantly white, with subtle gray accents on the metal components,)
including the base and adjustment mechanisms. The design is minimalistic, with uniform colors and no patterns, making it suitable for|
Imodern office settings.

Figure 14. Multi-level annotation examples of MARVEL for the ABO (Amazon Berkeley Objects) [5] dataset. Words corresponding to
Object and Components are highlighted in violet, Shape and Geometry in green, Texture and Materials in orange, Colors in blue,
and Contextual Environment in purple. From top to bottom, we go from level-5 (Concise Tags) captions to level-1 (Comprehensive
Description) captions.



Cylindrical shape, beige fabric, horse print, light beige
zipper, corner reinforcements, blue tag, flat base,
stands upright, vibrant colors, symmetrical design.

A cylindrical pencil case with a beige fabric body and
colorful horse print. Features a light beige zipper,
corner reinforcements, and a blue tag. Stands upright
on a flat base.

The Horse Print Pencil Case is a cylindrical pencil holder with a beige fabric body and a colorful horse print. It has a light beige zipper, corner|
reinforcements, and a blue tag near the zipper. The flat base allows it to stand upright. The design is clean and functional.

The Horse Print Pencil Case is a cylindrical, symmetrical object with a beige fabric body featuring a vibrant horse print. It includes a light beige
zipper mechanism for opening and closing, and corner reinforcements to prevent damage. A blue rectangular tag is attached near the zipper. The|
Iflat base allows the case to stand upright.

The Horse Print Pencil Case is a cylindrical, symmetrical object designed to hold writing instruments. It features a beige fabric body with a vibrant|
horse print pattern, showcasing horses in various poses and colors such as black, brown, white, and blue. The case has a light beige zipper
mechanism, likely made of metal with plastic components for ease of use. Corner reinforcements at both ends are made of sturdy material to
prevent fraying and tearing, matching the main body's color for a seamless look. A blue rectangular tag, possibly fabric or plastic, is sewn onto one|
end near the zipper, providing additional branding or information. The flat base allows the case to stand upright, and the overall proportions are|
consistent throughout its length.

Blue, Nintendo 3DS XL, handheld gaming console,
rounded rectangle, matte finish, two screens, black
bezels, touchscreen, directional pad, action buttons,
start/select buttons, strap holes, hinges, detachable
upper cover, speaker slots, branding.

The 3D model is a blue Nintendo 3DS XL handheld
gaming console with a rounded rectangular shape. It
has two screens, a larger touchscreen on the bottom
and a smaller screen above, both with black bezels.
Controls include a directional pad, action buttons,
and start/select buttons. The upper case is a
detachable cover, and the backside has "Nintendo
3DS XL" branding.

The 3D model is a blue Nintendo 3DS XL handheld gaming console. It has a slightly rounded rectangular shape with a matte finish. The console
features two screens: a larger touchscreen on the bottom and a smaller screen above, both with black bezels. Controls include a directional pad,
action buttons ('A’, 'B', X', 'Y'), and start/select buttons. There are strap holes on the sides and hinges connecting the upper and lower parts. The|
upper case is a detachable cover, and the backside has "Nintendo 3DS XL" branding. The primary material is plastic, and the color scheme is bright
blue with black accents.

The 3D modelis a blue Nintendo 3DS XL handheld gaming console. The main body is a slightly rounded rectangle with a matte finish. It features|
two screens: a larger touchscreen on the bottom and a smaller screen above, both with black bezels. Controls include a directional pad, action
buttons (‘A", ‘B, X, 'Y’), and start/select buttons, with a power button near the top-left corner. Strap holes are on the upper edges, and hinges
connect the upper and lower parts. The upper case is a detachable cover, and speaker slots are on the sides of the upper case. The backside has|
"Nintendo 3DS XL" branding and regulatory text. The primary material is plastic, and the color scheme is bright blue with black accents.

