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Taming Multimodal LLM for Object Perception



What is the Next Step for Object Detection? idea
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What is the Next Step for Object Detection? idea

most detection entities can be described in language
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What is the Next Step for Object Detection? idea

Finding 1: State-of-the-art Open-set detection model (DINO-X) lack language comprehension capabilities

“helmet” “tomato” “laptop”

tomato: 7

BRER v &8 DINO-X @

In Open-Vocabulary object detection, the term "open" only refers to openness in categories,



What is the Next Step for Object Detection? idea

Finding 2: State-of-the-art Multimodal LLMs lack fine-grained perception capabilities

GT InternVL2-8B Qwen2-VL-7B Shikra-7B

- User: Please help me detect person in

this image

4 )

MLLMs:

“Sure, here is person [[90, 70, 120, 340],
[110, 70, 125, 400]]”

- J

» coordinate shift
 tiny object detection
« dense object detection



What is the Next Step for Object Detection? idea
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Task Complexity / Capability Axis

[ Next Step: A mode with both strong perception and understanding capabilities]




ChatRex: Taming Multimodal LLM for Joint Perception and Understanding idea

ChatRex: Taming Multimodal LLM for Joint Perception and Understanding

Qing Jiang"? , Gen Luo' , Yugin Yang!'# , Yuda Xiong' , Zhaoyang Zeng'
Yihao Chen! , Tianhe Ren' , Lei Zhang!?'
International Digital Economy Academy (IDEA)
2South China University of Technology

mountchicken@outlook.com , leizhang@idea.edu.cn

Grounding & Detection Grounded Counting Referring Grounded Conversation e
Q: Please detect bottle, knife fork ... di o 3 | Q: How many dogs are there? Q: Please detect man with a green hat... Q: Answer the question in grounded format. {
A: <g> </g><0><obj12></o>...

A:Th 20 <g>dogs</g><o0><obj6>...</0> A: <g> </g><0><obj4>...</0> ¥ 5
8¢ fhere are B ‘ 0gs</g><0><obj ic == - : What is unusual about this image?

n at Iﬁe right

= n;;.‘fvm-;m‘ht thﬁmm = A: The unusual aspect of this image is that it
mmiﬁﬁ : features <g>dog</g><o0><obj3>.<o0>s
” and a <g> </g><0><o0bj0>...</o>s,

which is not a common sight. Typically,
images of dogs are not associated with food
items like cupcakes. The combination of a

1
/o et O

_@as
g = e
" =
v dog and a cupcake in the same image is
unexpected and creates a unique and
5 - intriguing visual experience.
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Jiang Q, Luo G, Yang Y, et al. Chatrex: Taming multimodal llm for joint perception and understanding[J]. arXiv preprint arXiv:2411.18363, 2024.



Motivation: How MLLMs do Detection?

idea

How MLLMs do object detection: directly predict quantized coordinates as text tokens!!.

B Vinin=9 Xmin=7 Ymax=67 Xmax=98 train ......
|
o _J _>
), Ymin=8 Xmin=4 Ymax=99 Xmax=97 motocycle ......
Cmd: ;
detect objects
Ymin=1 Xmin=57 Ymax=99 Xmax=72 Person ......

Pix2Seql!

-

“Sure, here is banana [[90, 70, 120, 340],
[110, 70, 125, 400]]”

LLM
4 4
DO000 JO0O00
Vision Tokenizer
Encoder
*

“detect banana”

Modern MLLMs

[1] Chen T, Saxena S, Li L, et al. PixX2seq: A language modeling framework for object detection[J]. arXiv preprint arXiv:2109.10852, 2021.



Motivation: How MLLMs do Detection?

But the performance is not good enough

. Method Type COCO-Val LVIS-Mini Val
GT InternVL2-8B Qwen2-VL-7B Shikra-7B P@05 R@05 mAP | P@05 R@0.5 mAP APR
e . Faster-RCNN [70] - - 42.0 | - - - -
— DETR [8] Closed-set - - 433 | - - - -
Pix2Seq [12] Detection Model - - 432 | - - - -
DINO [102] - - 494 - - - -
Florence?2 [88] - - 434 - - - -
GLIP [39] Open-set - - 49.8 - - 373 282
T-Rex2 [29] Detection Model - - 46.5 - - 47.6 454
Grounding DINO [52] - - 48.4 - - 330 222
Shikra-7B [10] 40.3 21.5 - 52.8 14.5 - -
Ferret-7B [94] 66.3 335 - 72.9 25.2 - -
Groma-7B [61] 69.9 28.9 - 76.3 10.9 - -
InternVL2-7B [14] MLLM 453 24.5 - 51.6 13.1 - -
Qwen2-VL-7B [85] | 59.3 43.9 - 77.0 34.7 - -
ChatRex-7B 73.5 72.8 48.2 80.3 58.9 426 446

Low Recall Rate




Motivation: What’s the Challenge?

idea

1. Directly predict the coordinates is a hard task: Regression V.S. Classification

pred

GT

Loss

Lot = A1 - L1(b, ) + Az - Giou(b, b)

Low Loss

detection model training

pred

GT

Loss

Lyviv = CE(9,y)

