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A. Structure of the Decoders in DynRefer

The structure of the decoders in DynRefer is shown in Fig. 1.

i) Image Region Tagging. As shown in Fig. 1(Dy,), the
region representation x,, is first mapped to a low-dimension
embedding with a linear projection layer. Meanwhile, pre-
defined 4585 tags are encoded by a frozen CLIP [5] text
encoder and multi-layer perceptrons. Then, a query-based
decoder [11, 20] (“Transformer layers” in Fig. 1) is used
to calculate the confidences of the tags. The ground-truth
tags are parsed from the caption of the referred region as
shown in Fig. 2. Finally, the confidences of the tags are opti-
mized by asymmetric loss [14], which is robust to imprecise
supervision.

ii) Region-text Contrastive Learning. As shown in
Fig. 1(D;4c), it has a similar structure to D;qg. D¢ normal-
izes the outputs from the query-based decoder and projects
them into similarity scores, which are optimized by the pair-
wise Sigmoid loss for Language-Image Pre-training [19].

iii) Language Modeling. As shown in Fig. 1(Dy;,,), fol-
lowing ControlCap [21], random control words parsed from
the ground-truth captions are combined to a sentence, ¢.e.,
“white dog, sofa[SEP]”. The sentence is encoded
into the control embedding by the tokenizer and word em-
bedding layer of the large language model. After that, a
learnable memory unit is added to the control embedding.
Finally, the control embedding and the projected region rep-
resentation are concatenated and jointly sent into the large
language model for text generation.

B. Inference with Trained Decoders.

With trained decoders, the region representation x,, can be
decoded into region-level language descriptions, including
tags, categories, attributes and captions. Their production
are elaborated below:
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i) tags. The tags of the region are generated by D,,,. Fol-
lowing [4, 20], we use a set of 4585 tags. During inference,
we first query the decoder with the predefined tags to get
the confidences. Then, the tags are filtered by a predefined
tagging threshold.

ii) categories. The category of the region is generated by
D,.;.. During inference, we query the decoder with the tem-
plate “a photo of a {cls}” and select the category
with the highest score.

iii) attributes. The attributes of the region are generated
by D,+.. During inference, we first query the decoder with at-
tribute templates following OVAD [1], e.g., “the object
has {attr}”. Then, attributes with high scores are se-
lected as the results.

iv) captions. The caption of the region is generated
by Dy;,. During inference, we first use the tags of high
confidence to form a control sentence, i.e., “{tagl},
{tag2}, {tag3}, ---, I[SEP]”. Then, the control
sentence and the region representation are used to control
the language language model for caption generation.

C. Details of the Control Embeddings

Following ControlCap [21], we introduce control words to
alleviate the caption degeneration issue, which refers to the
fact that pre-trained multimodal models tend to predict the
most frequent captions but miss the less frequent ones. Dur-
ing training, the control words are parsed from the ground-
truth captions (Fig. 2) and are randomly dropped in accor-
dance with a Bernoulli distribution, which is detailed in
Fig. 2. The remaining control words are shuffled and com-
bined with a [SEP] token to form a control sentence, i.e.,
“white dog, sofal[SEP]” in Fig. |. The sentence is
encoded into the control embedding by the tokenizer and
word embedding layer of the large language model. Dur-
ing inference, we build the control embeddings with high-
confidence tags from the outputs of DynRefer.
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Figure 1. The detailed structure of multimodal decoders D.. of DynRefer. “Proj” is a linear projection layer. “o

@ 9

is the sigmoid activation

function. “Memory” is a learnable embedding. The “Transformer Layers” denotes query-based decoders [11, 20] that contains only

cross-attention layers and feed forward networks.

Table 1. Evaluation of the align module of DynRefer on region-level multimodal benchmarks.

, . | OVAD | COCO | VG-COCO |  RefCOCOg
Align module  Inference | Vis. FLOPs ‘ mAP (%) ‘ Acc (%) ‘ mAP (%) ‘ CIDEr ‘ METEOR
1 X No prior 790G 27.3 88.4 47.1 179 | 1136
2 v No prior 792G 27.3 88.9 473 182 | 1177
3 X Image prior | 790G 28.1 90.5 46.6 177 | 1135
4 v Image prior | 792G 28.7 90.3 474 182 | 1186

D. Illustration of pHASH operation

The pHASH (Perceptual Hash) operation is a hashing al-
gorithm that generates a "perceptual fingerprint" of an im-
age based on its visual characteristics. The key features of
pHASH operation are summaries as follows:

i) Perceptual Similarity: The pHASH operation is de-
signed to generate similar hash values for visually similar
images. It focuses on the aspects of the image that humans
perceive (e.g., shapes, colors).