The 3D model represents a blue Nintendo 3DS XL handheld gaming console. The main body is a slightly rounded rectangular shape with a matte|
finish, housing all internal components. Two screens are present: a larger touchscreen on the bottom and a smaller screen above, both surrounded
by black bezels. Controls include a directional pad on the left, action buttons (A", ‘B, X', 'Y") on the right, and start/select buttons at the center,
with a power button near the top-left corner. Strap holes are located on the upper edges of both sides. The closure mechanism features visible|
hinges where the upper and lower parts meet. The upper case is a detachable cover that folds over the main body, and the lower case houses the
screens and controls. Speaker slots are visible on either side of the upper case, just below the hinge area. The backside displays "Nintendo 3DS XL"
branding, along with regulatory text and logos. The primary material is plastic with a matte texture, offering a soft tactile feel, while control areas|
may have a slightly glossier finish. The predominant color is bright blue, with black accents for contrast.

Figure 15. Multi-level annotation examples of MARVEL for the GSO (Google Scanned Objects) [8] dataset. Words corresponding to
Object and Components are highlighted in violet, Shape and Geometry in green, Texture and Materials in orange, Colors in blue,
and Contextual Environment in purple. From top to bottom, we go from level-5 (Concise Tags) captions to level-1 (Comprehensive
Description) captions.



Rectangular tabletop, smooth wood grain, four straight legs,
horizontal support beam, light brown color, natural wood
appearance.

A rectangular wooden table with a smooth, light brown tabletop and four straight legs. A horizontal
support beam runs underneath, connecting the legs. The table has a natural wood grain appearance.

The 3D model is a rectangular wooden table. It has a flat, smooth tabletop with wood grain patterns. Four legs are positioned at each corner, and
a horizontal support beam runs underneath, connecting the legs. The table is light brown with subtle wood grain, giving it a natural look.

The 3D model is a rectangular wooden table. The tabletop is flat and smooth with visible wood grain, indicating natural materials. Four legs,
positioned at each corner, have a simple, straight shape and a slightly rounded texture. A horizontal support beam connects the legs underneath,
running parallel to the longer edges of the table. The table has a light brown color with subtle variations in hue, creating a realistic wood grain
effect.

The 3D model represents a rectangular wooden table. The tabletop is a flat, smooth surface with visible wood grain patterns, suggesting naturall
materials like plywood or solid wood veneer. The table measures significantly longer than it is wide, maintaining symmetry in leg placement and
underframe design. Four legs, positioned at each corner, have a simple, straight shape with a slightly rounded texture, showing consistent wood
Igrain patterns. A horizontal support beam connects two pairs of legs underneath the tabletop, running parallel to the longer edges, enhancing

stability. All components share a light brown color with subtle variations in hue, creating a realistic wood grain effect.

Modern rectangular bed, white metal frame, slightly
curved headboard, grayish floral pattern, plain white
mattress, symmetric design, extended headboard,
smooth matte finish.

A modern rectangular bed with a slightly curved headboard. TheI
bed has a white metal frame and a grayish floral-patterned Eo
headboard. The mattress is plain white. The headboard extends T —

slightly beyond the mattress width. —

The bed with headboard is a modern, rectangular design. It has a sturdy white metal frame and a slightly curved headboard covered in grayish
fabric with a floral pattern. The mattress is plain white and sits on top of the frame. The design is symmetric and well-proportioned, with the|
Iheadboard extending slightly beyond the mattress width.

IThe bed with headboard is a modern, rectangular design. The base frame is made from a sturdy metal with a smooth, matte white finish. The|
headboard, which is slightly curved, is covered in a grayish fabric with a detailed floral pattern. The mattress is plain white and sits on top of the
frame. The design is symmetric, with sharp, clean lines and a balanced proportion between the headboard and the bed's length. The headboard]
extends slightly beyond the width of the mattress. Ensure the mattress aligns perfectly with the headboard and maintain the smooth, matte finish
of the frame.

The bed with headboard is a modern, rectangular design featuring a slightly curved headboard at one end. The base frame is constructed from a|
sturdy, sleek metal with a smooth, matte white finish. The headboard is covered in a grayish fabric with an intricate floral pattern, featuring small
dark flowers and leaves. The fabric has a soft, slightly raised texture, adding depth and detail. The mattress, placed on top of the base frame, is
covered in plain white fabric, suggesting a smooth, padded surface for comfort. The design is symmetric along both axes, with sharp, clean lines
defining each side. The headboard extends beyond the width of the mattress, maintaining a balanced proportion with the bed's length. Ensure
the mattress dimensions match those of the frame, aligning perfectly with the headboard. Pay close attention to the textures and proportions to
achieve a faithful recreation.