High Loss

MLLM training

2. Error Propagation: Each box requires at least 9 tokens and can cause cascading errors.

3. Ambiguity in Prediction Order: Auto-regressive prediction needs a predefined sequence order.

“bottle1, bottle2, bottle3”

“bottle3, bottle2, bottle1” “bottle2, bottle1, bottle3”

4. Quantization Range Limitation: Large image (>1000 px) input can lead to quantization error.



Solution: Retrieval-based Perception MLLM

idea

Core idea: LLM has strong understanding capability, while detection model has strong perception capability

7

“Sure, here is dog [[90, 70, 120, 340],
[110, 70, 125, 400]]”

LLM
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detect dog
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LLM
I L = b detect dog
T
— object
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\ J

Retrieval based method




ChatRex: Detection-Oriented MLLM

idea

(
. Vision Token . Object Token
There are 2 <G> dog </G> <O> <obj2> <obj5> </O> in this image. Text Token <obj1> Object Index Token
T 2 <G> Grounding Start Token </G> Grounding End Token
<0> Object Start Token </0> Object End Token
ITask1 Detection and Grounding :
. |
T T T | Q: Please detect the yellow dog in this image. |
. . . . . . . I
Image Projection Object Projection  Text Projection : A: <G> the yellow dog </G> <0> <obje> </0> |
4 I e e e o T PN, o e s I
. . | $ .I L;t Scale I |Task2 Region Understanding :
bjo bj1 |
. . . . sl >. sl >. : Q: Give me a brief description of <obj5> |
g |
Multi Scale  Unijversal | A: <G> Black dog with a stick </G> <0> <obj
. : j5> </0> |
CLIP ConvNext Ol Alar Tokenizer | E
'gn Proposal —
Low Res! THigh Ris. I |rTask3: Grounded Image Conversation :
| .
: | Q: What are the dogs doing? :
How many dogs are : A: The <G> dogs </G> <0> <obj2> <obj5> </O> are runningI
there in this image. | - . f . :
Give the number and : on a <G> beach <obj7> </0> while carrying |
s detect all of them. i <G> a stick </6> <O> <obji> </0> together |
e 0 | Gekettanatiem. ) - o SUCR e U e togewnet J
1\




ChatRex: Detection-Oriented MLLM Icea

ChatRex Architecture
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Experiments Idea
Method Type COCO-Val LVIS-Mini Val
P@0.5 R@0.5 mAP | P@0.5 R@0.5 mAP AP-R AP-C AP-F
Faster-RCNN [70] - - 420 | - - - - -
DETR [8] Closed-set - - 433 | - - - - -
Pix2Seq [12] Detection Model - - 432 | - - - - -
DINO [102] - - 49 4 - - - - - -
Florence?2 [88] - - 43.4 - E - - - -
GLIP [39] Open-set - - 49.8 - - 37.3 282 34.3 41.5
T-Rex2 [29] Detection Model - - 46.5 - - 47.6 454 46.0 49.5
Grounding DINO [52] - - 48.4 - - 30 222 30.7 38.8
Shikra-7B [10] 40.3 21.5 - 52.8 14.5 - - - -
Ferret-7B [94] 66.3 33.5 - 72.9 252 - - - -
Groma-7B [61] 69.9 28.9 - 76.3 10.9 3 - - -
InternVL2-7B [14] MLLM 45.3 24.5 - 51.6 13,1 - - - -
Qwen2-VL-7B [85] 59.3 439 - 77.0 34.7 - - - -
ChatRex-7B 73.5 72.8 48.2 80.3 58.9 426 44.6 484 372




Common/Long-tailed Object Detection idea

QA Example: QA Example:
User: Please detect person; cup in this image. Answer the question with object indexes. User: Please detect saluki; folding chair in this image. Answer the question with object indexes.

ChatRex: <g>person</g><0><objl><0bj5><0bjl6><0bj21></0>\n ChatRex: <g>saluki</g><0><0bjl2></0>\n
<g>folding chair</g><0><0bj19><0bj23></0>\n

<g>cup</g><0><o0bjl2><objl4><0bj33>< /0>
Visualization:

g | TP
v i e

Figure 7: Visualization on Common Object Detection Task. Figure 8: Visualization on Long-tailed Object Detection Task.



Region Understanding

idea

QA Example: QA Example:

User: What is <obj0> wearing and what is he doing now? User: Give a short phrase that describes <obj0>;<obj1>.
ChatRex: <obj0> is wearing a black jacket and a black beanie. He is standing in a store, looking at ChatRex: <g>Starbucks logo</g><0><0bj0></0>\n
something on the shelf. <g>a coffee cup</g><0><objl></0>\n
Visualization: Visualization:

Question: What is <objO> wearing and what is he doing now? Region Caption in Category Name

ChatRex: <objO> is wearing a black jacket and a black beanie.
| He is standing in a store, looking at something on the shelf.

Question: What are the positions of <objO>, <obj1>, <obj2>,
<obj3> in the band, respectively?

Region Caption in Short Phrase

ChatRex: <objO> is the bassist, <obj1> is the guitarist,
<obj2> is the vocalist, and <obj3> is the drummer.

Question: What is <objO>? And how might <objO> feels now?