ii) Tolerance to Minor Modifications: The pHASH
operation is robust to minor changes like resizing, cropping,
compression, or slight color variations. This tolerance makes
it ideal for detecting duplicates or near-duplicates of images.

iii) Fixed-Length Output: The output of the pHASH
operation is always a fixed-length binary string (e.g., 64 or

128 bits), regardless of the size of the input image. This
makes it easy to compare images of varying sizes.

iv) Fast Computation: The pHASH operation is opti-
mized for speed and is computationally efficient, allowing it
to be used for large amount image comparisons.

E. Detailed Experimental Settings

The detailed model, dataset, evaluation settings of DynRefer
is summarized as follows:

Model implementation. DynRefer is implemented upon
the LAVIS [8] framework, where large language model and
vision resampler are respectively initialized by FlanTSxy. [2]
and Q-former [9]. All the sampled views are resized to
224 x 224 resolution. All models are trained using 8 NVIDIA
A800 GPUs by 5 epochs, with the Adam optimizer where
the batch size is set to 512. The total training time is less



Table 2. Evaluation of the inference strategy of DynRefer on region-level multimodal benchmarks.

.. . OVAD COCO | VG-COCO RefCOCOg
Training Inference | Vis. FLOPs AP (%) | Acc (%) | mAP (%) | CIDEr ‘ METEOR
1 | Stochastic 2-view  No prior 530G 26.1 87.8 46.6 17.9 114.4
2 | Stochastic 2-view Image prior 530G 27.5 89.3 46.8 17.9 114.7
3 | Stochastic 2-view  Task prior 530G 28.1 90.2 47.0 18.1 115.6
4 | Stochastic 3-view  No prior 792G 27.3 88.9 473 18.2 117.7
5 | Stochastic 3-view Image prior 792G 28.7 90.3 47.4 18.2 118.6
6 | Stochastic 3-view  Task prior 792G 294 90.4 474 18.2 118.3

Table 3. Analysis of parameter composition of DynRefer. Modules that contain very few parameters are omitted for clarity.

‘ VIiT  Align module Vision Resampler Di.y D,¢. CLIP LLM

Trainable X v
Parameters (%) | 23.78 0.20
Flops (G) 783.5 2.1

v v v X X
2.53 0.05 0.05 299 68.79
6.4 62 04 65 80.1

Image with region caption:
“a black and white cat is standing on the grass
looking at the goldfish in the tank”

— S

Parse tags l

[“black”, “white”, “cat”, “standing”,
“grass”, “goldfish”, “tank”]
Select control words l

“cat, standing, grass[SEP]”

Controllable caption
generation l

“a black and white cat is standing on the grass
looking at the goldfish in the tank”

Figure 2. Illustration of the generation process of tags and control
words used in DynRefer.

than 20 hours. The initial learning rate is set to 1 x 1074
with a cosine learning rate decay. The detailed hyperpa-
rameters during training and inference are shown in Tab. 4.

Table 4. Detailed hyperparameters during training and inference.

Training Value
GPUs 8x A800 80G
batch size 512
training epochs 5

learning policy cosine annealing
initial learning rate le-4
minimum learning rate 0

weight decay ratio 0.05

warmup steps 5000
Inference ‘ Value
number of beams 5

number of views
view selection

3 (default)
Image prior (default)

Considering that dense captioning requires the model to ini-
tially generate dense bounding-boxes, we utilize a GRiT [16]
model trained on the VG to acquire object locations. During
the inference stage, we use the bounding boxes and object
scores predicted by GRiT, and then replace its predicted
caption with DynRefer to get the final result.

Datasets. For all tasks, DynRefer is trained using Vi-
sual Genome (VG) [7] and RefCOCOg [17]. For ablation
studies, DynRefer is trained using VG-COCO [15] and Ref-
COCOg [17]. For evaluation, we evaluate the region-level
captioning performance on VG, VG-COCO [15], and Re-
fCOCOg, the open vocabulary attribute detection perfor-
mance on OVAD [ 1], and the region recognition performance
on COCO [10]

Evaluation Metrics. For region-level captioning, the
METEOR score and CIDEr score are adopted as the evalu-
ation metrics following [3, 13, 18]. For dense captioning,



mean Average Precision (mAP) [6] is adopted as the evalua-
tion metric following [6, 12]. The mAP is calculated across
a range of thresholds for both localization and language ac-
curacy, ¢.e., the intersection over union (IoU) thresholds (0.3,
0.4, 0.5, 0.6, 0.7) are used for localization and the METEOR
score’ thresholds (0, 0.05, 0.1, 0.15, 0.2, 0.25) is adopted
for evaluating the language generation. Since DynRefer
lacks the capability to perform object detection, we utilize a
GRIiT [16] model trained on VG to acquire object locations.
For open vocabulary attribute detection, mAP is adopted
as the evaluation metric following OVAD [1]. For region
recognition, mAP and Accuracy (Acc.) are are adopted as
the evaluation metrics following [3, 22].