Figure 16. Multi-level annotation examples of MARVEL for the Pix3D [21] dataset. Words corresponding to Object and Components
are highlighted in violet, Shape and Geometry in green, Texture and Materials in orange, Colors in blue, and Contextual Environment
in purple. From top to bottom, we go from level-5 (Concise Tags) captions to level-1 (Comprehensive Description) captions.



The 3D model represents a humanoid figure with fantastical
attributes. The head is symmetrical with a rounded top and two
protruding elements resembling horns or large earlobes. Facial
features include pronounced cheekbones, a well-defined nose, and
a long, flowing beard extending from the chin to the chest. The torso
tapers slightly at the waist and widens at the shoulders, with arms
positioned naturally alongside the body. Hands are partially visible
but not fully detailed. The surface texture is smooth and uniform,
with no visible seams or joints, indicating a high level of detailing and
polishing. The color scheme is monochromatic, using various shades
of gray, which highlights the geometric forms and details.

The 3D model consists of a perfectly spherical lemon head with a
pair of sunglasses positioned symmetrically on its surface. The
sphere is smooth and lacks any texture, with a uniform matte finish.
The sunglasses feature angular, flat frames that rest precisely on the
lemon'’s surface, creating the illusion of being worn. The entire
model is uniformly gray, with no color variations, patterns, or
gradients. The geometry is simple, focusing on the symmetry and
clean lines of the sunglasses. To accurately recreate this model,
ensure the sphere is perfectly symmetrical and the sunglasses are
. aligned with precision.

Textureless

The 3D model represents a tree with a singular vertical trunk,
multiple branching structures, and a canopy of pink, polyhedral
leaves. The trunk is cylindrical, tapering slightly towards the top, and
features a textured bark-like surface, providing a realistic roughness.
Branches extend from the trunk in various directions, creating an
asymmetrical, expansive canopy. Each branch is thinner and
smoother than the trunk, contributing to a natural look. The leaves
are flat, geometric polygons, primarily hexagons and pentagons,
arranged to give a low-poly aesthetic. They are uniformly pink

LD without any gradients or texture.

3

.(J-) The 3D model represents a homegrown orange, characterized by a
spherical shape with slight natural irregularities. The surface is
generally smooth but textured with tiny, uneven bumps typical of
citrus fruits. The orange is symmetrical but exhibits slight asymmetry
from different angles, reflecting its natural growth. The peel
maintains consistent thickness, with a small, slightly raised stem scar
at the top, indicating the attachment point to the tree. The primary
color is a bright yellow-orange, with subtle gradients and a vertical
line running along one side, suggesting a natural growth line. The

. texture is rough and bumpy, contributing to a tactile feel.

Figure 17. Examples illustrating MARVEL’s robustness to simple and textureless models. Our annotation pipeline dynamically adjusts
verbosity, ensuring concise yet accurate descriptions even when texture details are minimal or absent. (Top) Textureless models: a smooth
humanoid figure with fantastical attributes, and a symmetrical, matte-finished spherical lemon head wearing sunglasses. (Bottom) Simple
yet detailed models: a low-poly tree with geometric pink leaves, and a realistically textured homegrown orange showcasing subtle natural
irregularities.
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A cheerful elf baker with flour-dusted apron and a tray of fresh cookies, working in a cozy kitchen.

Figure 18. Qualitative Results for high fidelity TT3D generation on unseen prompts. From left to right, 3D models generated using Shap-
E [13], DreamFusion [19], LucidDreamer [15], HiFA [23] and MARVEL-FX3D (ours).
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A curious gnome with a bushy white beard and a pointy red hat, sitting on a mushroom in an enchanted forest.

Figure 19. Qualitative Results for high fidelity TT3D generation on unseen prompts. From left to right, 3D models generated using Shap-
E [13], DreamFusion [19], LucidDreamer [15], HiFA [23] and MARVEL-FX3D (ours).
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