ChatRex <objO> is a cow, and it might feel scared or startled by
the action of the man on the horse.

Question: What is the price for <objO0> according to this image.

ChatRex: The price for <objO> is 2.49, as indicated by the sign
in front of the cat.

A helmet with a colorful design,
featuring a prominent red and yellow
logo, is worn by a person

in a racing suit

Question: Describe the wearing of <objO> in detail

ChatRex: The dress of <objO> is a bright yellow, which
stands out against the snowy backdrop. It appears to be a
winter coat, designed to provide warmth in cold weather.
The coat is long-sleeved and reaches down to the person's
knees, suggesting it is made for cold temperatures. The
coat's color is vibrant and contrasts with the muted colors
of the snowy environment.

Figure 12: Visualization on Region QA Task. Figure 11: Visualization on Detailed Grounded Image Caption Task.




Grounded Conversation

idea

QA Example:

User: Please briefly describe this image and detect all the mentioned objects. Answer with grounded
object indexes.

ChatRex: A <g>man</g><0><0bj13></0> in a <g>white tuxedo</g><0><o0bjl7></0> with a
<g>red bow tie</g><0><0bjl6></0> is holding an <g>Oscar statuette</g><0><objl4>< /0>

and standing on a stage with a microphone, while a large, ornate Oscar statue is visible in the
background.

Visualization:

A man in a white tuxedo
with a red bow tie is holding
an Oscar statuette and
standing on a stage with a
microphone, while a large,
ornate Oscar statue is visible
in the background

Three dolphins are
leaping out of the water,
creating a dynamic
splash as they dive and
play in the ocean.

A person is slicing fresh
cilantro a wooden cutting
board, surrounded by
various ingredients including
a bowl of chopped

The image is a vintage
advertisement for
Fitzgerald & Co., featuring
a hand pouring a bottle of
whiskey into a crescent
moon with the text
“Fitzgerald & Co. Dublin"
prominently displayed.

cheese a bowl of chopped
herbs, a whole avocado and
a bowl of grated cheese.

A woman with glasses is
smiling and holding a white
envelope with a handwritten
address , standing in a cozy
room with a window and a
bookshelf filled with books
in the background.

A woman with long brown
hair is enjoying a cone of
ice cream on a beach, with
a backdrop of waves and
seagulls in flight.

The image features a charming
black dog-shaped keychain
with a textured surface,
adorned with a pink tongue
and a small brown tag
attached to a brown leather
strap, all set against a white
background.

The image showcases a variety of
ingredients laid out on a white
surface, including a plate of raw beef,
a bowl of sliced onions, a plate of
fresh green lettuce, a plate of sliced
cheese, a bowl of nuts, and a plate of
bread.

Figure 13: Visualization on Brief Grounded Image Caption Task.

QA Example:
User: Answer the question in grounded format. How would you organize this space?

ChatRex: To organize the space, I would sort the items into categories such as stationery, electronics,
personal items, and accessories. For stationery, I would group the <g>pen</g><o0><o0bj23></0>,

<g>pencil</g><0><objl2></0>...
Visualization:

i
Question: Answer the question in grounded format. How would you organize this space? Sort and arrange
items on the surface based on their function or category, ensuring the area is tidy and visually pleasing.

ChatRex To organize the space, | would sort the items into categories such as stationery, electronics,
personal items, and accessories. For stationery, | would group the pen, pencil, and ruler together.
Electronics would include the laptop, mouse, and keyboard. Personal items would be grouped with the
notebooks, wallet, and keys. Accessories would be separated from the other categories and include the
scissors, bobby pins, and tape. After sorting, the items would be arranged neatly on the surface, with
similar items grouped together and the larger items placed at the edges to create a visually pleasing and
organized space.

Question: Answer the question in grounded format. Use the tools available on the table to prepare the pear
for consumption. Ensure any necessary cleaning, peeling, or cutting is performed appropriately, and leave
the workspace tidy afterward.

ChatRex To prepare the pear for consumption, | would first ensure that the pear is clean and free of any dirt
or blemishes. If necessary, | would use the knife to peel the pear, removing the skin in a smooth and even
manner. After peeling, the pear would be placed in the yellow bowl for further preparation. If the pear is to
be cut, the knife would be used to make the necessary cuts, ensuring that the pear is sliced into even
portions. The glasses on the table could be used to rinse the pear under running water to remove any
residual water or liquid. After the pear is prepared, the knife would be cleaned and stored properly, and the
table would be tidied up to maintain a clean and organized workspace.

Figure 16: Visualization on Detailed Grounded Conversation Task.



