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Abstract

Grounded Multimodal Named Entity Recog-
nition (GMNER), which aims to extract tex-
tual entities, their types, and corresponding vi-
sual regions from image-text data, has become
a critical task in multimodal information ex-
traction. However, existing methods face two
major challenges. First, they fail to address
the semantic ambiguity caused by polysemy
and the long-tail distribution of datasets. Sec-
ond, unlike visual grounding which provides
descriptive phrases, entity grounding only of-
fers brief entity names which carry less seman-
tic information. Current methods lack suffi-
cient semantic interaction between text and
image, hindering accurate entity-visual region
matching. To tackle these issues, we pro-
pose MAKAR, a Multi-Agent framework based
Knowledge-Augmented Reasoning, compris-
ing three agents: Knowledge Enhancement, En-
tity Correction, and Entity Reasoning Ground-
ing. Specifically, in the named entity recogni-
tion phase, the Knowledge Enhancement Agent
leverages a Multimodal Large Language Model
(MLLM) as an implicit knowledge base to en-
hance ambiguous image-text content with its
internal knowledge. For samples with low-
confidence entity boundaries and types, the En-
tity Correction Agent uses web search tools
to retrieve and summarize relevant web con-
tent, thereby correcting entities using both in-
ternal and external knowledge. In the entity
grounding phase, the Entity Reasoning Ground-
ing Agent utilizes multi-step Chain-of-Thought
reasoning to perform grounding for each en-
tity. Extensive experiments show that MAKAR
achieves state-of-the-art performance on two
benchmark datasets. Code is available at:
https://github.com/Nikol-coder/MAKAR.

1 Introduction

Multimodal ~ Named  Entity = Recognition
(MNER) (Chen et al., 2022; Chen and Feng,
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Figure 1: Ilustrations of MNER, GMNER, and FMN-
ERG tasks.

2023; Liu et al., 2022; Yuan et al., 2023), a pivotal
task in natural language processing, has propelled
the advancement of knowledge graphs. With the
development of multimodal knowledge graphs,
MNER has expanded into Grounded Multimodal
Named Entity Recognition (GMNER) (Yu et al.,
2023), which identifies named entities from
image-text pairs, along with their categories and
corresponding visual region coordinates. Further-
more, Fine-grained Multimodal Named Entity
Recognition and Grounding (FMNERG) (Wang
et al., 2023a) refines textual entity categorization
into more detailed classes.
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Figure 2: Key issues.

Recent methods (Li et al., 2024a; Wang et al.,
2024; Tang et al., 2025) have made progress in this
field, but have overlooked two key issues (shown
in Fig. 2). One is semantic ambiguity arising from
polysemy and the long-tail distribution in datasets.
The other is that, unlike visual grounding which
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provides a full phrase, entity grounding often offers
brief entity name, which contain less semantic in-
formation. Existing entity grounding methods (Gir-
shick, 2015; Zhang et al., 2021b) lack sufficient
semantic interaction between text and image, hin-
dering the accurate identification of the correspond-
ing visual regions.

To tackle these challenges, we propose a Multi-
Agent framework based Knowledge-Augmented
Reasoning, termed MAKAR. It features three
agents: Knowledge Enhancement Agent, Entity
Correction Agent, and Entity Reasoning Ground-
ing Agent, which interact over multiple rounds to
perform precise grounded multimodal named en-
tity recognition. Knowledge Enhancement Agent
(KEA) leverages its inherent knowledge to enhance
each input sample, generating preliminary candi-
date entities. Entity Correction Agent (ECA) uti-
lizes external knowledge to revise samples with
low-confidence in entity boundaries and types. By
invoking web search to retrieve and summarize
relevant background knowledge, it refines these
low-confidence samples to obtain final textual enti-
ties. Entity Reasoning Grounding Agent (ERGA)
conducts progressive reasoning for each textual en-
tity, fully exploiting the augmented knowledge and
image-text information to execute entity grounding.
Our MAKAR framework effectively improves both
the accuracy and explainability of GMNER.

The main contributions of our work can be sum-
marized as follows:

* We propose a multi-agent framework based
knowledge-augmented reasoning that inte-
grates the internal knowledge of MLLMs with
external web-retrieved knowledge, resolving
polysemy and long-tail distribution challenges
in named entity recognition.

* We design a progressive reasoning grounding
approach combining SFT-initialization with
GRPO-based policy optimization, achieving
alignment between entities and visual regions.

» Extensive experiments on GMNER and FMN-
ERG datasets demonstrate that our framework
achieves state-of-the-art performance.

2 Related work

Grounded Multimodal Named Entity Recogni-
tion. Grounded Multimodal Named Entity Recog-
nition (GMNER) extracts textual entities, their
types, and corresponding visual region coordinates

from image-text pairs. Early methods like H-
index (Yu et al., 2023) and Tiger (Wang et al.,
2023a) used existing object detectors (Girshick,
2015) to detect visual objects in advance. Then, by
treating both text and visual objects as inputs, they
generated triplets like (textual entity, entity type, vi-
sual region) through a generative framework. With
the development of Multimodal Large Language
Models (MLLMs), GEM (Wang et al., 2024) and
RiVEG (Li et al., 2024a) leverage MLLMs to im-
prove textual knowledge and grounding. However,
these approaches overlook two critical issues: (1)
semantic ambiguity caused by polysemy and long-
tail distribution in datasets; and (2) insufficient
entity-visual region interaction due to the limited
semantic information of entities.

Our work addresses these issues by using
MLLMs to retrieve internal and external knowl-
edge, resolve semantic ambiguity, and correct pre-
diction biases. Meanwhile, we enrich the semantic
information of entities through leveraging exist-
ing knowledge and adopt progressive reasoning
grounding to improve the interpretability and accu-
racy of entity grounding.

3 Method

In this section, we first introduce the GMNER task,
and then explain our MAKAR framework (shown
in Fig. 3) in detail. Our framework consists of
three agents: (1) Knowledge Enhancement Agent
(KEA, §3.2) references similar samples and pro-
vides auxiliary information for input data from its
own knowledge base to perform knowledge en-
hancement, yielding preliminary candidate entities;
(2) Entity Correction Agent (ECA, §3.3) is respon-
sible for conducting external knowledge retrieval
on low-confidence candidate entities, expanding
background knowledge, and correcting the types
and boundaries of entities; (3) Entity Reasoning
Grounding Agent (ERGA, §3.4) integrates exist-
ing knowledge to enrich the semantic information
of textual entities, adopting progressive reasoning
grounding to enhance the interpretability of entity
grounding.

3.1 Task Definitions

Given a sentence 7" and its accompanying image
I, the GMNER task aims to extract and classify
textual entities in T, then locate their coordinates
in I. Outputs can be represented as a set of triples:

F:{(61,t1,01),...,(€N,tN,CN)} (1)
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Figure 3: The overall framework of our MAKAR.

where NN represents the total number of textual
entities in 7°, e; denotes the ¢-th textual entity in 7T,
t; denotes the type of e;, and ¢; denotes the visual
region corresponding to textual entity e;. If e; has
a corresponding visual region in I, c; is a four-
dimensional vector containing the coordinates of
the bounding box; otherwise, ¢; is None, denoted
as (0,0,0,0). ¢; can be expressed as:

(28, yt, xh, ys), if e; is grounded

2
(0’ 07 07 0)7 ( )

Ci = . .
if e; is ungrounded

where (2%, %) and (x5, y%) denote the top-left and
bottom-right coordinates in 1.

3.2 Knowledge Enhancement Agent

The Knowledge Enhancement Agent (KEA) pro-
vides auxiliary knowledge for preliminary named
entity recognition and feeds the results back to
the Entity Correction Agent. First, we design dis-
tinct prompt templates for coarse-grained and fine-
grained entity types, explicitly defining each entity
category to clarify their semantic boundaries. Then,
to better obtain auxiliary knowledge, we cluster
training samples using K-Means (Nie et al., 2023)
based on entity type and multimodal representa-
tions, selecting 200 representative samples as the
Query Set for knowledge enhancement. Next, we
use a Multimodal Large Language Model (MLLM)
to enrich the knowledge of entities in the Query
Set. After that, we compute cross-modal similar-
ity between the input sample and the Query Set
using BGE-VL (Zhou et al., 2024), picking the

top-3 most similar query set samples as prompt
examples. The Knowledge Enhancement Agent
leverages these examples, entity type definitions,
and input samples to generate auxiliary knowledge
for each input. The auxiliary knowledge is con-
catenated with the original text using a separator
token, forming the augmented input X, which is
formalized as:

X = (81, ..