F. Additional Experimental Results

We provide additional experimental results in the supplemen-
tary as follows:

Stochastic Multi-view Embedding: Align module. The
effectiveness of the align module is validated in Tab. 1. By
spatially aligning the region embeddings across multiple
views, DynRefer achieves a 0.6% improvement in mAP on
OVAD, a 0.8% improvement in mAP on VG-COCO, and
a 5.1 increase in METEOR on RefCOCOg. These results
validate the effectiveness of the proposed align module.

Selectively Multimodal Referring. As shown in Tab. 2,
we evaluate DynRefer under different view counts and in-
ference strategies. In the "No prior" strategy, views are ran-
domly selected for each sample. In the "Task prior" strategy,
the view containing the referred region is always selected,
and the top-(n-1) views are chosen based on the results from
Fig. 4 for an n-view model. In the "Image prior" strategy,
views are selected according to Eq. 1 in the main paper. For
the 2-view DynRefer model, the performance of different
strategies ranks as: “Task prior > Image prior > No prior”.
For the 3-view model, the ranking is: “Task prior ~ Image
prior > No prior”. While the “Task prior” strategy works
well, the "Image prior" strategy offers greater flexibility. It
is task-independent and can dynamic select views to each
image region. This makes it particularly suitable for models
that need to handle multiple tasks with a unified region rep-
resentation. Based on these advantages, we adopt “Image
prior” as the default inference strategy.

Statistics of Parameters and FLOPs. The parameter and
flop composition of DynRefer is shown in Tab. 3. DynRefer
has few trainable parameters and can be trained efficiently.

Additional Visualization Results. We provide additional
visualization results of Fig. 5 and Fig. 6 in the main docu-
ment. The results are shown in Fig. 5 and Fig. 34 6 7 8.

G. Limitations

Though DynRefer significantly outperforms previous state-
of-the-arts on multiple multimodal tasks, it still doesn’t per-

fectly mimic the visual cognition system of human. A real
human can adjust the resolution of visual inputs in a more
dynamic and flexible way. Better simulation strategy can be
explored in the future work.
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Outputs of DynRefer

In the format of [Category], [Attributes], [Tags], [Caption]

@[Remote], [clothes color: white, cleanliness: clean, size: small, texture: smooth], [black, white, hand, game
controller, man, remote, wii], [A white wii remote in the hand of a man].

(D)[Person], [clothes color: white, maturity: young, order: messy, group: single, gender: male, position:
horizontall, [blue, boy, couch, game, person, man, shirt, t shirt, white], [A man in a white t shirt sitting on a blue
couch watching a game].

@[Person]. [clothes color: white, maturity: adult, position: vertical, group: single, gender: male], [black, cap,
game, glasses, hat, person, man, shirt, t shirt, white, wii], [A man in a white t shirt with a black cap and glasses
playing wii].

@[Remote], [color: white], [hand, man, remote, white, wii, wii controller], [A white will controller in a man’s hand].

@[Book], [state: folded, cleanliness: clean, order: messy, material: paper, color quantity: multicolored, group:
group], [book, bookcase, bookshelf, notebook, shelf, stack], [A stack of notebooks on a bookshelf].

@[Tv], [position: horizontal], [game, screen, stand, television, video game, wii], [A television with a wii video
game on the screen].

@[Person]. [clothes color: orange, maturity: young, gender: female], [game, girl, hair, orange, red, shirt, video
game, wii, woman], [A woman in an orange shirt playing a video game on the wii].

(®[Remotel, [color: white, order: ordered, texture: smooth, material: polymers, group: group], [table, white, wii],
[A white wii controller on a table].

@[Person], [maturity: young, gender: female, hair length: long], [black, dark, game, girl, hair, long hair, shirt,
white, wii, woman], [A woman in a white shirt with dark long hair watching a game on the wii].

(0[Couchl, [texture: soft, material: polymers], [couch, girl, remote, white, woman], [a white couch behind a
woman].