Referring to Any Person idea

Referring to Any Person

Qing Jiang'? , Lin Wu'? |, Zhaoyang Zeng! , Tianhe Ren' , Yuda Xiong!
Yihao Chen' , Liu Qin' , Lei Zhang!:?!
nternational Digital Economy Academy (IDEA)
2South China University of Technology

mountchicken@outlook.com , leizhang@idea.edu.cn
: e . -

person in blue and green color

father and mother person with b_lue eyes

Boxer Cameraman  Detective Journdl

Y,

Pope Priest  Librarian Diver

Jiang Q, Wu L, Zeng Z, et al. Referring to Any Person[J]. ICCV, 2025



Most Detection Tasks Can be formulated as Referring iclea
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“person fallen”  “person that are not wearing helmet”  “person that is sleeping” “tomato that are not ripe”
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‘person on the crossroad” “person that are smoking” “cars that are crushed”



Referring V.S. Detection

Detection: “person”

Referring: “person who is
holding two footballs”



Referring V.S. Detection idea

Detection: Category name e.g. man

Referring: Category name +

attributes color [material [gender J[ age J wearing glasses J

position left [ right J right J [onatable [ next to someone J

affordance [ cut J [ cook J [ fill water J

Referring

action [ standing J [ smiling J [ running J

E.g. Open-vocabulary /

Grounding / Detection

Closed-set

* a white man

» the second white man from the left

» The second white man from the left that is wearing a blue hat

» The second white man from the left that is wearing a blue hat and is smiling




Motivation: Current SOTA models lack usability idea

InternVL2.5 Qwen2.5-VL Qwen2.5-VL

Datasets 78B 7B 7B
Refcoco,, 93.7 92.7 90.0
Refcocopsia 95.6 94.6 92.5
Refcocoy,sip 92.5 89.7 85.4
Refcoco+,, 90.4 88.9 84.2
Refcoco+pst 4 94.7 922 89.1
Refcoco+;,st8 86.9 83.7 76.9
Refcocog 92.7 89.9 87.2
Refcocogest 92.2 90.3 87.2

High Performance in existing benchmarks

v

1. Designing flaws in existing benchmarks
2. Current MLLMs are still less capable

GT

Qwen2.5-VL InternVL 2.5 7 DeepSeek-VL2

" )
i
| ‘I‘
\ .
I , A
2 i

\“the‘pérson who is not holding t}'we‘drum”

Low Performance in real-world scenarios



Solutions: Data + Model

idea

HumanRef Dataset

1

g
¢

3

attribute J interaction J

reasoning position J
R ——

0
ro

male

female

wearing a suity, |

Please compose and transfer the following
description to referring style

|

2 l sample one type @ R leeh LLM
V attribute interactively assign property l
! and then parse to dictionary
box5 o) O {
f
{ [0 fo "the female": [1, 2, 3, 5],
"gender”:“female”, . . { . . "the person wearing a suit": [4],
"age”:“adult”, "male ' “male | (41, "the person wearing a sleeveless white
“top”:“sleeveless white dress”, female", female": [1, 2, 3, 51, dress": [1, 2, 3, 51,
“pose”:”standing”, suit®, . suit": [4], "the person raising his/her right
“expression”:”smiling”, "sleeveless white dress", "sleeveless white dress": [1, 2, 3, 5], hand": [3, 4]
“shoes”:”sandals”, "raising right hand", "raising right hand":[3, 4], "the person standing with both hands
“accessories”:”none”, "standing with both hands down", "standing with both hands down":[1, 2, 5], down": [1, 2. 5]
Li, 4 ’
} ] ¥ )
a) pseudo labeling b) write property list c) assign property to each person  d) transfer to referring style with LLM

Figure 3. Overview of the mannual annotation pipeline of the HumanRef dataset.



Solutions: Model idea

RexSeek

G The Xaviers families G O 3 4 5 6 7 0 —
r 1. Strong perception capability

Qwen2.5 2. Strong language comprehension
¢ t 4
DO0O00 Jame® 00000
Vision Person Tokenizer
Encoders Detector ,
G Grounding Start Token
I G Grounding End Token

{ “The Xavier families” J O Object Start Token
O Object End Token
3 Object Index Token




Applications: Referring Any Person idea

Y [N

person in blue and green color person W|th blue eyes

person with

person holding a sign that says 10l person holdmg a scepter
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2" one on chair from right two person in the middle erson in red car

Librarian Diver

person in the third row D~
r - S

Jon Snow



Applications: Any Object Referring

the road sign pointing to soral

bottle without a lid

bottle withc

the worker not wearing safety helmet

4"

), 4
N i
unripe tomato

> 3= unripe tomato
~

Industrial manufacturing

Product quality inspection

Agriculture and food industry

Agriculture and food industry



Rex-Thinker: Referring with CoT Reasoning idea

Rex-Thinker: Grounded Object Referring via
Chain-of-Thought Reasoning

Qing Jiang!?* , Xingyu Chen®* , Zhaoyang Zeng' , Junzhi Yu?® , Lei Zhang" >
International Digital Economy Academy (IDEA)
2South China University of Technology
3Peking University

{jiangqing, chenxingyu, leizhang}@idea.edu.cn



Rex-Thinker: Referring with CoT Reasoning

Live Re

Watch Rex-Thinker analyze and reason step-by-step

[ Rex-Thinker Al Reasoning

Analyzing image...




Planning-Action-Summarization Formulation idea

Question: Please detect ripe tomato..
Answer:

<think>OK, the user needs us to detect the ripe tomato. In order to accomplish this task, I need to break .
it down into the following steps: Plannin g
- Step 1: Determine the ripeness of each tomato based on its color. Let's start our analysis:

# Step 1: Determine the ripeness of each tomato based on its color

I see seven tomatoes in this image, let’s look at their colors and puta ! if it is a ripe tomato and Xifit
is not.