.y SNy, (SEP), auxy, ..., auzxy,) (3)

where s; and aux; denote tokens from the input
text and auxiliary knowledge, respectively. This
augmented input X is encoded by a fine-tuned
RoBERTa (Li et al., 2023, 2024a) model, whose
embeddings are fed into a Conditional Random
Field (CRF) (Huang et al., 2015) layer to decode
the predicted label sequence y. The probability of
y given X is calculated as:

HN1+N2+1

i1 exp (Y (¥i—1,¥:,Ti)) “4)

N{F N1
yey T2 727 exp(y(yi_q,9)ms))

PylX) =

where Y is the set of all possible label sequences
given the input X . The potential function 1/ decom-
poses into transition and emission components:

V(yio1,¥i,%i) = Ty iy
——

transition potential

+ Wgh; +bs (5)
—_——

emission potential

The transition potential 7}, , ,, denotes a learn-
able transition matrix, and the emission potential
W ¢ h;+ b, represents the label scores derived from
RoBERTa embeddings h; € R¢ via linear projec-
tion. Here, W, € RE*? is a learnable weight
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matrix,bs € RX is the bias term, and K is the
number of label classes. Ultimately, we utilize the
negative log-likelihood loss function to train the
model:

Lyner = —log P(y*| X) 6)

where y* denotes ground-truth entity type labels
for the text sequences. KEA effectively addresses
semantic ambiguity caused by polysemy through
the internal knowledge of MLLM.

3.3 Entity Correction Agent

Wrong example
the [black eyed peas]org
Taste of [Toronto] oc
[Switzerland Co]orc

True example
[the black eyed peas]ora
[Taste of Toronto |misc
[Switzerland Co]roc

Table 1: Examples of type and boundary error. The
incorrect annotations are in red [*], while the correct
annotations are marked in blue [*].

The Entity Correction Agent (ECA) refines low-
confidence entities by integrating external knowl-
edge with results from KEA. Owing to long-tail
distributions in datasets, certain candidate entities
exhibit boundary or type errors, resulting in low-
confidence scores. ECA dynamically decides its
next action based on the confidence scores deliv-
ered by KEA (Yao et al., 2023). Specifically, for
each candidate entity we compute boundary prob-
ability p, and type probability p; and compare
them against a predefined threshold 7. For low-
confidence entities (min(p,, p;) < 7), the ECA
uses web search tools to retrieve 3 most relevant
web pages based on the input text, then summarizes
them into distilled background knowledge Back.
Meanwhile, leveraging this background knowledge
Back, results Res from KEA, the input image I,
and text T, the ECA refines entity boundaries and
types. For high-confidence entities, ECA takes
them as final. This process is formalized as:

gFinal _ {MLLMCmect(Res,Back,I, T) if min(pp,pt) < T,

Res if otherwise
(N
where E¥"@ denotes the corrected entity set. By
dynamically leveraging external knowledge to cor-
rect entity boundaries and types, ECA effectively
addresses semantic ambiguity induced by long-tail
distributions.

3.4 Entity Reasoning Grounding Agent

The Entity Reasoning Grounding Agent (ERGA)
combines internal knowledge from the KEA and

external knowledge from ECA to infer the visual
coordinates corresponding to each entity in the im-
age. Unlike traditional visual grounding tasks that
provide full descriptive phrases, entity grounding
only provides brief entity names, which contain
less semantic information. This restriction limits
the effectiveness of traditional visual grounding
methods (Li et al., 2024b).

OB Text: RT @ sounderatheart : That Marcelo Sarvas stomp on Clint :
e Dempsey was pretty ugly. :
&= Ground truth: (Marcelo Sarvas, athlete, 0,)

Question: Comprehensively analyze the Text and the Image. Is Marcelo
Sarvas (is a/an person and athlete) present in the image? If yes, provide
its coordinates; else, return [0,0,0,0]

Output:
<think>The image shows a soccer match where a player in a green jersey appears to be lying on the

ground after what seems like a tackle or a fall. The text mentions "Marcelo Sarvas," which is likely
referring to one of the players involved in the action. In the soccer match shown in the image,
Marcelo Sarvas in a darkred jersey is alleged to have stomped on Clint Dempsey following a tackle
or fall. His on-field coordinates are [144, 104, 240, 200].</think>

<answer>[144, 104, 240, 200]</answer>

Figure 4: Example of Entity Reasoning Grounding.

To tackle this challenge, we propose Entity Rea-
soning Grounding (Fig. 4). It enriches entity names
by integrating textual and visual cues, generat-
ing detailed descriptions with step-by-step rea-
soning during grounding. Inspired by DeepSeek
R1 (DeepSeek-Al et al., 2025), we train the En-
tity Reasoning Grounding Agent (ERGA) in two
phases (as shown in Fig. 3): (1) SFT Cold-Start:
Initialize the reference model via Supervised Fine-
Tuning (SFT) using multi-step Chain-of-Thought
(CoT) data from simple samples. (2) RL-based
Reasoning Grounding: Perform Group Relative
Policy Optimization (GRPO)-based reinforcement
fine-tuning on hard samples to further improve the
model’s reasoning grounding performance.

Training Dataset Construction

= " %‘T;- g
B .0 -2 86 .1

2
[ Reasoning Correct
Large-scale dataset MLLM - T
2 Prompt & Filter g

Hard 3000

Figure 5: Dataset Construction.

To enable ERGA to learn distinct reasoning ca-
pabilities across training stages, we categorize the
training data into simple and hard subsets based
on grounding difficulty (Cheng et al., 2025). We
first prompt Qwen2.5-VL-7B (Bai et al., 2025) to
directly generate entity coordinates for image-text
pairs in the training set. Samples are classified
as easy if the predicted bounding boxes achieve
an Intersection over Union (IoU) > 0.5 with the
ground truth; otherwise, they are labeled hard.
Next, we use Qwen2.5-VL-32B to generate CoT
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reasoning processes for both subsets. These CoT
outputs are further refined and filtered by reasoning-
capable LLMs (QwQ (Team, 2025) and DeepSeek
R1) to remove incorrect or low-quality inferences,
ensuring logical consistency and semantic accu-
racy. Through this automated pipeline, we con-
struct 3,000 easy CoT samples for SFT cold start
and 3,000 hard CoT samples for RL-based reason-
ing.

3.4.1 SFT Cold-Start

During the cold start phase, we conduct supervised
fine-tuning of the MLLM on easy samples for entity
reasoning grounding, endowing it with the ability
to generate multi-step CoT reasoning. Specifically,
MLLM first extracts contextual knowledge about
the target entity from the image-text pair, then iden-
tifies the corresponding visual region, and finally
predicts the bounding box coordinates. Each sam-
ple is formalized as (I,T,Q,O), where I is the
input image, 1" denotes the input text, () denotes
the question including the target entity, and O ag-
gregates both the reasoning and the final prediction
coordinates. The training objective is to maximize
the likelihood of generating O with coherent rea-
soning and accurate coordinates given (I,7T,Q),
effectively transforming concise entity names into
detailed visual descriptions through multi-step CoT
reasoning. The SFT loss function is defined as:

Lspr =E[logm(O|1,T, Q)] ®)

where 0 denotes the parameters of the MLLM, and
(O | I,T, Q) represents the conditional proba-
bility of generating the output O. The resulting
model mgpr initializes the next stage, setting the
stage for subsequent reinforcement learning.