Figure 3. More results of Fig. 6 in the main paper, ¢.e., illustration of DynRefer’s multi-task capability.

Outputs of DynRefer

In the format of [Category], [Attributes], [Tags], [Caption]

transparent, position: vertical, cleanliness: clean], [basin, counter, kitchen, kitchen sink, sink, white], [A white
kitchen sink with a basin on the counter].

@[Vase], [pattern: floral, material: glass, cleanliness: clean], [clear, counter, flower, glass vase, vase, window],
[A clear glass vase with flowers on the counter].

@[Bowl], [material: ceramic], [bowl, counter, fruit, green, white], [A white bowl with green leaves sitting on the
counter].

@[Cup], [order: ordered, color: white, material: ceramic, group: group, optical property: opaque], [coffee cup,
counter, cup, mug, white], [A white coffee cup on the counter].

@[Spocn]. [size: small, order: ordered, texture: smooth, group: single, color quantity: single-colored, optical
property: opaque, position: vertical, cleanliness: clean], [wall, hook, ladle, measuring cup, pot, shelf, spoon],
[A ladle hanging from a hook on the wall next to a measuring cup and spoon].

@[Cup], [material: glass, optical property: transparent, cleanliness: clean], [clear, counter, cup, table, glasses,
island, water], [Two clear glasses of water on a wooden counter].

@[. i ], [material: metal, state: full], [door, fridge, kitchen], [A refrigerator with two doors in the kitchen].

[Apple], [color: green, cooked: raw, group: group], [apple, bowl, fruit, green, white], [Green apples in a white
bowl].

|§ (DIsink], [order: ordered, material: metal, cooked: raw, texture: smooth, state: piece, optical property:

Figure 4. More results of Fig. 6 in the main paper, .e., illustration of DynRefer’s multi-task capability.
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Capﬁonmm
the hand ofaplayer.
Tags: baseball glove, brown,
catcher, hand, glove, player
Attributes: material: leather, color:
brown, state: covered, texture: soft
Category: baseball glove

» Caption: a white baseball being thrown
by the pitcher.

> Tags: ball, baseball, pitcher, white

» Attributes: material: textile, color: white,
>

Ve V . Y

state: dry, texture: soft, tone: light
Category: sports ball

» Caption: a brown baseball bat being
held by a baseball player.

» Tags: baseball player, baseball bat,

bat, brown, man, player

> Attributes: optical property: opaque, -

length: long, material: wood, color: tan

» Category: baseball bat

Figure 6. Illustration of DynRefer’s multi-task capability. It can generate captions, tags, attributes, categories, using a single model, for any
referred regions.
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Caption: a pair of scissors in the hand
of a woman cutting the hair of a baby.

> Tags: baby, child, hand, hair, ring,
scissors

» Attributes: material: metal, state: piece

» Category: scissors

Caption: a baby having her hair cut.

Tags: baby, child, hair

Attributes: gender: female, size:
small, maturity: young

» Category: person

V VYV

Caption: a red and yellow frisbee

in a dog’s mouth.

» Tags: dog, frisbee, mouth, red,
yellow

> Attributes: cleanliness: clean,

material: polymers

Category: frisbee

Caption: a black and white dog in a

blue jacket catching a frisbee.

> Tags: black, blue, dog, frisbee, jacket,
white

> Attributes: cleanliness: clean, cooked: ;
raw, state: on, texture: soft, clothes !
color: blue P

> Category: dog s

Figure 7. Illustration of DynRefer’s multi-task capability. It can generate captions, tags, attributes, categories, using a single model, for any
referred regions.



Caption: a person in a black wetsuit lying on

a surfboard with a dog. 2 v bl on a surfboard.

Tags: black, board, dog, person, man, suit, — Tags: black, board, brown, dog, man, surfboard,
surfboard, water, wet, wet suit, wetsuit : vest, yellow

Attributes: position: horizontal, clothes color: Attributes: texture: soft

black, gender: male, state: wet ~ Category: dog

Category: person

Caption: a woman on a bed with a laptop and a cat on
her lap.

Tags: bed, cat, computer, person, lap, laptop, woman
Attributes: gender: female, color: blue, maturity:
young, state: covered, position: sitting, clothes color:
blue

Category: person

Caption: a brown and white cat
sitting on a bed next to a laptop.
Tags: bed, brown, cat, laptop,
white

Attributes: position: sitting,
texture: soft

Category: cat

Figure 8. Illustration of DynRefer’s multi-task capability. It can generate captions, tags, attributes, categories, using a single model, for any
referred regions.
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