- Tomato 1: It has a deep red color, indicating it is a ripe tomato.
- Tomato 2: It also has a deep red color, indicating it is a ripe tomato.

- Tomato 3: It has an orange-brown color, which is not the typical red color of a fully-ripe tomato. X .

- Tomato 4: It is green in color, so it is not a ripe tomato. X Action
- Tomato 5: It is green in color, so it is not a ripe tomato.

- Tomato 6: It is green in color, so it is not a ripe tomato.

- Tomato 7: It is green in color, so it is not a ripe tomato.

# Summarize and Re-Check answer

Let’s now recheck our answer and put &4 for the target tomato and X for others

- Tomato 1: It is a ripe tomato.

- Tomato 2: It is a ripe tomato.

- Tomato 3: It is not a ripe tomato. X

- Tomato 4: It is not a ripe tomato.

- Tomato 5: It is not a ripe tomato. X Summarization
- Tomato 6: It is not a ripe tomato.

- Tomato 7: It is not a ripe tomato. X </think>

<answer][ {"bbox_ 2d": [235, 358, 565, 657], "label": "ripe tomato"}, {"bbox_2d": [481, 455, 744, 726],
"label": "ripe tomato"}]""'</answer>




Data: HumanRef-CoT, CoT Referring Dataset idea

Set-of-marks
Image

| Meta Information

|
Question Referring: [the person between the two adults ]

|
|
|

: N fP > a
: Answer: [ Dersonl Besons ] umber of Person .
|
|

Position Order: [ [Persond, Person 3, Person 1, Person 2] ]

| System Prompt (Partia) i

| Given the image and the description below, output a detailed
' analysis of how you found the object(s) matching the

I
|
|
I I
| description. You should conduct an analysis of what you see :
I
|
I

: and how each object relates to the provided description and
| puta X or 4 at the end.... Example: | Example 1,2 ...
L

~ 1. Planning:

OK, the user needs us to detect the person between the two adults. To accomplish this task, I need to break
it down into the following steps:

- Step 1: Identify the two adults in the image.

- Step 2: Determine the person located between the two adults.

2. Action:

# Step 1: Identify the two adults in the image.

I see four people in this image. Let's look at their age - related attributes and put a ! if they are adults
and X if they are not.

- Person 1: A young girl with long hair, not an adult. — X

- Person 2: A man with sunglasses on his head, appears to be an adult. — !

- Person 3: A young boy with short hair, not an adult. —

- Person 4: A woman with her hair tied back, appears to be an adult. —

So Person 2 and Person 4 are the two adults.

# Step 2: Determine the person located between the two adults.

The order from left to right is [person 4, person 3, person 1, person 2].

Between Person 4 (the woman on the left - hand side) and Person 2 (the man on the right - hand side),
there are two people: Person 3 and Person 1.

3. Summarization:

# Summarize and Re-Check answer

Let’s now recheck our answer and put &4 for the target pcople and X for others:
- Person 1: Located between the two adults. —

- Person 2: One of the adults, not the person between the adults. — X

- Person 3: Located between the two adults. —

\- - Person 4: One of the adults, not the person between the adults. — X



Model: Qwen2.5-VL with SFT + GRPO Training

SFT Cold Start

GT: <think> oo </think> <answer> ooe </answer>
A & ~ D4
Per Token CE Loss
A
{64 N
<think> eoe </think> <answer> eoe </answer>

! ! ! ! ! !

Qwen2.5-VL

I

“person Text Tokenizer

9 2 £ l !

c ‘Y‘ Open-Vocabulary __|
n Object Detector

F Il

D

==C»
==y —

*—7@5

System
Prompt

“Find person

Box Hint
il holding letter H”

{“person”: [101, 10, 140, 200], [122, 15, 162, 205], [152, 16, 186, 210] ...}

“The assistant first thinks about the reasoning process in the mind and then
provides the user with the answer. The reasoning process and answer are
enclosed within <think> </think> and <answer> </answer> tags, respectively. ”

Box Hint

System Prompt

RL Post Training

R — — —— —————————————

e
'l -y

F1 Reward: 1.0 F1 Reward: 0.5 e F1 Reward: 0.0 F1 Reward: 0.5

I Person 1: He is holding a red letter C. > X

|- Person 2: She is holding a yellow letter H->
| Person 3: He is holding a brown letter U-> X
|- Person 4: She is holding a letter R-> X

|- Person 5: He is holding a red letter C. - X

L Person 6: She is holding a blue letter H->
| </think><answer>

:- Person 1: He is holding a red letter H. >

| - Person 2: She is holding a yellow letter C-> X
|- Person 3: He is holding a brown letter U= X
: Person 4: She is holding a letter R-> X

|_person 6: She is holding a blue letter H-> V]

|
|
|
I
|
|
|
| - Person 5: He is holding a red letter C. > X |
|
I </think><answer> :

|

|

|

|[{"bbox 2d": [101, 10, 140, 200], "label": ”.."}, | [{"bbox_2d": [152, 16, 186, 210], "label": *..."},
| {"bbox_2d": [122, 15, 162, 205], "label": ..."} | {"bbox_2d": [122, 15, 162, 205], "label": *..."}]
</answer> | </answer>
T S — T |
model
’ Update