3.4.2 RL-based Reasoning Grounding

Reward Evaluation. For entity reasoning ground-
ing, we design two types of rewards: Format Re-
ward 7format and Accuracy Reward r,... Format
Reward ensures structured CoT responses with la-
bels (think) for reasoning and (answer) for ground-
ing. If both are present and correctly formatted,
Tformat = 1; otherwise, reormat = 0. Accuracy Re-
ward assesses the correctness of the answer within
(answer) by checking if the IOU between the pre-
dicted bounding box coordinates and the ground
truth exceeds a threshold of 0.5.

1, ifIOU > 0.5
Tace = . )
0, otherwise

The overall reward function r is defined as:

T = O * Tformat T (1 - 04) * Tacc (10)

where « is a hyperparameter that balances the em-
phasis on structured reasoning and factual accu-
racy.

Policy Update with Relative Advantage. Dur-
ing the SFT cold start phase, ERGA learns basic
reasoning patterns from easy samples. To enhance
its reasoning ability on hard samples, we introduce
a GRPO-based reinforcement fine-tuning method.
Specifically, the policy model 7y initialized from
TSFT, generates multiple candidate responses o; for
a given input.

0i ~molo| I,T,Q), for i=1,...,G (11)

Candidate responses are evaluated using prede-
fined reward functions to obtain a reward sequence
{r1,...,rg}. These rewards are normalized to cal-
culate relative advantages Ay, ..., Ag, defined as:

ri —mean{ry,...,rg}
Std{?“l, R ,7"(;}
GRPO estimates the policy update magnitude by
calculating the probability ratio of each response
under the new policy ey relative to the old policy

Told-

A; =

(12)

o T (0L, T, Q)
ratio(1) ro (LT, Q)

To stabilize training and avoid excessive up-
dates, this ratio is clipped within [1 — ¢,1 + €.
Furthermore, to explicitly regularize distributional
shifts and mitigate catastrophic forgetting during
reinforcement learning, we introduce a Kullback-
Leibler (KL) divergence (Wu et al., 2025) penalty
between the policy 7y, and the reference model

(13)

T'SFT-

Dici (o, | ser) = 75 — log (25-) — 1 (14)

Tonew

The GRPO loss function is defined as:

Larro = B30 wry (ol1,1,0)

L &

G Z min (radio(i) A,
=1

clip (radio(i),1 —e,1 4 ¢) - Ai>

- B DKL(W@,W!WSFT)] (15)
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where hyperparameter 3 ensures alignment with
pre-trained knowledge while allowing adaptive up-
dates. By integrating these mechanisms, GRPO
achieves stable and effective policy optimization,
driving our model to generate higher-quality, veri-
fiable CoT reasoning paths.

4 Experiment

4.1 Datasets

Twitter-GMNER Twitter-FMNERG
Train Dev Test Train Dev Test
Entity type 4 4 4 51 51 51

Tweet 7000 1500 1500 | 7000 1500 1500
Entity 11,782 2,453 2,543 | 11,779 2,450 2,543
Grounded | 4,694 986 1,036 | 4,733 991 1,046
Box 5,680 1,166 1,244 | 5,723 1,171 1,254

Table 2: The statistics of two GMNER datasets.

In our work, we conduct experiments on two
datasets: Twitter-GMNER and Twitter-FMNERG.
Twitter-GMNER focuses on extracting four coarse-
grained types of textual entities from text-image
pairs. Twitter-FMNERG, built upon GMNER, ex-
pands to 8 coarse-grained and 51 fine-grained entity
types. Table 2 presents the statistical details of the
datasets, with more information in Appendix F.

4.2 Evaluation Metrics

Following prior work (Yu et al., 2023; Wang et al.,
2023a), we evaluate our framework across three
tasks: (1) Multimodal Named Entity Recognition
(MNER) predicts textual entity boundaries and
types. (2) Entity Extraction & Grounding (EEG)
identifies textual entity boundaries and their cor-
responding visual regions. We use an IoU thresh-
old of 0.5 to assess the accuracy of visual region
predictions.(3) Multimodal Named Entity Recog-
nition and Grounding (MNERG) evaluates both
MNER and EEG comprehensively, ensuring triplet
(e4, i, ¢;) accuracy. For all tasks, we use F1-score
as the evaluation metric. The calculations are based
on the following criteria:

For entity boundary and type correctness

(Ce/Ct):

1, if = ;
0, otherwise.
For visual region correctness (C.):
1, if p. = g. = None;
C.= <1, ifloU(pegc) >0.5; (17)

0, otherwise.

1 if C c=1
correct = { I Cele Gl (18)

0, otherwise.

A prediction is deemed correct if and only if
Co&Ci&C,. = 1. Precision (Pre), Recall (Rec),
and F1-score are calculated as follows:

Pre — #conrt?ct7 _ F#correct (19)
#predict #gold
Fl — 2 x Pre x Rec 20)
Pre + Rec

where #correct, #predict, and #gold denote the num-
ber of correct predictions, total predictions, and
gold labels.

4.3 Implementation Details

In KEA, we employ BGE-VL-base as the multi-
modal encoder to compute similarities between
different samples. We select different variants of
Qwen and LLaMA (Grattafiori et al., 2024) as our
knowledge base for knowledge enhancement. We
also fine-tune RoOBERTa (Zhuang et al., 2021) using
the AdamW (Loshchilov and Hutter, 2019) opti-
mizer with a learning rate of 5.0e-5 for 20 epochs.
In ECA, we use Qwen2.5-VL-7B to perform web
searches and summarize background knowledge
for correction, with a correction threshold 7 of 0.5.
The MLLM used for correction is consistent with
that used in KEA. In ERGA, we train the model
for 5 epochs with a learning rate of 1.0e-5 dur-
ing the SFT cold start phase, and for 10 epochs
with a learning rate of 1.0e-6 during the RL phase.
The weights of the reward function « and the KL-
divergence penalty (5 are set to 0.5 and 0.01 respec-
tively. Our implementation is built on the open
source frameworks Easy-R1 (Sheng et al., 2024;
Zheng et al., 2025) and LlamaFactory (Zheng et al.,
2024), ensuring reproducibility and scalability. To
ensure fair comparisons, we use the same textual
encoder as other baselines. All model components
run on 8XA800 GPUs using PyTorch. We conduct
3 averages for each experiment.

4.4 Baselines

To evaluate our framework, we compare against
three categories of baselines: (1) Text-only models:
Solely perform textual entity extraction and set all
visual region predictions to (0,0,0,0). These include
sequence labeling methods like BILSTM-CRF (Lu
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. GMNER FMNERG

Modality Methods MNERG MNER EEG | MNERG MNER EEG
BiLSTM-CRE-None 4207 7558 4749 | 3357 5929 4607
ot Bert-None 4296 7730 4763 | 3377 5947  46.94
Bert-CRF-None 4378 7793 4807 | 3495  60.72  47.67
BARTNER-None 4482 7983 4899 | 3733 6507 4897
UMT-RCNN-EVG 5029 7858 5478 | 4132  61.63 4543
UMGF-VinVL-EVG 5167 7883 5574 | 4192 6179 5475
ITA-VinVL-EVG 5156 7937  55.69 | 4278 6321  57.26
BARTMNER-VinVL-EVG | 5245 8039 5566 | 4521 6661  58.18

Text+Image H-Index 5641 7973 61.18 ; - -
TIGER ; ; - 4655 6491  61.96

RiVEG 67.06 8451  68.79 ; - -
GEM 61.54  84.81 6449 | 5248 7080  65.20
MQSPN 5876 8043 6240 | 4857  67.09  62.54

SCANNER 68.52 ; ; - - -
MAKAR (Ours) 71.88 8638 74.64 | 6054  71.24  75.66

Asora +336 1157 1585| 1806 1044 110.46

Table 3: Performance comparison of different methods on Twitter-GMNER and Twitter-FMNERG datasets. Bold
represents the optimal result, and underlined represents the suboptimal result.

et al., 2018), BERT (Devlin et al., 2019), and se-
quence generation methods like BARTNER (Lewis
et al.,, 2020). (2) Two-stage models: Extract
textual entities using MNER models first, then
ground them to visual regions using object de-
tectors. These methods include UMT(Yu et al.,
2020), UMGF(Zhang et al., 2021a), ITA(Wang
et al., 2022), BARTMNER (Lewis et al., 2020),
RiVEG(Li et al., 2024a), GEM(Wang et al., 2024).
(3) Unified-Generative models: Simultaneously
predict textual entities and their visual grounding
through end-to-end generation. These methods uti-
lize generative architectures to capture cross-modal
dependencies and jointly extract entity triplets, in-
cluding H-Index(Yu et al., 2023), TIGER(Wang
et al., 2023a), SCANNER (Ok et al., 2024), and
MQSPN(Tang et al., 2025).

4.5 Main result

The performance comparison of our method and
the baselines is detailed in Table 3. We have the
following observations: (1) Our method achieves
the best performance in all tasks, surpassing pre-
vious approaches with improvements of 3.36% on
the GMNER task and 8.06% on the FMNERG task.
(2) In the MNER task, our method achieves signifi-
cant improvements in both coarse-grained and fine-
grained MNER. This underscores the effectiveness
of our Knowledge Enhancement Agent and Entity
Correction Agent in enhancing MNER accuracy
and resolving semantic ambiguity. (3) The most

significant improvement is in the EEG task, with a
substantial increase of 10.46% in the fine-grained
EEG performance. This indicates that our Entity
Reasoning Grounding Agent can augment semantic
information for brief entity names through multi-
step Chain-of-Thought reasoning and locate pre-
cise visual region coordinates for each entity via
reasoning.

4.6 Ablation Analysis

Method | GMNER FMNERG
w/o KEA 67.63 57.50
w/o ECA 69.23 58.57
w/o SFT 64.54 50.26
w/o GRPO 68.89 56.46
MAKAR 71.88 60.54

Table 4: The ablation study results in MNERG task.
"w/o" indicates the removal of the corresponding mod-
ule.

To evaluate the impact of each module in our
method, we conduct ablation studies on two GM-
NER tasks. According to the results shown in Ta-
ble 4, MAKAR outperforms all variants. The per-
formance drop for w/o KEA and w/o ECA demon-
strates the importance of auxiliary knowledge to re-
solve semantic ambiguity in entity type and bound-
ary prediction. Meanwhile, w/o SFT variant un-
derperforms notably because format rewards only
ensure the output format is correct, not the content
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(a). Governor Simon Kachapin speaking at the West Pokot Book Donation.

(b). RT @ sounderatheart : That Marcelo Sarvas stomp on Clint Dempsey was pretty ugly.

RiVEG MQSPN MAKAR (Ours) RiVEG MAKAR (Ours)
apin, politician, 0,) v (Simon Kachapin. politician, O,) x (Simon Kachapin, politician, 0,) v (Marcelo Sarvas, athlete, 0,) (Marcelo S ete, 0,) o (Marcelo Sarvas, athlete, 0,)
e kot, city, None) e (West Pokot Book Donation, festival, None) « (West Pokot Book Donation, festival, None) v (Clint Dempsey, athlete, O,) % (Clint Dempsey, athlete, None) 3¢ (Clint Dempsey, athlete, 0,)
MAKAR Reasoning: MAKAR Reasoning:
<think>The image shows a man standing outdoors, holding a microphone. and speaking to an audience. The text think>The image shows a soccer match where a player ina g
indicates that this event is a book donation by Governor Simon Kachapin in West Pokot. Given the context provided what seems li ckle or a fall. The text . 2
by the text and the visual elements in the image, we can infer that the person speaking is likely Governor Simon involved in the action. In the so : e, Marcelo Sarvas in a darkred jersey is alleged to hav
Kachapin.</think> stomped on Clint Dempsey foll oordinates are [144, 104, 240, 200].</think>
answer>[71, 38, 200, 407]</answer answer>[144, 104, 240, 200] </an:
<think>The image captures an outdoor gathering with a person speaking into a microphone, a table with laptops and <think>The image depicts a soccer player in a green jersey lying on the ground during a mateh, likely after a tackle
cquipment, and a banner with "JKF". However, there's no direct visual evidence of the "West Pokot Book Donation” or foul . T anying text "stomp on Clint Dempsey” indicates Clint Dempsey is the player involved in this

event mentioned in the text, which states Governor Simon Kachapin is speaking at this event. This implies the event
is in West Pokot, Kenya, likely involving education or community development. The image might not show the full
cvent or specific donation details, which are provided contextually by the text </think>

<answer>[0, 0, 0, 0]</answer>

action. Since the green-jerseyed player is shown in a fallen position and directly referenced in the text, it can be
inferred that he is Clint Dempsey.</think>
<answer>[141, 118, 378, 273 |</answer>

Figure 6: Prediction comparison on two test samples.

of the (think) process. This often results in empty
or irrelevant think outputs during GRPO training,
emphasizing the critical role of SFT in initializing
the model with basic reasoning patterns. Perfor-
mance also decreases for w/o GRPO, demonstrat-
ing the effectiveness of combining SFT Cold-Start
with GRPO-based reinforcement learning. While
SFT provides a strong initial foundation, GRPO en-
hances the model’s ability to handle complex cases,
resulting in optimal performance. Overall, these
ablation results highlight the complementary and
effective roles of the modules in MAKAR.

4.7 Further Analysis

In this section, we further explore the impact of
different MLLMs on the MNER tasks and the in-
fluence of different training methods on the EEG
tasks. More discussions are in Appendix A and
D.

4.7.1 Different MLLMs for Knowledge
Enhancement and Entity Correction

[ wio KEA & ECA [ wio KEA & ECA
E Qwen2-VL-2B E Qwen2-VL-2B
Qwen2-VL-7B Qwen2-VL-7B
- 8710 Qx::zs»vma q_)72 ] Qwen25-VL-3B
2 | O LLaMA32-Vision-11B L |3 rtramas2-vision-118
S 86 [ owen25-vL7B S 71| Qwenzs-vL7B
D85 270
B 84 69
83 68
82 67
81 66

GMNER FMNERG

Figure 7: Performance comparison in MNER task.

As shown in Fig. 7, Qwen2.5-VL-7B outper-
forms other models in MNER tasks. These results
highlight the effectiveness of knowledge enhance-

v and x denote correct and incorrect predictions.

ment and correction in resolving semantic ambigu-
ity in MNER tasks.

4.7.2 Different training methods for Entity

Grounding
Method GMNER FMNERG

Qwen2.5-VL-3B (Raw) 22.45 38.38
Qwen2.5-VL-3B (SFT) 69.88 69.09
Qwen2.5-VL-3B (GRPO) 45.18 58.04
Qwen2.5-VL-3B (GRPO Cold Start) | 72.48 72.43
Qwen2.5-VL-7B (Raw) 60.09 60.05
Qwen2.5-VL-7B (SFT) 71.61 73.22
Qwen2.5-VL-7B (GRPO) 66.10 61.72
Qwen2.5-VL-7B (GRPO Cold Start) | 74.64 75.66
Qwen2.5-VL-32B (Raw) 68.91 65.14

Table 5: Performance comparison in EEG task.

Table 5 presents the EEG performance compar-
ison of different training methods. It shows that
various fine-tuning approaches can improve entity
grounding performance. Smaller models first distill
reasoning processes via SFT on easy samples, and
then explore optimal CoT trajectories with GRPO
on hard samples. This hybrid training strategy sig-
nificantly enhances the 3B model’s entity ground-
ing performance, even outperforming the 32B base
model. In contrast, Qwen2.5-VL-32B performs en-
tity grounding in a zero-shot manner without fine-
tuning, and its performance is inferior to that of
the smaller models (3B/7B) trained with reasoning
enhancement. We further validate the effective-
ness and generalizability of our two-stage training
methods on additional models in Appendix A.

4.7.3 Different learning strategy for Entity
Grounding

Table 6 ablates the impact of training sample dif-
ficulty in each stage of two-stage pipeline, using
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SFT | RL | GMNER | FMNERG
Easy | Hard 74.64 75.66
Easy | Easy 70.47 71.57
Hard | Easy 69.55 70.46
Hard | Hard 67.82 69.04

Table 6: Performance comparison of different training
sample difficulty configurations on the EEG task.