Experiments: Main Results

idea

Method Attribute Position Interaction Reasoning Celebrity Average Rejection

R P DFI | R P DFI | R P DF1| R P DF1| R P DF1| R P DF1 Score

DINOX [46] 595 288 209|788 281 176|673 285 189|762 32.1 222|941 480 370|752 331 233 36.0
InternVL-2.5-8B [8] 235 390 27.1 | 230 280 243|278 401 313|175 228 189|574 593 580|298 378 319 54.9
Ferret-7B [66] 279 444 304 | 302 362 29.8|30.8 418 312|197 337 228|632 600 575|344 432 343 2.0
Groma-7B [36] 675 478 38.6 | 632 431 372|666 48.1 40.6 | 59.1 414 348 | 732 633 591|659 437 421 0.0
ChatRex-7B [22] 443 780 518 |48.0 66.7 525|496 748 565|366 651 428 | 737 765 742|504 722 556 0.0
Qwen2.5-VL-7B [3] 49.1 713 544|502 617 528|482 663 532|346 612 403|803 819 801 |525 685 562 7.1
DeepSeek-VL2-small [57] | 52.3 78.0 57.7 | 56.4 66.1 58.1 |554 757 60.7 | 46.6 61.7 50.1 | 89 743 70.7 | 593 712 595 3.1
Molmo-7B-D [11] 827 864 763 | 780 806 724|699 777 66.1 | 721 804 655|859 875 829|717 825 726 68.6
RexSeek-7B [21] 87.2 86.8 815 |86.1 863 838|848 84.6 80.7 | 878 847 815|834 865 842|859 8.8 823 54.1
Rex-Thinker-Plain 83.0 887 814 | 8.5 839 813|801 856 802|805 8.2 773|867 837 868|826 858 814 5589
Rex-Thinker-CoT 86.6 877 827 | 8.5 870 843|796 817 772|857 838 803|876 895 872 |82 859 823 67.3
Rex-Thinker-GRPO 88.5 88.7 .1 | 87.2 871 846 | 815 835 79.1 | 877 854 823|880 893 872 |86.6 868 83.5 68.2

Box hint Question: Please detect Kobe Bryant.

Rex-Thinker-Plain: Training without CoT
Rex-Thinker-CoT: Training with CoT

Rex-Thinker-GRPO: Training with CoT and GRPC lqi |

Conclusion 1: CoT can effectively improve mode | G‘;@

answer questions about objects that are not prese|

. | Answer:

<think>OK, the user needs us to detect Kobe Bryant. To accomplish this task, I need to break it down into the
following steps:

- Step 1: Identify each person based on their appearance and basketball-related attributes.

- Step 2: Check if any of the identified people match the identity of Kobe Bryant.

# Step 1: Identify each person based on their appearance and basketball-related attributes.

- Person 1: A man wearing a white Dallas-branded basketball jersey, holding a basketball. He has short hair and a
beard.

- Person 2: A man wearing a green Boston-branded basketball jersey with the number 0. He is in a shooting pose.
- Person 3: A man wearing a white Denver Nuggets-branded basketball jersey with the number 15. He is in a
shooting pose.

- Person 4: A man wearing a black San Antonio Spurs-branded basketball jersey. He has a muscular build.

- Person 5: A man wearing a blue and yellow basketball jersey. He has a beard and is smiling.

- Person 6: Not clearly visible in terms of distinct features related to identification.

- Person 7: Partially visible, no clear distinct features for identification.

- Person 8: A man wearing a purple and yellow hoodie, not in a basketball-playing pose.

- Person 9: A man wearing a blue Thunder-branded basketball jersey with the number 2. He has a headband.

# Step 2: Check if any of the identified people match the identity of Kobe Bryant.
Kobe Bryant is a well-known basketball player, but none of the people in the image have the exact appearance
and context that can confirm them as Kobe Bryant...

# Summarize and Re-Check answer
Let’s now recheck our answer and put &4 for the target person and X for others
- Person 1-9: Not Kobe Bryant — A</think>

<answer>There is no such thing in the image.</answer>



Ablation: Cold start training Is important idea

With | Attribute | Position | Interaction \ Reasoning \ Celebrity \ Average | Rejection
ColdStat [ R P DFI| R P DFI| R P DFI| R P DFl| R P DFI| R P DFI| Score

No 814 858 78.1 | 802 802 775|796 826 780|776 750 706 873 865 84.8 | 8l.2 820 778 66.4
Yes 88.5 88.7 84.1 | 872 871 84.6 | 815 835 79.1 | 87.7 854 823 | 88.0 893 87.2 | 86.6 868 83.5 68.2

Table 5: Ablation on the impact of CoT-based cold start on final performance after GRPO training.

Question: Please detect the person holding a small ball

Answer; « Conclusion 3: CoT-based SFT cold start helps the

<think> ] h . f l . f
There is one person holding a small ball in the image. model learn the réasoning ormat, enab Ing it to periorm

This person is standing on the left side of the group. reasoning in the desired format during GRPO.
</think>

<answer>

[100, 174, 369, 821],[290, 51, 538, 775],[625, 97, 839,

761]

</answer>

GRPO without CoT SFT as cold start



Visualization Results: Generalized to Any Object idea

Box hint Question: Please detect apple with disease, and tell me what kind of disease it may be..