Qwen2.5-VL-7B as the base model. Our two-stage
training strategy, which uses easy samples for SFT
and hard samples for RL, helps the model better
handle challenging scenarios while maintaining a
standardized output format.

4.8 Case Study

We conduct case studies to compare our method
with two baselines (RiVEG and MQSPN) on two
test samples from the Twitter-FMNERG dataset.
In Fig. 6(a), RIVEG fail to identify the correct
entity and MQSPN fail to identify the correct
bounding box of Simon Kachapin. In contrast, our
method correctly identifies the correct entities and
the bounding boxes. Similarly, in Fig. 6(b), we find
that all methods correctly identify the two entities
and types. But the two baselines fail to identify
the correct bounding box of Clint Dempsey, our
method accurately grounds Clint Dempsey to the
visual region with the blue shadow.

5 Conclusion

In this paper, we propose MAKAR, a Multi-Agent
framework based Knowledge-Augmented Reason-
ing for Grounded Multimodal Named Entity Recog-
nition. Through the interaction between the Knowl-
edge Enhancement Agent and the Entity Correc-
tion Agent, MAKAR leverages both internal and
external knowledge of MLLM to address seman-
tic ambiguity. Furthermore, the Entity Reason-
ing Grounding Agent enriches semantic informa-
tion for each entity and performs precise reasoning
grounding for each entity. Extensive experimental
results demonstrated the superior performance of
the MAKAR framework.

Limitations

We briefly mention some limitations of our work.
First, we employ an MLLM as an implicit knowl-
edge base to assist with textual entity recognition,
which may introduce noisy information. More-
over, although our reasoning grounding method

shows remarkable performance for both coarse-
grained and fine-grained visual entities, it encoun-
ters challenges in identifying certain large visual
regions, revealing a limitation in our coordinate
generation method. Additionally, when generating
the reasoning grounding process for textual enti-
ties, a relatively longer inference time is required.
Considering substantial performance improvement,
sacrificing a certain degree of inference speed is
worthwhile. Notably, our method can be seam-
lessly integrated with any MLLM, and is capable
of achieving better performance as MLLMs con-
tinue to advance. In the future, our research will
focus on achieving optimal performance by design-
ing lightweight modules and training them jointly.
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A Different training methods for Entity
Grounding

Method GMNER FMNERG
Qwen2-VL2B (Raw) 55.76 55.56
Qwen2-VL-2B (SFT) 56.96 57.92
Qwen2-VL-2B (GRPO) 55.93 56.72
Qwen2-VL-2B (Ours, GRPO Cold Start) 58.83 58.75
Qwen2-VL-7B (Raw) 58.93 58.83
Qwen2-VL-7B (SFT) 64.84 65.51
Qwen2-VL-7B (GRPO) 61.02 62.59
Qwen2-VL-7B (Ours, GRPO Cold Start) 66.26 65.99
Qwen2.5-VL-3B (Raw) 2245 38.38
Qwen2.5-VL-3B (SFT) 69.88 69.09
Qwen2.5-VL-3B (GRPO) 45.18 58.04
Qwen2.5-VL-3B (Ours, GRPO Cold Start) 72.48 72.43
Qwen2.5-VL-7B (Raw) 60.09 60.05
Qwen2.5-VL-7B (SFT) 71.61 73.22
Qwen2.5-VL-7B (GRPO) 66.10 61.72
Qwen2.5-VL-7B (Ours, GRPO Cold Start) 74.64 75.66
MiMo-VL-7B (Raw) 64.29 63.47
MiMo-VL-7B (SFT) 73.46 74.09
MiMo-VL-7B (GRPO) 70.68 71.81
MiMo-VL-7B (Ours, GRPO Cold Start) 75.85 76.15
Qwen2.5-VL-32B (Raw) 68.91 65.14

Table 7: Performance comparison in EEG task.

Table 7 presents the EEG performance compar-

(Qwen-VL (Bai et al., 2025) and MiMo-VL (Team
et al., 2025)), demonstrating its broad applicability
and effectiveness.

B Representative points in cluster

51-Class Clustering with 200 Points

Sooy

Figure 8: 200 representative points in 51 class cluster.

Fig. 8 displays the clustering results of 200 repre-
sentative points across 51 entity types. To enhance
knowledge for named entity recognition, we em-
ploy K-Means clustering based on entity types and
multimodal representations. The 200 representa-
tive samples, shown as red dots in the figure, are
selected to form the Query Set. This query set
provides auxiliary examples to improve the Knowl-
edge Enhancement Agent’s performance by clarify-
ing the semantic boundaries of different categories.

C Entity Correction

(— Candidate Entity Final Entity

Entity

[Donald, OTHER] D Correct [Donald, PER]
Low Confidence [o0) High Confidence
-
4 2\
—
INPUT MLLM J

By exploiting the shared nomenclature :
between the Disney icon and the U.S :
president Donald Trump, the riddle sur- | |
|
|
|
|

@
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o
L=}
&
z
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&
=

I Who knew ? If you turned
: Donald Duck upside down
IL you get the other Donald .

really correla-tes their identities through
playful mockery, utilizing ..

Search Summary
So how about these rumours that if you turn Donald Duck upside
down, he looks like Donald Trump? I've tried it so you don't
3 have to
J

Figure 9: Example of Entity Correction.

ison of different training methods. Our GRPO
Cold Start two-stage training method consistently In this section, we present an example (as shown
achieves superior results across all base models  in Fig. 9) illustrating the correction process for
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low-confidence entities. Initially, the Knowledge
Enhancement Agent identifies [Donald, OTHER]
as a low-confidence candidate entity. To refine this
entity, the Entity Correction Agent is employed.
First, leveraging Qwen2.5-VL-7B, we generate a
search query based on the input text and invoke
the Bing search engine to retrieve three most rel-
evant web pages (Li et al., 2024c). Subsequently,
ReaderLM-v2 (Wang et al., 2025) is utilized to con-
vert these web pages into JSON format and extract
information related to the original text and the can-
didate entity, which is then summarized. Finally, by
integrating the auxiliary knowledge from KEA and
the summarized background knowledge, the En-
tity Correction Agent corrects the boundaries and
type of the low-confidence entity, resulting in the
refined entity [Donald, PER]. This example demon-
strates how the Entity Correction Agent effectively
addresses semantic ambiguity by dynamically in-
corporating external knowledge.

D Hyperparameter Sensitivity Analysis

GMNER FMNERG
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The number of Query Set example

Figure 10: Analysis of the number of Query Set example
on MNER task.
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Figure 11: Analysis of the number of retrieved web
pages on MNER task.

As shown in Fig. 10, we conducted an analy-
sis on the number of Query Set examples in the
MNER task. It can be observed that when the
number of Query Set examples is 3, the MNER
performance reaches its peak for both the GMNER
and FMNERG tasks. This indicates that increas-
ing the number of Query Set examples to three
significantly enhances the model’s performance.

However, adding more than three examples begins
to reduce performance improvement. This might
be because too many examples introduce noise or
conflicting information in the model’s learning pro-
cess.

As shown in Fig. 11, retrieving relevant web
content via web search effectively corrects low-
confidence entity errors. The optimal performance
is achieved when retrieving 3 web pages. Moreover,
we observe that relying solely on the top-1 result
often fails to maximize improvement, as it may
only contain the original text without introducing
additional information for error correction.

E Bad case analysis

Text: # iPhoneAt10 : How Steve Jobs and Apple changed modern i
society.

Ground truth: (Apple. company, O)

Question: Comprehensively analyze the Text and the Image. Is Apple (is!
a/an organization and company) present in the image? If yes, provide its

coordinates; else, return [0,0,0,0].

Output:
<think> The image shows a person holding an iPhone with the Apple logo in the background and
the text "#iPhoneAt10", indicating the iPhone's 10th anniversary. The coordinates [277, 17, 952,
720] likely indicate the Apple logo's position, which is a key brand symbol. The logo's placement
highlights Apple's connection to the iPhone. The analysis confirms that the entity 'Apple' is located
I at these coordinates, as the logo represents the company's branding in the image.</think>

L <answer=>[277, 17, 952, 720]</answer>

Figure 12: P; represents the MAKAR predicted box,
and O represents the ground truth.

Our MAKAR framework has limitations in
grounding in some cases. As shown in Fig. 12,
it localizes the Apple logo (P1) but the ground truth
is the iPhone (O ). This deviation can not be effec-
tively corrected by multi-step reasoning. We will
address these bias issues in future research.

F FMNERG Dataset

Both of Twitter-GMNER and Twitter-FMNERG
are built based on two publicly MNER Twitter
datasets, i.e., Twitter-2015 (Zhang et al., 2018;
Wau et al., 2023; Chen et al., 2021) and Twitter-
2017 (Lu et al., 2018; Cai et al., 2023; Wang et al.,
2023b). Twitter-GMNER focuses on extracting
four coarse-grained types of textual entities from
text-image pairs. Twitter-FMNERG, built upon
GMNER, expands to 8 coarse-grained and 51 fine-
grained entity types, as shown in Table 8.

G More Reasoning Grounding Example

As illustrated in Fig. 13, we compare our method
with the baseline approaches on more examples. In
Fig. 13(a), both baseline models misclassify users’
social profile avatars as their actual identities, while
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(a). RT @ CauseWereGuys : Will Smith is turning into Uncle Phil

(b). RT @ ChildhoodShows : Unseen photo of Ed Sheeran and Taylor Swift.

RiVEG MQSPN MAKAR (Ours) RiVEG R (Ours)
(Will Smith, actor, 0)) X (Will Smith, actor, 0,) X (Will Smith, actor, 0,) (Fd Sheeran,artist, None) X artist, 0)
(Taylor SwifLartist, None) v
MAKAR Reasoning: MAKAR Reasoning:
<think>The image shows two individuals: a bald man in a black tank top (left) and a smiling woman with red hair <think>The image shows two people sitting together. The one on the left has red hair and a youthful appearance.

(right). The text "Will Smith is turning into Uncle Phil" references his iconic role as Carlton Banks' in *The
Fresh Prince of Bel-Air*, Given the context, the bald man on the left is identified as Will Smith , aligning with his
known appearance post-hair loss. The coordinates [11, 200, 600, 608] likely encompass his full fig
</think>

answer>[11, 200, 600, 608]</answer>

k brown graphic shirt. The person on the rig]

c: ht has blonde hair and is din a white t-shirt with the
text "C it Tickets To The Gun Show." Both are sm ng es. Given the context of the
text pr es [33, 67, 306, 450] probably

mark t ¢ image. </think

<answer>[33, 67, 306, 450]</answer>

<think>The image shows two individuals scated side by side. The person on the right has blonde hair and is wearing
a white t-shirt with the text "Get Your Tickets To The Gun Show," which matches descriptions associated with Taylor
Swift's early career style (contextually aligning with her public persona). Given the tweet text explicitly stating this
is an "Unscen photo of Ed Sheeran and Taylor Swift," the individual on the right is confirmed as Taylor Swift. The
coordinates [267, 21, 555, 458] likely define her bounding box within the image. </think>

<answer>[267, 21, 555, 438 ]</answer>

Figure 13: Prediction comparison on two test samples. v" and x denote correct and incorrect predictions.

our method successfully distinguishes between real
individuals and their avatars. In addition, Fig. 13(b)
demonstrates that baseline methods rely on cur-
rent information about individuals, failing to match
childhood photos of artists. However, our approach
employs a reasoning grounding strategy to accu-
rately identify these childhood images by reasoning
about contextual cues. This highlights our model’s
ability to adapt to diverse scenarios.

H Prompt template

We present the prompt template for various in-
structions used at different stages of our process.
In the prompt, the blue text indicates elements
that should be changed according to the sample,
while the black text remains constant. Notably,
our method can be seamlessly integrated with any
MLLM, and is capable of achieving better perfor-
mance as MLLMs continue to advance.
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Prompt Template for Generating Chain-of-Thought Reasoning Process

Image: {Input Image}

Text: {Input Text}

Question: Given Entity {Named Entity}, belongs to a/an {Entity Type}, based on the visual information in the image
and the semantic information in the text, it is inferred that the Position of the Entity {Named Entity} in the image is
{Entity Position}.

Notes: Please comprehensively consider the object features, positional relationships, descriptions in the text
and possible semantic associations in this area of the image, and provide reasonable and detailed inference results.

Answer:

Prompt Template for Entity Reasoning Grounding

Image: {Input Image}

Text: {Input Text}

Question: Comprehensively analyze the text and the image. Is {Entity Name} (belongs to {Coarse-grained Entity
Type} and {Fine-grained Entity Type}) present in the image? If yes, provide its coordinates; else return [0, 0, 0, 0].

Note: Please ignore text content in the image (e.g., titles, tags, text boxes, etc.) and focus only on non-text
visual elements (e.g., people, objects, logos, etc.).

Answer:

Prompt Template for Refining and Filtering CoT Reasoning Process

Reasoning Process: {CoT Reasoning Process}
Question: Please optimize the Chain-of-Thought reasoning analysis following these requirements.

Optimization Requirements:

* Validate the coherence of logical reasoning.

* Verify the alignment between step-by-step analysis and multimodal evidence.
* Correct any flawed assumptions or factual inaccuracies.

Output Format: <answer> Revised reasoning process. </answer>

Output:
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Prompt Template for Web Search

Candidate Entity: {Low-Confidence Candidate Entity}

Input Text: {Input Text}

Task: Given the candidate entity, please use web search tools to find the 3 most relevant web pages based on the input
text. The search should focus on gathering background information that can help correct the entity’s boundary and type.
Notes: The search results should be relevant to the candidate entity and the context provided in the input text. The
goal is to retrieve information that can clarify the entity’s boundaries and type, especially in cases where long-tail
distributions may have caused initial errors.

Recent chat:

Please reason step by step.

1. The "thinking" phase: You need to find background information to correct the entity’s boundary and type.
2. Tool Invocation Phase: You will use the search tool to find relevant web pages.

If You think a tool is needed, You will respond with a JSON object:

{ "tool": "<tool_name>", "params": "<parameters>" }

<tool_name> only has ’search’ and ’summary’. You don’t generate anything else.

Example:

if You need to search, You will respond with something like:

{"tool": "search", "params": "Input Text"}

if You need to summary these search results, You will respond with something like:
{"tool": "summary", "params": "search results"}

Output:

Prompt Template for Correcting Low-Confidence Entity

Background Knowledge: {Background Knowledge from Web Search }

KEA Results: {Results from Knowledge Enhancement Agent}

Input Image: {Input Image}

Input Text: {Input Text}

Task: Based on the background knowledge retrieved from web search, along with results from KEA, the input image,
and text, please refine the entity boundaries and types. Summarize the key information that can help correct the entities
and provide a clear and concise explanation of the corrections.

Notes: The goal is to use this background knowledge to address semantic ambiguity and improve the accu-
racy of named entity recognition.

Output:
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Prompt Template for Directly Extracting Textual Entity

Question: Here are some content that people post on Twitter, and these content are composed of original text and image
of the original text. Please note that the text and image here may or may not be relevant, so make your own judgment.
Please follow the data annotation style and method reflected in the example I provided, comprehensively analyze the
image and the original text, determine which named entities and their corresponding types are included in the original
text. There will only be 4 types of entities: ['LOC’, "MISC’, ’ORG’, 'PER’]. Make the answer format like: [’entity
namel’, ’entity typel’],[’entity name2’, ’entity type2’]......

Note:
* 1. Only analyze entities in the *Text’, not in ’Image descriptions’.
* 2. Don’t change the writting style and format of entity names in original Text.
3. The words beginning with @ sign are not counted.
Entity Definitions:
* PER (Person): People’s name and fictional character.
* LOC (Location): Country, city, town continent by geographical location.
* ORG (Organization): Include club, company, government party, school government, and news organization.