Answer:

<think>OK, the user needs us to detect the apple with disease and tell what kind of disease it may be. In
order to accomplish this task, I need to break it down into the following steps:

- Step 1: Examine each apple to determine if it has any visible signs of disease.
- Step 2: If an apple is found to have a disease, identify the type of the disease. Let's start our analysis:

# Step 1: Examine each apple to determine if it has any visible signs of disease
I see five apples in this image. Let's look at them one-by-one and put a ! if there are signs of disease
and X if there are none.

- Apple 1: It appears to be a healthy green apple with no visible signs of disease. X

- Apple 2: It is also a healthy-looking green apple with no obvious signs of disease. X

- Apple 3: This apple looks like a healthy green apple with no clear signs of disease. X

- Apple 4: Another healthy green apple with no visible signs of disease.

- Apple 5: This apple has a brownish spot on its surface, which indicates that it has a disease. !

# Step 2: Identify the type of the disease
The brownish spot on Apple 5 suggests that it may have a fungal or bacterial infection, which are
common types of diseases for apples.

# Summarize and Re-Check answer

Let's now recheck our answer and put &4 for the target apple and X for others:

- Apple 1: It is a healthy apple with no signs of disease. g(

- Apple 2: It is a healthy apple with no signs of disease. X

- Apple 3: It is a healthy apple with no signs of disease. X

- Apple 4: It is a healthy apple with no signs of disease. X

- Apple 5: It has a brownish spot, indicating a possible fungal or bacterial infection. 4</think>
<answer[{"bbox 2d": [429, 261, 570, 395], "label": "apple with disease"}] *'</answer>




Visualization Results

idea

Box hint

Question: Please detect ripe tomato..
Answer:
<think>OK, the user needs us to detect the ripe tomato. In order to accomplish this task, I need to break

it down into the following steps:
- Step 1: Determine the ripeness of each tomato based on its color. Let's start our analysis:

# Step 1: Determine the ripeness of each tomato based on its color

I see seven tomatoes in this image, let’s look at their colors and puta ! if it is a ripe tomato and Xifit
is not.

- Tomato 1: It has a deep red color, indicating it is a ripe tomato.
- Tomato 2: It also has a deep red color, indicating it is a ripe tomato.
- Tomato 3: It has an orange-brown color, which is not the typical red color of a fully-ripe tomato. X
- Tomato 4: It is green in color, so it is not a ripe tomato.

- Tomato 5: It is green in color, so it is not a ripe tomato.

- Tomato 6: It is green in color, so it is not a ripe tomato.

- Tomato 7: It is green in color, so it is not a ripe tomato.

# Summarize and Re-Check answer

Let’s now recheck our answer and put &4 for the target tomato and X for others
- Tomato 1: It is a ripe tomato.

- Tomato 2: It is a ripe tomato.

- Tomato 3: It is not a ripe tomato. X

- Tomato 4: It is not a ripe tomato.

- Tomato 5: It is not a ripe tomato.

- Tomato 6: It is not a ripe tomato.

- Tomato 7: It is not a ripe tomato. X </think>

<answer[ {"bbox 2d": [235, 358, 565, 657], "label": "ripe tomato"}, {"bbox 2d": [481, 455, 744, 726],
"label": "ripe tomato"}]""</answer>



Visualization Results

idea

Box hint

ZpmZPIIM—A—OMZT
00 OZ=TVV-IO0

PETTY ey TN h
Answer

M
= @ E S
: D H
‘ 3§ l
[ TP
4 gl QY e
. RN !
=Gh_, Ji
i 2S " h S %
V‘N i \ ,‘
- - . |

Question: Please detect damaged container..

Answer:

<think>OK, the user needs us to detect the damaged container. In order to accomplish this task, I need to
break it down into the following steps:

- Step 1: Examine each of the 31 containers to determine if they have any visible signs of damage.

# Step 1: Step 1: Examine each of the 31 containers to determine if they have any visible signs of
damage.

- Container 1: It appears to be in good condition with no visible signs of damage. X
- Container 2: There is no visible sign of damage on this container.

- Container 3: This container has a large hole in its side, indicating significant damage. *
- Container 4: No visible signs of damage.

- Container 31: No visible signs of damage. X

# Summarize and Re-Check answer

Let's now recheck our answer and put &4 for the target container and X for others
- Container 1: No visible signs of damage — X

- Container 2: No visible signs of damage — &\

- Container 3: Has a large hole, is damaged —

- Container 4: No visible signs of damage —

- Container 30: No visible signs of damage — X
- Container 31: No visible signs of damage — X
</think>

<answer|[{"bbox_2d": [288, 183, 699, 459], "label": "damaged container"}] *'</answer>



SEED-VL-1.5 idea

SEED-VL-1.5 (Dense Object Detection)

Question: F K AEEE P T BRIGSF, KA
<bbox>x1 y1 x2 y2</bbox>BIf2 T~

Abswer:;