* MISC (Miscellaneous): Named entities that do not belong to the types of LOC, PER, and ORG, including but not
limited to event, concept, product, natural phenomenon, etc..

Text: Podcast : Cavs - Warriors Game 3 recap # Cavaliers # NBA

Image descriptions: A player in a yellow jersey shoots the basketball while being defended by an opposing player in a
dark jersey.

Question: Comprehensively analyze the Text and the Image description, which named entities and their corresponding
types are included in the Text?

Answer: [Cavs, ORG], [Warriors, ORG], [NBA, ORG], [Cavaliers, ORG]

Text: Kevin Durant has more points ( 23 ) than the Splash Bros combined (22 ) .

Image descriptions: A basketball player in a white Thunder jersey with the number 35 dribbles the ball during a game,
surrounded by an energetic crowd in the background.

Question: Comprehensively analyze the Text and the Image description, which named entities and their corresponding
types are included in the Text?

Answer: [Kevin Durant, PER], [Splash Bros, PER]

Text: Russell Westbrook on Stephen Curry: “ He’s not nothing I haven’t seen” OKC v Warriors

Image descriptions: A basketball player in a white jersey passes the ball while being closely guarded by two opponents
in blue jerseys, with a packed crowd watching from the stands.

Question: Comprehensively analyze the Text and the Image description, which named entities and their corresponding
types are included in the Text?

Answer: [Russell Westbrook, PER], [Stephen Curry, PER], [OKC, ORG],[Warriors, ORG]

Text: My son was excited about the win # DubNation # NBAFinals # customjersey # GoldenStateWarriors

Image: {Input Image}

Question: Comprehensively analyze the Text and the Image description, which named entities and their corresponding
types are included in the Text?

Answer:
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Prompt Template for Providing Auxiliary Knowledge to Coarse-Grained Entity

Question: Here are some content that people post on Twitter, and these content are composed of original text and image
of the original text. Please note that the text and image here may or may not be relevant, so make your own judgment.
Please follow the data annotation style and method reflected in the example I provided, comprehensively analyze the
image and the original text, determine which named entities and their corresponding types are included in the original
text, and explain the reason for your judgment. There will only be 4 types of entities: ['LOC’, "MISC’, ’ORG’, "PER’].

Note:
* 1. Only analyze entities in the *Text’, not in *Image descriptions’.
* 2. Don’t change the writting style and format of entity names in original Text.
* 3. The words beginning with @ sign are not counted.
Entity Definitions:
* PER (Person): People’s name and fictional character.
* LOC (Location): Country, city, town continent by geographical location.
* ORG (Organization): Include club, company, government party, school government, and news organization.

* MISC (Miscellaneous): Named entities that do not belong to the types of LOC, PER, and ORG, including but not
limited to event, concept, product, natural phenomenon, etc..

Text: Podcast : Cavs - Warriors Game 3 recap # Cavaliers # NBA

Image descriptions: A player in a yellow jersey shoots the basketball while being defended by an opposing player in a
dark jersey.

Question: Comprehensively analyze the Text and the Image description, which named entities and their corresponding
types are included in the Text? explain the reason for your judgment.

Answer: Named entities: 1. Cavs (Cleveland Cavaliers, basketball team) 2. Warriors (Golden State Warriors, basketball
team) 3. NBA (league/organization) 4.Cavaliers (Cleveland Cavaliers, basketball team) Reasoning: The text mentions
"Cavs" and "Warriors" which refer to the Cleveland Cavaliers and Golden State Warriors respectively, both of which
are basketball teams. Additionally, "NBA" is mentioned, which stands for the National Basketball Association, a
professional basketball league in the United States. The image description does not provide any additional information
about named entities beyond what is mentioned in the text.

Text: Kevin Durant has more points ( 23 ) than the Splash Bros combined ( 22 ) .

Image descriptions: A basketball player in a white Thunder jersey with the number 35 dribbles the ball during a game,
surrounded by an energetic crowd in the background.

Question: Comprehensively analyze the Text and the Image description, which named entities and their corresponding
types are included in the Text? explain the reason for your judgment.

Answer: Named entities: 1. Kevin Durant (person/player), 2. Splash Bros (team/organization) Reasoning:
The sentence refers to Kevin Durant, a professional basketball player, and the "Splash Bros," which is a nick-
name for the Golden State Warriors’ starting lineup consisting of Stephen Curry, Klay Thompson, Draymond
Green, and Andre Iguodala. The sentence compares Durant’s points scored (23) to the combined points scored by
the Splash Bros (22). The mention of the Splash Bros implies that they are a team, specifically the Golden State Warriors.

Text: Russell Westbrook on Stephen Curry: ““ He’s not nothing I haven’t seen” OKC v Warriors

Image descriptions: A basketball player in a white jersey passes the ball while being closely guarded by two opponents
in blue jerseys, with a packed crowd watching from the stands.

Question: Comprehensively analyze the Text and the Image description, which named entities and their corresponding
types are included in the Text? explain the reason for your judgment.

Answer: Named entities: 1. Russell Westbrook (person/player) 2. Stephen Curry (person/player) 3. OKC
(team/franchise) 4. Warriors (team/franchise) Reasoning: The sentence mentions Russell Westbrook and Stephen Curry,
both of whom are professional basketball players. The text also refers to "OKC," which stands for Oklahoma City
Thunder, and "Warriors," which refers to the Golden State Warriors, both of which are professional basketball teams.
The sentence suggests a comparison between Westbrook’s opinion of Curry and their upcoming match between the
OKC Thunder and the Warriors.

Text: My son was excited about the win # DubNation # NBAFinals # customjersey # GoldenState Warriors

Image: {Input Image}

Question: Comprehensively analyze the Text and the Image description, which named entities and their corresponding
types are included in the Text? explain the reason for your judgment.

Answer:
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Prompt Template for Providing Auxiliary Knowledge to Fine-Grained Entity

Question: Here are some content that people post on Twitter, and these content are composed of original text and image
of the original text. Please note that the text and image here may or may not be relevant, so make your own judgment.
Please follow the data annotation style and method reflected in the example I provided, comprehensively analyze the
image and the original text, determine which named entities and their corresponding types are included in the original
text, and explain the reason for your judgment. There will be 51 types of entities organized into 8 coarse categories.

Note:
* 1. Only analyze entities in the *Text’, not in *Image descriptions’.
* 2. Preserve original writing style/format of entity names in Text.
* 3. Ignore words beginning with @ symbols.
* 4. Use fine-grained types (e.g., product-brand_name_products)
Entity Definitions:
* [LOCATION]:
— location-city: Cities (e.g., "New York", "Tokyo")

— location-country: Sovereign states (e.g., "Canada", "Australia")

— location-state: Administrative regions (e.g., "California", "Queensland", "Taiwan")
— location-continent: Continents (e.g., "Africa", "Europe")

— location-other: General locations (e.g., "Central Park", "Mount Everest")

— location-park: Public parks (e.g., "Hyde Park", "Yosemite")

— location-road: Streets/highways (e.g., "Route 66", "Oxford Street")

* [BUILDING]:

building-other: Generic structures (e.g., "Empire State Building")
building-cultural_place: Museums/libraries (e.g., "Louvre Museum")
building-entertainment_place: Theaters/cinemas (e.g., "Madison Square Garden")
building-sports_facility: Stadiums/arenas (e.g., "Wembley Stadium")

* [ORGANIZATION]:

— organization-company: Businesses (e.g., "Apple", "Toyota")

— organization-educational_institution: Schools/universities (e.g., "Harvard University")
— organization-band: Music groups (e.g., "Coldplay”, "BTS")

— organization-government_agency: Government bodies (e.g., "FBI", "NHS")

— organization-news_agency: Media outlets (e.g., "BBC", "Reuters")

— organization_other: General organizations

— organization-political_party: Political groups (e.g., "Republican Party")

— organization-social_organization: NGOs/clubs (e.g., "Red Cross")

— organization-sports_league: Athletic leagues (e.g., "NBA", "Premier League")

— organization-sports_team: Sports clubs (e.g., "LA Lakers", "Manchester United")

* [PERSON]:

— person-politician: Government officials (e.g., "Joe Biden")

— person-musician: Singers/instrumentalists (e.g., "Taylor Swift")
— person-actor: Film/TV performers (e.g., "Leonardo DiCaprio")
— person-artist: Visual artists (e.g., "Picasso")

— person-athlete: Sports professionals (e.g., "Serena Williams")
— person-author: Writers (e.g., "J.K. Rowling")

— person-businessman: Corporate leaders (e.g., "Elon Musk")

— person-character: Fictional characters (e.g., "Harry Potter")

— person-coach: Sports trainers (e.g., "Gregg Popovich")

— person-common_person: Ordinary individuals

— person-director: Film directors (e.g., "Christopher Nolan")

— person-intellectual: Scholars/thinkers (e.g., "Albert Einstein")
— person-journalist: Reporters (e.g., "Anderson Cooper")

— person_other: Miscellaneous person references
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[OTHER]:

— other-animal: Animal names/species (e.g., "African Elephant")
— other-award: Prizes/honors (e.g., "Nobel Prize")

— other-medical_thing: Medical terms (e.g., "MRI machine")

— other-website: Web domains (e.g., "Wikipedia.org")

— other-ordinance: Laws/regulations (e.g., "GDPR")

[ART]:

— art-art_other: General art references

— art-film_and_television_works: Movies/TV shows (e.g., "Stranger Things")
— art-magazine: Publications (e.g., "Vogue", "Time")

— art-music: Song/album titles (e.g., "Thriller")

— art-written_work: Books/articles (e.g., "1984")

[EVENT]:

— event-event_other: General events
— event-festival: Cultural festivals (e.g., "Coachella")
— event-sports_event: Athletic competitions (e.g., "Olympics")

[PRODUCT]:

product-brand_name_products: Branded goods (e.g., "iPhone 15")
product-game: Video/board games (e.g., "Minecraft")
product-product_other: General products

product-software: Applications (e.g., "Photoshop")

Text: Podcast : Cavs - Warriors Game 3 recap # Cavaliers # NBA

Image descriptions: A player in a yellow jersey shoots the basketball while being defended by an opposing player in a
dark jersey.

Question: Comprehensively analyze the Text and the Image description, which named entities and their corresponding
types are included in the Text? explain the reason for your judgment.

Answer: Named entities: 1. Cavs (Cleveland Cavaliers, basketball team, organization-sports_team) 2. Warriors (Golden
State Warriors, basketball team, organization-sports_team) 3. NBA (league/organization ,organization-sports_league)
4.Cavaliers (Cleveland Cavaliers, basketball team, organization-sports_team) Reasoning: The text mentions "Cavs" and
"Warriors" which refer to the Cleveland Cavaliers and Golden State Warriors respectively, both of which are basketball
teams. Additionally, "NBA" is mentioned, which stands for the National Basketball Association, a professional
basketball league in the United States.

Text: Kevin Durant has more points ( 23 ) than the Splash Bros combined (22 ) .

Image descriptions: A basketball player in a white Thunder jersey with the number 35 dribbles the ball during a game,
surrounded by an energetic crowd in the background.

Question: Comprehensively analyze the Text and the Image description, which named entities and their corresponding
types are included in the Text? explain the reason for your judgment.

Answer: Named entities: 1. Kevin Durant (person/player,person-athlete), 2. Splash Bros (person/player,person-athlete)
Reasoning: The sentence refers to Kevin Durant, a professional basketball player, and the "Splash Bros," which is a
nickname for the Golden State Warriors’ starting lineup consisting of Stephen Curry, Klay Thompson, Draymond
Green, and Andre Iguodala. The sentence compares Durant’s points scored (23) to the combined points scored by
the Splash Bros (22). The mention of the Splash Bros implies that they are a team, specifically the Golden State Warriors.

Text: Russell Westbrook on Stephen Curry: “ He’s not nothing I haven’t seen” OKC v Warriors

Image descriptions: A basketball player in a white jersey passes the ball while being closely guarded by two opponents
in blue jerseys, with a packed crowd watching from the stands.

Question: Comprehensively analyze the Text and the Image description, which named entities and their corresponding
types are included in the Text? explain the reason for your judgment.

Answer: Named entities: 1. Russell Westbrook (person/player,person-athlete) 2. Stephen Curry (person/player,person-
athlete) 3. OKC (team/franchise,organization-sports_team) 4. Warriors (team/franchise,organization-sports_team)
Reasoning: The sentence mentions Russell Westbrook and Stephen Curry, both of whom are professional basketball
players. The text also refers to "OKC," which stands for Oklahoma City Thunder, and "Warriors," which refers to the
Golden State Warriors, both of which are professional basketball teams. The sentence suggests a comparison between
Westbrook’s opinion of Curry and their upcoming match between the OKC Thunder and the Warriors.

Text: My son was excited about the win # DubNation # NBAFinals # customjersey # GoldenState Warriors

Image: {Input Image}

Question: Comprehensively analyze the Text and the Image description, which named entities and their corresponding
types are included in the Text? explain the reason for your judgment.

Answer:
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Fine-Grained

Coarse-Grained Definition

city location Cities (e.g., "New York", "Tokyo")

country location Sovereign states (e.g., "Canada", "Australia")
state location Administrative regions (e.g., "California", "Queensland")
continent location Continents (e.g., "Africa", "Europe")

park location Public parks (e.g., "Hyde Park", "Yosemite")
road location Streets/highways (e.g., "Route 66", "Oxford Street")
other location General locations (e.g., "Central Park", "Mount Everest")
cultural place building Museums/libraries (e.g., "Louvre Museum")
entertainment place building Theaters/cinemas (e.g., "Madison Square Garden")
sports facility building Stadiums/arenas (e.g., "Wembley Stadium")
other building Generic structures (e.g., "Empire State Building")
company organization Businesses (e.g., "Apple", "Toyota")
educational institution organization Schools/universities (e.g., "Harvard University")
band organization Music groups (e.g., "Coldplay”, "BTS")
government agency organization Government bodies (e.g., "FBI", "NHS")

news agency organization Media outlets (e.g., "BBC", "Reuters")
political party organization Political groups (e.g., "Republican Party")
social organization organization NGOs/clubs (e.g., "Red Cross")

sports league organization Athletic leagues (e.g., "NBA", "Premier League")
sports team organization Sports clubs (e.g., "LA Lakers", "Manchester United")
other organization General organizations

politician person Government officials (e.g., "Joe Biden")
musician person Singers/instrumentalists (e.g., "Taylor Swift")
actor person Film/TV performers (e.g., "Leonardo DiCaprio")
artist person Visual artists (e.g., "Picasso")

athlete person Sports professionals (e.g., "Serena Williams")
author person Writers (e.g., "J.K. Rowling")

businessman person Corporate leaders (e.g., "Elon Musk")
character person Fictional characters (e.g., "Harry Potter")

coach person Sports trainers (e.g., "Gregg Popovich")

common person person Ordinary individuals

director person Film directors (e.g., "Christopher Nolan")
intellectual person Scholars/thinkers (e.g., "Albert Einstein")
journalist person Reporters (e.g., "Anderson Cooper")

other person Miscellaneous person references

art other art General art references

film and television works art Movies/TV shows (e.g., "Stranger Things")
magazine art Publications (e.g., "Vogue", "Time")

music art Song/album titles (e.g., "Thriller")

written work art Books/articles (e.g., "1984")

event other event General events

festival event Cultural festivals (e.g., "Coachella")

sports event event Athletic competitions (e.g., "Olympics")

brand name products product Branded goods (e.g., "iPhone 15")

game product Video/board games (e.g., "Minecraft")

product other product General products

software product Applications (e.g., "Photoshop")

animal other Animal names/species (e.g., "African Elephant")
award other Prizes/honors (e.g., "Nobel Prize")

medical thing other Medical terms (e.g., "MRI machine")

website other Web domains (e.g., "Wikipedia.org")

ordinance other Laws/regulations (e.g., "GDPR")

Table 8: Entity type and definition of the FMNERG dataset.
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