<bbox>3 10 22 987 </bbox> <bbox>21 10 40 987 </bbox> <bbox>39 10 58 987 </bbox> <bbox>57 10 76 987 </bbox> <bbox
>75 10 94 987 </bbox> <bbox>93 10 112 987 </bbox> <bbox>111 10 130 987 </bbox> <bbox>129 10 148 987 </bbox> <bbo
x>147 10 166 987 </bbox> <bbox>165 10 184 987 </bbox> <bbox>183 10 202 987 </bbox> <bbox>201 10 220 987 </bbox>
<bbox>219 10 238 987 </bbox> <bbox>237 10 256 987 </bbox> <bbox>255 10 274 987 </bbox> <bbox>273 10 292 987</b
box><bbox>291 10 310 987 </bbox> <bbox>309 10 328 987 </bbox> <bbox>327 10 346 987 </bbox> <bbox>345 10 364 98
7 </bbox> <bbox>363 10 382 987 </bbox> <bbox>381 10 400 987 </bbox> <bbox>399 10 418 987 </bbox> <bbox>417 10 4
36 987 </bbox> <bbox>435 10 454 987 </bbox> <bbox>453 10 472 987 </bbox> <bbox>471 10 490 987 </bbox> <bbox>489
10 508 987 </bbox> <bbox>507 10 526 987 </bbox> <bbox>525 10 544 987 </bbox> <bbox>543 10 562 987 </bbox> <bbox
>561 10 580 987 </bbox> <bbox>579 10 598 987 </bbox> <bbox>597 10 616 987 </bbox> <bbox>615 10 634 987 </bbox> <
bbox>633 10 652 987 </bbox> <bbox>651 10 670 987 </bbox> <bbox>669 10 688 987 </bbox> <bbox>687 10 706 987 </bb
ox><bbox>705 10 724 987 </bbox> <bbox>723 10 742 987 </bbox> <bbox>741 10 760 987 </bbox> <bbox>759 10 778 987
</bbox> <bbox>777 10 796 987 </bbox> <bbox>795 10 814 987 </bbox> <bbox>813 10 832 987 </bbox> <bbox>831 10 85
0 987</bbox> <bbox>849 10 868 987 </bbox> <bbox>867 10 886 987 </bbox> <bbox>885 10 904 987 </bbox> <bbox>903
10 922 987 </bbox> <bbox>921 10 940 987 </bbox> <bbox>939 10 958 987 </bbox> <bbox>957 10 976 987 </bbox> <bbox
>975 10 994 987 </bbox>




SEED-VL-1.5 idea

SEED-VL-1.5 (Universal Proposal) Question:iIEHHIRA—TE R, AESFZEFEML
I FEE X L, R H]# ﬁﬁﬂéﬁﬁzi‘%ﬁ:, FEN
Pz . MR, EIREEEANFNLFE, XA [{"category™
category, "bbox": "<bbox>x1 y1 x2 y2</bbox>"},
{"category": category, "bbox": "<bbox>x1 y1 x2

m W y2</bbox>"}]. iCfELAREREM <bbox> </bbox> H{T
i basket y £ —_—
: 2. Answer:
N Ao “- \Qﬂ [{"category": "person", "bbox": "<bbox>3 392 95 736</bbox>"}, {"category":

"person", "bbox": "<bbox>39 433 103 736</bbox>"}, {"category": "truck", "bbox": "
<bbox>0 276 128 627</bbox>"}, {"category": "horse", "bbox": "<bbox>125 278 553
835</bbox>"}, {"category": "person", "bbox": "<bbox>232 138 350 564</bbox>"},

person

: N ® : {"category": "truck", "bbox": "<bbox>207 171 700 576</bbox>"}, {"category":
i Al | J "megaphone"”, "bbox": "<bbox>701 217 745 297</bbox>"}, {"category": "truck",
RO persun 2N p< I O "bbox": "<bbox>778 234 957 527</bbox>"}, {"category": "horse", "bbox": "

ralllng =

<bbox>543 564 803 825</bbox>"}, {"category": "person", "bbox": "<bbox>725 377
800 817</bbox>"}, {"category": "hat", "bbox": "<bbox>262 138 326 184</bbox>"},
{"category": "hat", "bbox": "<bbox>753 377 790 406</bbox>"}, {"category": "railing",
"bbox": "<bbox>0 474 996 748</bbox>"}]




SEED-VL-1.5 idea

SEED-VL-1.5 (Referring)

%&*ELIEPEIEMEM%%IE’JA I %E‘?izirELlch FLIBEARARARIA, u<bbox>x1 y1 x2
<bbox>x1 y1 x2 y2</bbox>HIF R K= y2</bbox>BIF. A F= 7~



Summary

idea

The next step for object detection is moving toward multimodal large language models.

ChatRex

Paper: https://arxiv.org/abs/2411.18363

Code: https://github.com/IDEA-
Research/ChatRex

RexSeek

Paper: https://arxiv.org/abs/2503.08507
Code: https://github.com/IDEA-
Research/RexSeek

RexThinker

Paper: https://arxiv.org/abs/2506.04034
Code: https://github.com/IDEA-
Research/Rex-Thinker



https://arxiv.org/abs/2411.18363

idea

Taming Multimodal LLM for Object Perception

Thanks!



